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Abstract - The significance of early detection and diagnosis in medicine is widely acknowledged, whereas clinicopathological 

methods, which are more effective after diseases have progressed, tend to receive less attention. With hematological diseases, 

the chances of cure or extension of life span are higher with early-onset diagnosis. Early detection of the disease onset and 

progression is vital and challenging for reasons of minuscule changes in molecular or cellular behaviors. Cells are the basic 

building block, so understanding the changes at the cellular level is crucial to estimating the ecological and biogeochemical 

models. In the case of single-cell studies, sensitivity and resolution are the key challenges that the scientific community addresses 

as the key focus areas. With traditional label-free sensing techniques, though these challenges are addressed, the sample 

preparation, handling, and characterization are setbacks for making their gold standards. With emerging technologies incidental 

to micro/nanofabrication processes, MEMS-based resonant sensors emerged as a paradigm technique for the detection of bio-

physical changes in a single-cell study due to their good sensitivity and resolution. This paper focuses on the review of techniques 

and methods to detect the mass of biological cells and compares their results with the MEMS Resonating mass sensors. It also 

focuses on the technique of resonant frequency shift and approaches for improving the sensitivity of the resonators by focusing 

on reported structures. 

 
Keywords - Cell behaviour studies, Label-free sensing, Micro/nano-fabrication, Micro-electro mechanical system, Resonant 

sensors. 

1. Introduction  
During the recent pandemic, the need for early diagnosis 

and care has played a pivotal role in the field of medical 

sciences. The need for and urge for diagnosis are addressed 

through laboratory tests using conventional systems, such as 

imaging and biosensors [1]. However, conventional systems 

face numerous challenges that need to be addressed, such as 

sensitivity, swift detection, sample sizes, and energy demands. 

These challenges are addressed by the incorporation of Micro-

Electromechanical Systems (MEMS). With the advent of this 

technology, diversified fields of medicine, bio-systems, etc., 

have been observed to have profound applications. 

Conventional diagnostic techniques have been dependent 

upon clinical-pathological tests within laboratories upon onset 

of disease symptoms, minimising the chances of cure due to 

rapid disease progression over therapy management. So, the 

prominence of early detection and diagnosis is always credited 

to the field of medicine. Over the decades, early detection 

techniques and technologies have progressed very minimally, 

creating challenges in early diagnosis. To accomplish the 

purpose of developing early detection mechanisms, the cell is 

the basic functional unit of the living entity that is the motive 

for targeted study. Molecular changes in bio-functional 

operations are the reasons for disease prognosis, which leads 

to physical changes in the cell. For understanding this 

molecular behaviour, cell functions have critical checkpoints 

that are crucial for understanding and detection and can be 

well established with single-cell analysis[2, 3]. These 

understandings not only provide implications for diagnosis but 

also give insights into estimating the ecological and bio-

geochemical models[4].  

 
However, the paucity of literature on mammalian cell 

growth models hinders the technical evaluation process. This 

is because most of the reported studies are with population-

based models and size homeostasis [5, 6] making single-cell 

analysis a quest for research. In population-based studies, 

experiments on cell cycle analysis are implicated with the 

mean of the population parameters that emanate poor 

resolutions. This results in the shortcoming of establishing the 

growth relationship of the cell cycle. To a greater extent, 

anticrafts generated during the diagnosis process add to further 

downgrading the resolution. All these factors result in 

daunting challenges, creating the urge to pursue single-cell 

studies and research [6, 7].  

 

http://www.internationaljournalssrg.org/
http://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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Among the contemporary techniques for single-cell 

studies, label-free detectors (Fluorescent and radioactive 

labelling) gained eminence for their high throughput. 

However, these devices were hindered due to sample 

preparation and complicated characterizations, resulting in 

less interest[5], [9]. Though the challenge of sample 

preparation is overwhelmed by the Quartz Crystal 

Microbalance (QCM) and Surface Plasmon Resonance (SPR), 

these devices endure with sensitivity. As label-free devices 

endure with appealing factors for single-cell studies, 

expediting emerging technologies like micro/nanodevices 

(optical sensors, microdevices and micro-mechanical sensors) 

have the potential to scale down devices according to 

sensitivity systemization[9, 11].  

With equally poised pros and cons of these techniques, 

where resolution is common is taken by scale-down 

prerogatives. On the contrary, Micro-Electromechanical 

Systems (MEMS), resonant sensors have the technique to 

detect the bio-physical properties of single cells. With the 

principle of frequency shift, MEMS resonant sensors detect 

the frequency difference between load and no-load conditions.  

Having the advantage of scaling down approaches from 

MEMS to NEMS, higher sensitivity and better resolutions are 

achieved with techniques discussed above, making them most 

viable for chemical and bio-sensing[12-17]. This paper 

focuses on the techniques that are intended for mass sensing 

mechanisms at the nano to femtogram level. The challenges of 

existing techniques and the scope of micro-electromechanical 

resonators are discussed.  

2. Biological Cell Cytometry  

The miniature and basic building block of the living entity 

is referred to as a cell. With varying living organisms in terms 

of physical (size, shape, and type) and geophysical habitations 

(aquatic, non-aquatic amphibian, etc.), the size and volume of 

the cell differ and also have differentiation with the type of 

cell within the body, but the architecture remains unchanged 

except in regard of prokaryotic and eukaryotic. An outer 

membrane, nucleus, chromosomes (DNA/RNA source), and 

cytoplasm are the major constituents of a cell. A major 

contributor to cell volume is the cytoplasm- a semi-fluidic 

membrane that is the source for cellular and chemical 

functionalities (inter-cellular and extracellular) and 

communications. Other constituents of cells include 

mitochondria, organelles, Golgi complex, lysosomes, 

microbodies, and Vacuoles. The constituents of cells and the 

typical cell sizes in the nano-to-micro regime are shown in 

Figure 1.

   

 

 
Fig. 1 Scale of different particles and human cells ranging from 100pm to 100 um 
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2.1. Mass and Volume in the Cell Cycle-Biomarkers for 

Homeostatic Processes 

The cell cycle incorporates cell division (proliferation) 

and apoptosis (natural death)- where proliferation includes the 

development of cell multiplication. Upon multiple 

proliferation phases, the cell triggers the natural death process 

referred to as apoptosis. During the growth phase, DNA 

replication is a major change that happens to form daughter 

cells. During this process, the cytoplasm increases in size; 

thus, its volume is altered as most of the cytoplasm contains 

water.  

 

The process of DNA synthesis and daughter cell 

formation time is considered to double rate, which spans 

mostly to within 24 hours timeframe. However, this rate 

differs from cell types and organisms; for example, yeast has 

a doubling rate of 90 min [18]. During this process, the 

concentration of regulatory proteins plays a major role in cell 

division, through which volume and mass are controlled. So, 

each phase of cell division is adapted with specific mass and 

volume growth projected with cell cycle physical checkpoints. 

As a result of this, these checkpoints, with specific mass and 

volume changes, can be biomarkers for Homeostatic disease 

detection at the very early stages.   These checkpoints refer to 

the growth and division of cells, which are not uniform over 

the population of them, irrespective of ambient environments.  

 

The mean deviation of cell proliferation over a population 

of cells is not constant due to ambient conditions. Due to this, 

the study of single cells has gained prominence, and the study 

of any deviated cell behavioral patterns correlates to disease 

conditions and oncogenesis, resulting in early detection. 

However, during the population-based studies, the behavioral 

patterns of cells are determined to be not attributed to single 

cells for their uncertainty of growth patterns. On the other 

hand, behavioral patterns of a single cell can be depicted in a 

population of cells. The study of single-cell behavior under 

disease conditions is correlated with deviating checkpoints 

and has greater applications in the field of omics.  

 

In literature, most of the studies and models emphasized 

population-based studies with cell count and doubling rate as 

crucial parameters [18-25]. During cell growth, cyclic kinases 

play a major role in depicting the checkpoints[26, 27] and 

grow to critical size in mass and volume for undergoing DNA 

replication [20]. The cell cycle can be expressed in two 

phases- at the start of the cell cycle (time of birth), the mass of 

the cell is comparable less than that of its critical size 

(proliferation time). During the start of this proliferation point, 

the mass increases over time, which is considered a time-

dependent phase. The second phase is the independent phase, 

where mass incremental is very minimal, and size remains 

independent of time, which is expressed with examples of 

yeast and eukaryotic cells[28, 29]. 

 

2.2. Cell Cycle Model 

In order for the cell to initiate the growth model 

(division), an external parameter is vital as a trigger point, 

which can be ambient temperature change or the environment 

of the cell. In most instances, Insulin (IGF- Insulin Growth 

factor) is the triggering point that stimulates the kinases and 

ribosomes. These actions initiate the S6 protein, which is the 

basis for protein synthesis, which is the genesis of cell growth. 

For this reason, the growth of the cell is directly proportional 

to [S6] and the total ribosomal quantity of R.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2 Growth model of cell-signalling pathways (Ahmadian et al., 2020) 
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𝑑𝑚

𝑑𝑡
=  𝑘1[𝑆6]𝑅 − 𝑘2 (a)       [19] 

 

From Equation (a), the m is total mass, k1 and k2 are 

arbitrary constants that define the rate at which the cell grows, 

and R is total ribosomal content. This 
𝑑𝑚

𝑑𝑡
 is considered the rate 

of change mass with time. From Figure 2, the process of 

protein synthesis is rational to the concentration of the S6 

protein transfer from the cell wall to the inner cytoplasm. The 

transfusion of this protein concentration so depends upon the 

surface area of a cell.  

 
𝑑[𝑆6]

𝑑𝑡
=  𝑘3𝐴/𝑉 − 𝑘4[𝑆6]  (b) 

 

From Equation. (b), k3 and k4 are considered to be rate 

constants, A is surface area, and V is volume. But under 

steady-state conditions, the rate of change of concentration 

remains constant means  
𝑑[𝑆6]

𝑑𝑡
= 0, which means equation (b) 

is modified as  

 
𝑘3𝐴

𝑘4𝑉
=  [𝑆6]          (c) 

 

From Equation. (c), The equation can be expressed as  

 
𝑑𝑚

𝑑𝑡
=  𝑘1

𝑘3𝐴

𝑘4𝑉
𝑅 − 𝑘2         (d) 

 

The negative sign of (-𝑘2𝑚)is protein decay (loss), which 

is minimal during the process of the cell cycle and results in 

constant volume throughout the growth phase. The number of 

ribosomes is also unaltered, making R/V = R1(constant). As a 

result, cell growth depends upon the surface area; in contrast, 

the larger the surface area of a cell, the higher the rate of 

change of mass. 
𝑑𝑚

𝑑𝑡
=  

𝑘1𝑘3𝑅′

𝑘4
𝐴  (e) 

 
𝑑𝑚

𝑑𝑡
=  𝐾𝐴          (f) 

 

K is constant, and A is the cell surface area. 

 

 
Fig. 3 Spatial sensitivity variation in traditional cantilevers for mass 

sensing applications 

2.3. Challenges with Cell Population-Based Studies 

Considering the population of cells, each set of cells has 

the potential to grow and divide or go to apoptosis. Estimating 

or evaluating population dynamics is possible with knowledge 

of single-cell characteristics and mechanisms that drive the 

cell cycle. Conversely, sufficient and accurate prediction of 

population dynamics with time helps in inferring single-cell 

characteristics (lifespan/growth rate). The correlation between 

the growth versus division phase of the cell cycle is tenuous 

due to the dynamics of ambient environments, making it 

difficult to understand the cardinal properties of the cell cycle. 

So, having a persistent feedback mechanism between 

population and single-cell studies is essential to understanding 

cell growth dynamics. And this can be possible with 

emphasized studies on single-cell studies. Another challenge 

with population-based studies is about cell volume, as it 

substantiates static measurements because of its simplicity 

while being accurate. However, the volume doesn’t depict the 

synthesis rates of the cell as it is associated with cytoplasmic 

content (the volume of the cell is due to the cytoplasm). 

Studies on the hydration of the cell during its birth have shown 

a doubling of its volume than average volume for a small 

interval of time, affecting growth rates due to these variable 

hydration levels, which is reported by Terasima and Tolmach 

(1963) and Sandritter, Schieder, Kraus, and Dorrien (1960). 

With this uncertainty, a measure of volume could not be an 

ample statistic for metamorphosing the relation between linear 

and exponential growth models. Studies by Bell and Anderson 

in 1967[20] estimated that the largest deviation between the 

linear and exponential models is 6%. So, the alternate measure 

can be the mass of the cell, which includes the cytoplasmic 

content and other ribosomes, etc.  

 

2.4. Cell Growth Modelling Tools and Approaches 

Cell models that investigate processes such as cell 

proliferation, growth, and death frequently employ proteins 

that exhibit stoichiometric relationships. This is because 

proteins are the main drivers of cellular activity, and being 

able to study the stoichiometric relationships between them 

can help researchers better understand how cells grow, divide, 

and die [26]. And these reactions are explicated by CDK 

(Cyclin-Dependent Kinases) induced kinetic equations. 

However, these equations result in more inconsistent 

behaviour due to intractable and random patterns of 

parameters -necessitating the need for improved formulation 

perpetually.  

 

Through the comparison of cell modeling with 

continuous advancements over time, the complexity of cell 

behavioral systems remains the same. This daunted the 

researchers and made them focus more on cell dynamics. In 

2020, Gillespie introduced the Stochastic Simulation 

Algorithm (SSA), which is considered the most effective in 

expressing molecular interactions within the cell by 

considering their dynamics in nature (as shown in Equation. 

1-3)) [30].  
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𝑑𝑥

𝑑𝑡
=

(𝑘3
′ +𝑘3

" 𝐴)(1−𝑥)

𝐽3+1−𝑥
−

𝐾4𝑚𝑦𝑥

𝐽4+𝑥
  (1) 

 

𝑛
𝑑𝑦

𝑑𝑡
= 𝑘1 − (𝑘2

′ + 𝑘2
" 𝑥)𝑦  (2) 

 
𝑑𝑚

𝑑𝑡
= µ𝑚(1 −

𝑚

𝑚∗
)     (3) 

 

Population-based dynamics were explained by Bell and 

Anderson in 1967, which considered volume to be a vital 

parameter.  

 

𝑁(𝑉) = 𝑁(
𝑉𝑂

𝑉

2
)  (h) [20] 

 

From the above equation, Vo – cell volume and V – 

volume are before the cell division.  

 

3. Methods for Detecting Biophysical Properties 

of the Cell 
3.1. Techniques Involved in Cell Cytometry 

Within this last decade, the devices for measuring cell 

mass have been unfolded because of micro/nanofabrication 

and optical techniques. Before the quest for these advanced 

devices, fluorescence-based immunoassay and bio-

chemiluminescence techniques are widely used because of 

their standardization in commercial applications in single-cell 

analysis. However, these techniques are efficient in extracting 

cellular function in correlation with chemical compositions. 

These techniques tend to cause damage to cells, and during 

high throughput scenarios, extracting non-polluting 

measurements is highly challenging due to biochemical 

process flows. With such challenging aspects, these 

techniques tend to give a specific characteristic of the cell 

within its structure but do not yield any synthesis parameters 

of the cell as a whole.  

 

Thus, fails in explaining the cell proliferation and cycle 

parameters with these techniques. However, measuring the 

physical properties, especially mass, is challenging due to the 

miniature size of eukaryotic cells, typically between 10 to 20 

microns in diameter, making it difficult to design tools and 

devices that can measure mass precisely.  

 

The growth models- the volumetric approach of the cells 

is measured with coulter counter and flow cytometry. But 

recent research has brought forward a few techniques like 

single-cell cytometry, Micromechanical Methods (MEMS), 

Magnetic Levitational Image Cytometry (MLIC), and 

Optical/Opto-Electrokinetic (OEK) are widely in practice and 

research. All of these can be categorized as label-free and 

labeled sensors.  

 

3.1.1. Labelled Sensors 

Label detection has the reagent or assay that binds to the 

target detection is possible by identifying the shape, colour or 

any other physical presence. This method of detection 

facilitates the target's binding for the labels, which could give 

a measure of them. Though label detection methods are 

precise, they are difficult in sample preparation and complex. 

This method is prone to alternation of biomolecules, 

impacting negatively for detection.  

 

3.1.2. Label-Free Sensor 

Label-free sensing is a mechanism that does not utilize 

any detection labels or chemical essays. In this method, the 

ligand or target molecule is directly immobilized onto the 

surface of the substrate without any alterations to the 

biological molecule. This technique has a major edge in 

eliminating the background noise during the detection due to 

the non-specificity binding of conjugated enzymes, 

antibodies, and labeled proteins.  

 

This allows the biological samples to be unaltered in their 

physio-cystic nature, yielding better sensing results. The basic 

pros and cons of label-free and labeled detection schemes are 

shown in Table. 1 highlighting the feasible parameters. 

Industries for various separation and toxicity studies. A few of 

the adherent and suspended cells are listed in Table 2. 
 

 
Table 1. Differentiating labelled and label-free detection schemes 

Type of 

Sensing 

Principle of 

Operation 

Sample 

Preparation 

Sample 

Handling 
Quantitative 

High 

Throughput 

Equipment 

cost 

 

Examples 

Labelled 

Sensors 

Sensing/detection 

using labelled 

molecules. 

It is 

required, in 

most cases; 

it is difficult 

to medium 

Yes 

Required 

Limited to 

few 

techniques 

Yes Inexpensive 

Fluorescent Probe, 

Radioisotope, 

chemiluminescent, 

ELISA 

Label-

Free 

Sensors 

Labelling is not 

required. 
Minimal Minimal Yes 

Specific to a 

type of 

label-free 

Expensive 
SPR, QCM, MS, 

MEMS. 

 



A.L.G.N. Aditya & Elizabeth Rufus / IJECE, 11(8), 312-324, 2024 

 

317 

3.2. Cell Types  

3.2.1. Adherent Cells 

Cell lines that adhere to the external layer of a cell culture 

vessel proliferate. Due to the adherent character of the cells, 

enzymes such as trypsin are necessary for harvesting or 

subculturing the cells from the cell culture vessel. Adherent 

cell culture is essential in the disciplines of the biology of 

cells, biochemistry, and cancer studies due to the presence of 

numerous adherent cancer cell lines. 

 

3.2.2. Suspended Cells  

When cells are suspended, they are made to float without 

any binding, but in media for proliferation, they are regarded 

as suspended cells. Mostly used in pharma and bio-medical  

 

3.3. Coulter Counter  

This device can be referred to as a resistive pulse sensor 

due to its detection mechanism of identifying the shift in 

resistance of a conductive channel when the particles 

transverse through it. A series of pulses of voltage/current is 

subjected to application on these selective microchannels, 

where the measure of conductivity is taken as a reference for 

detection. CC devices are limited to suspended cells/particles 

where bio-physical properties like size, shape, mobility, 

surface charge density and concentration are detected. The 

sensitivity of the device is built upon the channel diameter, as 

throughput is proportional to the cube of diameter (channel).  

 

For sub-micron particles like single cells, the diameter 

design is scaled down to have a better detection range and 

achieve significant sensitivity. So this renders the throughput 

of the devices, especially for biomolecular detection, having 

greater volume ranges (>100ml) [31], and to avoid this, 

multichannel CC devices have been brought forward [32] 

where high throughput is achieved. Overall, these devices are 

limited for the suspended cells, lack considerable throughput, 

and are also subjected to analyte differences, resulting in 

deviating results.  

 

3.4. Fluorescent Techniques  

Most widely used and commercially available method for 

cellular observations and examination. For larger cell 

volumes, the fluorescent technique is combined with flow 

cytometry for single-cell observation, which has recently been 

researched and is available [33].  

 

Over some time, this technique has evolved with digital 

fluorescent imaging [34], micromachining [34], and 

understanding the kinetics of fluorescent molecules diffusion 

in aqueous solution at room temperatures [35] have brought 

micro and nano fluorescent devices that can detect minimal 

particle concentration limiting to single cells. But, being a 

labeled sensing mechanism, the bio-compatibility and forced 

stress on cells leading to cell death or alteration are major 

setbacks in implementing this system to understand the single-

cell behaviors [33].  

Table 2. List of suspended cells and adherent cells with functionalities in 

the human body 

 Suspended Cells  Function  

 Erythrocytes Oxygen 

transportation 

1 Leukocytes Antibodies, Immune  

 Thrombocytes Clotting agent  

 Monocytes Immune system  

 Neutrophils Immune system  

 Eosinophils  Anti-allergic, 

Immune system 

 Basophils Immune system  

 Mast cells  Immune system, 

anti-inflammatory.  

2 Adherent cells  Function  

 Epithelial Cells  Skin  

 Endothelial Cells Blood Vessels  

 Fibroblasts Tissue Repair 

 Adipocytes Fat storage  

 Osteoblasts Bone 

 Myocytes Muscle  

 Hepatocytes Liver  

 Neurons  Brain  

 

3.5. Flow Cytometry  

In conventional flow cytometry, particles are subjected to 

pass through an illuminating channel where light scattered is 

determined to detect the particle characteristics. With Flow 

cytometry, identification, sorting, and separation of biological 

particles can be achieved. But detection sensitivity of the FC 

depends upon the angle of scattered light and fluorophores.  
 

Advanced techniques like single-cell mass cytometry 

inherit flow cytometry to achieve high flow rates for better 

throughputs, making flow cytometry undesirable in single-cell 

studies.  
 

3.6. Mass Spectrometry 

Mass cytometry is derived from the MS technique to 

understand the cell properties when coagulated with the 

antibodies.  
 

For its sensitivity, selectivity and high throughput, mass 

cytometry is a hand-picked technique for most scientific 

domains from forensics, food certifications, pharmaceutical 

and biological studies [36-41].  
 

The structural information of the analyte is determined by 

mass to the to-charge ratio (m/z) of the charged particle and 

the time of flight. With a wide variety of configurations from 

high to low resolution, complex cell base studies need a series 

of instruments concurrently employed to address them.  
 

Moreover, the metamorphosis of the analyte from liquid 

to solid and then to ionised, regardless of the configuration of 

MS, causes denaturing of the cells that deviate from the single-

cell studies [42].  
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3.7. Optical Methods 

The physical cytometric parameters like dry mass, size, 

volume, and shape of cells are related to their Refractive Index 

(RI) for detection using optical methods. These techniques are 

considered to be non-invasive and non-contact techniques for 

continuous monitoring. The best attribute of this technique is 

that it is independent of cell type. A group of techniques that 

fall in the Quantitative Phase Contrast Microscopy (QPCM) 

for providing single-cell parameters are approached with 

interferometric and non-interferometric methods.  
 

3.7.1. Interferometric Methods 

The technique of separation of light into two different 

optical paths and recombining to form fringes is used for 

quantifying the phase shift. When one of the source beams is 

passed through the cell, the phase obtained is a measure of the 

refractive index of the cell through its volume. From this, the 

dry mass is calibrated using the refractive index and density 

of the cell. Techniques like Phase-Shifting 

Microscopy/Imaging (PSM/PSI) and Diffraction-Phase 

Microscopy (DPM) use the interferometry method using 

lasers that result in artifacts resulting in lower sensitivity[43]. 

On the contrary, Spatial Light Interference Microscopy 

(SLIM) is a type of PSI that has the capability of calibrating 

nanoscale structures, pushing the limits of sensitivity to higher 

levels to 0.1- 1 fg/µm-2[43]. However, these techniques are 

limited to the measurement of the dry mass of the cell when 

they are altered for compatibility with detection mechanisms. 

For live cell measurement, Quantitative Phase Microscopy 

(QPM) is used in single-cell studies[43]. This technique uses 

four-wave transverse shear interferometry for observing phase 

change in real-time, allowing labelling cells in real time, 

yielding live cell mass calculation and, upon developments 

made, increasing the throughput and volume detection. 

Further enhanced techniques like Digital Holography 

Microscopy (DHM) in which rather than phase, the intensity 

is also considered and compared with phase. Due to this, it is 

most effective in identifying organelles and also tracks 

intracellular transportation [71]. Indeed, this technique is less 

preferable due to complex data processing and the use of a 

laser that has complicated optical paths. The above techniques 

discussed perform the detection of cellular parameters in 2D 

whereas Quantitative Phase Tomography (QPT) can perform 

a 3D scan by obtaining phase transition in 3D space[44]. Due 

to this advantage, it can detect sub-cellular regions and can 

even detect certain thickness regions of cells in clusters. 

However, this device has limitations with mammalian 

embryos and involves complex data processing systems.  

 

3.7.2. Surfaced Plasmon Resonance  

SPR was originally used for sensing purposes in 1980 

[27], followed by probing procedures on metal layers [45]. 

SPR is well-known for measuring immobilized biological 

analytes in real time. In the early 1990s, the first SPR 

biosensors were produced and applied to the investigation of 

bio-molecular interactions [46]. Traditional SPR biosensors 

provide real-time measurements of interactions between 

biological objects immobilized on the surface of a metal-

supporting plasmon and their liquid counterparts. Surface 

Plasmon Resonance imaging (SPR) and microscopes are 

techniques that aim to isolate this relationship by imaging the 

surface of metal [47]. The combined oscillations of free 

electrons close to the interface metal-dielectric contact are 

known as surface plasmons, which are a type of 

electromagnetic field. Surface plasmons have a confined 

electromagnetic field that decays into the metal-dielectric 

interface[47]. Because of this property, surface plasmons are 

valuable for studying activities on metal surfaces [27], [48]. 

There are multiple distinct SP modes on different 

metal/dielectric configurations [49]. The Propagating Surface 

Plasmon (P-SP) mode is commonly used in SPR 

imaging/microscopy and is supported by a continuous metallic 

sheet. Although SPR imaging and microscopy are commonly 

used to identify a wide range of biological entities, this study 

focused solely on reporting cells. 

 

Argoul's team reported on their research of adhering cells 

using a High Resolution (HR) SPR microscope[50]. They 

investigated the adhesion and motility of C2C12 mouse 

myoblasts cultured on an SPR chip. The morphologies of the 

adhering cells were tracked, and the dynamics of filopodia and 

lamellipodia marks were seen locally. They also observed how 

C2C12 mice myoblast cells migrated, adhered, disengaged, 

and connected to a gold substrate. Tu et al. investigated the 

mechanism by which individual cells adhere [27], [47]. They 

employed SPR microscopy on a nano-porous array system 

that was integrated with microfluidic devices such as single-

cell traps. The growth of Human cancer cells (HeLa) and 

mouse foetal stem cells (C3H10) was seen, and it is 

demonstrated that the individual-cell binding approach 

adheres to Tao's team investigated the movement of 

mitochondria along significant rat hippocampal neurons [47]. 

 

4. Physical Cytometry Using MEMS Resonant 

Sensors  
With the ability to measure physical parameters down to 

the attogram level using MEMS/NEMS devices [51], the 

physical characteristics of cells are monitored for minute 

dynamic changes that happen during the proliferation phase. 

The foremost advantage of MEMS resonators is that they 

facilitate detecting the physical cytometry of cells by avoiding 

antibodies or fluorescent markers[52]. As mentioned in 

previous sections about efficient label-free detection using 

SPR and Quartz Crystal Microbalance (QCM), with 

applications spanning from basic biological system laboratory 

to advanced drug-based studies, these techniques have 

setbacks in scaling down and mass fabrications [6], [53], [54], 

[55]. Though various types of micro-fabricated devices like 

mechanical, electronic, chemical and optical are reported in 

the literature, they have challenges when it comes to single 

cell cytometry due to charge screen, optical alignment of 
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components, and surface adhesion and modifications, 

respectively. However, with the use of resonant mass sensors, 

challenges are addressed when compared with the devices 

mentioned above [52]. With mass variation at femtogram to 

atto-gram level in cell proliferation studies, device 

complexities are comprehensively high. Though the quest for 

proliferation studies lasts from 50 years for a population of 

cells to single cells, still, there is a tremendous interest in 

interpreting the relationship between physical cytometry to 

cell cycle [57-61]. The major quest is to understand growth 

rate versus cell size over the cell cycle and whether it is 

constant or proportionate [53], [15]. The cell cycle is 

explained with both linear and exponential models, where the 

linear model is due to the ‘gene dosage’ that is because of 

DNA growth for the transcription process, and the exponential 

growth model is due to mass growth of cytoplasmic and 

ribosome of the cell. Due to this, the cell grows heavier by 

accelerating its rate of mass. So this explains the exponential 

model size-dependent model whereas the linear model depicts 

size-independent [63], [64]. So to understand this behavior of 

cells, extensive research is carried out, and various researchers 

make progress in identifying the dry cell mass [65], buoyant 

mass [53], [66], [67], and volume [68].  

 

4.1. Principle of Resonant MEMS Mass Sensor 

The principle of a resonant sensor is that it works on the 

shift in resonant frequency with cells isolated on the device to 

that of time when a cell changes its morphology [69]. Using 

this principle, Thomas P Burg (2006) modified the cantilever 

with nanopatterns for mass sensing applications [52], and 

Kafri measured the mass of yeast and bacteria in 2016 [71], 

[72].  

𝑓 =
1

2𝜋
√

𝑘

𝑚∗+∝∆𝑚
   (i) 

 

Where f is the frequency of the beam, k refers to the 

spring constant, and m* is the mass of the device. The change 

in mass (∆𝑚) is the loading of the cell, and α represents the 

constant [69]. The sensitivity and resolution of the cantilevers 

depend upon the effective surface area, as it is the governing 

parameter for absorbed mass. To improve this absorbed mass, 

considerable progress was made by Lee et al. and Datar in 

2009 with perforations and nanopatterns. On the other hand, 

the sensing in fluidic mediums has considerably poor 

sensitivities, resulting in a bottleneck in employing resonant 

mass sensors. For such environments, the alternatives are the 

detection of surface stress and Suspended Micro-channel 

Resonators (SMR) [53].  

 

With the wide scalability of structural dimensions, these 

traditional structures are influenced by the challenges of 

stiction, S/V ratio, and surface modification techniques, which 

will be discussed in detail in later sections. Besides these 

challenges, they also have quality factors and sensitivity 

bottlenecks. To address these challenges of traditional 

structures, pedestal mass sensors and SMR are reported in the 

literature, and they overcome most of them.  
 

4.1.1. MEMS Resonant Sensors for Adherent Cell Detection 

The rectangular cantilevers are modelled according to 

sensitivity requirements for mass sensing applications by 

scaling down the dimensions. On the other hand, it is widely 

reported that the mass sensitivity of resonant mass sensors 

(rectangular cantilevers) is spatially uneven[73]. With 

adherent cells, the need for immobilization onto the surface of 

the cantilever is essential, which limits the sensing area due to 

downsizing and spatial non-uniformity of the sensor, as shown 

in Figure 3. Suppose there are going to be a large number of 

connected target entities that are significantly smaller than the 

sensor[62]. In that case, it is reasonable to assume that their 

masses are all roughly the same and to use an average mass 

sensitivity that can be easily calculated analytically. No one 

can presume that the target mass is uniformly distributed if 

only a few or a single target entity needs to be linked to the 

sensor, and if an attachment site other than the end of the 

cantilever is used, the extracted mass must be adjusted to 

account for the cantilever's mass dispersion from optical 

images [52]. 
 

However, these techniques reduce the mass sensor's 

sensitivity and functionality. The structure of the sensor is 

shown in the form of a platform in the center suspended by 

four-legged springs. The sensor platform is considered for 

sensing and has a homogeneous vibrational amplitude for the 

attached mass (irrespective of position on the platform) due to 

the transformation of flexural bending to torsional bending at 

the angle of the spring (each leg). With this pedestal mass 

sensor, the mean variation of vibrational amplitude is confined 

to 2% for its maximum resulting error margin of 4.1% in mass 

sensing to least to the maximum value [10, 56].  
 

4.1.2. MEMS Resonant Sensors for Suspended Cell Detection 

As we have discussed the behavior and characteristics of 

suspended cells in previous sections, where the mass sensing 

of suspended cells needs medium, traditional methods of 

immobilization on MEMS cantilevers yield a dry mass of the 

cell rather than the actual mass. To address this challenge, 

Buoyant mass detection using Suspended Micro resonating 

Channels (SMR) is introduced [52].  The initial suspended 

channel walls are immobilized for the deposition of mass, 

which makes up the effective mass of the cells. If the S/V ratio 

of the channel is significant, then the mass deposited on the 

walls of the channel contributes substantially. Proteins in 

aqueous solutions have a bulk density roughly equivalent to 

that of purified solutions, allowing them to be detected using 

this method[4], [6], [8], [9], [66], [69]. The resonant frequency 

shift of the SMR is directly related to the mass of the particle 

it travels through, and successive repetitive measurements 

define the particle propagation phase. 
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Fig. 4   From right to left a) Suspended micro-resonating channel for particle mass sensing b) Frequency shift when the particle 

travelling from free tip back to outlet [70] c) Graph showing frequency and deflection change during the particle at free end d) 

Uniform pedestal mass sensor for adherent cells fabricated cell [62] e) Showing uniform mass sensing of Pedestal mass sensor 

 
Though these devices have proven highly efficient and 

can detect up to 1pg/Hz sensitivity, they lack compatibility 

with the size of the particles. When the density of a particle is 

higher than that of the background solution, its differential 

mass Md is not zero (it is positive). If a nanoparticle floats in 

the background solution, the mass difference Md is negative. 

When nanoparticles are fed through the channel, the mean 

frequency shift for the solution is between 25 and 3 mHz, 

indicating that gold and polystyrene particles possess a non-

zero differential mass of 1.0 g/cm3 in PBS solution [52], [66]. 

Although the masses of polystyrene (195.6fg) and gold (9.8fg) 

particles are vastly different, their divergent masses during 

transport in fluid PBS are close to 9fg [52]. So, re-engineering 

for particle dimensional range is essential for SMR technology 

insight into their effective device’s capabilities in mass 

sensing.   

 

5. Conclusion 
The emerging technologies incidental to 

micro/nanofabrication processes, such as MEMS base 

resonant sensors, have emerged as promising techniques for 

detecting biophysical changes in a single-cell study due to 

their high sensitivity and resolution. With further evaluation 

of the process flows, MEMS/NEM’s scale dimensional 

dynamics, and improved surface modification methods, the 

limitation of mass sensitivity has crossed the barrier from 

cellular detection to protein molecule detection.  

 

The mass limitation from picogram detection is pushed to 

the attogram and Zeptogram level using MEMS resonant 

sensors, which has facilitated this possibility. Despite the 

challenges of single-cell isolation, spatial adhesion of particles 

on the sensor, engineering with materials, and cost-effective 

devices, resonant sensors are potentially viable sensors for 

mass detections with ultra-low sensitivity.  

 

This paper reviewed the techniques that are used in mass 

sensing and cell cytometry along with the MEMS resonant 

Sensors. The challenges and the progressions in this field are 

reported.

 
 

 

 

 

 



A.L.G.N. Aditya & Elizabeth Rufus / IJECE, 11(8), 312-324, 2024 

 

321 

References  

[1] David M. Eddy, and Charles H. Clanton, “The Art of Diagnosis — Solving the Clinicopathological Exercise,” The Central African Journal 

of Medicine, vol. 306, no. 21, pp. 1263-1268, 1982. [CrossRef] [Google Scholar] [Publisher Link]  

[2] Momoko Hamano et al., “Prediction of Single-Cell Mechanisms for Disease Progression in Hypertrophic Remodelling by a Trans-Omics 

Approach,” Scientific Reports, vol. 11, pp. 1-17, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[3] Seitaro Nomura, “Single-Cell Genomics to Understand Disease Pathogenesis,” Journal of Human Genetics, vol. 66, pp. 75-84, 2021. 

[CrossRef] [Google Scholar] [Publisher Link]  

[4] Nathan Cermak et al., “High-Throughput Measurement of Single-Cell Growth Rates Using Serial Microfluidic Mass Sensor Arrays,” 

Nature Biotechnology, vol. 34, pp. 1052-1059, 2016. [CrossRef] [Google Scholar] [Publisher Link]  

[5] Thomas P. Burg, “Devices with Embedded Channels,” Advanced Micro and Nanosystems, 2015. [CrossRef] [Google Scholar] [Publisher 

Link]  

[6] Sungmin Son et al., “Direct Observation of Mammalian Cell Growth and Size Regulation,” Nature Methods, vol. 9, pp. 910-912, 2012. 

[CrossRef] [Google Scholar] [Publisher Link]  

[7] Alexey Mozharov et al., “Nanomass Sensing Via Node Shift Tracing in Vibrations of Coupled Nanowires Enhanced by Fano Resonances,” 

ACS Applied Nano Materials, vol. 4, no. 11, pp. 11989-11996, 2021. [CrossRef] [Google Scholar] [Publisher Link]  

[8] Nathan Cermak et al., “Direct Single-Cell Biomass Estimates for Marine Bacteria Via Archimedes’ Principle,” The ISME Journal, vol. 11, 

no. 3, pp. 825-828, 2016. [CrossRef] [Google Scholar] [Publisher Link]  

[9] T.P. Burg, and S.R. Manalis, “Suspended Microchannel Resonators for Biomolecular Detection,” Applied Physics Letters, vol. 83, no. 13, 

pp. 2698-2700, 2003. [CrossRef] [Google Scholar] [Publisher Link]  

[10] Kidong Park et al., “Measurement of Adherent Cell Mass and Growth,” Proceedings of the National Academy of Sciences of the United 

States of America, vol. 107, no. 48, pp. 20691-20696, 2010. [CrossRef] [Google Scholar] [Publisher Link]  

[11] Paul Jorgensen, and Mike Tyers, “How Cells Coordinate Growth and Division,” Current Biology, vol. 14, no. 23, pp. 1014-1027, 2004. 

[CrossRef] [Google Scholar] [Publisher Link] 

[12] Sung-Jin Park et al., “Piezoresistive Cantilever Performance-Part II: Optimization,” Journal of Microelectromechanical Systems, vol. 19, 

no. 1, pp. 149-161, 2010. [CrossRef] [Google Scholar] [Publisher Link]  

[13] Amit Gupta, Demir Akin, and Rashid Bashir, “Detection of Bacterial Cells and Antibodies Using Surface Micromachined Thin Silicon 

Cantilever Resonators,” Journal of Vacuum Science & Technology B: Microelectronics and Nanometer Structures Processing, 

Measurement, and Phenomena, vol. 22, pp. 2785-2791, 2004. [CrossRef] [Google Scholar] [Publisher Link]  

[14] Angelica P. Davila et al., “Microresonator Mass Sensors for Detection of Bacillus Anthracis Sterne Spores in Air and Water,” Biosensors 

and Bioelectronics, vol. 22, no. 12, pp. 3028-3035, 2007. [CrossRef] [Google Scholar] [Publisher Link]  

[15] A. Gupta, D. Akin, and R. Bashir, “Single Virus Particle Mass Detection Using Microresonators with Nanoscale Thickness,” Applied 

Physics Letters, vol. 84, pp. 1976-1978, 2004. [CrossRef] [Google Scholar] [Publisher Link]  

[16] Karin Y. Gfeller, Natalia Nugaeva, and Martin Hegner, “Micromechanical Oscillators as Rapid Biosensor for the Detection of Active 

Growth of Escherichia Coli,” Biosensors and Bioelectronics, vol. 21, no. 3, pp. 528-533, 2005. [CrossRef] [Google Scholar] [Publisher 

Link]  

[17] K. Park et al., “MEMS Mass Sensors with Uniform Sensitivity for Monitoring Cellular Apoptosis,” 16th International Solid-State Sensors, 

Actuators and Microsystems Conference, Beijing, China, pp. 759-762, 2011. [CrossRef] [Google Scholar] [Publisher Link] 

[18] Lawrence W. Bergman, “Growth and Maintenance of Yeast,” Two-Hybrid Systems, vol. 177, pp. 9-14, 2001. [CrossRef] [Google Scholar] 

[Publisher Link] 

[19] Mansooreh Ahmadian et al., “A Hybrid Stochastic Model of the Budding Yeast Cell Cycle,” Npj Systems Biology and Applications, vol. 6, 

pp. 1-10, 2020. [CrossRef] [Google Scholar] [Publisher Link]  

[20] George I. Bell, and Ernest C. Anderson, “Cell Growth and Division a Mathematical Model with Applications to Cell Volume Distributions,” 

Biophysical Journal, vol. 7, no. 4, pp. 329-351, 1967. [CrossRef] [Google Scholar] [Publisher Link]  

[21] Daniel A. Charlebois, and Gábora Balázsi, “Modeling Cell Population Dynamics,” Silico Biology, vol. 13, pp. 21-39, 2019. [CrossRef] 

[Google Scholar] [Publisher Link] 

[22] Joseph J. Crivelli et al., “A Mathematical Model for Cell Cycle-Specific Cancer Virotherapy,” Journal of Biological Dynamics, vol. 6, pp. 

104-120, 2012. [CrossRef] [Google Scholar] [Publisher Link] 

[23] Frederick R. Cross et al., “Testing a Mathematical Model of the Yeast Cell Cycle,” Molecular Biology of the Cell, vol. 13, no. 1, pp. 52-

70, 2002. [CrossRef] [Google Scholar] [Publisher Link]  

[24] Katarzyna A. Rejniak, “A Single-Cell Approach in Modeling the Dynamics of Tumor Microregions,” Mathematical Biosciences and 

Engineering, vol. 2, no. 3, pp. 643-655, 2005. [CrossRef] [Google Scholar] [Publisher Link] 

http://doi.org/10.1056/NEJM198205273062104
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+art+of+diagnosis%3A+solving+the+clinicopathological+exercise&btnG=
https://www.nejm.org/doi/full/10.1056/NEJM198205273062104
https://doi.org/10.1038/s41598-021-86821-y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prediction+of+Singl-+Cell+Mechanisms+for+Disease+Progression+in+Hypertrophic+Remodelling+by+a+Trans-Omics+Approach&btnG=
https://www.nature.com/articles/s41598-021-86821-y
https://doi.org/10.1038/s10038-020-00844-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Single-cell+genomics+to+understand+disease+pathogenesis&btnG=
https://www.nature.com/articles/s10038-020-00844-3
https://doi.org/10.1038/nbt.3666
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=High-throughput+measurement+of+single-cell+growth+rates+using+serial+microfluidic+mass+sensor+arrays&btnG=
https://www.nature.com/articles/nbt.3666
https://doi.org/10.1002/9783527676330.ch11
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Thomas+P.+Burg%2C+%E2%80%9CDevices+with+Embedded+Channels&btnG=
https://onlinelibrary.wiley.com/doi/10.1002/9783527676330.ch11
https://onlinelibrary.wiley.com/doi/10.1002/9783527676330.ch11
https://doi.org/10.1038/nmeth.2133
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Direct+observation+of+mammalian+cell+growth+and+size+regulation&btnG=
https://www.nature.com/articles/nmeth.2133
https://doi.org/10.1021/acsanm.1c02558
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nanomass+Sensing+via+Node+Shift+Tracing+in+Vibrations+of+Coupled+Nanowires+Enhanced+by+Fano+Resonances&btnG=
https://pubs.acs.org/doi/abs/10.1021/acsanm.1c02558
https://doi.org/10.1073/pnas.1011365107
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Direct+single-cell+biomass+estimates+for+marine+bacteria+via+Archimedes%E2%80%99+principle&btnG=
https://academic.oup.com/ismej/article/11/3/825/7537968
https://doi.org/10.1063/1.1611625
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Suspended+microchannel+resonators+for+biomolecular+detection&btnG=
https://pubs.aip.org/aip/apl/article-abstract/83/13/2698/512779/Suspended-microchannel-resonators-for-biomolecular?redirectedFrom=fulltext
https://doi.org/10.1073/pnas.1011365107
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Measurement+of+adherent+cell+mass+and+growth&btnG=
https://www.pnas.org/doi/abs/10.1073/pnas.1011365107
https://doi.org/10.1016/j.cub.2004.11.027
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=How+Cells+Coordinate+Growth+and+Division&btnG=
https://www.cell.com/current-biology/fulltext/S0960-9822(04)00895-4
https://doi.org/10.1109/JMEMS.2009.2036582
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Piezoresistive+Cantilever+Performance%E2%80%94Part+II%3A+Optimization&btnG=
https://ieeexplore.ieee.org/abstract/document/5356210
https://doi.org/10.1116/1.1824047
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Detection+of+bacterial+cells+and+antibodies+using+surface+micromachined+thin+silicon+cantilever+resonators&btnG=
https://pubs.aip.org/avs/jvb/article-abstract/22/6/2785/896498/Detection-of-bacterial-cells-and-antibodies-using?redirectedFrom=fulltext
https://doi.org/10.1016/j.bios.2007.01.012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microresonator+mass+sensors+for+detection+of+Bacillus+anthracis+Sterne+spores+in+air+and+water&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S095656630700005X
https://doi.org/10.1063/1.1667011
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Single+virus+particle+mass+detection+using+microresonators+with+nanoscale+thickness&btnG=
https://pubs.aip.org/aip/apl/article-abstract/84/11/1976/531013/Single-virus-particle-mass-detection-using
https://doi.org/10.1016/j.bios.2004.11.018
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Micromechanical+oscillators+as+rapid+biosensor+for+the+detection+of+active+growth+of+Escherichia+coli&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0956566304005688
https://www.sciencedirect.com/science/article/abs/pii/S0956566304005688
https://doi.org/10.1109/TRANSDUCERS.2011.5969307
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=MEMS+mass+sensors+with+uniform+sensitivity+for+monitoring+cellular+apoptosis&btnG=
https://ieeexplore.ieee.org/abstract/document/5969307
https://doi.org/10.1385/1-59259-210-4:009
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Growth+and+Maintenance+of+Yeast&btnG=
https://link.springer.com/protocol/10.1385/1-59259-210-4:009
https://doi.org/10.1038/s41540-020-0126-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+hybrid+stochastic+model+of+the+budding+yeast+cell+cycle&btnG=
https://www.nature.com/articles/s41540-020-0126-z
https://doi.org/10.1016/S0006-3495(67)86592-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cell+Growth+And+Division+A+Mathematical+Model+With+Applications+To+Cell+Volume+Distributions&btnG=
https://www.cell.com/biophysj/fulltext/S0006-3495(67)86592-5
https://doi.org/10.3233/ISB-180470
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Modeling+cell+population+dynamics&btnG=
https://content.iospress.com/articles/in-silico-biology/isb180470
https://doi.org/10.1080/17513758.2011.613486
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+mathematical+model+for+cell+cycle-specific+cancer+virotherapy&btnG=
https://www.tandfonline.com/doi/full/10.1080/17513758.2011.613486
https://doi.org/10.1091/mbc.01-05-0265
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Testing+a+Mathematical+Model+of+the+Yeast+Cell+Cycle&btnG=
https://www.molbiolcell.org/doi/full/10.1091/mbc.01-05-0265
https://doi.org/10.3934/mbe.2005.2.643
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Single-Cell+Approach+In+Modeling+The+Dynamics+Of+Tumor+Microregions&btnG=
https://www.aimsciences.org/article/doi/10.3934/mbe.2005.2.643


A.L.G.N. Aditya & Elizabeth Rufus / IJECE, 11(8), 312-324, 2024 

 

322 

[25] Rahul Singhvi et al., “Engineering Cell Shape and Function,” Science, vol. 264, no. 5159, pp. 696-698, 2014. [CrossRef] [Google Scholar] 

[Publisher Link] 

[26] Katherine C. Chen et al., “Integrative Analysis of Cell Cycle Control in Budding Yeast,” Molecular Biology of the Cell, vol. 15, no. 8, pp. 

3841-3862, 2004. [CrossRef] [Google Scholar] [Publisher Link] 

[27] Kaiqun Lin et al., “Surface Plasmon Resonance Hydrogen Sensor Based on Metallic Grating with High Sensitivity,” Optics Express, vol. 

16, no. 23, pp. 18599-18604, 2008. [CrossRef] [Google Scholar] [Publisher Link]  

[28] Mary Pickering et al., “Fission Yeast Cells Grow Approximately Exponentially,” Cell Cycle, vol. 18, no. 8, pp. 869-879, 2019. [CrossRef] 

[Google Scholar] [Publisher Link]  

[29] Ilya Soifer, and Naama Barkai, “Systematic Identification of Cell Size Regulators in Budding Yeast,” Molecular Systems Biology, vol. 10, 

pp. 1-15, 2014. [CrossRef] [Google Scholar] [Publisher Link]  

[30] Alessandro D. Trigilio et al., “Gillespie-Driven kinetic Monte Carlo Algorithms to Model Events for Bulk or Solution (Bio)Chemical 

Systems Containing Elemental and Distributed Species,” Industrial & Engineering Chemistry Research, vol. 59, no. 41, pp. 18357-18386, 

2020. [CrossRef] [Google Scholar] [Publisher Link]  

[31] Jie Wu, “Biased AC Electro-Osmosis for On-Chip Bioparticle Processing,” IEEE Transactions on Nanotechnology, vol. 5, no. 2, pp. 84-

89, 2006. [CrossRef] [Google Scholar] [Publisher Link]  

[32] Jiang Zhe et al., “A Micromachined High Throughput Coulter Counter for Bioparticle Detection and Counting,” Journal of 

Micromechanics and Microengineering, vol. 17, no. 2, pp. 304-313, 2007. [CrossRef] [Google Scholar] [Publisher Link] 

[33] J. Lu, and Z. Rosenzweig, “Nanoscale Fluorescent Sensors for Intracellular Analysis,” Fresenius’ Journal of Analytical Chemistry, vol. 

366, pp. 569-575, 2000. [CrossRef] [Google Scholar] [Publisher Link]  

[34] Rosario Rizzuto, Walter Carrington, and Richard A Tuft, “Digital Imaging Microscopy of Living Cells,” Trends in Cell Biology, vol. 8, no. 

7, pp. 288-292, 1998. [CrossRef] [Google Scholar] [Publisher Link]  

[35] Xiao-Hong Xu, and Edward S. Yeung, “Direct Measurement of Single-Molecule Diffusion and Photodecomposition in Free Solution,” 

Science, vol. 275, no. 5303, pp. 1106-1109, 1997. [CrossRef] [Google Scholar] [Publisher Link]  

[36] Ilkka Ojanperä, Marjo Kolmonen, and Anna Pelander, “Current Use of High-Resolution Mass Spectrometry in Drug Screening Relevant 

to Clinical and Forensic Toxicology and Doping Control,” Analytical and Bioanalytical Chemistry, vol. 403, no. 5, pp. 1203-1220, 2012. 

[CrossRef] [Google Scholar] [Publisher Link]  

[37] Michelle Wood et al., “Recent Applications of Liquid Chromatography-Mass Spectrometry in Forensic Science,” Journal of 

Chromatography A, vol. 1130, no. 1, pp. 3-15, 2006. [CrossRef] [Google Scholar] [Publisher Link]  

[38] R.J.B. Peters et al., “Screening in Veterinary Drug Analysis and Sports Doping Control Based on Full-Scan, Accurate-Mass Spectrometry,” 

TrAC - Trends in Analytical Chemistry, vol. 29, no. 11, pp. 1250-1268, 2010. [CrossRef] [Google Scholar] [Publisher Link]  

[39] Heng-Hui Gan, Christos Soukoulis, and Ian Fisk, “Atmospheric Pressure Chemical Ionisation Mass Spectrometry Analysis Linked with 

Chemometrics for Food Classification - A Case Study: Geographical Provenance and Cultivar Classification of Monovarietal Clarified 

Apple Juices,” Food Chemistry, vol. 146, pp. 149-156, 2014. [CrossRef] [Google Scholar] [Publisher Link]  

[40] Lukas Vaclavik et al., “Liquid Chromatography-Mass Spectrometry-Based Metabolomics for Authenticity Assessment of Fruit Juices,” 

Metabolomics, vol. 8, pp. 793-803, 2012. [CrossRef] [Google Scholar] [Publisher Link]  

[41] Gérard Hopfgartner, David Tonoli, and Emmanuel Varesio, “High-Resolution Mass Spectrometry for Integrated Qualitative and 

Quantitative Analysis of Pharmaceuticals in Biological Matrices,” Analytical and Bioanalytical Chemistry, vol. 402, pp. 2587-2596, 2012. 

[CrossRef] [Google Scholar] [Publisher Link]  

[42] Hanan Awad, Mona M. Khamis, and Anas El-Aneed, “Mass Spectrometry, Review of the Basics: Ionization,” Applied Spectroscopy 

Reviews, vol. 50, no. 2, pp. 158-175, 2015. [CrossRef] [Google Scholar] [Publisher Link]  

[43] Patrick C. Chaumet et al., “Quantitative Phase Microscopies: Accuracy Comparison,” Arxiv, pp. 1-36, 2024. [CrossRef] [Google Scholar] 

[Publisher Link]  

[44] Thang L. Nguyen et al., “Quantitative Phase Imaging: Recent Advances and Expanding Potential in Biomedicine,” ACS Nano, vol. 16, no. 

8, pp. 11516-11544, 2022. [CrossRef] [Google Scholar] [Publisher Link]  

[45] J.G. Gordon, and S. Ernst, “Surface Plasmons as a Probe of the Electrochemical Interface,” Surface Science, vol. 101, no. 1-3, pp. 499-

506, 1980. [CrossRef] [Google Scholar] [Publisher Link]  

[46] Stefan Löfås et al., “Bioanalysis with Surface Plasmon Resonance,” Sensors and Actuators: B. Chemical, vol. 5, no. 1-4, pp. 79-84, 1991. 

[CrossRef] [Google Scholar] [Publisher Link]  

[47] Barbora Špačková et al., “Optical Biosensors Based on Plasmonic Nanostructures: A Review,” Proceedings of the IEEE, vol. 104, no. 12, 

pp. 2380-2408, 2016. [CrossRef] [Google Scholar] [Publisher Link]  

https://doi.org/10.1126/science.8171320
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Engineering+Cell+Shape+and+Function&btnG=
https://www.science.org/doi/abs/10.1126/science.8171320
https://doi.org/10.1091/mbc.e03-11-0794
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Integrative+Analysis+of+Cell+Cycle+Control+in+Budding+Yeast+&btnG=
https://www.molbiolcell.org/doi/full/10.1091/mbc.e03-11-0794
https://doi.org/10.1364/OE.16.018599
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Surface+plasmon+resonance+hydrogen+sensor+based+on+metallic+grating+with+high+sensitivity&btnG=
https://opg.optica.org/oe/fulltext.cfm?uri=oe-16-23-18599&id=173061
https://doi.org/10.1080/15384101.2019.1595874
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fission+yeast+cells+grow+approximately+exponentially&btnG=
https://www.tandfonline.com/doi/full/10.1080/15384101.2019.1595874
https://doi.org/10.15252/msb.20145345
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Systematic+identification+of+cell+size+regulators+in+budding+yeast&btnG=
https://www.embopress.org/doi/full/10.15252/msb.20145345
https://doi.org/10.1021/acs.iecr.0c03888
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gillespie-Driven+kinetic+Monte+Carlo+Algorithms+to+Model+Events+for+Bulk+or+Solution+%28Bio%29Chemical+Systems+Containing+Elemental+and+Distributed+Species&btnG=
https://pubs.acs.org/doi/abs/10.1021/acs.iecr.0c03888
https://doi.org/10.1109/TNANO.2006.869645
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Biased+AC+electro-osmosis+for+on-chip+bioparticle+processing&btnG=
https://ieeexplore.ieee.org/abstract/document/1605218
https://doi.org/10.1088/0960-1317/17/2/017
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+micromachined+high+throughput+Coulter+counter+for+bioparticle+detection+and+counting&btnG=
https://iopscience.iop.org/article/10.1088/0960-1317/17/2/017
https://doi.org/10.1007/s002160051552
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nanoscale+fluorescent+sensors+for+intracellular+analysis&btnG=
https://link.springer.com/article/10.1007/s002160051552
https://doi.org/10.1016/S0962-8924(98)01301-4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Digital+imaging+microscopy+of+living+cells&btnG=
https://www.cell.com/ajhg/abstract/S0962-8924(98)01301-4
https://doi.org/10.1126/science.275.5303.1106
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Direct+measurement+of+single-molecule+diffusion+and+photodecomposition+in+free+solution&btnG=
https://www.science.org/doi/abs/10.1126/science.275.5303.1106
https://doi.org/10.1007/s00216-012-5726-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Current+use+of+high-resolution+mass+spectrometry+in+drug+screening+relevant+to+clinical+and+forensic+toxicology+and+doping+control&btnG=
https://link.springer.com/article/10.1007/s00216-012-5726-z
https://doi.org/10.1016/j.chroma.2006.04.084
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Recent+applications+of+liquid+chromatography-mass+spectrometry+in+forensic+science&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0021967306008636
https://doi.org/10.1016/j.trac.2010.07.012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Screening+in+veterinary+drug+analysis+and+sports+doping+control+based+on+full-scan%2C+accurate-mass+spectrometry&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0165993610002207
https://doi.org/10.1016/j.foodchem.2013.09.024
https://scholar.google.com/scholar?q=Atmospheric+pressure+chemical+ionisation+mass+spectrometry+analysis+linked+with+chemometrics+for+food+classification+-+A+case+study:+Geographical+provenance+and+cultivar+classification+of+monovarietal+clarified+apple+ju
https://www.sciencedirect.com/science/article/pii/S0308814613012673
https://doi.org/10.1007/s11306-011-0371-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Liquid+chromatography-mass+spectrometry-based+metabolomics+for+authenticity+assessment+of+fruit+juices&btnG=
https://link.springer.com/article/10.1007/s11306-011-0371-7
https://doi.org/10.1007/s00216-011-5641-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=High-resolution+mass+spectrometry+for+integrated+qualitative+and+quantitative+analysis+of+pharmaceuticals+in+biological+matrice&btnG=
https://link.springer.com/article/10.1007/s00216-011-5641-8
https://doi.org/10.1080/05704928.2014.954046
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mass+spectrometry%2C+review+of+the+basics%3A+Ionization&btnG=
https://www.tandfonline.com/doi/abs/10.1080/05704928.2014.954046
https://doi.org/10.48550/arXiv.2403.11930
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Quantitative+phase+microscopies%3A+accuracy+comparison&btnG=
https://arxiv.org/abs/2403.11930
https://doi.org/10.1021/acsnano.1c11507
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Quantitative+Phase+Imaging%3A+Recent+Advances+and+Expanding+Potential+in+Biomedicine&btnG=
https://pubs.acs.org/doi/abs/10.1021/acsnano.1c11507
https://doi.org/10.1016/0039-6028(80)90644-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Surface+plasmons+as+a+probe+of+the+electrochemical+interface&btnG=
https://www.sciencedirect.com/science/article/abs/pii/0039602880906445
https://doi.org/10.1016/0925-4005(91)80224-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bioanalysis+with+surface+plasmon+resonance&btnG=
https://www.sciencedirect.com/science/article/abs/pii/0925400591802248
https://doi.org/10.1109/JPROC.2016.2624340
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optical+Biosensors+Based+on+Plasmonic+Nanostructures%3A+A+Review&btnG=
https://ieeexplore.ieee.org/abstract/document/7745836


A.L.G.N. Aditya & Elizabeth Rufus / IJECE, 11(8), 312-324, 2024 

 

323 

[48] Tobias Maier, Marc Güell, and Luis Serrano, “Correlation of mRNA and Protein in Complex Biological Samples,” FEBS Letters, vol. 583, 

no. 24, pp. 3966-3973, 2009. [CrossRef] [Google Scholar] [Publisher Link]  

[49] Barbora Špačková et al., “Nanoplasmonic–Nanofluidic Single-Molecule Biosensors for Ultrasmall Sample Volumes,” ACS Sensors, vol. 

6, no. 1, pp. 73-82, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[50] L. Streppa et al., “Tracking in Real Time the Crawling Dynamics of Adherent Living Cells with a High-Resolution Surface Plasmon 

Microscope,” Plasmonics in Biology and Medicine XIII, vol. 9724, pp. 1-10, 2016. [CrossRef] [Google Scholar] [Publisher Link]  

[51] B. Ilic, “Attogram Detection Using Nanoelectromechanical Oscillators,” Journal of Applied Physics, vol. 95, pp. 3674-3703, 2004. 

[CrossRef] [Google Scholar] [Publisher Link]  

[52] Thomas P. Burg et al., “Vacuum-Packaged Suspended Microchannel Resonant Mass Sensor for Biomolecular Detection,” Journal of 

Microelectromechanical Systems, vol. 15, no. 6, pp. 1466-1476, 2006. [CrossRef] [Google Scholar] [Publisher Link]  

[53] T.P. Burg, and S.R. Manalis, “Suspended Microchannel Resonators for Biomolecular Detection,” Applied Physics Letters, vol. 83, no. 13, 

pp. 2698-2700, 2003. [CrossRef] [Google Scholar] [Publisher Link]  

[54] Jürgen Fritz et al., “Electronic Detection of DNA by Its Intrinsic Molecular Charge,” Proceedings of the National Academy of Sciences of 

the United States of America, vol. 99, no. 22, pp. 14142-14146, 2002. [CrossRef] [Google Scholar] [Publisher Link]  

[55] Petr Skládal, “Piezoelectric Quartz Crystal Sensors Applied for Bioanalytical Assays and Characterization of Affinity Interactions,” 

Journal of the Brazilian Chemical Society, vol. 14, no. 4, pp. 491-502, 2003. [CrossRef] [Google Scholar] [Publisher Link]   

[56] Edward S. Park, Jan Krajniak, and Hang Lu, “Packaging for Bio-Micro-Electro-Mechanical Systems (Biomems) and Microfluidic Chips,” 

Nano-Bio- Electronic, Photonic and MEMS Packaging, pp. 505-563, 2010. [CrossRef] [Google Scholar] [Publisher Link] 

[57] Stephen Cooper, “Distinguishing Between Linear and Exponential Cell Growth during the Division Cycle: Single-Cell Studies, Cell-

Culture Studies, and the Object of Cell-Cycle Research,” Theoretical Biology and Medical Modelling, vol. 3, pp. 1-15, 2006. [CrossRef] 

[Google Scholar] [Publisher Link] 

[58] D. Killander, and A. Zetterberg, “Quantitative Cytochemical Studies on Interphase Growth. I. Determination of DNA, RNA and Mass 

Content of Age Determined Mouse Fibroblasts in Vitro and of Intercellular Variation in Generation Time,” Experimental Cell Research, 

vol. 38, no. 2, pp. 272-284, 1965. [CrossRef] [Google Scholar] [Publisher Link]  

[59] J.M. Mitchison, “Growth during the Cell Cycle,” International Review of Cytology, vol. 226, pp. 165-258, 2003. [CrossRef] [Google 

Scholar] [Publisher Link]  

[60] Robert F. Brooks, and Robert Shields, “Cell Growth, Cell Division and Cell Size Homeostasis in Swiss 3T3 Cells,” Experimental Cell 

Research, vol. 156, no. 1, pp. 1-6, 1985. [CrossRef] [Google Scholar] [Publisher Link]  

[61] Paul Jorgensen et al., “Systematic Identification of Pathways That Couple Cell Growth and Division in Yeast,” Science, vol. 297, no. 5580, 

pp. 395-400, 2002. [CrossRef] [Google Scholar] [Publisher Link]  

[62] K. Park, and R. Bashir, “MEMS-Based Resonant Sensor With Uniform Mass Sensitivity,” Transducers 2009 - 15th International 

Conference on Solid-State Sensors, Actuators and Microsystems, Denver, CO, USA, pp. 1956-1958, 2009. [CrossRef] [Google Scholar] 

[Publisher Link]  

[63] Andrea K. Bryan et al., “Measurement of Mass, Density, and Volume During the Cell Cycle of Yeast,” Proceedings of the National Academy 

of Sciences of the United States of America, vol. 107, no. 3, pp. 999-1004, 2010. [CrossRef] [Google Scholar] [Publisher Link]  

[64] Amit Tzur et al., “Optimizing Optical Flow Cytometry for Cell Volume-Based Sorting and Analysis,” PLoS ONE, vol. 6, no. 1, pp. 1-9, 

2011. [CrossRef] [Google Scholar] [Publisher Link]  

[65] Michel Godin et al., “Using Buoyant Mass to Measure the Growth of Single Cells,” Nature Methods, vol. 7, pp. 387-390, 2010. [CrossRef] 

[Google Scholar] [Publisher Link]  

[66] Thomas P. Burg et al., “Weighing of Biomolecules, Single Cells and Single Nanoparticles in Fluid,” Nature, vol. 446, pp. 1066-1069, 2007. 

[CrossRef] [Google Scholar] [Publisher Link]  

[67] Thomas P. Burg, John E. Sader, and Scott R. Manalis, “Nonmonotonic Energy Dissipation in Microfluidic Resonators,” Physical Review 

Letters, vol. 102, no. 22, 2009. [CrossRef] [Google Scholar] [Publisher Link]  

[68] Amit Tzur et al., “Cell Growth and Size Homeostasis in Proliferating Animal Cells,” Science, vol. 325, pp. 167-171, 2009. [CrossRef] 

[Google Scholar] [Publisher Link]  

[69] Ram Datar et al., “Cantilever Sensors: Nanomechanical Tools for Diagnostics,” MRS Bulletin, vol. 34, no. 6, pp. 449-454, 2009. [CrossRef] 

[Google Scholar] [Publisher Link]  

[70] C.A. Savran et al., “Microfabricated Mechanical Biosensor with Inherently Differential Readout,” Applied Physics Letters, vol. 83, no. 8, 

pp. 1659-1661, 2003. [CrossRef] [Google Scholar] [Publisher Link] 

[71] Ran Kafri et al., “Dynamics Extracted from Fixed Cells Reveal Feedback Linking Cell Growth to Cell Cycle,” Nature, vol. 494, pp. 480-

483, 2013. [CrossRef] [Google Scholar] [Publisher Link]  

https://doi.org/10.1016/j.febslet.2009.10.036
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Correlation+of+mRNA+and+protein+in+complex+biological+samples&btnG=
https://www.sciencedirect.com/science/article/pii/S0014579309008126
https://doi.org/10.1021/acssensors.0c01774
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nanoplasmonic%E2%80%93Nanofluidic+Single-Molecule+Biosensors+for+Ultrasmall+Sample+Volumes&btnG=
https://pubs.acs.org/doi/full/10.1021/acssensors.0c01774
https://doi.org/10.1117/12.2211331
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Tracking+in+real+time+the+crawling+dynamics+of+adherent+living+cells+with+a+high-resolution+surface+plasmon+microscope%2C&btnG=
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/9724/97240G/Tracking-in-real-time-the-crawling-dynamics-of-adherent-living/10.1117/12.2211331.short#_=_
https://doi.org/10.1063/1.1650542
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Attogram+Detection+Using+Nanoelectromechanical+Oscillators&btnG=
https://pubs.aip.org/aip/jap/article-abstract/95/7/3694/472026/Attogram-detection-using-nanoelectromechanical
https://doi.org/10.1109/JMEMS.2006.883568
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vacuum-Packaged+Suspended+Microchannel+Resonant+Mass+Sensor+for+Biomolecular+Detection&btnG=
https://ieeexplore.ieee.org/abstract/document/4020254
https://doi.org/10.1063/1.1611625
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Suspended+microchannel+resonators+for+biomolecular+detection&btnG=
https://pubs.aip.org/aip/apl/article-abstract/83/13/2698/512779/Suspended-microchannel-resonators-for-biomolecular?redirectedFrom=fulltext
https://doi.org/10.1073/pnas.232276699
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Electronic+detection+of+DNA+by+its+intrinsic+molecular+charge&btnG=
https://www.pnas.org/doi/abs/10.1073/pnas.232276699
https://doi.org/10.1590/S0103-50532003000400002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Piezoelectric+quartz+crystal+sensors+applied+for+bioanalytical+assays+and+characterization+of+affinity+interactions&btnG=
https://www.scielo.br/j/jbchs/a/fDG5BZHb5By5bnpGDVVLX7q/
https://doi.org/10.1007/978-1-4419-0040-1_15
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Packaging+for+Bio-micro-electro-mechanical+Systems+%28BioMEMS%29+and+Microfluidic+Chips&btnG=
https://link.springer.com/chapter/10.1007/978-1-4419-0040-1_15
https://doi.org/10.1186/1742-4682-3-10
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Distinguishing+between+linear+and+exponential+cell+growth+during+the+division+cycle%3A+Single-cell+studies%2C+cell-culture+studies%2C+and+the+object+of+cell-cycle+research&btnG=
https://link.springer.com/article/10.1186/1742-4682-3-10
https://doi.org/10.1016/0014-4827(65)90403-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Quantitative+cytochemical+studies+on+interphase+growth.+I.+Determination+of+DNA%2C+RNA+and+mass+content+of+age+determined+mouse+fibroblasts+in+vitro+and+of+intercellular+variation+in+generation+time&b
https://www.sciencedirect.com/science/article/abs/pii/0014482765904039
https://doi.org/10.1016/s0074-7696(03)01004-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Growth+during+the+cell+cycle&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Growth+during+the+cell+cycle&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0074769603010040?via%3Dihub
https://doi.org/10.1016/0014-4827(85)90255-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cell+growth%2C+cell+division+and+cell+size+homeostasis+in+Swiss+3T3+cells&btnG=
https://www.sciencedirect.com/science/article/abs/pii/0014482785902551
https://doi.org/10.1126/science.1070850
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Systematic+Identification+of+Pathways+That+Couple+Cell+Growth+and+Division+in+Yeast&btnG=
https://www.science.org/doi/abs/10.1126/science.1070850
https://doi.org/10.1109/SENSOR.2009.5285673
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=MEMS-based+resonant+sensor+with+uniform+mass+sensitivity&btnG=
https://ieeexplore.ieee.org/abstract/document/5285673
https://doi.org/10.1073/pnas.0901851107
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Measurement+of+mass%2C+density%2C+and+volume+during+the+cell+cycle+of+yeast&btnG=
https://www.pnas.org/doi/abs/10.1073/pnas.0901851107
https://doi.org/10.1371/journal.pone.0016053
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimizing+optical+flow+cytometry+for+cell+volume-based+sorting+and+analysis&btnG=
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0016053
https://doi.org/10.1038/nmeth.1452
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Using+buoyant+mass+to+measure+the+growth+of+single+cells&btnG=
https://www.nature.com/articles/nmeth.1452
https://doi.org/10.1038/nature05741
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Weighing+of+biomolecules%2C+single+cells+and+single+nanoparticles+in+fluid&btnG=
https://www.nature.com/articles/nature05741
https://doi.org/10.1103/PhysRevLett.102.228103
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nonmonotonic+Energy+Dissipation+in+Microfluidic+Resonators&btnG=
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.102.228103
https://doi.org/10.1126/science.1174294
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cell+Growth+and+Size+Homeostasis+in+Proliferating+Animal+Cells&btnG=
https://www.science.org/doi/abs/10.1126/science.1174294
https://doi.org/10.1557/mrs2009.121
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cantilever+sensors%3A+Nanomechanical+tools+for+diagnostics&btnG=
https://link.springer.com/article/10.1557/mrs2009.121
https://doi.org/10.1063/1.1605238
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microfabricated+mechanical+biosensor+with+inherently+differential+readout&btnG=
https://pubs.aip.org/aip/apl/article-abstract/83/8/1659/509094/Microfabricated-mechanical-biosensor-with
https://doi.org/10.1038/nature11897
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dynamics+extracted+from+fixed+cells+reveal+feedback+linking+cell+growth+to+cell+cycle&btnG=
https://www.nature.com/articles/nature11897


A.L.G.N. Aditya & Elizabeth Rufus / IJECE, 11(8), 312-324, 2024 

 

324 

[72] Moshe Kafri et al., “Rethinking Cell Growth Models,” FEMS Yeast Research, vol. 16, no. 7, pp. 1-6, 2016. [CrossRef] [Google Scholar] 

[Publisher Link]  

[73] Kidong Park et al., “Resonant MEMS Mass Sensors for Measurement of Microdroplet Evaporation,” Journal of Microelectromechanical 

Systems, vol. 21, no. 3, pp. 702-711, 2012. [CrossRef] [Google Scholar] [Publisher Link] 

 

https://doi.org/10.1093/femsyr/fow081
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rethinking+cell+growth+models&btnG=
https://academic.oup.com/femsyr/article/16/7/fow081/2469915
https://doi.org/10.1109/JMEMS.2012.2189359
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Resonant+MEMS+Mass+Sensors+for+Measurement+of+Microdroplet+Evaporation&btnG=
https://ieeexplore.ieee.org/abstract/document/6176181

