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ABSTRACT

This article reviews the progress of research on the modulation of the biological effects of low-level laser therapy 
(LLLT) on Mesenchymal stem cells (MSC) and the influence of the basic LLLT parameters and irradiation scenarios. A 
thorough search of the literature in the PubMed, Web of Science and Embase databases, including articles published 
in peer-reviewed journals, was conducted to collect relevant information on LLLT and MSCs. A comprehensive 
search of PubMed, Web of Science, and Embase databases was performed using the keywords “Low level laser,” 
“mesenchymal stem cells,” “ cell proliferation,” and “osteogenic differentiation.” The search was limited to studies 
published in English between 2009 and 2022, including in vitro and in vivo studies. LLLT has the potential to promote 
MSC proliferation and osteogenic differentiation, with significant applications in bone tissue engineering. Factors 
that influence the biological effects of LLLT on MSC include cell type, culture medium, duration of irradiation, the 
frequency of laser irradiation, irradiation spot size, and type of light flux distribution. The limitations of this review 
include heterogeneous experimental conditions and the inability to design experiments that consider all influencing 
factors simultaneously.
Keywords: Cell proliferation; low level laser; mesenchymal stem cells; osteogenic differentiation 

ABSTRAK

Artikel ini mengkaji kemajuan penyelidikan mengenai modulasi kesan biologi terapi laser peringkat rendah 
(LLLT) pada sel stem mesenkima (MSC) dan pengaruh parameter LLLT asas dan senario penyinaran. Pencarian 
teliti kepustakaan dalam pangkalan data PubMed, Web of Science dan Embase, termasuk artikel yang diterbitkan 
dalam jurnal semakan rakan sebaya, telah dijalankan untuk mengumpul maklumat yang berkaitan tentang LLLT dan 
MSC. Carian komprehensif pangkalan data PubMed, Web of Science dan Embase telah dilakukan menggunakan 
kata kunci ‘laser tahap rendah’, ‘sel stem mesenkima’, ‘percambahan sel’ dan ‘pembezaan osteogenik’. Pencarian 
terhad kepada kajian yang diterbitkan dalam bahasa Inggeris antara 2009 dan 2022, termasuk kajian in vitro dan in 
vivo. LLLT berpotensi untuk menggalakkan percambahan MSC dan pembezaan osteogenik dengan aplikasi penting 
dalam kejuruteraan tisu tulang. Faktor yang mempengaruhi kesan biologi LLLT pada MSC termasuk jenis sel, medium 
kultur, tempoh penyinaran, kekerapan penyinaran laser, saiz tempat penyinaran dan jenis taburan fluks cahaya. 
Kekangan dalam ulasan ini termasuk keadaan uji kaji heterogen dan ketidakupayaan untuk mereka bentuk uji kaji 
yang mempertimbangkan semua faktor yang mempengaruhi secara serentak.
Kata kunci: Laser tahap rendah; pembezaan osteogenik; percambahan sel; sel stem mesenkima 

INTRODUCTION

This narrative review discusses the current knowledge 
of the role of LLLT in MSC regulation and its potential 

applications in regenerative medicine. This review 
focuses on different types of MSCs, LLLT parameters, 
cell culture conditions, and biological effects. In 1967, 
Endre Mester (Mester, Szende & Gärtner 1968), a 
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Hungarian physician, first suggested the potential of 
low-level lasers on biological tissues, and since then, 
interest in low-level laser therapy (LLLT) applied to 
mesenchymal stem cells has been aroused. Mesenchymal 
stem cells (MSC) exhibit 2 fundamental characteristics: 
self-renewal and differentiation, which are considered 
to be important factors influencing the cellular therapy 
and process of inducing osteogenic differentiation (Han 
et al. 2019; Marques et al. 2016). It was because MSC 
could be separated from the tissue of teeth that this 
event was a major advancement not just for regenerative 
stomatology but also for the whole field of regenerative 
medicine (Fageeh 2021). LLLT refers to the regulation 
of biological functions of tissues or cells through specific 
photoelectric effects after exposure to low light (Migliario 
et al. 2018). LLLT has been demonstrated to affect 
MSC biological effects in vitro and in vivo in several 
aspects, including proliferation rates, cell migration 
movements, and cytoskeletal alterations (Yin et al. 
2017). However, the different LLLT parameters chosen 
in various studies have led to inconsistent conclusions 
about the modulation of LLLT on the biological effects 
of MSC, either positively or negatively (Min et al. 2015; 
Yuan et al. 2017). In particular, the positive regulatory 
effect of LLLT on the MSC is gaining more and more 
attention in the field of oral regenerative medicine. The 
available research material is unconvincing and hinders 
the standardization of LLLT applications to MSC.

METHODS

LITERATURE SEARCH STRATEGY

A comprehensive literature search was conducted in 
PubMed, Web of Science and Embase databases to 
identify relevant articles published from 2009 to 2022. 
The search strategy employed combinations of the 
following keywords: ‘low-level laser therapy’, ‘low-level 
light therapy’, ‘photobiomodulation’, ‘mesenchymal 
stem cells’, ‘mesenchymal stromal cells’, ‘MSCs’, 
‘bone marrow-derived mesenchymal stem cells’, 
‘adipose-derived stem cells’, ‘dental pulp stem cells’, 
‘proliferation’, ‘differentiation’, ‘osteogenesis’.

INCLUSION AND EXCLUSION CRITERIA

Studies were included if they met the following 
criteria: (1) Original research articles published in 
English; (2) Studies that examined the interaction 
between LLLT and MSCs in vitro or in vivo; (3) Studies 
that reported LLLT parameters, MSC types, and culture 
conditions. 

Exclusion criteria were: (1) Review articles, case 
reports, and conference abstracts; (2) Studies that 
did not provide detailed LLLT parameters or MSC 
information; (3) Studies that focused only on the effects 
of LLLT on other cell types or only on the effects of MSCs 
without LLLT treatment.

DATA EXTRACTION AND ANALYSIS

Two independent reviewers extracted data from the 
included studies using a standardized form. The 
disagreements between the 2 reviewers have been 
discussed and negotiated, and the third reviewer makes 
the final decision. The extracted data included the 
following information: study type, LLLT parameters, 
MSC type, culture conditions, and main outcomes. The 
extracted data were then analyzed and synthesized 
to provide a comprehensive review of the LLLT-MSC 
interaction.

REVIEW-DISCUSSION
EFFECT ON THE BIOLOGICAL EFFECTS OF MSC

CELLULAR PROLIFERATION

The results of the experimental studies showed that 
LLLT could promote the proliferation of MSC. In 
experiments with animal cells, some scholars (Min et 
al. 2015) treated MSCs cultured in vitro with LLLT and 
subsequently transplanted them into rats and found that 
LLLT promoted MSC proliferation not only in vitro but 
also in vivo. In experiments with human cells, it was 
noteworthy that LLLT promoted MSC proliferation in 
association with cell cycle alterations (Cavalcanti et al. 
2015). LLLT induced a transition from G0/G1 phase cells 
to the G2/M phase, leading to rapid cell proliferation 
of MSC, and the level of transition increased with 
increasing LLLT energy density. However, some studies 
have shown that inappropriate LLLT has adverse effects 
on MSC, such as inhibition of cell proliferation and 
induction of apoptosis, which may be related to increased 
reactive oxygen species (ROS) production and DNA 
damage in MSC (Yuan et al. 2017). In conclusion, the 
effect of LLLT on MSC proliferation is influenced by a 
variety of factors.

OSTEOGENIC DIFFERENTIATION AND MINERALIZATION

The differentiation of MSC into osteoblasts is an important 
guarantee of osteogenesis for bone regeneration. The 
mineralized nodule is an important biologic marker of 
the later stages of MSC osteogenesis. In experiments 
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with animal cells, it is well known that osteogenesis 
is impaired in MSCs obtained from the bone marrow 
of ovariectomized rats (OVX-BMSC). However, 
Fallahnezhad et al. (2020) reported that LLLT also 
still promoted the formation of mineralized nodules 
in OVX-BMSC during osteogenesis induction. In 
experiments with human cells, the results of Zhang et 

al. (2018) showed that LLLT on the osteogenic induction 
base promoted osteogenic differentiation of MSC and 
produced mineralized nodules; alizarin red staining 
showed that the number of mineralized nodules produced 
by MSC in the LLLT group was significantly higher than 
that in the osteogenic inducer group alone.

FIGURE 1. PRISMA flow diagram on the outcomes of the search strategy
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CYCLIC ADENOSINE MONOPHOSPHATE (CAMP) FACTOR

CAMP is a critical signaling molecule in numerous cell 
procedures, including differentiation, cell proliferation, 
inflammation, and apoptosis (Gether 2000). According 
to a related study reported, LLLT increases intracellular 
cAMP levels (Zungu et al. 2009). Wu et al. (2013) 
discovered that adenylate lyase inhibitor (SQ22536) 
hindered LLLT enhancement of MSC osteogenic 
differentiation and cell proliferation (SQ22536). This 
study also indicated that cAMP is a major regulator of 
LLLT-mediated gene expression that stimulates MSC 
proliferation and osteogenic differentiation. Notably, 
without LLLT, adenylate cyclase inhibitor (SQ22536) did 
not affect the expression of genes for MSC differentiation 
into osteogenesis and cell proliferation.

BASIC PARAMETERS

The biological effects of LLLT on MSC are influenced by 
several basic parameters.

WAVELENGTHS

The biological effect of LLLT on MSC is affected by 
wavelength. The main wavelengths used for LLLT are 
400 ~ 1100 nm and can be used to reduce inflammation, 
and promote healing and analgesia (Serrage et al. 2019). 
Two wavelengths are most used to promote osteogenesis 
in MSCs. One is blue-green light (414 - 543 nm) and 
the other is red and near-infrared light (662 - 809 
nm), especially as the latter can also promote MSC 
proliferation.

Investigators used blue LLLT at a wavelength of 
420-480 nm (blue-green light) to regulate MSC and 
found that LLLT reduced cell proliferation in MSC, but 
significantly promoted the expression of osteogenic genes 
such as type I collagen, RUNT-related transcription factor 
2 (Runx2) and osteocalcin, increased the activity of ALP, 
a marker of osteogenic differentiation, and increased 
the number of mineralized nodules (Zhu et al. 2019). 
Recent research (Merigo et al. 2016) has found that green 
LLLT at a wavelength of 532 nm (green light) promoted 
osteogenic differentiation of MSC and mineralization 
of its extracellular matrix, but had less effect on the 
proliferation of MSC. 

Wang et al. (2017b) compared the effects of four 
different wavelengths of LLLT (415 nm, 540 nm, 660 
nm, 810 nm) on MSC proliferation and osteogenic 
differentiation and found that blue (415 nm) and green 
(540 nm) wavelengths were more effective than near-
infrared (NIR, 810 nm) and red (660 nm) wavelengths 

in stimulating osteoblast differentiation, but inhibited 
MSC proliferation. However, Fekrazad et al. (2019), who 
studied the effects of different wavelengths of LLLT 
on MSC, came to the opposite conclusion, finding that 
LLLT at near-infrared (NIR, 810 nm) wavelengths had 
the greatest influence on boosting MSC proliferation and 
osteogenic differentiation, followed by LLLT at red (660 
nm) wavelengths. The only similarity between Fekrazad 
and Wang is that Fekrazad et al. (2019) concluded that 
LLLT at green (532 nm) wavelength had the strongest 
inhibitory effect on cell proliferation.

In conclusion, LLLT at 414-543 nm can promote 
MSC differentiation towards osteogenesis but inhibit 
MSC proliferation. LLLT at 662-809 nm can promote 
both MSC proliferation and osteogenic differentiation, 
which is a more ideal wavelength for LLLT to regulate 
the biological effects of MSC. 

The wavelength of LLLT follows the ‘Arndt-
Schultz law’, also called biphasic dose-response, which 
means that too weak a stimulus does not induce any 
biological response, while too strong a stimulus has 
an inhibitory effect (Zein, Selting & Hamblin 2018). 
The effect of two wavelengths (810 and 980 nm) on 
MSC has been studied (Wang et al. 2017a). There was 
a biphasic dose-response for both wavelengths, but 810 
nm stimulated proliferation with a peak dosage of 3 J/ 
cm² over 24 h, while 980 nm had a peak dosage of 0.03 
or 0.3 J/cm² 10 to 100 times lower (Wang et al. 2017a). 
In addition, 980 nm blocked temperature-gated calcium 
channels, while 810 nm mainly inhibited mitochondrial 
cytochrome c oxidase, both of which affect the biological 
effects of LLLT on MSC at different levels (Wang et al. 
2017a).

In addit ion,  the combination of  different 
wavelengths of LLLT promoted MSC proliferation 
better than a single wavelength (and was not affected 
by biphasic dose effects). Pasternak-Mnich et al. 
(2019) found that simultaneous emission of LLLT at 
2 wavelengths (808 nm and 905 nm) using a multi-
wavelength locking system could significantly promote 
MSC proliferation. In recent years, it has been reported 
that dual-wavelength (630 nm and 810 nm) LLLT can 
significantly promote MSC proliferation, which supports 
this view (Zare et al. 2019).

ENERGY DENSITY
Energy density is an important fundamental parameter 
in LLLT that affects the biological effect of LLLT on 
MSC and also follows the biphasic dose effect of LLLT 
(Zein, Selting & Hamblin 2018). In the literature, it has 
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been reported that energy densities of 0.3 to 12 J/cm² are 
favorable for LLLT to modulate the biological effects of 
MSC. According to Yang et al. (2020)’s findings, low 
levels of bluish LED laser at 1, 2, 3 and 4 J/cm² could 
prevent MSC from proliferating and stimulate MSC 
differentiation into osteoblasts. Wang et al. (2019) used 
LLLT with energy densities of 2, 4, 8, and 16 J/cm² to 
irradiate MSC in normal or inflammatory environments 
once at 1 day intervals, and examined the proliferation 
and osteogenic differentiation of the cells after 7 days. 
They found that LLLT with energy densities of 4 J/
cm² had a positive effect on the proliferation of MSC. 
They found that LLLT with an energy density of 4 J/
cm² significantly promoted MSC proliferation and 
osteogenic differentiation; however, in the inflammatory 
microenvironment, LLLT with an energy density of 
8 J/cm² was required to significantly promote MSC 
proliferation and osteogenic differentiation. In contrast, 
LLLT at higher energy densities (16 J/cm²) significantly 
inhibited MSC proliferation and osteogenic differentiation 
in both normal and inflammatory environments. 
Cavalcanti et al. (2015) used LLLT with energy densities 
of 1-12 J/cm² to irradiate MSC for 3 consecutive days 
and showed that energy density was positively correlated 
with the proliferative effect of MSC, and LLLT promoted 
the MSC transition to G2/M phase, thus promoting the 
proliferation of MSC. 

In addition, the energy density has a superimposed 
effect. LLLT at energy densities of 1.9 J/cm² and 3.8 J/
cm² both promoted MSC proliferation, and the biological 
effects of one exposure to 3.8 J/cm² and two exposures 
to 1.9 J/cm² within 24 h were consistent in promoting 
MSC proliferation (Horvát-Karajz et al. 2009). Last 
but not least, the investigators showed that the optimal 
energy density for LLLT at 980 nm to stimulate MSC 
proliferation was 0.3 J/cm² and 3 J/cm² at 810 nm (Wang 
et al. 2017a). Therefore, it was indicated that the optimal 
energy density of LLLT to modulate the physical effects 
of MSC creation is also related to other experimental 
conditions. 

TYPES

LLLT technologies that have been widely documented 
have included helium-neon (HeNe) gas lasers, indium 
gallium aluminum phosphide (InGaAlP) diode lasers, 
gallium-arsenide (GaAs), neodymium-doped yttrium 
aluminum garnet (Nd: YAG), gallium aluminum arsenide 
(GaAlAs), non-ablative, non-thermal carbon dioxide 
(CO2) lasers, LED arrays, and visible light (Zecha et 

al. 2016). Therefore, the diversity of LLLT types can 
sometimes lead to conflicting experimental results. 
What is controversial is whether LLLT coherence affects 
the biological effects of MSC. Because LEDs are non-
coherent, diverging LLLTs, the energy of the LED is not 
concentrated, and special optics may be required to focus 
the energy on the target area. Tani et al. (2018) compared 
the effects of different types of LLLT (405 ± 5 nm) on 
the biological effects of MSC and found that the LED 
type of LLLT did not affect the biological effects of MSC 
compared to the control group, whereas the use of the 
same energy density of GaAlAs type of LLLT promoted 
MSC proliferation and osteogenic differentiation. 
However, Cardoso et al. (2021) demonstrated that LLLT 
with a red laser and a 637 nm LED was fully capable 
of inducing its mineralization in conventional media 
without osteogenic promoting factors, whereas no 
mineralization was observed under the same conditions 
with the infrared laser. Furthermore, another study 
showed that although LLLT of the LED type had no 
significant effect on MSC proliferation, LED could 
promote osteogenic differentiation of MSC by boosting 
the entry of β-catenin into the nucleus and activating 
the Wnt pathway (Ruan et al. 2021). Therefore, whether 
the coherence of LLLT is a key factor affecting MSC and 
whether coherence is associated with other factors needs 
further elaboration and research.

MSC ENVIRONMENT AND CELLS
ACTING CELLS

LLLT can modulate the biological effects of many types 
of MSC. MSCs were first discovered in the bone marrow, 
but are not unique in their origin; in terms of cell culture 
passages, primary, third and fourth generation cells are 
usually used (Ahrabi et al. 2019). Stem cells of the bone 
mesenchymal type (BMSC), those from the dental pulp 
(DPSC), and those from the adipose tissue (ASC) are some 
of the most common types.

BMSCs can be used to treat myocardial infarction, 
Parkinson’s disease, and diabetes mellitus (Blatt 
et al. 2016; Nandy et al. 2014; Tsai et al. 2014). 
However, the activity and tolerance of BMSC are 
weak, and transplantation of BMSC into the host 
microenvironment is severely limited even at very high 
cellular concentrations, so clinically large amounts of 
BMSC are required for therapeutic purposes.

DPSCs have been tested in vitro and DPSCs have 
been shown to be induced to differentiate into osteoblasts, 
keratinocytes, and smooth muscle cells (Syed-Picard et 
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al. 2015). Undeniably, DPSCs have made remarkable 
progress in the field of regenerative stomatology, 
but still face many challenges, such as their ability 
to repair tissues decreases with age and their directed 
differentiation efficiency is still not very high (Ballini 
et al. 2015). 

ASC characteristics include self-renewal ability, 
multidirectional differentiation potential,  easy 
availability, wide supply sources, and low adverse 
effects. In surgery, ASC can accelerate wound healing, 
inhibit scar formation and improve skin aging (Nurković 
et al. 2017).

In terms of cell physiological characteristics, MSC 
can be healthy or pathological (Fallahnezhad et al. 
2016), and the viability and proliferation of pathological 
MSC (e.g., MSC in a high glucose microenvironment) 
are significantly impaired. Zare et al. (2020) used LLLT 
irradiation at a wavelength of 632.8 nm, an energy 
density of 1 J/cm², and a frequency of one to two times 
to improve the proliferation of MSC in a high glucose 
microenvironment.

CELL CULTURE MEDIUM

Cell culture media also affect the biological effects of 
LLLT on MSC. The commonly used cell culture media 
are modified Eagle’s medium (DMEM) and osteogenic 
induction medium (ODM). Peng et al. (2012) compared 
the effects of LLLT on MSC in ODM and DMEM media 
and showed that different biological effects could 
be exhibited under different cultural conditions. In 
DMEM, LLLT promoted MSC proliferation but did not 
induce osteogenic differentiation, while in ODM LLLT 
promoted MSC osteogenic differentiation but inhibited 
its proliferation. Another research study found that 
LLLT had no effect on the biological effects of MSC in 
DMEM but significantly promoted the proliferation and 
osteogenic differentiation of MSC in ODM, significantly 
upregulated the expression of bone bridge protein gene, 
an important marker of MSC osteogenic differentiation, 
and promoted the formation of mineralized nodules (Yang 
et al. 2016). 

LASER IRRADIATION
DURATION OF IRRADIATION

Irradiation time can affect the biological effect of LLLT 
on MSC, and the irradiation time was not positively 
correlated with the biological effect of MSC. Amaroli 
et al. (2018) used LLLT at 808 nm to irradiate MSC 
for 5, 10 and 15 days. They found that the expression 

of Runx2, an important early marker of osteogenic 
differentiation, started to increase at 5 days, reached its 
maximum at 10 days, and decreased at 15 days. In another 
study, MSCs exposed to LLLT were divided into three 
groups and irradiated for 1 h, 2 h, and 3 h, respectively, 
and then the researchers measured the effect of cell 
proliferation and found that 1 h had the greatest effect on 
cell proliferation; and all three groups showed different 
degrees of promotion and increase in cell proliferation 
(Yin et al. 2017). Therefore, when LLLT regulates the 
biological effects of MSC, the duration of irradiation 
must be controlled in order to achieve the desired results.

FREQUENCY OF LASER IRRADIATION

The frequency of LLLT irradiation had a large effect 
on the biological effects of MSC. Almeida-Jr. et al. 
(2019) compared the effect of single and multiple LLLT 
irradiation on MSCs, with an interval of 6h between 
multiple LLLT irradiations, and showed that 3 times 
LLLT irradiations were more effective in promoting 
MSC proliferation than single irradiation under the 
same conditions. Considering that the frequency of 
LLLT irradiation may cause different energy received 
by MSC, they also compared the effect of applying one 
LLLT irradiation with that of three LLLT irradiations at 
the same energy level on MSC, and the results showed 
that LLLT irradiation in three sessions promoted MSC 
proliferation better when the total energy received by 
the two groups was the same. Researchers compared 
the effect of multiple versus single application of LLLT 
on MSC, and irradiated cultured MSC with multiple or 
single LLLT irradiation within 13 days (every two days 
as an irradiation cycle), and found that the number of 
MSC was higher than the control group only 2 days after 
irradiation with single LLLT irradiation, while it was 
consistently higher than the control group with multiple 
LLLT irradiation. They (40) further found that multiple 
LLLT irradiation further improved the osteogenic 
differentiation of MSC (Li et al. 2013).

IRRADIATION SPOT SIZE

The irradiated area of LLLT is closely related to the 
energy density. de Villiers, Houreld and Abrahamse 
(2011) used a spot with an irradiated area of 9.1 cm² and 
an energy density of 5 J/cm² to irradiate MSC, which 
covered the entire surface of the culture wells, and 
found that the number of MSC in the LLLT group was 
significantly higher than in the control group within 3 
days after irradiation. de Andrade et al. (2019) used a 
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very small spot (0.028 cm²) to irradiate MSC and found 
that it also promoted MSC proliferation, however, they 
did not describe how the very small spot irradiated the 
MSC in the entire well. Usually, a reliable method is to 
irradiate the entire MSC in the culture well by scanning 
(Pasternak-Mnich et al. 2019). However, it has also 
been shown that LLLT irradiation can have a beneficial 
biological effect on MSC even if the area irradiated by 
LLLT is less than 1/10 of the culture well area (Ferreira 
et al. 2019).

 
LIGHT FLUX DISTRIBUTION FORM

LLLT beam delivery systems can be divided into two 
types based on the light flux distribution: the ‘standard’ 
beam delivery system (Gaussian light flux distribution) 
and the ‘flat-top’ beam delivery system (uniform light 
flux distribution). Hanna et al. (2019) showed that the 
‘flat-top’ beam delivery system is more beneficial for 
osteogenic differentiation of cells due to the uniform 
distribution of energy at various points on the cross-
section of the emitted light spot, which helps to increase 
the biological activity of the cells. On the contrary, the 
‘standard’ beam delivery system emits light with a high 
center and low peripheral energy distribution, which 
may have less impact on the biological effects of MSC 
(Bölükbaşı Ateş et al. 2020).

LIMITATIONS

Heterogeneity of experimental conditions Differences 
in LLLT parameters, MSC types, and culture conditions 
make it difficult to directly compare results across studies.

Lack of standardization There is no standardized method 
for studying the interaction between LLLT and MSCs, 
which can make it difficult to interpret and reproduce 
results.

Poor understanding of molecular mechanisms The 
molecular mechanisms by which LLLT regulates MSCs 
are not fully understood, limiting the ability to optimize 
treatment protocols for specific clinical applications.

Limited Clinical Trials Most of the research on LLLT-
MSC interactions has been in vitro or in animal models, 
with limited clinical trials to evaluate safety and efficacy 
in humans.

CONCLUSIONS

LLLT as a physical method to regulate MSC has the 
advantages of being simple, cheap, and efficient, and 

can be combined with other chemicals to regulate the 
biological effects of MSC. The proper use of LLLT 
can promote the  prol i fera t ion and osteogenic 
differentiation of MSC, which has important applications 
in bone tissue engineering. Given the limitations of the 
experimental conditions and the heterogeneity of the 
methods, it is often difficult to design experiments that 
can include all the influencing factors at the same time.
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