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Abstract
Diet therapy in disorders of gut–brain interaction (DGBI) is rapidly advancing, with
accumulating evidence to support two innovative therapies—manipulation of dietary
fibers and enzyme supplementation—that target specific DGBI pathophysiology and
modulate digestion. Dietary fibers escape digestion in the upper gastrointestinal tract
and can influence gut function by impacting digestion, improving laxation, and inter-
acting with the microbiota. A more nuanced understanding of different fiber types and
their ability to impact gut function in highly specific ways has shown that fibers can
impact distinct gut symptoms and pathophysiology. By considering their functional
characteristics of bulking, gel-forming, and fermentability, restriction or supplementa-
tion of specific fibers can offer clinical value in DGBI. Similarly to fiber specificity,
emerging evidence suggests that supplemental digestive enzymes may be targeted to
known food triggers with consideration that enzymes are substrate specific. Limited
evidence supports use of lactase to target lactose, and α-galactosidase to target
galacto-oligosaccharides. Application of enzymes during manufacturing of food prod-
ucts may prove to be an additional strategy, although evidence is scant. Both innova-
tive therapies may be utilized in isolation or in combination with other diet and
nondiet therapies. Implementation can be guided by the principles that fiber modula-
tion can be targeted to specific symptomology or requirement for alterations to gut
function, and digestive enzymes can be targeted to known food triggers. This review
aims to summarize recent literature of these two innovative concepts and provide
practical suggestions for their implementation in clinical practice.

Introduction
Disorders of gut–brain interaction (DGBIs) are heterogeneous
group of over 30 gastrointestinal disorders characterized by
chronic or recurrent gastrointestinal symptoms occurring in the
absence of organic disease.1 These disorders do not contribute
directly to mortality, but are associated with impaired quality of
life2 and psychological comorbidity.3 The characterizing symp-
toms of DGBIs include any combination of disruptions to brain–
gut communication, dysfunctions to the gut microbiota, disor-
dered motility, visceral hypersensitivity, and altered mucosal and
immune function.1 Approximately 40% of individuals worldwide
are affected by DGBIs, with irritable bowel syndrome (IBS),
functional constipation, and functional dyspepsia (FD)—the most
extensively researched disorders.4

Diet therapies are being increasingly utilized in the man-
agement of symptoms in DGBIs, both as standalone therapy and
as part of integrated care.5 For example, a low FODMAP (fer-
mentable oligo- di-mono-saccharides and polyols) diet is now
applied as a frontline therapy in IBS,6 with a substantial evidence
base demonstrating efficacy and scientific premise.7,8 While

mechanistic evidence for the low FODMAP diet initially focused
on acute reductions in colonic fermentation, more recent studies
have shown effects related to gut–brain dysregulation,9 modula-
tion of pain signaling,10 and altered permeability.11–14 Addition-
ally, mechanistic evidence of the role of diet beyond FODMAPs
suggests that local immune response to dietary antigens triggered
by bacterial infection may lead to food-induced symptoms15

requiring further exploration, as reviewed recently.16 Beyond
these, evidence is accumulating for two innovative supplemental
diet therapies in DGBI: targeting specific pathophysiology
through manipulation of dietary fibers and modulating digestion
through the use of digestive enzymes. These innovative therapies
may be used in conjunction with or instead of other diet- and
nondiet-focused therapies.

Precision medicine: Manipulation of
dietary fibers
Dietary fibers describe a group of carbohydrates that are intrinsi-
cally found in plant-based foods. Fibers escape digestion in the
upper gut and can affect gut function in a variety of ways, from
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slowing the rate of gastric emptying to improving laxation.17

Supplementation with dietary fibers is commonly used as a diet
therapy to improve overall gut function in otherwise healthy indi-
viduals with inadequate fiber intake,18 with different types of
fiber used interchangeably. However, in individuals with DGBIs,
fiber supplementation is less widely applied, with evidence from
clinical trials showing its application led to modest or no
effects.19

This lack of benefit can be attributed to how fibers have
traditionally been applied in this patient group, which is primar-
ily as a laxation agent to improve symptoms by normalizing dis-
ordered motility, which does not address the other
pathophysiology of DGBIs that were not recognized at the
time.20 Indeed, the number of potential therapeutic targets in
DGBI has expanded as it is now recognized that their pathophys-
iology extends beyond disordered motility. Coincident with these
advancements is a movement toward more nuanced understand-
ing of fibers. Specifically, an appreciation that fibers are not
interchangeable, and that different types of fiber capable of
impacting gut function in highly specific ways. Together, this
has led to renewed interest in how fibers can be manipulated,
through supplementation and restriction, for therapeutic benefit
in DGBIs.

Fiber types. The predominant advance in our understanding
of fiber is that the concepts of “soluble” and “insoluble” fibers
have little bearing on their physiological effects. Whether a fiber
solubilizes in water offers little insight to their behavior in the
gut. For example, both fructo-oligosaccharide (FOS) and hydro-
lyzed acacia gum are soluble but have different effects in the
colon: FOS is readily fermented while the acacia resists
fermentation,17 and thus, these “soluble” fibers are not inter-
changeable. Instead, there is increasing recognition that fibers
should be described or categorized according to their functional
characteristics: capacity to undergo fermentation by the micro-
biota, to form viscous gel structures, and ability to bulk the stool.
The shift toward a functional paradigm has been discussed in
recent reviews17,18,21 but not yet adopted in guidelines,22–24

although functional effects beyond solubility are beginning to be
recognized.22

Fermentable fibers. Some types of fiber are fermented by the
resident bacteria upon reaching the colon, which generates gases
(e.g., hydrogen and methane) and short-chain fatty acids while
modulating microbiota composition. Fibers that can resist fer-
mentation retain their other characteristics and have little direct
effect on the microbiota. The rate of fermentation is a particularly
important consideration for fermentable fibers, as the speed of
their breakdown impacts the rate at which the metabolites gener-
ated are released to the lumen, with the rapid release of gases
capable of stretching mechanoreceptors that line the lumen.
Rapidly-fermented fibers include fructans and galacto-
oligosaccharides (GOS); moderate to slowly-fermented fibers
include beta-glucans and resistant starch 2.17

Gel-forming/viscous fibers. Gel-forming or viscous fibers
predominantly act in the upper gut. These fibers form a gel struc-
ture to slow the rate of gastric emptying, and mediates postpran-
dial rises in blood glucose by decreasing the rate of nutrient

absorption in the small intestine. In the colon, the gel structures
formed can either contribute to stool bulk or are degraded by the
microbiota, depending on capacity to resist fermentation. Viscous
fibers that are fermentable include beta-glucans; viscous fibers
that are poorly fermented include psyllium.17

Bulking fibers. Bulking fibers predominantly act in the colon.
These fibers contribute to stool bulk drawing and retaining water
in their matrices, and by stimulating fluid secretion into the
lumen through particulate effects. These fibers are still referred to
as “insoluble” or “particulate” fibers.18,21,25 Bulking fibers are
generally poorly fermented and rich in cellulose; wheat bran is
fiber composite with strong bulking effects but is also partially
fermentable.17

Applications of fiber manipulation in DGBIs. The
broadening of therapeutic targets in DGBIs has provided more
opportunities for manipulation of specific fibers to be utilized as
a diet therapy (summarized in Table 1). Examples of the ways
that fibers can influence specific symptoms include normalizing
stool form and laxation, limiting colonic fermentation to mini-
mize distension of the lumen, and manipulating colonic fermen-
tation to modulate the gut microbiota.

There is substantial evidence demonstrating that limiting
colonic fermentation leads to a therapeutic effect in IBS, with
emerging evidence suggesting it may also have utility in FD.26,27

This has been consistently demonstrated in trials of the low
FODMAP diet,7 where the intake of rapidly-fermented oligosac-
charide fibers (fructans and GOS), together with incompletely-
absorbed short-chain carbohydrates, are restricted.8 As a result,
the fermentation of contents entering the colon and subsequent
release of metabolites, namely gases, into the lumen, are limited,
reducing the gut symptoms generated through distension of the
lumen in the setting of visceral hypersensitivity.8 Limiting
colonic fermentation through this approach has minor effect on
microbiota composite,28 which has been shown to be restored
with gradual re-introduction of fermentation.29

Several different fiber types have been utilized to target
laxation and/or improve symptoms in IBS: psyllium, wheat bran,
nopal fiber, and sugarcane bagasse. Psyllium, nopal, and sugar-
cane bagasse are poorly fermented, while wheat bran contains a
fraction of fructan30 and is thus partially fermented.31 Supple-
mentation with psyllium and wheat bran (6–30 g/day) led to
inconsistent effects on indices of laxation (stool form, stool fre-
quency, transit time) as well as gut symptoms, although notably,
beneficial changes in laxation did not occur in parallel with
improvements in symptoms.17 However, supplementation
with psyllium was tolerated more consistently than wheat
bran,19,32 presumably due to the fermentability of the latter. Sup-
plementation with nopal fiber (10–30 g/day) with typical dietary
intake led to a greater rate of overall symptom relief compared
with placebo but had little effects on the indices of laxation.33

Sugarcane bagasse, supplemented on top of a low FODMAP diet
at 10 g/day, led to specific changes in laxation but did not
improve or worsen symptoms compared with the base diet ther-
apy. However, the supplemental fiber produced specific benefits
for patients with constipation-oriented symptoms: hastening
colonic transit rate and normalizing stool form.34 Taken together,
these data suggest that supplementation with poorly-fermented

Diet innovations in DGBI D So and C Tuck

2 of 9 JGH Open: An open access journal of gastroenterology and hepatology 8 (2024) e70001

© 2024 The Author(s). JGH Open published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.



fiber alone is well-tolerated but has varied effects on symptoms
and laxation, but may have specific utility when used in conjunc-
tion with other therapies. In constipation, the differential effects
of specific fibers have been more clearly demonstrated, with
meta-analysis showing that supplementation with psyllium led to
improvements in both symptoms and indices of laxation, whereas
fermentable fibers (fructans, GOS, and polydextrose) had little
effects.35

Supplementation with fermentable fibers in DGBIs have
been utilized to modulate the gut microbiota in different ways.
These include supplementation with habitual diet to promote the
growth of purportedly beneficial bacteria as a means of modulat-
ing symptoms in IBS and FD and concomitant supplementation
with a low FODMAP diet to offset the microbiota effects of the
diet in IBS. In IBS and FD, supplementation with fermentable
fibers (3–24 g/day) led to increased Bifidobacteria abundance.36

Table 1 Summary of fiber types, applications, and evidence in DGBI (evidence specifically refers to IBS unless otherwise indicated)

Fiber type Examples Application Potential benefit to DGBI Evidence

Rapidly fermented Fructans, GOS Restriction (low
FODMAP diet)

Attenuate luminal distension Reduces gut symptoms in
IBS and FD.

Modulates microbiota
composition (Bifidobacteria
abundance reduced)

Supplementation;
monotherapy

Modulate microbiota
(enhancing overall
fermentation)

No benefit to gut symptoms,
flatulence increased with
fructans.

Modulates microbiota
composition (Bifidobacteria
& Lactobacilli abundance
increased)

Supplementation;
adjunct to low
FODMAP diet

Modulate microbiota
(enhancing overall
fermentation) while
attenuating luminal
distension

No impact on gut symptoms.
No impact on microbiota

composition

Slowly fermented Resistant starch 2,
beta-glucan

Supplementation Modulate microbiota
(enhancing overall
fermentation)

Limited data

Poorly fermented, bulking,
and viscous

Psyllium, nopal Supplementation;
monotherapy

Improve laxation IBS: inconsistent effects on
laxation and gut
symptoms;

Improvements on laxation not
shown to occur in parallel
to impacts on symptoms

Constipation: efficacious
effects on laxation and
overall symptoms

Poorly fermented, bulking,
non-viscous

Sugarcane bagasse Supplementation;
adjunct to low
FODMAP diet

Improve laxation No impact on gut symptoms
Improves laxation in patients

with constipation-
predominant symptoms as
adjunct therapy

Partially fermented, bulking Wheat bran Supplementation Improve laxation Inconsistent effects on
laxation and gut
symptoms.

Poor tolerability reported
Combination: rapidly

fermented with poorly
fermented, bulking and
viscous

Inulin with psyllium Supplementation;
monotherapy

Modulate microbiota
(modulating regional
fermentation) and improve
laxation

Impact on symptoms unclear.
Fermentation of inulin in

proximal attenuated

Combination: slowly
fermented with poorly
fermented, bulking and
nonviscous

Resistant starch 2
with sugarcane
bagasse

Supplementation;
adjunct to low
FODMAP diet

Modulate microbiota
(modulating regional
fermentation) and improve
laxation, while attenuating
luminal distension

No impact on gut symptoms.
Site of fermentation shifted

toward distal colon
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However, these effects did not occur in parallel with changes in
overall symptoms or abdominal pain, with fructan supplementa-
tion leading to greater flatulence.36 Concomitant supplementation
of fermentable fiber (1.4 g/day beta-GOS) with a low FODMAP
diet did not impact response to the base diet therapy, but had no
impact on the microbiota either.37 This suggests that supplemen-
tation of fermentable fibers alone offers minimal symptomatic
benefit in DGBIs and that low doses do not impact the micro-
biota in IBS.

The use of fiber combinations in IBS is an emerging con-
cept explored using psyllium with inulin (20 g each) in an acute
challenge, and sugarcane bagasse (10 g/day) with resistant starch
2 (12 g/day) with a low FODMAP diet intervention. Both combi-
nations led to a change in fermentation pattern: the addition of
psyllium to inulin attenuated the rise in colonic gas produced
compared with inulin alone, as measured via magnetic resonance
imaging25; and the combination of sugarcane bagasse to resistant
starch 2 pushed fermentation toward the distal colon, as mea-
sured using telemetric capsules38. These effects, which can now
be assessed and quantified through the emergence of these tech-
nologies and techniques, can be used to guide more precise
applications of fibers to modulate the microbiota in DGBIs and
beyond.

Modulating digestion: Digestive
enzymes
As compared with fiber modification, which can be targeted
toward specific symptoms, digestive enzymes may be
targeted toward specific known dietary triggers. Dietary triggers
are commonly reported by patients with a range of DGBIs
including FODMAPs, dairy, gluten, and wheat.39,40 While die-
tary modifications such as the FODMAP diet are efficacious,
they are not without side effects such as proposed negative
effects on nutritional adequacy, microbiota composition, and risk
of disordered eating.41 To mitigate these effects, oral preparations
or food application of digestive enzymes offer a potential strat-
egy to improve food tolerance and liberalize restrictive diets.
Given the specificity of enzymes to substrate, a range of enzymes
have been investigated for their effect on known food triggers
including various FODMAP subgroups and gluten.

Oral enzymes
Lactase. In the absence of sufficient endogenous lactase, the
disaccharide lactose can be hydrolyzed by commercially avail-
able lactase enzyme supplements. The enzyme is taken with the
first mouthful of lactose containing foods and additional enzyme
may be taken at the end of the meal,42 although the timing of
enzyme consumption has been poorly studied. Oral lactase has
been shown to decrease both breath hydrogen and symptom
response,43–45 with an 88% reduction in breath hydrogen
(p < 0.01), and a dose-dependent improvement in symptoms
(p < 0.0001 vs. placebo) when given with 25 g lactose chal-
lenge.46 However, higher doses of lactose, such as 50 g, appear
to overwhelm the ability of the enzyme.43 Despite heterogeneity
in timing, lactose and enzyme dosing across studies making com-
parisons difficult, the enzyme is generally recognized as a valid
therapy for targeting lactose-related gastrointestinal symptoms.47

Xylose isomerase. Xylose isomerase catalyzes the reversible
isomerization of glucose and fructose, and is used in the food
industry for the production of high fructose corn syrup.48 Breath
hydrogen and abdominal pain were reduced in a single study
comparing xylose isomerase to placebo with 25 g fructose test
solution in 65 patients with abdominal symptoms and fructose
malabsorption.49 However, low symptom scores were reported
throughout the study; hence, it is unknown how effective the
enzyme is in those with more severe symptoms. It is also
unknown how the enzyme response may differ when applied to
whole foods. Additionally, given the osmotic action of slowly
absorbed fructose,50 the rate at which xylose isomerase can con-
vert the fructose to glucose within the small intestinal may be
key. If full conversion occurs in the proximal small intestine,
then improved symptom control may be achieved, but if conver-
sion of fructose takes place along the length of the small intes-
tine, the osmotic action of the yet-to-be-converted fructose may
still be enough to create luminal distention, resulting in
symptoms.

Alpha-galactosidase. Another commercially available
FODMAP-specific oral enzyme is α-galactosidase, an enzyme
targeting GOS present in legumes, nuts, and soy products.
Reduced symptoms in patients with IBS deemed as GOS-
sensitive (those who had symptoms with placebo) occurred in a
cross-over study where the enzyme was given with 3 days of
high GOS foods.51 An additional study in children with gas-
related symptoms also suggested benefit of the enzyme.52 In con-
trast, two studies in IBS patients showed no effect of enzyme
when given with habitual diet53 or with high FODMAP meals
containing excess fructose, polyols, fructan, and GOS.54 The lack
of symptom improvement in these studies may be attributed to
the presence of other FODMAPs within the diet, especially given
the enzyme has been shown in vitro to have specificity to
GOS.55 The differing effects of the enzyme across these dietary
designs highlight that enzyme therapy must be targeted appropri-
ately to foods containing the substrate of interest, which in this
case would be targeting high GOS foods in patients with known
GOS-sensitivity.

Fructanase and combined FODMAP enzymes. Given the
frequent co-existence of GOS and fructans within commonly
consumed foods such as wheat and rye, an oral fructanase
(or inulinase) that could be consumed combined with
α-galactosidase is theoretically an attractive therapeutic option.
In vitro studies using simulated gastrointestinal digestion show
the release of fructose when inulinase is used with a test meal
containing foods high in fructan.56 However, given excess fruc-
tose is a FODMAP itself, it is unclear how this may impact on
symptom induction when applied in patients with IBS. Further
in vitro studies have also investigated combination preparations
containing enzymes to degrade lactose, fructan, and GOS, which
have suggested the majority of excess fructose is reabsorbed in
the simulated small intestine.57,58 When applied to the simulated
colon with healthy or IBS-D donor feces, reductions in gas and
short-chain fatty acids occur.57,58 How these in vitro results will
apply in patients experiencing symptoms with high oligo-
saccharide foods is not known. Despite this, many enzyme-mix
preparations are now readily available on the market, hence until
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further clinical data are obtained, they should be used on a cau-
tious trial-and-error basis and side effects carefully monitored.

Sucrase. Sucrose has not traditionally been considered as a
FODMAP given it is usually rapidly hydrolyzed and absorbed in
the human small intestine. However, given decreased symptom
relief in patients with IBS carrying the sucrase-isomaltase
(SI) hypomorphic variants,59 it has been suggested that sucrose
may act as a FODMAP in a subgroup of patients with IBS.
Unfortunately, limited data exist for the use of sucrase in
IBS. One study of 28 children with congenital sucrase-isomaltase
deficiency given 2 g/kg of sucrose showed reduced breath hydro-
gen and symptoms.60 Data in adults are currently limited to case
reports suggestive of enzyme efficacy in IBS,61 with benefits pro-
posed. Hence, more data are needed to understand the efficacy of
sucrase in IBS.

Glutenase. Oral glutenases have been developed from plant
and microbial peptidases, with multiple enzyme preparations
available on the market. However, their target group is unclear,
with some suggested for accidental or intentional gluten intake in
coeliac disease, compared with others for IBS or non-coeliac glu-
ten/wheat sensitivity.62 A small number of studies performed in
patients with coeliac disease, self-reported non-coeliac gluten
sensitivity, and healthy controls have been performed, although
study design has been heterogeneous in terms of duration and
dose of enzyme and gluten used. In healthy controls, AN-PEP
enzyme was able to degrade a majority of 4 g gluten challenge in
the stomach, suggesting its effect would be mostly complete
prior to entry into the small intestine.63 In 34 patients with coe-
liac disease, the enzyme attenuated small intestinal injury from
2 g/day gluten for 6 weeks and provided a trend toward reduced
symptoms, although 3 of 16 receiving enzyme had reductions in
mean villus height to crypt depth ratio.64 Given the limited litera-
ture, differences in the dose of enzyme and gluten used, as well
as unclear target group (i.e., coeliac disease vs. IBS), more data
are required to understand the clinical application of glutenases.

Oral enzyme optimization. Strategies to optimize enzyme
therapies in IBS can be extrapolated from pancreatic
enzyme replacement studies. First, pancreatic enzymes appear to
be susceptible to deactivation through the stomach. Hence, for-
mulations of pancreatic enzyme therapy either require larger dos-
ages to counteract the loss, assuming a percentage of the dose
can survive the stomach, or the use of enteric-coatings to protect
the enzymes during transit through the stomach.65 Second, as
the aim is to optimize intra-gastric mixture of the enzyme with
the meal to allow simultaneous emptying from the stomach into
the small intestine, the timing of enzyme consumption has been
investigated.66 Although the exact recommendations vary, bene-
fits of splitting the enzyme dosage between the beginning of the
meal, mid-meal, and immediately following the meal have been
reported.67–69 While these strategies have not been specifically
studied for targeting oral enzyme use in IBS, given the similar
concept they likely have relevance in IBS.

Enzyme addition to food products. An alternative to
consuming enzymes at time of food consumption is to add the
enzyme during food preparation or manufacturing. Similar to that

seen where sourdough culture can reduce the FODMAP content
of breads,70 addition of enzymes can reduce the FODMAP com-
position of the end product. Dairy products containing lactase are
already saturated within the marketplace in some countries,
including Australia. However, a systematic review suggested
only 4 of 11 studies reported improved symptoms with lactose-
free compared with lactose containing dairy products.71 Recent
innovations in food industry have shown >90% fructan reduc-
tions in rye sourdough with inulinases,72 and >90% GOS
reductions in pea protein with α-galactosidase.73 The benefits of
enzyme-aided FODMAP reduction in food products is that the
enzyme action is specific, as compared with other techniques
such as fermentation that may alter the food characteristics more
broadly.74 Future considerations to optimize enzyme use in food
industry will be optimizing pH and temperatures, enzyme dosing,
and combination techniques such as combining with fermentation
as a strategy to reduce excess fructose produced by enzymes
such as inulinases.74 Clearly, further human data in patients
experiencing symptoms are needed to understand their clinical
relevance. But given the uptake of the FODMAP diet for IBS
symptom management, it is likely enzyme-modified food prod-
ucts will become increasingly available.

Clinical application
Both dietary fibers and digestive enzymes offer potential thera-
peutic strategies that may be utilized in combination with other
dietary therapies such as a FODMAP diet, or in some cases as
standalone therapies. The challenge for the clinician is to know
how to prioritize which therapy to target. Table 2 provides some
suggested ideal candidates for the various fiber modification and
digestive enzyme strategies. Given that fiber modulation can be
targeted to specific symptomology or requirement for alterations
to gut function, and digestive enzymes can be targeted to known
food triggers, their implementation may be guided by these prin-
ciples, that is, in a patient with known food triggers such as milk
containing lactose or legumes containing GOS, enzyme therapy
using lactase or α-galactosidase respectively may be best placed
as a therapeutic strategy. As compared with a patient with
constipation-predominant symptoms commencing a low
FODMAP diet, adjunctive sugarcane bagasse supplementation
may be a more appropriate therapeutic option. While both inno-
vative therapies need not be used in isolation, their order of
implementation may be guided in this way, as shown in
Figure 1. While some emerging literature exists for these innova-
tive concepts, more data are needed to further support their use
and strengthen evidence base for more routine clinical applica-
tion. As such, if used in clinical practice, careful monitoring for
symptom response and side effects is needed. Given the range of
diet-induced mechanisms for symptom induction in DGBI,16

other food triggers may need to be considered when fiber and
enzyme therapies are unsuccessful at improving symptom
response.

Conclusion
As we gain a better understanding of the dietary fiber and how
different fibers impact gut function, it is clear that manipulating
their intake can offer clinical value in the management of DGBIs,
with different fibers and fiber types capable of offering highly
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specific utility to specific patients and endpoints. Similarly, fur-
ther data on the efficacy of digestive enzymes as oral supplemen-
tation, or added to food, will enable clinicians to better target
their use to specific patient cohorts. Further advancements in the
understanding DGBIs may provide more opportunities for these
innovative therapies, while development of novel techniques and
devices will be critical for measuring the effects and understand-
ing their mechanisms.
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