US 20150260700A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2015/0260700 A1

Dufresne et al.

(43) Pub, Date: Sep. 17, 2015

(54)

(1)

(72)

1)
(22)

(63)

(60)

INDEX AND METHOD OF USE OF ADAPTED
FOOD COMPOSITIONS FOR DYSPHAGIC
PERSONS

Applicant: PROPHAGIA INC.,
SAINT-ANNE-DE-BELLEVUE (CA)

Inventors: Thérese Dufresne, Montreal (CA);
Nada Houjaij, Ville Saint-Laurent (CA);
Nicole Lachance, Laval (CA)

Appl. No.: 14/676,018

Filed: Apr. 1,2015

Related U.S. Application Data

Continuation of application No. 11/597.663, filed on
Nov. 24, 2006, now abandoned, filed as application
No. PCT/CA05/00849 on Jun. 1, 2005.

Provisional application No. 60/575,373, filed on Jun.
1,2004.

Publication Classification

(51) Int.CL
GOIN 33/02 (2006.01)
AGIB 5/00 (2006.01)
(52) US.CL
CPC oo GOIN 33/02 (2013.01); A61B 5/4205
(2013.01)
7) ABSTRACT

The present invention provides a method in which a quanti-
tative and descriptive approach is used to adapt the food
texture in the clinical management of dysphagia. There is
provided a new index, ST index, and method of use for deter-
mining and modulating the physical characteristics of foods
in a manner to allow the food composition at serving tem-
perature to have a desired combination of firmness, adhesive-
ness, springiness and cohesiveness to overcome dysphagia-
related problems.

Sample Preparation

Texture Analysis

Database of adapted food composition samples

Clinically efficient Dangerous
samples samples
1
[ ]
Grouped by food families with Grouped by texture :
intervals for each of the six

texture parameters |

I Variable Analysis

Graphic representation and ranges

Regression and Ranking

Selection of only the four simple
texture parameters

Mathematical formula development

Inclusion tests
Validations




Patent Application Publication  Sep. 17,2015 Sheet 1 of 5 US 2015/0260700 A1

a)

NORMAL SWALLOW

ORAL PHASE ==\ @
-PREPARATORY / (/"3
- TRANSPORT [ %&

PHARYNGEAL A
PHASE

ESOPHAGEAL S\
PHASE s

b)

DYSPHAGIA IN THE ELDERLY

Elderly

| { Mus}lelStrength |\‘ | 4 Taste and Smell | | 4 Tmmunity

Dysphagia

| 4 Food Intake |

|

| 1 Protein Energy Malnutrition |

4 Pressure Uleers | PR E— | 4 Pulmonary Tnfections

\ | TMorhidity { Mortality |/

Fig. 1



Patent Application Publication

Sep. 17,2015 Sheet 2 of 5 US 2015/0260700 A1

Sample Preparation

Texture Analysis

Database of adapted food composition samples

Clinically efficient Dangerous
samples samples
|
| |
Grouped by food families with Grouped by texture :

intervals for each of the six
texture parameters |

Variable Analysis

Graphic representation and ranges

Regression and Ranking

I
Selection of only the four simple
texture parameters
I

Mathematical formula development

Inclusion tests
Validations

Fig. 2



Patent Application Publication  Sep. 17,2015 Sheet 3 of 5 US 2015/0260700 A1

4 Curve ABC =
: deformation due to 1¢t
campression

Firmness = distance BD
B Cohesiveness = Compression 2 = (C5L7) * (CBE — G4E)

Compression 1 (G2 (C3E-C1R}
Foree (%) H Curve GHI =
deformation due fo 2nd
compression
Springinesy = C2E - CIN ‘
{ CIE-CiE F G I .
o A D C ¥ N

Adhesiveness = distance EF Deformation (mm) .

1 = EXTENSION; L= LOAD
Cif=A: C2E=D; C3E=C; CAE=C; CSE=J; C6E=I
QL =B; C5L=H; CIL=E

Fig. 3



Patent Application Publication  Sep. 17,2015 Sheet 4 of 5 US 2015/0260700 A1

«) FHRMMERS (N)

ME e

WP-son

ML see

Malesce

. l‘ i§33 [+ AES 3 3% i {ag L2 08 B4 G A

& ANITESIVRENESS (N

pied GBiud
iz Purwe

¥p
B
§ i
[ 1 (5
) SPRINGINEES () jo ol
Fror
7
Rl B Mest Puree
3 BAM o $icoend Mot
§ : @1!1{0 Puree

]

.zzzﬂf.zrz-.—.-.-..

B LW




Patent Application Publication  Sep. 17,2015 Sheet 5 of 5 US 2015/0260700 A1

GRAPHICAL REPRESENTATION OF 88TTmax FOR THERAPEUTIC
PUREED AND THERAPEUTIC MINCED FOOD PRODUCTS.

™ ; Te— I ™ ! |
¢ W 2 3 41 &1 50 i 0 gy 5T Indices

Tilaximam Safe Swallvwitg Taviurs Tadex Waimm Sofe Swallowing Textors Index
Tor thevopeutic FIREED fouds {(SSTL,, =34 fur therageetis MINCED foods 895T1,,) =8

]sm TOSEFOR THERAPELTIC FURTED FOODS

SAYE FONF FOR THERAFEVTIC MINCED FOUDS

Fig. 5



US 2015/0260700 A1

INDEX AND METHOD OF USE OF ADAPTED
FOOD COMPOSITIONS FOR DYSPHAGIC
PERSONS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
U.S. patent application Ser. No. 11/597,663 filed on Nov. 24,
2006 which corresponds to the national phase entry in the US
of PCT/CA2005/000849 filed on Jun. 1, 2005 and claims
priority from U.S. Patent Application Ser. No. 60/575,373
filed on Jun. 1, 2004.

TECHNICAL FIELD

[0002] The present invention relates to the rheological pro-
file of foods for facilitating the act of swallowing in people
suffering of dysphagia. Calculation of texture profiles for
solid food substances is determined to overcome the difficul-
ties associated with dysphagia.

BACKGROUND OF THE INVENTION

[0003] Dysphagiais the inability to swallow or difficulty in
swallowing and may be caused by neurological diseases,
infections, metabolic diseases or medical interventions. Neu-
rological diseases may be a stroke, Parkinson’ disease, amyo-
trophic lateral sclerosis, brainstem tumors or dementia. Infec-
tions may include diphtheria, botulism or syphilis. Metabolic
diseases may consist of Cushing’s syndrome or thyrotoxico-
sis. Medical interventions may be side effects of neuroleptic
drugs, chemotherapy, surgery or radiation. Swallowing is a
complex sequence of actions which is initiated voluntarily
and is completed reflexively, whereby food is moved from the
mouth through the pharynx and esophagus to the stomach.
The act of swallowing occurs in three stages and requires the
integrated and coordinated actions of the head and neck struc-
tures, involving peripheral sensory input from oropharyngeal
afferents and superimposed control from higher nervous sys-
tems centers.

[0004] In the first phase of normal swallowing, called the
oral phase and which is highly voluntary and variable,
depending on taste and motivation, food first undergoes
preparation. During the oral preparation sequence, food is
transformed into a bolus by the action of mastication along
with tongue movements, saliva release and mixing. Then,
during the transport sequence of the oral phase, the bolus is
placed on the surface of the tongue and is subsequently pro-
pelled at the back of the mouth into the cavity where both oral
and nasal cavities meet, called the pharynx, by the posterior
tongue squeezing it against the hard palate with the tongue
central groove exhibiting centripetal then centrifugal motion.
Close to the time when the bolus reaches the posterior tongue,
the second swallowing phase, called the pharyngeal phase, is
triggered. During the second phase of normal swallowing,
called the pharyngeal phase, a reconfiguration of the pharynx
occurs, transforming the oropharynx from a respiratory to a
swallowing pathway by opening the inlet to the esophagus
and sealing the inlet to the larynx. There is simultaneous
apposition of the muscular soft palate to the posterior pha-
ryngeal wall to prevent nasal regurgitation and there is eleva-
tion of the larynx, elevation of the hyoid bone and tilting of the
arytenoid cartilage to close the airway, thus protecting the
lungs against penetration by food material. The elevation of
the hyoid bone also pulls open the upper esophageal sphinc-
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ter. The bolus transport through the pharynx is due to its
kinetic energy acquired during the propulsive action of the
tongue and by profound shortening of the pharynx, eliminat-
ing bolus access to the larynx and propagating pharyngeal
contraction. This involves constriction of the walls of the
pharynx, backward bending of the epiglottis, and an upward
and forward movement of the larynx and trachea. During this
phase, respiratory movements are inhibited by reflex. In the
third normal swallowing phase, called the esophageal phase,
the bolus passes through the opened esophageal sphincter
into the proximal esophagus. It then moves down the esopha-
gus into the stomach. This movement is accomplished by
momentum from the second phase, peristaltic contractions,
and gravity.

[0005] Although the main functions of swallowing are the
preparation of the bolus and its transfer from the mouth into
the stomach, swallowing also serves as a protective reflex for
the upper respiratory tract by removing particles trapped in
the nasopharynx and oropharynx, returning materials
refluxed from the stomach into the pharynx, or removing
particles propelled from the upper respiratory tract into the
pharynx.

[0006] Swallowing dysfunction or dysphagia greatly
increases the risk of undernutrition and dehydration, aspira-
tion, choking and therefore is associated with high morbidity,
mortality and cost. Estimates of the prevalence of dysphagia
in the elderly range from 10% to 22% and are up to 70%
among residents admitted in long term care institutions.

[0007] Actually the clinical management of dysphagia is
still an inexact science and is not based on hard evidence
supporting the efficacy of any strategy in improving the nutri-
tional status of dysphagic persons. Current best clinical prac-
tices to improve most common impaired aspects of swallow-
ing and thus increase oral food and fluid intake involve
modification of diet and eating behavior and swallowing
therapy techniques.

[0008] Application of swallowing therapies other than
compensatory postural and dietary therapies, such as supet-
supraglottic swallow, supraglottic swallow, Mendelsohn
maneuver, strengthening exercises and thermal stimulation,
require adequate cognitive competency so that the patient can
understand and execute directions. This cognitive require-
ment excludes the majority of persons with neurogenic dys-
phagia.

[0009] In terms of treatment efficacy to counter undernu-
trition secondary to dysphagia and its high morbidity/mortal-
ity levels, the strongest evidence-based recommendation that
is made to clinicians involved in the treatment of dysphagia
pertains to diet modification.

[0010] Texture modification of solids has been suggested to
facilitate bolus formation and swallowing. The diet require-
ments are currently, among others, expressed as soft, minced
or pureed foods. The desired texture is usually obtained with
a blender or a food processor. The addition of a liquid is
frequently required to produce a pureed product that is
smooth and without lumps or big particles. However this
dilution technique is thought to reduce the nutrient density.
Also, the resulting products have been qualified by many as
not appealing and bland. Subsequently, there is a decreased
food intake and an increased prevalence of undernutrition in
the dysphagic population. Special efforts are constantly being
made to improve the taste, the appearance and the nutritional
value of modified texture foods. Reshaping modified texture
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foods is a route being explored by few at present. The descrip-
tion of the texture modified diets is usually qualitative.
[0011] Dysphagia diets usually take the form of lists of
forbidden and allowed foods. They use descriptive terms such
as sticky, smooth, soft or homogeneous to characterize these
foods. This list of terms creates semantic discrepancies in the
clinical management of the diets offered to the dysphagic
persons. All dysphagia diets published are mainly based on a
descriptive evaluation of the texture of solids and liquids and
very little is said about the therapeutic efficacy or quantitative
textural characteristics of the foods permitted for the persons.
Clinical trials evaluating specifically the efficacy of the vari-
ous dysphagia diets and quantification of the textural param-
eters of a nutritious minced or pureed diet are not known.
[0012] Many professionals such as doctors, nurses, radiolo-
gists, speech-language pathologists, occupational therapists,
physiotherapists and dietitians may be required to participate
in the clinical evaluation of the dysphagic individual. The
multidisciplinary approach required for the treatment of dys-
phagia necessitates communication and coordination. It is
essential to insure that what is clinically observed as a prob-
lem during the evaluation of the person is what is conveyed
via the dietetic prescription. It is believed that dysphagic
individuals able to handle specific test material during clinical
evaluations such as bedside examinations and videofluoros-
copy should be able to swallow foods of similar texture.
Thereafter, a qualitative description of the appropriate foods
is given and a subjective evaluation of what the prescribed
diet should be is done. A lack of objectivity in the transmis-
sion of the clinical information could lead to clinical errors.
[0013] Although treatment and diagnosis of dysphagia
have been addressed, there is little standardization among
health professionals for the nutritional treatment of dysph-
agia.

[0014] Withrespect to foods allowed in dysphagia diets, no
single or combination of measurable quantitative parameters
has yet been identified to account for clinical efficacy and to
exclude the forbidden foods. It would be highly desirable to
be provided with an exclusive correlation between certain
objective and measurable parameters and their clinical effi-
ciency for dysphagic persons

SUMMARY OF THE INVENTION

[0015] One object of the present invention is the ability to
identify exclusive texture profile values at which foods are
clinically efficient for the treatment of dysphagia, wherein the
texture profile or the texture profile at serving temperature is
quantified by a Swallowing Texture (ST) index calculated by
a mathematical equation consisting of the variables firmness
(F), adhesiveness (A), springiness (S) and cohesiveness (C)
and expressed as such:

ST index=(F+14)xSxC

[0016] Another object of the present invention is the ability
to use these exclusive texture profile values for the standard-
ization and control of food formulations necessary in nutri-
tional treatment of dysphagia.

[0017] Also is provided a diagnostic method using stan-
dardized food compositions to evaluate the swallowing
capacity of a person. The method is comprised of administer-
ing a portion of food composition, having ST index or SSTI
index as defined herein, to an individual and measuring the
capacity of swallowing, which can be defined as for example,
but not limited to, the swallowing time, transit time, or the
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mastication pattern, average volume per swallow (ml), aver-
age time (s) per swallow and swallowing capacity (ml/s), the
number of swallows required per bolus, accumulation of food
particles in the mouth between deglutitions (mL), fatigue
during eating, mastication delay-effort (N), time delay
between bites (s), respiratory pattern during swallow, voice
pattern and quality after swallowing, clearing of airways,
drooling of material outside the mouth (dribble), absence/
presence of premature flow in the pharynx, or regurgitation of
food through the nasal cavity.

[0018] The expression “ST index” as used herein, which is
the Swallowing Texture Index, is the result of a mathematical
equation and is used herein to quantify texture profiles of food
compositions applied specifically to the process of swallow-
ing in humans.

[0019] The acronym “TPA” stands for Texture Profile
Analysis and is composed of one or more rheological param-
eters described above.

[0020] The acronym “ST” stands for Swallowing Texture.
[0021] The acronym “SSTI .~ stands for Maximum Safe
Swallowing Texture Index. It is the maximum value beyond
which the texture is no longer considered easy for swallowing
for a dysphagic person.

[0022] The texture profile at serving temperature of a food
composition is adapted for the treatment of dysphagia and
prepared with a pureed food substance which may consist of
ameat, fish, poultry, vegetable, fruit, baked good, dairy prod-
uct ora combination of two or more, and is quantified by aST
index which is less than the Maximum Safe ST Index (SSTI-
ma)s the latter being preferably of 34 at serving temperature.
[0023] Exceptions exist for baked goods served cold and
having a melting point below 37° C., for which the ST index
value may exceed the SSTI, _of34 at serving temperature as
long as their ST index at 23° C. 1s below 34.

[0024] Also, the texture profile at serving temperature of a
food composition adapted for overcoming of dysphagia-re-
lated problems and prepared with a minced food substance
which may consist of a meat, fish, poultry, vegetable, fruit,
baked good, dairy product or a combination of two or more
quantified with a ST index less than the SSTI,, . the latter
being preferably of 80 at serving temperature.

[0025] In accordance with the present invention, there is
provided a method to control the transformation of an edible
composition used for the oral intake of drugs to correspond to
a specific measurable texture profile.

[0026] In accordance with the present invention, there is
provided adapted food compositions, namely pureed and
minced foods, which have a demonstrated clinical efficacy,
for facilitating the act of swallowing in dysphagic persons.
[0027] For the purpose of the present invention the follow-
ing terms are defined below:

[0028] Theterm “swallowing” as used herein is intended to
mean the transit of food substance from lips to stomach
including deglutition.

[0029] The term “dysphagia” is a swallowing impairment
and may occur during the acts of mastication, bolus forma-
tion, its deglutition and its transfer, or a combination thereof
“Dysphagia” may be used interchangeably with swallowing
disorder or deglutition disorder.

[0030] The term “facilitate” and “facilitation”, are used
herein to mean the compensation for an impaired functioning
of the acts of mastication, bolus formation, its deglutition and
its transfer or a combination thereof.
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[0031] The term “firmness” as used herein is intended to
mean the force required to obtain a deformation of a body.
The firmness measurement unit is expressed here in Newtons.
A Newton is a unit of force equal to the force that produces an
acceleration of one meter per squared second of a mass of one
kilogram. The terms firmness and hardness can be used inter-
changeably.

[0032] The term “cohesiveness” as used herein is intended
to mean the strength of the internal bonds making up the body
of the food. It can be defined as the molecular force between
particles within a body or substance that acts to unite them.
Cohesiveness is a ratio of two firmness measurements. There-
fore, it has no units.

[0033] Theterm “springiness” as used herein is intended to
mean the rate at which deformed foods go back to their
original undeformed state after removal of the force. The
measurement unit of springiness is expressed here in percent-
age. The springiness is the property of a substance that
enables it to change its length, volume, or shape in direct
response to a force affecting such a change and to recover its
original form upon the removal of the force. The terms
springiness and elasticity can be used interchangeably.
[0034] The term “adhesiveness” as used herein is intended
to mean the force necessary to overcome the attractive forces
between the surface of a matter and the surface of another
material with which it is in contact. The adhesiveness is the
attractive molecular force that tends to hold together unlike
bodies when they are in contact. The measurement unit of
adhesiveness is expressed here in Newtons.

[0035] The term “gumminess” is defined as the energy
required to disintegrate a food product. Tt is related to the
primary parameters of firmness and cohesiveness (respec-
tively F and C). It is expressed in Newtons.

[0036] The term ‘“chewiness” is defined as the energy
required to masticate a food product. It is related to the pri-
mary parameters of firmness, cohesiveness and springiness
(F.C.S). Tt is expressed in Newtons.

[0037] Theexpression “melting point” is the temperature at
which a solid becomes a liquid at normal atmospheric pres-
sure.

[0038] The expression “therapeutic pureed food” as used
herein is intended to mean an adapted food composition with
the following characteristics:

[0039] A food substance selected from the group consisting
of a pureed meat, fish, poultry, vegetable, fruit, baked good,
pastry, egg, dairy product or a combination of two or more;

[0040] has a particle size of generally less than about 0.5
mm spheric;

[0041] homogeneous and generally absent of syneresis
in the plate and in the mouth under pressure of the utensil
or tongue;

[0042] may be shaped in order to be appetizing, often in
a shape comparable to the not transformed counterpart;

[0043] servedhot or cold, generally at the same tempera-
ture as the not transformed counterpart;

[0044] facilitates swallowing, especially in persons with
a severely impaired oral phase and/or pharyngeal phase.

[0045] The expression “therapeutic minced food” as used
herein is intended to mean an adapted food composition with
the following characteristics:

[0046] afood substance selected from the group consist-
ing of a minced meat, fish, poultry, vegetable, fruit,
baked good, pastry, egg, dairy product or a combination
of two or more;
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[0047] has a particle size of generally between about 2
mm to 5 mm spheric;

[0048] homogeneous and generally absent of syneresis
in the plate and in the mouth under pressure of the utensil
or tongue;

[0049] may be shaped in order to be appetizing, often in
a shape comparable to the not transformed counterpart;

[0050] servedhotor cold, generally at the same tempera-
ture as the not transformed counterpart;

[0051] facilitates swallowing, especially in persons with
a mildly impaired preparation sequence of the oral
phase.

[0052] The acronym “SAH” stands for Ste. Anne’s Hospi-
tal

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] FIGS.1A-B illustrates the normal swallow and dys-
phagia in the elderly respectively;

[0054] FIG. 2illustrates a flowchart representing work pro-
gression of the experimental process;

[0055] FIG. 3 shows a Texture Profile Analysis: Force
deformation curve schematic of a food sample showing a first
and second compression;

[0056] FIGS. 4A-F illustrate bar graphs of six different
textural parameters for each different food sub-group; and
[0057] FIG. 5 shows a graphical representation of SSTI
for therapeutic pureed and therapeutic minced food products.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0058] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the invention are
shown. This invention, may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art.

[0059] One embodiment of the present invention is to pro-
vide a method in which a quantitative and descriptive
approach is used to adapt the food texture in the clinical
management of dysphagia. A description of textural charac-
teristics of foods is provided and is prone to be an integral part
of the clinical management of dysphagia. No known prior art
has reported quantified solid food texture in relation to its
definition in the health care of dysphagic individuals. Rheol-
ogy is the study ofthe deformation and flow of matter. It offers
vocabulary and specific terminology to discuss foods and
their textural characteristics. Rheology needs utilization of
several instruments such as viscometers, consistometers and
texturometers which permit quantification of these textural
characteristics.

[0060] In accordance with the present invention, there is
provided a new index and method of use thereof for deter-
mining and modulating the physical characteristics of solid
foods. For two principal classes of therapeutic foods, for
example, but without limiting it to, therapeutic minced and
therapeutic pureed, physical states are provided. The method
of the invention allows the application of an integrated com-
bination of all the simple texture parameters quantified by the
ST index. The Swallowing Texture (ST) index is calculated
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by a mathematical equation consisting of the variables firm-
ness (F), adhesiveness (A), springiness (S) and cohesiveness
(C) and expressed as such:

ST index=(F+14)xSxC

[0061] In accordance with the present invention, there are
provided two new Maximum Safe Swallowing Texture Indi-
ces (SSTI,,,.) calculated with the new ST index formula
which represent the thresholds of clinical efficiency for the
nutritional treatment of dysphagia. These two new indices
apply to two principal groups of therapeutic foods: purees and
minced products.

[0062] One particular utility of the method of the present
invention is the possibility to prepare standardized batches of
food adapted for persons having different outstanding traits of
swallowing dysfunctions.

[0063] The method of the present invention is based on the
determination of a new index, the ST index, which integrates
and comprises the modulation of at least one parameter of a
food’s texture profile in a manner to allow the food compo-
sition at serving temperature to have a desired combination of
firmness, adhesiveness, springiness and cohesiveness.
[0064] Another aspect of the method of the present inven-
tion is to serve as an index for food description and categori-
zation having useful applications in various health sectors
such as nutrition, geriatrics, dentistry and pediatrics.

[0065] Themethod comprised also provides a standardized
combination of therapeutic foods as described herein. A per-
son’s swallowing ability can be first evaluated for indications
of dysphagia when the subject swallows the composition
having a first ST index. The person’s swallowing ability can
then be evaluated further for indications of dysphagia when
the subject swallows the compositions having other ST indi-
ces. Because the compositions are of known and standardized
ST indices, far more useful information is generated allowing
generally accurate diagnoses, generally efficient treatments
and generally uniformized understandings of diet prescrip-
tions.

[0066] The utilities of the standardized compositions and
methods are several fold. A primary utility is optimizing the
textural profiles of those standardized compositions in order
to facilitate deglutition according to various levels of swal-
lowing disorders and consequently to counter undernutrition
subsequent to dysphagia. Another utility is that by using
standardized compositions, consistency in treating dysphagia
is promoted. Rather than supplying dysphagic persons an
arbitrarily modified texture food, the subject is supplied a
composition of known and standardized physical character-
istics.

[0067] The present invention provides a method allowing
the transformation of food substances into a food composi-
tion characterized by a certain ST index to facilitate the act of
swallowing for dysphagic persons.

[0068] According to another embodiment of the present
invention, there is provided a method allowing the diagnosis
of the presence and degree of dysphagia in a patient. Food
compositions having different ST and SSTI indexes are pre-
pared and administered to tested patients. Different param-
eters are then measured to assess the dysphagia severity or
presence of the residual swallowing capacity. For example,
but not limited to, the swallowing time, transit time, or the
mastication pattern, average volume per swallow (ml), aver-
age time (s) per swallow and swallowing capacity (ml/s), the
number of swallows required per bolus, accumulation of food
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particles in the mouth between deglutitions (mL), fatigue
during eating, mastication delay-effort (N), time delay
between bites (s), respiratory pattern during swallow, voice
pattern and quality after swallowing, clearing of airways,
drooling of material outside the mouth (dribble), absence/
presence of premature flow in the pharynx, regurgitation of
food through the nasal cavity can be measured for this aspect.

[0069] Also important is whether the problem is difficulty
swallowing or pain on swallowing (odynophagia). Odynoph-
agia may suggest inflammatory or malignant neoplastic pro-
cesses. The level of sensation of the difficulty in swallowing
(“the catch”) should be sought. Suprasternal pain suggests a
hypopharyngeal location of disease. A substernal or subxy-
phoid location of symptoms suggests an esophageal source.
These locators can be misleading, though, as distal esoph-
ageal problems can occasionally present with suprasternal
discomfort.

[0070] According to another embodiment, the administer-
ing of the food composition according to the present inven-
tion allows to assess the severity of dysphagiaand could allow
to discriminate between different types and reasons of dys-
phagia, and offer different alternatives for overcoming tran-
sient or permanent swallowing difficulties. For example, dys-
phagia to solids may suggest esophageal or other structural
obstruction. Dysphagia to liquids may suggest pharyngeal
disorders, including neuromuscular disease. These data can
be combined with the observation of weight loss in a patient
with dysphagia, which is an indicator of the significance and
duration of the disease. Also combined to dietary changes in
response to the dysphagia, this will give insight to the person
skilled in the art into the nature and severity of disease.

[0071] Using this test, swallowing function can be qualified
and quantified on a ratio scale and expressed, for example but
not limited to, as percent of residual swallowing capacity;
such information may improve the predictive value of clinical
assessment and provides a practical way of monitoring
change in patients with dysphagia.

[0072] The present invention will be more readily under-
stood by referring to the following example which is given to
illustrate the invention rather than to limit its scope.

Example |

Texture and Sensorial Evaluations of Foods
Specialized for the Treatment of Dysphagia

[0073] A database was established consisting of 67 pureed
and 30 minced foods for which both evaluations for clinical
efficiency and rheological analyses were done (Table 1).
Quantitatively speaking, a texture profile analysis, also
known as TPA, was obtained for each food sample. These
TPAs provide valuable information about the texture ofa food
product and give us some insight as to how a food product
reacts to the pressure or force applied by jaw, tongue and
cheeks during eating. The equipment used to measure TPA
attempts to simulate the preparation of the bolus of phase 1
described by Groher (FIGS. 1a & 15). This simulation com-
presses the food sample and measures the textural parameters
which are of concern to us. Foods were grouped according to
their composition—pureed or minced—and their respective
textural parameters were separated and statistically analyzed.
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TABLE 1

Database of pureed and minced therapeutic food
products used for sensorial textural analyses

Type of food No. of Samples
Purees Meats, poultry, fish
Meats, meat dishes 27
Poultry 5
Fish 4
Sub-total 36
Vegetables and fruits
Vegetables 9
Fruit 3
Sub-total 12
Baked goods
Cakes @ 12°C. 6
Cakes @ 23° C. 13
Sub-total 19
Total Purees 67
Minced Meat, poultry, fish
Meat, meat dishes 27
Poultry 3
Total Minced 30
Total Database 97
[0074] Oneobjective achieved through this experiment was

the development of a new method and formula to quantify
TPA in order to identify Safe ST index zones for therapeutic
pureed and minced food product formulations.

[0075] From a qualitative point of view, food samples were
also sensorially evaluated in this experiment by a clinical
expert in the treatment of dysphagia who provided essential
descriptions of food texture. These analyses were made to
link quantitative values to qualitative descriptions and conse-
quently associations were deduced between the condition of
a food product in the mouth and scientifically validated quan-
titative values measured by the texture machine.

Methodology

[0076] Thework progression of the experimental process is
illustrated in the flow chart of FIG. 2.

[0077] Using rheological instrumental methods, quantita-
tive evaluations of therapeutic minced and pureed foods were
performed to provide a better understanding of their textural
characteristics. Universal Testing Machine or a texture meter
(Lloyd Model LRX, Fareham, Hans U.K.) was used to mea-
sure the textural attributes such as firmness, cohesiveness,
springiness, adhesiveness, chewiness and gumminess. It was
fitted with a 50N load cell and a 50 mm diameter disk-shaped
probe at a speed of 25 mm/min to carry out a two-bite com-
pression test on each food sample. Samples were 3 cmx3
cmx2 cm and were individually heated and tested at normal
serving temperatures for example, 65° C. for meats and veg-
etables and 23° C. or 12° C. for cakes and fruits. Reontrol
Data Analysis Software (version 3.2, 1995) gathered the
desired textural data using a personalized program. It is per-
tinent to note that the testing environment of this texture meter
is at room temperature by opposition to qualitative evalua-
tions done at a body temperature of 37° C.

[0078] A schematic of the force deformation curve is
shown in FIG. 3 from which the textural parameters are
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derived as indicators of the textural properties which can be
divided into two main categories: primary mechanical char-
acterisitics and secondary mechanical characteristics as
defined previously.

[0079] Evaluation sheets were handed out to our clinical
expert taster and were designed with a specific purpose of
having a complete and comprehensive description for each
food item as pertaining to its textural feel in the mouth,
clinical efficacy, diet application and other organoleptic fac-
tors. Simultaneously, TPAs were performed on each of these
food items in order to correlate between the quantitative val-
ues of the textural parameters (TPA described earlier) and
their qualitative descriptions according to the clinical expert.
Subsequently, ST index values were recorded for each. Food
descriptors retained included: compaction or lack of homo-
geneity or heterogeneity of particle size, cohesiveness, synet-
esis and adhesiveness. Furthermore, samples were classified
as being clinically excellent, acceptable, mediocre or danger-
ous. The excellent and acceptable samples were retained in
the database as being clinically efficient while the dangerous
were retained in the database as being clinically not efficient.
From hereon, the final database was established.

Results

[0080] Firmness, adhesiveness, springiness and cohesive-
ness serve as basic essential quantifiers of texture directly
related to the swallowing process whereas gumminess and
chewiness are derived from the latter. It was observed that a
directly proportional relationship existed between the param-
eters of firmness alone and firmness and springiness versus
gumminess and chewiness respectively. For every increase in
the firmness of a therapeutic food product, a corresponding
increase was evident in terms of gumminess. The same trend
appeared for decreased firmness in certain therapeutic foods.
Similarly, the increased or decreased effect of one or both of
the firmness and springiness parameters produced the exact
same result for chewiness.

[0081] Hence, gumminess and chewiness being complex
textural products calculated from the simple textural param-
eters, their effects were considered not pertinent and our
efforts were concentrated on the changes taking place within
firmness, adhesiveness, springiness and cohesiveness.

[0082] The four main parameters of concern were firmness,
adhesiveness, springiness and cohesiveness.

[0083] Firmness was a parameter of concern because it
affects the force required to bite, to masticate, to compress the
bolus with the tongue and push it back through the back of the
mouth into the pharynx (FIG. 3). It is the slope calculated
when x=0 of the ascending curve drawn by the texture meter
(FI1G. 3).

F=BD=C2L

[0084]

[0085] Adhesiveness was a parameter of concern because it
affects the energy which is required to overcome the attractive
forces between the food composition and the structures of the
oral cavity, such as the tongue and hard and soft palate (FIG.
3). Itis the negative of the slope after the first compression and
before the second compression calculated when x=0 of the
ascending curve drawn by the texture meter (FIG. 3).

Equation (1)

where F=firmness

A=EF=CTL

[0086]

Equation (2)

where A=adhesiveness
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[0087] Springiness was a parameter of concern because it
affects the ability of a food composition to return to its origi-
nal shape after being compressed by the actions of mastica-
tion and compression of the tongue on the hard palate (FIG.
3).

C2E - C3E
T C2E-CIE

100 Equation (3)

[0088] where S=springiness

[0089] Cohesiveness was a parameter of concern because it
affects the attractive force required to hold together the mol-
ecules of a food composition. A certain cohesion range was
identified facilitating bolus transportation, bolus deglutition
and allowing shaping of pureed and minced foods. Cohesive-
ness is an important parameter for the esthetic appearance of
the food through its shaping capabilities of holding the food
matter together. From a psychological point of view, this
enhanced attractive value of food presentation is highly desir-
able especially among elderly dysphagic persons on a rigor-
ous puree diet (FIG. 3).

C=Compression 2/Compression 1

[0090] where C=cohesion, Compression 1=(C2L/2)x
(C3E-C1E), and Compression 2=(C5L/2)x(C6E-
C4E).

[0091] Pureed food samples evaluated as “clinically excel-
lent” and as “clinically acceptable” by the clinical expert were
considered “clinically efficient” for patients with a severely
impaired oral and/or pharyngeal phase of swallowing.
[0092] Minced food samples evaluated as “clinically excel-
lent” and as ““clinically acceptable” by the clinical expert were
considered “clinically efficient” for patients with a mildly
impaired preparation sequence of the oral phase of swallow-
ing.

[0093] Minimal and maximal values were calculated for
each textural parameter for each food sample in the database.
For clinically efficient samples, their ranges for firmness,
adhesiveness, springiness and cohesiveness were recorded
and were reported as follows (Table 2). When grouped by
therapeutic food families, it was observed that firmness, adhe-
siveness, springiness and cohesiveness values varied consid-
erably (FIGS. 4a to 4f). Over the course of time, many venues
were followed to attempt to clearly explain the observed
trends in shifting values of all the textural parameters for each
therapeutic food sample related directly to each of their sen-
sorial evaluations compiled throughout our experiment with
our clinical expert taster. The objective was to bring together
the relative effect of each parameter into a ST index demon-
strating the combined overall effect of all four parameters of
firmness, adhesiveness, springiness and cohesiveness into
one mathematical equation with specifically assigned
numeric values.

[0094] To determine a Maximum Safe ST Index (SSTI,,,..),
the rheological values of the clinically non-efficient samples
were used. The SSTI, . represented the upper limits, respec-
tively for both pureed and minced foods, below which, all
clinically efficient samples should fit. Several formulas were
analyzed through various mathematical manipulations for
which the clinical efficacy was reflected by the result of the
formula. Inclusion tests were performed for each formula in
order to show the number of samples which do not fit below
its SSTI, .. (Table 3).

Equation (4)
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TABLE 2

Ranges in firmness, adhesiveness, springiness and cohesiveness

for clinically efficient pureed and minced foods

Textural Purees N =62 Minced N =29

Parameter Min. Max. Min. Max.

Firmness 0452 7.566 0.679 5.330

Adhesiveness -0.164 -0.978 -0.163 -1.102

Springiness 3.054 71.661 0.117 0.679

Cohesiveness 0.159 0.718 5.148 47.446
TABLE 3

Non-exhaustive list of inclusion tests for fitting a correlation
between clinical efficacy and numerical results

Results of inclusion test

Purees N=62  Minced N =29
Test# Equation # of unfit # of unfit

1 F*A*S*C 5 0

2 (F - IAN*C/S 13 11

3 (F - IA/(S*C) 18 21

4 (F - 1AD +(CU/S) 0 2

5 (F - IAD*(S/100)*C 5 0

6 (F - 1Al + C + (8/100) 1 1

7 ((F - 1Al) + (S/100))/C 1 7

8 ((F - 1Al) + ((S/100)*C) 0 2

9 ((F - 1Al) + (S/100))*C 5 0
10 ((F + 1Al) + (S/100))*C 3 1
11 (F + AD*S*C 6 a
12 (F-1AD+C+S 43 0
13 (F- 1A+ 8)/C 8 0
14 ((F - 1AD) + (S*C) 14
15 ((F- 1Al + S)*C 17 1
16 ((F+1AD) + S)*C 0 1
17 (F + 1Al + ((S/100)/C) 0 2

[0095] The preferable fit formula according to an inclusion
test was at zero exclusion for both purees and minced
samples. One equation, test #11, presented this result of zero
exclusion with the exception of all six pureed cake samples at
12° C. (Tables 3 & 4). These exceptions will be discussed
later.

TABLE 4

Inclusion test for fitting a correlation between clinical efficacy
numerical results when number of unfit for minced is 0.

Results of inclusion test

Purees Minced  Outlying

N=62 N=29 cakes

Test# Equation # ofunfit  # of unfit 12°C.
5 (F - IAD*(S/100)*C 5 0 5
9 ((F - 1Al + (S/100))*C 5 0 4
11 (F +1AD*S*C 6 0 6
12 TF-1AD+C+8 43 0 6
13 ((F-1AD +S)/C 8 0 4
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[0096] The formulaused for Test #11 takes into account the
combined effect of all forces being applied to the food sample
when placed in the mouth and undergoing two consecutive
compressions. The formula used for Test #11 is

(Firmness+|Adhesiveness|)xSpringinessxCohesive-
ness:

F+l4)xSxC

[0097] In the first part of the Equation (5), exists a cumu-
lative effect consisting of all vertical forces represented in
FIG. 3. These include the firmness which is a positive dis-
placement force and the adhesiveness which is a negative
displacement force. The absolute value of the latter is taken
into account for calculating the additive impact of these
forces playing a role in breaking apart both the internal bonds
holding the particles of the food sample together and the
bonds responsible for allowing the food material to adhere to
the interior of the mouth including the teeth, tongue and
palate. Both firmness and adhesiveness are forces expressed
in Newtons.

[0098] The second part of the equation accounts for both
the springiness and cohesiveness effects which ultimately
influence the transformation of the food sample into a bolus
and its subsequent transportation from the mouth back into
the pharynx. Springiness represents the ability of food to
resist the forces being applied to it and to return it to its
original form once the deforming forces have been removed.
Cohesiveness, on the other hand, maintains the integrity of
the food structure from within and keeps it from degrading
too quickly under the effect of mastication, tongue compres-
sion and/or salivation. Once breakdown of internal food
bonds is initiated, cohesiveness decreases sharply. Hence, the
combined effect of the resistance of a food to breakdown,
expressed by the addition of its firmness and adhesiveness
and multiplied by its springiness and cohesiveness defines the
ease of a food sample to form into a bolus and to be moved
backwards into the pharynx.

Equation (5)

[0099] The SSTL,,, calculated by Equation (5), showed a
value of 34 below which pureed foods are clinically efficient
(FIG. 5).

[0100] The SSTI,,,, calculated by Equation (5), showed a
value of 80 below which minced foods are clinically efficient
(FI1G. 5).

[0101] However, a certain exception exists for the pureed

baked goods group whereby the SSTI,,. established for
purees does not necessarily apply. All therapeutic pureed cake
samples served cold, show a discrepancy between their posi-
tive clinical efficiency and their negative result on the inclu-
sion test with a SSTI . established by Equation (5). An
explanation for this discrepancy is the fact that all cake
samples were formulated by using a regular domestic type
gelatin which is heat sensitive and has a melting point of 32°
C. Once these pureed cakes come in contact with a warm
environment, represented in this case by the temperature of
the mouth and tongue at 37° C., the gelatin will significantly
rise in temperature and almost immediately may change from
one phase into another rendering it softer and subsequently
more easily broken down in the mouth. Indeed, all of these
pureed cake samples, when measured at 23° C., had a ST
index below 34.

[0102] While the invention has been described in connec-
tion with specific embodiments thereof, it will be understood
that it is capable of further modifications and this application
is intended to cover any variations, uses, or adaptations of the
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invention following, in general, the principles of the invention
and including such departures from the present disclosure as
come within known or customary practice within the art to
whichthe invention pertains and as such may be applied to the
essential features set forth above herein, and as follows in the
scope of the appended claims.

What is claimed is:

1. A method for improving the transit of a solid food from
lips to stomach in a dysphagic person, said method compris-
ing:

a) providing a first solid food composition;

b) determining a Swallowing Texture (ST) index of the first

solid food composition at a food serving temperature,
the ST index having a formula:

ST index=(F+141)x5SxCo

wherein:

F is firmness;

|Al is adhesiveness, is the negative slope after Compres-
sion 1 and before Compression 1 calculated x=0 f the
ascending curve drawn by a texture meter and is expres-
sion in Newton,

S is springiness; and

Co is cohesiveness as measured by a texture meter as:

Compression 2[(C5L/2)x(C6E-C4E))/Compression
1[(C"L/2)x(C3E-C1E)]; and

c) if the ST index of the first solid food composition is
determined to be higher than 80, modifying the first solid
food composition to obtain a second solid food compo-
sition;

d) determining the ST index of the second solid food com-
position;

e) if the ST index of the second solid food composition is
determined to be lower than 80, characterizing said sec-
ond solid food composition of having an improved tran-
sit in the dysphagic person; and

1) if the ST index of the second solid food composition is
determined to be higher than 80, reiterating steps c¢) and
d) until the ST index of the second solid food composi-
tion is determined to be lower than 80.

2. The method of claim 1, wherein step ¢) comprises pro-

cessing of said first solid food composition.

3. The method of claim 1, wherein said first solid food
composition is selected from the group consisting of meat,
fish, poultry, vegetable, fruit, baked good, dairy product, or a
combination thereof.

4. The method of claim 2, wherein said processing is per-
formed by at least one of the following actions: adding a food
texture modifier, crunching, grinding, chopping, pureeing,
mincing, mixing, blending, stirring, incorporating a gas,
warming, heating, cooking, cooling, refrigerating, freezing,
retherming, diluting, applying pressure, modifying the par-
ticle size or creating a new macro-structure within the adapted
food of said food composition.

5. The method of claim 4, wherein said food texture modi-
fier is a binding, a gelling or a thickening compound.

6. The method of claim 5, wherein said binding, gelling, or
thickening compound may be selected from the group con-
sisting of a protein, a carrageenan, a starch, a fiber, an algi-
nate, a pectin, a gum, a gelatin, or a combination thereof.

7. The method of claim 1, wherein the second solid food
composition is a puree and steps e) or f) comprises adjusting
the ST index of the second solid food composition to 34 or
less.
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8. The method of claim 1, wherein, in step B, the ST index

is calculated by:

1) forming a 3 cmx3 cmx2 cm sample of the first solid food
composition,

i) applying a compression 1 and a compression 2 to said
sample at food serving temperature with a Lloyd texture
meter model LRX fitted with a 50 N load cell and a 50
mm diameter disk-shaped probe to generate a slope con-
sisting of data A, B, C, D, E, F' G, H, I and J;

iii) calculating the ST index in which:

Fis the slope calculated when x=0 of an ascending curve
by the texture meter defined by a distance between B
and D;

|Al is calculated as the absolute value of adhesiveness
defined by the distance between E and F;

S is caleulated as [(D-C)/(D-A)]|x100; and

C is calculated as (Compression 2 [(H-2)x(I-G)])/
(Compression 1 [(B/2)x(C-A))).

* % % k¥
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