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SUMMARY

Background
Increasing bolus viscosity of thin liquids is a basic therapeutic strategy to protect
patients with oropharyngeal dysphagia (OD) from aspiration. However, conven-
tional starch thickeners increase post-deglutitive residue.

Aim
To assess the therapeutic effect of a new xanthan gum-based thickener, Resource
ThickenUp Clear (Nestl�e Health Science, Vevey, Switzerland) on patients with oro-
pharyngeal dysphagia.

Methods
We studied the effect of Resource ThickenUp Clear using a clinical method and vid-
eofluoroscopy on 120 patients with oropharyngeal dysphagia (66 with stroke, 41 older
and 13 with neurodegenerative diseases) and 14 healthy volunteers while swallowing
thin-liquid, nectar-like and spoon-thick boluses. We assessed the prevalence of signs
of impaired safety and efficacy of swallow and the physiology of the swallow response.

Results
Increasing bolus viscosity with Resource ThickenUp Clear: (i) improved safety of
swallow demonstrated by a reduction in the prevalence of cough and voice changes
in the clinical study and penetrations and aspirations during video fluoroscopy. Prev-
alence of aspirations was 12.7% with thin liquid, 7.7% with nectar-like (P < 0.01)
and 3.4% with spoon-thick (P < 0.01) viscosities. Penetration–Aspiration Scale was
reduced from 3.24 � 0.18 at thin liquid to 2.20 � 0.18 at nectar-like (P < 0.001)
and to 1.53 � 0.13 at spoon-thick (P < 0.001) viscosities; (ii) did not enhance pha-
ryngeal residue; (iii) nectar-like viscosity did not affect bolus velocity nor timing of
swallow response and (iv) spoon-thick viscosity reduced bolus velocity.

Conclusions
Resource ThickenUp Clear improves the safety of swallow without increasing resi-
due providing a viscosity-dependent therapeutic effect for patients with oropharyn-
geal dysphagia. At nectar viscosity, the effect is due to intrinsic texture properties,
spoon-thick viscosity adding changes in swallow physiology. NCT01158313.
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INTRODUCTION
Oropharyngeal dysphagia (OD) is a gastrointestinal motil-
ity disorder specifically recognised by the World Health
Organization in the International Statistical Classification
of Diseases and Related Health Problems ICD-9 and
ICD-10.1 OD is a highly prevalent clinical condition, pres-
ent in up to 50% of patients with neurological diseases and
in the elderly. Approximately 50–75% of these dysphagic
patients present impaired safety of swallow, with bolus
penetrations into the laryngeal vestibule and 20–25% tra-
cheobronchial aspirations during swallow response.2

Delayed laryngeal vestibule (LV) closure is the main
mechanism impairing airway protection in patients with
neurogenic dysphagia and in the elderly and leads to
severe respiratory complications.2 In stroke patients, OD
triplicates the relative risk of pneumonia, which increases
to 11 times if the patient presents aspirations.3 Aspiration
pneumonia is associated with a 3-fold increased risk of
death compared with stroke patients without pneumonia.4

In the elderly, OD is also an independent risk factor for
the development of lower respiratory tract infections and
pneumonia.5–7 The development of evidence-based treat-
ments that increase safety of swallow and protect patients
from aspirations is necessary to avoid respiratory compli-
cations and improve morbidity and mortality rates of the
dysphagic population.8

One of the basic compensatory interventions in hospi-
tals and long-term care facilities to increase the safety of
swallow and avoid aspirations is to thicken liquids. Vis-
cosity is a rheological property that measures the fluid’s
internal resistance to flow and the rate of flow per unit
of force applied. We have previously described how
thickening liquids with starch-based thickeners reduced
LV penetrations and tracheobronchial aspirations9, 10

with the consequent reduction in the incidence of aspira-
tion pneumonia rates.11 It has been proposed that slow-
ing down bolus velocity through the pharynx is the main
action mechanism of thickeners to protect against aspira-
tions.12 However, parallel to its therapeutic effect,
enhancing bolus viscosity with starch thickeners
increases post-deglutitive oropharyngeal residue, espe-
cially in patients with deficient bolus propulsion such as
elderly patients and patients with neurodegenerative dis-
eases.2, 9, 10 This might increase the risk of post-swallow
aspirations.13 Another disadvantage of starch-based
thickened liquids is that they are, in general, not well
accepted by patients.14

A new generation of thickeners based on xanthan
gum has recently been developed to improve on the

therapeutic performance and sensory attributes of the
starched-based thickeners. The xanthan gum-based
thickeners retain the clarity of clear liquids, possess amy-
lase resistance to keep bolus viscosity stable during saliva
contact, are able to thicken a wide range of liquids at
different temperatures and maintain stable viscosity over
time.15 However, their clinical therapeutic effect and
their mechanisms of action on patients with OD has not
been evaluated yet.

The aim of this study was to assess the therapeutic
effect of a xanthan gum-based thickener (Resource
ThickenUp Clear, RTUC) on the clinical and videofluo-
roscopic signs of OD and the swallow function of dys-
phagic patients to provide research-based clinical
practice.16

MATERIAL AND METHODS

Study population
One hundred and twenty patients consecutively referred
to the Gastrointestinal Physiology Laboratory of the Hos-
pital de Matar�o (Spain) for swallowing evaluation, were
prospectively included in the study. Inclusion criteria
were: age more than 18 years, history of swallowing
difficulties associated with ageing and/or neurological
diseases. Exclusion criteria were: allergy to any medica-
tion, major respiratory diseases, surgery in the 3 months
prior to the study, background of alcohol or drug depen-
dence or participation in another clinical trial 4 weeks
prior. Healthy volunteers (HV) (N = 14) were recruited
to explore the effect of the xanthan thickener on normal
swallow physiology. All participants were informed about
the study and gave written consent. The study protocol
was approved by the Institutional Review Board of the
Hospital de Matar�o and was conducted according to the
principles and rules laid down in the Declaration of
Helsinki and its subsequent amendments. Trial registra-
tion: NCT01158313. Demographical, clinical and nutri-
tional characteristics of the study population, as well as
severity of dysphagia symptoms, were also collected in
all participants.

Experimental design
The effect of different levels of viscosity on the clinical
signs and symptoms of OD was assessed by a clinical
test with high diagnostic accuracy, the Volume-Viscosity
Swallow Test (V-VST). The effect on videofluoroscopic
signs and the swallow response was assessed by videoflu-
oroscopy (VFS).
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Clinical test
The V-VST was performed as described elsewhere.17

Briefly, the patients’ ability to swallow boluses of differ-
ent volumes (5, 10 and 20 mL) and viscosities (thin
liquid, nectar-like, spoon thick) were evaluated in all
patients. In addition, to evaluate the minimum amount
of thickener needed for each patient, the subgroup of
patients that presented impaired safety of swallow at
nectar viscosity but safe swallow and residue at
spoon-thick viscosity was evaluated with two additional
intermediate viscosities: conservative spoon thick and
honey, using the algorithm described elsewhere.17

Clinical signs of OD. Signs of impaired efficacy of swal-
low, such as impaired labial seal, oral residue and piece-
meal deglutition (multiple swallows per bolus),
symptoms of pharyngeal residue and signs of impaired
safety of swallow, such as changes in voice quality
(including wet voice), cough and decrease in oxygen sat-
uration ≥3% (measured with a finger pulse-oximeter;
Nellcor OxiMax, Philips Medical Systems, Eindhoven,
Netherlands) were evaluated for each swallow.18

Videofluoroscopy
All patients were imaged for the videofluoroscopic study
while seated in a lateral projection which included the
oral cavity, pharynx, larynx and cervical oesophagus.
Videofluoroscopic recordings were obtained by using a
Super XT-20 Toshiba Intensifier (Toshiba Medical Sys-
tems Europe, Zoetermeer, The Netherlands) and
recorded at 25 frames/s using a Panasonic AG
DVX-100B video camera (Matsushita Electric Industrial
Co, Osaka, Japan). Digitisation, analysis and measure-
ments of videofluoroscopic images were made using the
software Swallowing Observer (Image and Physiology SL,
Barcelona, Spain) by an expert clinician not blinded to
the viscosity of the bolus. For the videofluoroscopic
study, we used the same exploration algorithm as for the
V-VST.17

VFS signs. Impairment in the efficacy of swallow was
considered when at least one of the following signs was
identified during the VFS study: impaired labial seal, the
presence/absence of oral residue, pharyngeal residue or
piecemeal deglutition and impairment in the safety of
swallow was considered when a penetration or an aspira-
tion was detected. The penetrations and aspirations were
classified according to the Penetration–Aspiration Scale
(PAS).19

Timing of swallow response. Quantitative measurements
of the effect of the thickener (Resource ThickenUp Clear;
Nestl�e Health Science, Vevey, Switzerland) on oropha-
ryngeal swallow response were obtained during 5-mL
swallows at each viscosity during VFS studies. Timing of
opening and closing of glossopalatal junction (GPJ),
velopharyngeal junction (VPJ), laryngeal vestibule (LV)
and UES were measured, GPJ opening being given the
time value 0.

Bolus kinematics. Mean bolus velocity (m/s) acquired by
the bolus during the transit between the GPJ and the
UES was also calculated.

Bolus rheology
The viscosities used during V-VST and VFS were
prepared according to the descriptors of the National
Dysphagia Diet Task Force, 1–50 mPa s for thin liquid,
51–350 mPa s for nectar-like, 351–1750 mPa s for
honey and conservative spoon thick and >1750 mPa s
for spoon-thick viscosity.20 For V-VST studies, thin
viscosity was obtained by using mineral water at room
temperature, nectar-like viscosity by adding 1.2 g of
thickener (Resource ThickenUp Clear, Nestl�e Health
Science) to 100 mL mineral water and spoon-thick
viscosity by adding 6 g of thickener to 100 mL mineral
water. Honey viscosity was obtained by adding 2.4 g of
thickener, and conservative spoon thick by adding
3.6 g, to 100 mL mineral water. Solutions were
prepared 5 min before the test. According to the study
protocol, the specific levels of viscosity obtained were
21 mPa s for thin liquids, 238 mPa s for nectar and
1840 mPa s for EST.17 For VFS studies, thin viscosity
was obtained by mixing 1:1 mineral water and the
X-ray contrast Gastrografin (Bayer Hispania SL, Sant
Joan Desp�ı, Spain) both at room temperature, nectar
viscosity by adding 2.4 g of the thickener to the liquid
solution containing the X-Ray contrast and the
spoon-thick viscosity by adding 5.4 g of the thickener.
Honey viscosity was obtained by adding 3.7 g of
thickener to 100 mL of the X-Ray contrast solution
and conservative spoon thick by adding 4.4 g. The
solutions for VFS studies were prepared 3 h prior the
videofluoroscopic examination to obtain equivalent
viscosities to those used during the V-VST.15 Boluses
of 5, 10 and 20 mL of each viscosity were carefully
given to patients with a syringe during both V-VST
and VFS studies to ensure accurate measurement of
bolus volume.
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Product safety
Any adverse events (AEs) occurring during the study
and until 1 week after the completion of the study pro-
cedures (checked by a telephone call) were documented,
assessed for severity and relationship with the study
product and classified according to the WHO System
Organ Class.

Data analysis and statistical methods
Qualitative parameters were described by relative and
absolute frequencies and were compared by the Fisher’s
exact test for independent variables or McNemar’s test
for paired variables. Quantitative parameters were
described by mean � SEM and compared by the non-
parametric Mann–Whitney U-test or Kruskal–Wallis test
for paired variables. Differences between viscosities at
each volume were tested using the Cochran’s Q test. If
the P value was less than 5% then each viscosity level
was tested against the thin-liquid viscosity using McNe-
mar’s test corrected for multiplicity (Bonferroni
adjusted). Statistical significance was accepted if P values
were <0.05. Statistical analysis was performed using the
stats package in R version 2.15 (www.r-project.org).

RESULTS

Study population
The recruitment of participants was carried out between
June 2010 and June 2011. Demographical, clinical data

and nutritional risk of the study population are described
in Table 1. Up to 55% (66) of patients presented OD
associated to a previous stroke, 34.2% (41) to ageing and
10.8% (13) to neurodegenerative diseases [mainly Parkin-
son’s disease (3) and multiple sclerosis (3)]. Sixty per
cent (72) of patients were taking one or more drugs with
potential effects on swallow function: 39 were taking
anti-depressants; 29, anxiolytics; 17, anti-epileptics; 10,
sedatives and five, anti-psychotics.

Effect of RTUC on clinical signs and symptoms of
OD
Healthy volunteers. Safety of swallow: Only one healthy
volunteer presented a voice change after the deglutition
of 20 mL of thin liquid and 20 mL of nectar but not at
spoon-thick viscosity. None of the HV presented cough
or decreased oxygen saturation at any of the studied
viscosities.

Efficacy of swallow: All the HV presented adequate
labial seal and were able to swallow all the boluses
offered in a single swallow. One healthy volunteer
presented oral and pharyngeal residue at spoon-thick
viscosity.

Patients. Prevalence of clinical signs of impaired
efficacy and safety of swallow in patients with OD at
each viscosity series was very high and is depicted in
Figure 1.

Table 1 | Demographical, clinical and nutritional characteristics of the study population

HV Patients

Patients

NDD Stroke Elderly

Subjects 14 120 13 66 41
Sex (men) 57.1% (8) 54.2% (65) 46.2% (6) 56.1% (37) 53.7% (22)
Age (years) 30.5 � 6.1 74.4 � 12.4 64.0 � 19.6 73.5 � 11.4 79.6 � 8.2
Drugs/day 0.0 � 0.0 7.77 � 3.7 8.31 � 0.89 7.46 � 0.42 8.17 � 0.69
Dysphagia severity (SSQ) 12.1 � 4.6 460.5 � 35.5 546.1 � 69.3 495.2 � 55.1 375.5 � 47.5
Charlson index 0 3.04 � 1.92 1.54 � 1.66 3.82 � 1.66 2.25 � 1.82
0 100% (14) 10.1% (12) 17.5% (7) 0.0% (0) 38.5% (5)
1–2 0% (0) 31.1% (37) 40.0% (16) 25.8% (17) 30.8% (4)
3–4 0% (0) 37.0% (44) 35.0% (14) 39.4% (26) 30.8% (4)
≥5 0% (0) 21.8% (26) 7.5% (3) 34.8% (23) 0.0% (0)

Nutritional status (MNA-SF) 9.72 � 2.76 10.31 � 3.04 9.29 � 2.72 10.25 � 2.69
Malnourished (0–7) 22.9% (27) 23.1% (3) 25.8% (17) 17.9% (7)
At risk (8–11) 48.3% (57) 38.5% (5) 53.0% (35) 43.6% (17)
Well nourished (12–14) 28.8% (34) 38.5% (5) 21.2% (14) 38.5% (15)

HV, healthy volunteers; NDD, neurodegenerative diseases; MNA-SF, mini nutritional assessment short form; SSQ, Sydney
Swallow Questionnaire.
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Safety of swallow: Only 20.8% of patients were able to
complete the thin-liquid series safely. Up to 60.8% of
patients completed the nectar series without presenting
any sign of impaired safety of swallow (P < 0.001 vs.
thin liquid) and up to 95.8% safely completed the
spoon-thick series (P < 0.001 vs. nectar-like).

Efficacy of swallow: Increasing thin-liquid viscosity to
spoon thick improved the labial seal efficacy of dyspha-
gic patients (P < 0.05), did not change the prevalence of
oral residue or piecemeal deglutition and increased the

prevalence of pharyngeal residue symptoms by 18.9%
(P < 0.05) (Figure 1).

Intermediate viscosities: Conservative spoon-thick vis-
cosity was administered to 31 patients with impaired
safety at nectar and safe swallow but residue at
spoon-thick viscosity. Of those, six presented signs of
impaired safety and 22 symptoms of pharyngeal residue.
Honey viscosity was evaluated in 27 patients; five of
them presented signs of impaired safety and 14 reported
pharyngeal residue.
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Figure 1 | Prevalence of clinical signs of safety and efficacy of swallow for each bolus volume and viscosity in patients
with oropharyngeal dysphagia. Safety of swallow was expressed as the percentage of patients that could swallow
without voice changes, cough or oxygen desaturation for each bolus volume and viscosity. *P < 0.05, **P < 0.01,
***P < 0.001 vs. thin-liquid viscosity.
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Effect of RTUC on videofluoroscopic signs of OD
Healthy volunteers. Safety of swallow: Two HV pre-
sented nonpathological penetrations into the LV during
the deglutition of thin-liquid swallows (score 2 in the
PAS) while none of them presented penetrations or aspi-
rations during the deglutition of nectar and spoon-thick
viscosities.

Efficacy of swallow: Two of the HV presented mild oral
residue at liquid and spoon-thick viscosities and three at
nectar-like viscosity. None of them presented pharyngeal
residue at any of the viscosities tested.

Patients. Prevalence of videofluoroscopic signs of
impaired efficacy and safety of swallow is shown in Fig-
ure 2.

Safety of swallow: Increasing bolus viscosity with the
xanthan gum thickener significantly increased the preva-
lence of patients able to swallow safely from 23.72% at
thin-liquid viscosity series to 55.08% at nectar viscosity
(P < 0.001) and to 84.74% at spoon-thick viscosity series
(P < 0.001). Figure 3 showed distribution of patients
according to the maximum score presented in the PAS
at each viscosity. It should be noted that prevalence of
patients with clinically significant penetrations (scores 3–
5) was reduced from 35.3% during thin-liquid series to
13.7% at nectar-like viscosity (P < 0.01) and to 9.3% at
spoon-thick (P < 0.01). Prevalence of patients with aspi-
rations (scores 6–8) was reduced from 12.7% during
thin-liquid series to 7.7% at nectar (P < 0.01) and to
3.4% at spoon thick (P < 0.01). The mean score of the
PAS was reduced from 3.24 � 0.18 at thin liquid to
2.20 � 0.18 at nectar (P < 0.001) and to 1.53 � 0.13 at
spoon thick (P < 0.001).

Efficacy of swallow: At thin-liquid viscosity, 12.6% of
patients presented significant oral residue and 14.6% pre-
sented pharyngeal residue. Increasing bolus viscosity with
the xanthan gum thickener did not significantly modify
the prevalence of oral, vallecular nor pyriform sinus resi-
due (P > 0.05) (Figure 2).

Intermediate viscosities: Conservative spoon-thick vis-
cosity was tested in 21 patients with impaired safety at
nectar and safe swallow with residue at spoon-thick vis-
cosity. Of those, five still presented penetrations; 10, oral
residue and 17, pharyngeal residue. Honey viscosity was
also evaluated in 21 patients; three of them presented
penetrations at the laryngeal vestibule, one presented an

aspiration. Oral residue was present in 10 patients and
pharyngeal residue in 17.

Effect of RTUC on oropharyngeal physiology
Healthy volunteers. Timing of swallow response: Total
duration of swallow (time from GPJ opening to LV
opening) of HV during 5-mL thin-liquid swallow was
742.9 � 29.9 ms. The airway closed at 171.4 � 12.2 ms
and the UES opened at 220.0 � 16.6 ms. Increasing
bolus viscosity to nectar did not significantly affect time
to LV closure (174.3 � 11.6 ms, P > 0.05) and opening
(722.9 � 22.4 ms, P > 0.05) nor UES opening
(234.3 � 8.2 ms, P > 0.05). However, increasing bolus
viscosity to spoon thick delayed time to LV closure and
UES opening to 230.8 � 11.2 ms (P = 0.003 vs. thin
liquid) and 283.1 � 11.5 ms (P = 0.003 vs. thin liquid)
respectively, but not time to LV opening (P = 0.261 vs.
thin liquid).

Patients. Timing of swallow response: Overall, patients
included in the study presented prolonged swallow
response (988.5 � 21.2 ms, P < 0.001 vs. HV) and
delayed airway closure (399.6 � 19.3 ms, P < 0.001 vs.
HV) and UES opening (328.7 � 14.3 ms, P < 0.001) dur-
ing 5-mL liquid swallow. Considering all patients with
OD, increasing bolus viscosity to nectar and spoon-thick
viscosities did not significantly affect LV closure time
(363.1 � 11.2 ms at nectar viscosity and 434.8 � 22.9 ms
at spoon thick, P > 0.05 vs. thin liquid) or total duration
of swallow response (959.3 � 17.2 ms at nectar viscosity
and 1027.1 � 26.03 ms at spoon thick, P > 0.05 vs. thin
liquid). However, time to UES opening was increased at
spoon-thick viscosity to 427.5 � 24.3 ms (P = 0.009 vs.
thin liquid). Figure 4 shows time to LV closure of patients
stratified according to the safety of their swallow at each
viscosity (presence of penetrations or aspirations). Patients
with impaired safety presented a delayed LV closure com-
pared to patients with safe swallow in all three viscosities
(P < 0.05). Patients with safe swallow at thin liquid and
nectar-like viscosities had similar timing to airway closure
(386.4 � 26.8 ms at thin liquid and 350.8 � 11.8 ms at
nectar viscosity, P > 0.05), but at spoon-thick viscosity,
presented a later time to LV closure (427.8 � 24.5 ms,
P < 0.01) and UES opening.

Bolus kinematics: The mean velocity of a 5-mL thin-li-
quid bolus (0.248 � 0.010 m/s) was not changed by
increasing bolus viscosity to nectar (0.238 � 0.010 m/s,
P = 0.438), but was significantly slowed at spoon-thick
viscosity (0.214 � 0.010 m/s, P = 0.019 vs. thin liquid).
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Product safety
A total of 37 minor AEs occurred in 34 (25.4%) subjects
during the study and the follow-up period, 30 (25.0%) in
patients and four (28.6%) in HV. Of these, 36 AEs were
gastrointestinal system disorders, specifically, 33 episodes
of loose stools, one of nausea, one of vomiting and one
of bloating were registered. The majority of them were
mild and not considered treatment related. There was
one serious adverse event (bronchoaspiration) that was
considered unlikely to be related to the study product
but related to the study procedure.

DISCUSSION
The main conclusion of this study is that the new xan-
than gum-based thickener, RTUC, presents a strong vis-
cosity-dependent therapeutic effect in patients with OD
by improving the safety of swallow without increasing
oropharyngeal residue. We found that it is possible to
provide safe swallow to more than 84% of patients with
OD by using RTUC at spoon-thick viscosity irrespective
of the bolus volume offered to the patient. Moreover,
prevalence of oropharyngeal residue after deglutition of
thickened boluses is significantly lower than those
reported in previous studies using starched-based thick-
eners,2, 9, 18 an advantage of xanthan gum thickeners vs.
conventional agents.

Thickening of fluids is a basic strategy in OD manage-
ment, prescribed to the majority of dysphagic patients.14

Even though a lack of consensus exists in terms of rheo-
logical properties, terminology, descriptors and defini-
tions of modified fluids, thickening liquids is perceived
as an effective strategy by health professionals providing
care for dysphagic patients.14 Despite widespread use
and good acceptance, there are few studies objectively
assessing the therapeutic effect of thickeners and the
level of evidence is low.21 In addition, there are many
thickeners and gelling agents commercially available, all
presenting different components and rheological proper-
ties with potentially different therapeutic effects. Thus,
the objective assessment of the real effectiveness of these
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agents in specific clinical trials is crucial for adequate
management of dysphagic patients and to ensure airway
protection to avoid respiratory complications. This study
shows, for the first time, the strong viscosity-dependent
therapeutic effect of a new xanthan gum-based thickener
providing research-based evidence of its clinical useful-
ness in OD management.

In this study, we included patients representing the
most prevalent populations and phenotypes of patients
at risk for OD that can be found in primary care, general
hospitals and nursing homes such as the elderly and
patients with stroke and neurodegenerative diseases.
Prevalence of malnutrition, comorbidities and polymedi-
cation with potential effects on swallowing function
among our population was very high, putting them at
high risk for developing life-threatening respiratory com-
plications if not managed properly. We previously found
that 80% of hospital readmissions for aspiration pneu-
monia in elderly patients were attributable to oropharyn-
geal dysphagia.8 One-year mortality rates of our elderly
patients with OD are above 50%.2 The RTUC was also
evaluated in a group of HV to provide normality values
and to obtain data on the effect of the thickener on nor-
mal swallow response and its safety profile.

In our study, the therapeutic effect of the thickener
RTUC was determined by means of a validated clinical
test (V-VST) and a videofluroscopic study. In the clinical
study we observed that increasing bolus viscosity reduced
prevalence of cough and voice changes associated to
swallow, indicating a strong effect on clinical signs of
safety of swallow. This effect was confirmed in the video-
fluoroscopic study, as a viscosity-dependent reduction in
the prevalence of penetrations and aspirations was
clearly observed. This therapeutic effect on safety of
deglutition exerted by RTUC in this study is higher to
that we observed using boluses of similar levels of viscos-
ity obtained by starch thickeners in previous studies in
patients with neurological diseases (nonprogressive and
neurodegenerative),9 a mixed cohort of patients includ-
ing head and neck diseases18 and in frail elderly
patients.2 In terms of efficacy of deglutition, we observed
in the clinical study that pharyngeal residue increased at
spoon-thick viscosity when compared with thin liquids.
However, this effect was not confirmed by the videofluo-
roscopy. This discrepancy could be explained because in
the clinical study, the pharyngeal residue is not a sign
directly observed by the clinician but is assessed as a
symptom reported by the patient (feeling that the bolus
sticks in the throat). Pharyngeal and laryngeal sensory
abnormalities, often described in dysphagic patients,

could contribute to this symptom. Using videofluoros-
copy, we did not observe any significant enhancement in
vallecular or pyriform sinus residue by increasing bolus
viscosity. These results agree with a previous study in
HV that did not find any increase in pharyngeal residue
by increasing bolus viscosity with different concentra-
tions of xanthan gum.22 In contrast, previous studies
evaluating the effect of starch thickeners,2, 9, 18 reported
an important increase in pharyngeal residue at
spoon-thick viscosities. Post-deglutitive residue can be
easily aspirated in the inhalation process and put the
patient at risk for respiratory complications. Therefore,
the highest protection offered by the xanthan gum-based
thickeners compared with the starch thickeners, together
with the absence of pharyngeal residue increment, con-
fers to this new generation of thickeners a greater thera-
peutic value.

We observed that thin and nectar-like liquids moved
more quickly through the pharynx than boluses at
spoon-thick viscosity both in HV and in patients. In
HV, the timing of reconfiguration of oropharyngeal
structures from a respiratory pathway to a digestive
pathway adapted to the bolus transit, and the increased
bolus velocity of thin and nectar-like liquids was associ-
ated with an earlier LV closure and UES opening times.
Dysphagic patients presented delayed airway protection
(LV closure time), specifically prolonged in patients with
impaired safety, responsible for the observed penetra-
tions and aspirations into the airways. It has been pro-
posed that slowing down bolus flow velocity through the
pharynx confers thickeners their main therapeutic
effect.12 However, we have observed that a moderate
level of viscosity, such as nectar-like viscosity, strongly
improved airway protection without modifying bolus
velocity or timing of the oropharyngeal swallow response
compared to thin liquids. Therefore, RTUC is able to
improve swallow safety without producing any change in
swallow physiology, suggesting that the intrinsic proper-
ties of the thickened bolus are responsible for the
observed therapeutic effect at this level of viscosity. We
have also observed that, at spoon-thick viscosity, bolus
velocity is reduced, suggesting that at high-viscosity lev-
els, the therapeutic effect of RTUC depends not only on
its intrinsic texture properties, but also to additional
effects produced by changes in swallow physiology.
Looking at the other timing related events, we observed
that UES opening time was delayed at spoon-thick vis-
cosity. As the UES requires bolus pressure to open, the
reduced velocity of spoon-thick viscosities that thus takes
more time to reach the sphincter, delay UES opening
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time. Total duration of swallow response (time from GPJ
opening to LV opening) was not affected by any level of
bolus viscosity in HV or in patients.

The therapeutic effect of xanthan gum thickeners vs.
starch thickeners at similar levels of viscosity should be
further explored by comparative clinical studies, and be
based not only on rheological characteristics such as
bolus viscosity but also on textural properties such as
hardness, cohesiveness, adhesiveness or gumminess,
especially at mid-levels of viscosity. It has been reported
in post-stroke dysphagic patients that semisolids with
high cohesiveness were more likely to accumulate in the
pharynx while high gumminess could lead to tracheo-
bronchial aspirations.23 However, data on the effect of
these textural properties on the safety and efficacy of
swallow are scarce and further studies are necessary to
characterise their influence on the effect of thickeners.
Finally, results of this study show that RTUC is a safe
product with low incidence of AEs. Most of the AEs
affected the gastrointestinal tract, were mild and
probably related to the X-Ray contrast that causes a
well-known osmotic laxative effect on small bowel and
enhances colonic motility.

In conclusion, increasing bolus viscosity with the
xanthan gum thickener RTUC exerts a strong
viscosity-dependent therapeutic effect on patients with
OD by improving the safety of swallow without
increasing oropharyngeal residue, an advantage of this
new generation of xanthan gum thickeners over conven-
tional agents. Our study also suggests that RTUC exerts
its therapeutic effect through two sequential mechanisms:
at nectar-like viscosity the therapeutic effect relies on the

intrinsic rheological or texture properties of the thickener
whereas with spoon-thick viscosity, significant changes
in swallow physiology also occur.
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