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Abstract 

Background Post‑stroke dysphagia (PSD) is common and can lead to serious complications. Pharyngeal sensory 
impairment is assumed to contribute to PSD. The aim of this study was to investigate the relationship between PSD 
and pharyngeal hypesthesia and to compare different assessment methods for pharyngeal sensation.

Methods In this prospective observational study, fifty‑seven stroke patients were examined in the acute stage of 
the disease using Flexible Endoscopic Evaluation of Swallowing (FEES). The Fiberoptic Endoscopic Dysphagia Sever‑
ity Scale (FEDSS) and impaired secretion management according to the Murray‑Secretion Scale were determined, as 
well as premature bolus spillage, pharyngeal residue and delayed or absent swallowing reflex. A multimodal sensory 
assessment was performed, including touch‑technique and a previously established FEES‑based swallowing provoca‑
tion test with different volumes of liquid to determine the latency of swallowing response (FEES‑LSR‑Test). Predictors 
of FEDSS, Murray‑Secretion Scale, premature bolus spillage, pharyngeal residue, and delayed or absent swallowing 
reflex were examined with ordinal logistic regression analyses.

Results Sensory impairment using the touch‑technique and the FEES‑LSR‑Test were independent predictors of 
higher FEDSS, Murray‑Secretion Scale, and delayed or absent swallowing reflex. Decreased sensitivity according to the 
touch‑technique correlated with the FEES‑LSR‑Test at 0.3 ml and 0.4 ml, but not at 0.2 ml and 0.5 ml trigger volumes.

Conclusions Pharyngeal hypesthesia is a crucial factor in the development of PSD, leading to impaired secretion 
management and delayed or absent swallowing reflex. It can be investigated using both the touch‑technique and 
the FEES‑LSR‑Test. In the latter procedure, trigger volumes of 0.4 ml are particularly suitable.
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Introduction:
Dysphagia is a common symptom after stroke and occurs 
in up to 80% of patients in the acute phase of the disease 
[1]. In addition to affecting quality of life [2] and placing 
a significant financial burden on the health care system 
[3] post-stroke dysphagia (PSD) causes serious complica-
tions such as malnutrition [4] and pneumonia [5], result-
ing in increased mortality [6].

Instrumental procedures such as the Videofluoro-
scopic swallowing study (VFSS) or Flexible Endoscopic 
Evaluation of Swallowing (FEES) have been developed to 
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visualize swallowing. FEES and VFSS have comparable 
diagnostic metrics in the detection of relevant dysphagia 
pathologies and are therefore both considered as diag-
nostic gold standards [7]. In addition to reliable detection 
of PSD, instrumental procedures also allow characteri-
zation of the dysphagia phenotype, i.e., the pattern of 
dysphagia impairment [8]. However, the use in clinical 
routine is determined by methodological advantages 
and disadvantages of both modalities. In stroke patients, 
FEES has the distinct advantage that the examination can 
be performed at the bedside even in patients with limited 
ability to cooperate. Further, secretion management can 
be assessed.

In recent decades, an extensive cortical and subcorti-
cal network involved in the central control of swallowing 
has increasingly come into scientific focus. Studies using 
voxel-based lesion symptom mapping have demonstrated 
that post-central lesions, i.e. the primary sensory cortex, 
in particular are associated with severe forms of swallow-
ing impairment [9]. In addition, individual studies have 
shown a correlation between sensory pharyngeal dys-
function and aspiration [10] or PSD severity [11]. This 
points to a specific role of the central sensory system in 
the pathophysiology of PSD and suggests that the sensory 
system exerts a secondary modulatory effect on swallow-
ing motor function.

In clinical practice, it is difficult to determine the extent 
of pharyngeal sensory dysfunction. Sensory testing is 
mostly conducted, if at all, using qualitative or (semi-)
quantitative methods such as the FEES-based touch-
technique [12]. This involves touching structures of the 
pharynx and larynx with the endoscope and subjectively 
evaluating the patient’s response. However, a quantita-
tive tool would be favorable for accurate assessment in 
disease progression and for elaborate analysis in scientific 
studies. Therefore, a FEES-guided swallowing provoca-
tion test was developed previously, in which different vol-
umes of liquid are administered via a tube placed in the 
upper third of the oropharynx and the latency of swal-
lowing response (LSR) is determined (FEES-LSR-Test). 
This test was validated in healthy subjects and clearly 
distinguished between the physiological state and experi-
mentally induced pharyngeal anesthesia [1]. Further, 
prolonged LSR was the only clinical determinant of swal-
lowing alterations in terms of presbyphagia in a cohort of 
healthy subjects older than 70  years [13]. However, the 
FEES-LSR-Test has not yet been used and validated in 
stroke patients.

The aims of this study were therefore (1) to evaluate the 
relationship between sensory impairment and dysphagia 
severity in acute stroke patients, (2) to investigate which 
dysphagia pathologies and phenotypes are linked to sen-
sory impairment, (3) To verify the applicability/suitability 

of the FEES-LSR-Test in acute stroke patients compared 
the conventional touch-technique, and (4) to determine 
the ideal test volume in the LSR procedure to recom-
mend an abbreviated but equally valid protocol in clini-
cal practice. To this end, a prospective FEES study was 
conducted in a cohort of patients with acute stroke that 
included sensory evaluation using the touch-technique 
and the FEES-LSR-Test.

Methods
Patient cohort
Patients with acute stroke admitted to the intensive care 
unit (ICU) or stroke unit at University Hospital Münster 
between 12/2021 and 02/2022, in whom FEES was indi-
cated according to our in-house standard (i.e., failure of 
swallowing screening test or symptoms predictive of dys-
phagia e.g., severe dysarthria, aphasia, National Institute 
of Health Stroke Scale [NIHSS] > 9) were prospectively 
included in the study. Patients were excluded if prior 
strokes or other premorbid conditions associated with 
dysphagia were known. As part of the review process, the 
number of patients that dropped out before study incu-
sion were retrospectively recored and illustrated in a 
flow-diagram. All patients underwent FEES in the acute 
stage of disease including two different sensory test pro-
cedures according to the protocols described below. The 
following clinical data were recorded during acute hospi-
talization: type of stroke, aetiology of stroke, stroke sever-
ity (National Institute of Health Stroke Scale [NIHSS], 
Modified Rankin Scale [mRS]), therapeutic interventions, 
lesion location, intensive care interventions (intubation 
and tracheotomy), complications (pneumonia, death), 
and length of stay in the ICU/stroke unit and in the hos-
pital overall. The study design was approved by the local 
ethics committee.

Dysphagia assessment
The severity of dysphagia was determined using the 
Fiberoptic Endoscopic Dysphagia Severity Scale (FEDSS) 
ranging from 1 (no relevant dysphagia) to 6 (severe dys-
phagia with impaired secretion management), which is 
described in detail elsewhere[14].

Furthermore, additional information regarding the 
salient findings of dysphagia, i.e. premature bolus spill-
age, pharyngeal residue, and delayed or absent swallow-
ing reflex, were collected. Premature bolus spillage was 
assessed according to the following ordinal scale: 0: no 
premature bolus spillage; 1: premature bolus spillage into 
the valleculae, 2: premature bolus spillage into the piri-
form sinus, and 3: premature bolus spillage with overflow 
into the laryngeal vestibule. Pharyngeal residue in the val-
leculae or in the piriform sinus were graded according to 
the following ordinal scale, based on the Yale Pharyngeal 
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Residue Severity Scale [15]: 0: none or trace, 1: mild or 
moderate,2: severe. Attenuation or absence of the swal-
lowing reflex was scored according to the following ordi-
nal scale: 0: timely swallowing reflex with triggering of 
the reflex within less than 3 s after the bolus has reached 
the valleculae, 1: delayed swallowing reflex with trigger-
ing of the reflex after 3 s; 2: absent swallowing reflex.

Also, the functional oral intake scale [16] and the pres-
ence of a nasogastric feeding- or PEG tube at the time of 
discharge were recorded to assess functional recovery 
during the acute stage.

FEES was performed by two speech-language patholo-
gists who had more than 5  years of experience in diag-
nostics of PSD and were both FEES certified according 
to the program of the European Society for Swallowing 
Disorders [17].

Pharyngeal sensory assessment
Two different FEES-based methods were used to assess 
pharyngeal sensitivity, both of which have been published 
and validated. They have demonstrated good interrater 
reliability and are described in detail elsewhere [11, 18].

One procedure applies the conventional touch-tech-
nique. Here, different laryngeal structures on both sides 
of the pharynx were gently touched with the tip of the 
endoscope (the pharyngeal sidewalls, the pharyngeal 
posterior walls, and the arytenoids). Then, for each of the 
structures touched, the patient’s response was scored: 0: 
normal: immediate swallow, cough, or laryngeal adductor 
reflex; 1: reduced: weak or delayed response; or 2: absent: 
no response. Thus, the sum-score for pharyngeal sensory 
impairment ranked from 0 to 12 points [11]. In assessing 
the semiquantitative outcome for each laryngeal struc-
ture, both examiners had to come to a consensus directly 
at the bedside.

The other method is the FEES-LSR-Test, in which 
the LSR is measured as an indicator of sensory impair-
ment. Different volumes of liquid (0.2 ml, 0.3 ml, 0.4 ml, 
and 0.5  ml, 3 trials per unit volume each) were admin-
istered as swallow triggers via a nasal tube placed in the 
upper third of the oropharynx under FEES control. Sub-
sequently, the time in seconds until the triggering of the 
swallowing reflex (or another protective reflex such as 
coughing or clearing the throat) was measured and the 
average time per volume unit was calculated. LSR was 
assessed after the examination using the recorded FEES 
video by an independent person who was blinded to the 
other FEES results and the results of the touch-technique.

Statistical analysis
Comparison of the two sensory assessment methods
In a first step, the two methods of pharyngeal sensory 
assessment (touch-technique and FEES-LSR-Test) were 

compared. The purpose of this was twofold. First, to 
investigate whether both methods give equivalent results 
and thus are paradigms that represent the same condi-
tion. Second, to determine the optimal volume for the 
FEES-LSR-Test to investigate pharyngeal hypesthesia in 
stroke patients. Spearman’s rank correlation coefficient 
was used to correlate the sum score of the touch-tech-
nique with the average LSR of each volume tested.

Relationship between pharyngeal sensory impairment 
and dysphagia
The relationship between pharyngeal sensory impairment 
according to both assessment methods and the sever-
ity of dysphagia according to the FEDSS, impairment 
of secretion management using the Murray Secretion 
Scale, premature bolus spillage, pharyngeal residue and 
delayed swallowing reflex was examined. In the analysis 
using the results of the FEES-LSR-Test, only the volumes 
that had shown a significant correlation with the touch-
technique were examined (LSR at 0.3 ml and 0.4 ml). In 
each case, ordinal regression analysis was performed to 
predict the severity of dysphagia using the FEDSS, the 
extent of impaired secretion management using the Mur-
ray Secretion Scale, premature bolus spillage, pharyngeal 
residue, and delayed swallowing reflex using the ordinal 
ranking defined above. Independent variables used in 
each model were age, sex, stroke severity (NIHSS), and 
sensory impairment (touch-technique, LSR at 0.3 ml, and 
LSR at 0.4 ml, each in a separate regression analysis). The 
test of parallel lines was used to determine whether the 
proportional odds precondition was met. In cases where 
sensory impairment was a significant predictor, boxplots 
were created to illustrate the relationship by plotting sen-
sory impairment data for each ordinal scale level.

All statistical analyses were done with IBM SPSS Sta-
tistics version 28. In case of missing data, the respective 
case was excluded from the analysis.

Results
Description of the patient cohort
A total of 57 patients could be included in the study 
within the 3-months study period (a flow-diagram for the 
exclusion of patients is illustrated in Fig. 1). All dysphagia 
severity levels were represented, with approximately 20% 
of patients having no dysphagia and up to approximately 
30% having severe dysphagia with penetration or aspira-
tion of saliva. The demographic and clinical data of the 
patient cohort are illustrated in Table 1 and the results of 
the sensory testing, severity and characteristics of PSD 
are shown in Table 2. Most patients had severe dysphagia 
with aspiration of saliva (28%) followed by patients with-
out dysphagia (23%). Otherwise, all FEDSS levels were 
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represented in the cohort, with an FEDSS of 5 occurring 
in only 2 patients.

Correlation between the sensory assessment procedures
At 0.3  ml (p = 0.017; correlation coefficient: 0.33) and 
0.4 ml (p = 0.001; correlation coefficient: 0.49), there was 
a significant correlation between the score of the touch-
technique and the FEES-LSR-Test. However, for the 
other volumes, there was no correlation between the two 
different examination methods (0.2  ml: p = 0.120, cor-
relation coefficient: 0.22; 0.5  ml: p = 0.076, correlation 
coefficient: 0.28). Therefore, the LSRs at the volumes of 
0.3 ml and 0.4 ml were used for further analyses.

Relationship between sensory impairment and dysphagia
In the regression analysis predicting severity of dyspha-
gia, LSR at 0.4  ml and the touch-technique sum-score 
along with NIHSS were independent predictors of higher 
FEDSS. Figure  2 visualizes the distribution of LSR or 
touch-sum score for each FEDSS level in boxplots. When 
the Murray secretion scale was considered, all sensory 
measurement methods were independent predictors of 
impaired secretion management. Furthermore, in the 
regression analysis using LSR at 0.3 ml, NIHSS and male 
sex were additionally associated with increased Mur-
ray secretion scale. Figure 3 visualizes the distribution of 
the LSR or touch-sum-socre for each levels of the Mur-
ray Secretion Scale. In contrast to secretion impairment, 
none of the sensory tests were predictors of increased 
premature bolus spillage. Here, only increased NIHSS 
was a corresponding risk factor. Similarly, no predictors 
were identified in the analysis for pharyngeal residue, as 
no significant regression model was found. When con-
sidering an impaired swallowing reflex, all sensory test 

procedures were independent predictors, with the paral-
lel lines condition being met only in the regression with 
touch technique. In addition to sensory deficits, older age 
was also shown to predispose to an impaired swallowing 
reflex in this analysis. Figure  4 visualizes the distribu-
tion of LSR or touch-sum-score for each level of swal-
lowing reflex alteration. The model fitting information 
of the regression analyses and the results of the parallel 
line tests are shown in Additional file 1: Table S1. Table 3 
shows the parameter estimates of the predictors ana-
lyzed in each of the analyses with a significant regression 
model.

Discussion
The main finding of our study was that pharyngeal hypes-
thesia is an independent predictor of the severity of 
PSD and impaired secretion management. In line with 
this finding, previous studies have shown an association 
between sensory deficits and dysphagia as well [10, 11, 
19, 20, 21]. In contrast to these previous studies, the pre-
sent study has now succeeded in demonstrating that this 
association persisted after accounting for other relevant 
cofactors such as stroke severity. Thus, the results suggest 
that pharyngeal hypesthesia is a relevant factor in the 
development of PSD.

With regards to patterns of swallowing impairment, 
we found an association between pharyngeal hypesthe-
sia and a delayed or absent swallowing reflex. However, 
there was no association with the extent of pharyngeal 
residue or premature bolus spillage. This suggests that 
the crucial PSD mechanism caused by sensory impair-
ment is mediated by an absent or delayed swallowing 
reflex. Evidence for other secondary motor modulatory 
effects induced by pharyngeal hypesthesia leading to 

Stroke patients at University Hospital Münster between 12/2021 and 02/2022 (n=263) 

Patients with FEES due to failure of swallowing screening or predictive symptoms (n=137) 

Patients included in the study (n=57) 

Exclusion
• Refusal to participate or no contact person available for informed consent (n=42)
• Presence of prior stroke or other condition associated with dysphagia (n=22)
• Dropout for unknown reason (n=14)
• FEES-examination incomplete (n=2)

Fig. 1 Flow‑diagram for the exclision of patients
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premature bolus spillage or pharyngeal residue was not 
found in our study. In contrast, Sulica et  al. reported 
an increase in premature bolus spillage and pharyngeal 
residue caused by pharyngeal anesthesia in healthy par-
ticipants [22]. However, in stroke patients decreased 
pharyngeal contractility, attenuated tongue retraction, 
hypercontractility of the upper esophageal sphincter, 

bulbar and pseudobulbar oral paresis, and deficits in 
higher cortical functions may play a more vital role in 
the development of pharyngeal residue and premature 
bolus spillage. A dysfunctional swallowing reflex seems 
to affect not only the severity of dysphagia in general, 
but also the management of secretions in particular. 
One plausible reason for this could be that the pool-
ing of secretions due to pharyngeal hypesthesia is not 
sufficiently perceived by the patient and thus does not 
trigger swallowing. This may result in a risk of saliva 
aspiration.

The underlying mechanisms of pharyngeal hypesthe-
sia in stroke seem to be heterogeneous and are not well 
understood in detail. On the one hand, central mecha-
nisms of sensory impairment are a major contributing 

Table 1 clinical data of the patient cohort

SD standard deviation; NIHSS National Institute of Health Stroke Scale, mRS 
Modified Rankin Scale, i.v. intravenous; i.a. intra-arterial; ICU intensive care unit

Demographics

Mean age in years ± SD 71.9 ± 12.4

Men/women n(%) 35 (61.4%)/22 (38.6%)

Type of stroke, n (%)

Ischemia 54 (94.7%)

Hemorrhage 2 (3.5%)

Both 1 (1.8%)

Etiology, ischemic stroke, n (%)

Large artery atherosclerosis 13 (22.8%)

Cardioembolic 18 (31.6%)

Other etiology 2 (3.5%)

Unknown 22 (38.6%)

Etiology, hemorrhagic stroke, n (%)

Hypertension 2 (3.5%)

Other etiology 1 (1.8%)

Stroke severity

NIHSS, mean ± SD 12.6 ± 5.9

mRS at discharge, mean ± SD 3.6 ± 1.4

Interventions, n (%)

i.v. Thrombolysis 20 (35.1%)

Thrombectomy 33 (57.9%)

Craniotomy 4 (7.0%)

External ventricular drain 4 (7.0%)

Lesion location, n (%)

Supratentorial 51 (89.5%)

Infratentorial 4 (7.0%)

Multiple locations 2 (3.5%)

Lesion side n (%)

Left 28 (49.1%)

Right 24 (42.1%)

Both 5 (8.8%)

Intensive care treatment, n (%)

Intubation 39 (68.4%)

Tracheotomy 2 (3.5%)

Complications n (%)

Pneumonia 22 (38.5%)

Death 3 (5.3%)

Mean length of stay in days ± SD

Stroke unit/ICU 7.5 ± 9.3

Total hospital 16.8 ± 16.1

Table 2 Results of the sensory testing and severity and 
characterization of dysphagia

SD standard deviation; LSR latency of swallowing response; FEDSS Fiberoptic 
Endoscopic Dysphagia Severity Scale; FOIS Functional Oral Intake Scale; NGT/PEG 
nasogastric tube or percutaneous endoscopic gastrostomy

Sensory testing

Mean score touch‑technique ± SD 4.1 ± 4.0

Mean LSR in s at 0.2 ml ± SD 2.5 ± 0.7

Mean LSR in s at 0.3 ml ± SD 2.4 ± 0.6

Mean LSR in s at 0.4 ml ± SD 2.1 ± 0.7

Mean LSR in s at 0.5 ml ± SD 1.9 ± 0.8

Dysphagia severity

FEDSS 1, n (%) 13 (22.8%)

FEDSS 2, n (%) 7 (12.3%)

FEDSS 3, n (%) 12 (21.1%)

FEDSS 4, n (%) 7 (12.3%)

FEDSS 5, n (%) 2 (3.5%)

FEDSS 6, n (%) 16 (28.1%)

Murray 0, n (%) 22 (38.6%)

Murray 1, n (%) 19 (33.3%)

Murray 2, n (%) 7 (12.3%)

Murray 3, n (%) 9 (15.8%)

mean FOIS at discharge ± SD 4.5 ± 1.9

NGT/PEG at discharge, n (%) 13 (22.8%)

Dysphagia characteristics, n (%)

No premature bolus spillage 9 (15.8%)

Premature bolus spillage valleculae 10 (17.5%)

Premature bolus spillage piriform sinus 31 (54.4%)

Premature bolus spillage laryngeal vestibule 6 (10.5%)

No or trace pharyngeal residue 12 (21.1%)

Mild or moderate pharyngeal residue 31 (54.4%)

Sever pharyngeal residue 12 (21.1%)

Normal triggering of swallowing reflex 26 (45.6%)

Delayed triggering of swallowing reflex 13 (22.8%)

Absent swallowing reflex 18 (31.6%)
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Fig. 2 Distribution of latency of swallowing response (LSR) or touch‑sum score for each Fiberoptic Endoscopic Dysphagia Severity Scale (FEDSS) 
level visualized in boxplots
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Fig. 3 Distribution of latency of swallowing response (LSR) or touch‑sum score for each Murray Secretion Scale level visualized in boxplots



Page 8 of 12Labeit et al. Neurological Research and Practice             (2023) 5:7 

Fig. 4 Distribution of latency of swallowing response (LSR) or touch‑sum score for each swallowing reflex alteration level visualized in boxplots
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factor. This is illustrated by the association of particu-
larly severe dysphagia with lesions in the post-central 
cortex as the primary sensory area [9]. Electrophysi-
ological study results also provided evidence of cen-
tral hypesthesia in PSD. In contrast to stroke patients 
without dysphagia, patients with PSD showed reduced 
ipsilesional activation of sensory evoked potentials to 
pharyngeal stimulation [23]. Also, abnormal asym-
metric sensory evoked potentials were described in 
the majority of patients during pharyngeal electri-
cal stimulation [24]. Furthermore, contralesionally 
decreased pharyngeal sensory evoked potentials were 
associated with increased duration of swallowing [25]. 
In addition to these central effects, peripheral mecha-
nisms of pharyngeal hypesthesia have also been pos-
tulated. This includes substance P, a neuropeptide that 
is released into saliva by sensory nerve endings. It is 
assumed that the degeneration of these peripheral sen-
sory nerves results in a decrease of substance P, which 
mediates dysphagia [26]. In stroke patients, a decreased 
salivary substance P level was found to be a predictor 
of reduced swallowing frequency, independent of age, 
stroke severity, and vigilance. In addition, a low sub-
stance P level was associated with a higher rate of pneu-
monia [27]. Possible reasons for peripheral deficits may 
include mucosal damage, e.g., due to interventions such 
as intubation or tube placement. In summary, stud-
ies suggest that perception and integration of sensory 
information is impaired at both central and peripheral 

levels, although the complex interactions are not yet 
understood in detail.

Therapeutic approaches targeting the sensory system 
with neurostimulation have shown promising study 
results. One method is pharyngeal electrical stimula-
tion (PES), in which a sensory stimulus is used with the 
aim to trigger central neuroplasticity. In a multicenter 
randomized controlled trial, pharyngeal electrical stim-
ulation increased decannulation rates in stroke patients 
by improving PSD and secretion management [28]. In 
proof-of-concept neuroimaging studies in healthy sub-
jects, PES modulated the organization of the cortical 
swallowing network [9, 29] and led to increased senso-
rimotor activation during swallowing after pharyngeal 
anesthesia [30]. In addition, PES was shown to increase 
substance P level in saliva in tracheotomized stroke 
patients, which was a predictor of decannulation suc-
cess [31]. This suggests that in addition to the central 
triggering of neuroplasticity, peripheral sensory mecha-
nisms may also contribute to the therapeutic effect of 
PES. Furthermore, pharmaceutical sensory stimulants 
such as capsaicin are also used to trigger substance P 
release. In two recent randomized controlled trials in 
PSD patients, swallowing function evaluated by a water 
swallow test was improved [32, 33]. In addition, data 
from another randomized trial with a cross-over design 
suggest that capsaicin leads to a short-term increase in 
motor cortex excitability in stroke patients [23]. This 
again highlights the complex central and peripheral 

Table 3 Parameter estimates of the predictors for the different regression analyses with a significant regression model

FEDSS Fiberoptic Endoscopic Dysphagia Severity Scale; CI Confidence interval; NIHSS National Institute of Health Stroke Scale; LSR Latency of Swallowing Response; * 
and bold printing indicate statistically significant p-values

FEDSS Murray secretion scale Premature bolus spillage Impaired swallowing reflex

Odds ratio [95% CI] p-Value Odds ratio [95% CI] p-Value Odds ratio [95% CI] p-Value Odds ratio [95% CI] p-Value

LSR at 0.3 ml

Age 1.008 [0.966–1.052] 0.713 1.034 [0.989–1.080] 0.138 1.015 [0.972–1.061] 0.496 1.049 [0.996–1.103] 0.068

Men 2.709 [0.970 ‑7.561] 0.057 3.004 [0.998–9.046] 0.050* 2.138 [0.691–6.616] 0.187 2.218 [0.683–7.200] 0.185

NIHSS 1.199 [1.089–1.321]  < 0.001* 1.115 [1.018–1.222] 0.019* 1.142 [1.036–1.260] 0.008* 1.053 [0.953–1.164] 0.308

LSR 1.916 [0.822–4.469] 0.132 2.654 [1.083–6.506 0.033* 1.857 [0.777–4.441] 0.164 5.618 [1.886–16.737] 0.002*
LSR at 0.4 ml

Age 0.971 [0.925–1.308] 0.237 1.001 [0.953–1.052] 0.959 1.009 [0.960–1.060] 0.718 1.033 [0.974–1.096] 0.282

Men 2.317 [0.745–7.205] 0.147 1.801 [0.537–6.036] 0.34 1.916 [0.544–6.752] 0.311 2.242 [0.573–8.776] 0.246

NIHSS 1.175 [1.055–1.308] 0.003* 1.071 [0.968–1.184] 0.184 1.145 [1.020–1.284] 0.021* 1.066 [0.948–1.198] 0.285

LSR 3.535 [1.402–8.912] 0.007* 4.322 [1.645–11.359] 0.003* 2.000 [0.802–4.985] 0.137 10.541 [3.195–34.782]  < 0.001*
Touch

Age 0.968 [0.918–1.021] 0.229 0.994 [0.994–1.047] 0.821 0.998 [0.946–1.052] 0.929 1.077 [1.014–1.145] 0.017*
Men 1.634 [0.531–5.031] 0.392 1.536 [0.462–5.108] 0.484 1.252 [0.373–4.196] 0.716 2.689 [0.736–9.818] 0.134

NIHSS 1.159 [1.042–1.290] 0.007* 1.081[0.980–1.193] 0.12 1.132 [1.018–1.260] 0.022* 1.059 [0.947–1.184] 0.314

Touch 1.347 [1.134–1.600  < 0.001* 1.324 [1.120–1.565]  < 0.001* 1.107 [0.938–1.307] 0.229 1.227 [1.046–1.440] 0.012*
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interactions in the sensory system. In contrast, a study 
in healthy participants suggested that capsaicin has no 
central modulatory effect on the swallowing network 
[34].

In addition to the association between PSD and sen-
sory impairment in general, this study also compared 
two different assessment methods of pharyngeal hypes-
thesia. Our results indicate, that in principle both the 
touch-technique and the FEES-LSR-Test are suitable for 
the detection of pharyngeal hypesthesia. The advantage 
of the LSR approach when used in studies is that a met-
ric result is obtained, allowing for more sophisticated 
analyses than with a binary or ordinal result as in the 
touch-technique. As in the validation study with healthy 
subjects [18], our study also showed a decrease in LSR 
with increasing trigger volume, however as expected with 
longer LSR compared to the healthy subjects. This shows 
that an increased sensory stimulus (larger trigger volume) 
is associated with a decreased LSR and thus suggests that 
LSR is a suitable marker of pharyngeal sensation in this 
patient population. When considering the different trig-
ger volumes, the correlation with the touch-technique 
was found only with 0.3 ml and 0.4 ml trigger volumes. 
This suggests that pharyngeal hypesthesia in PSD can be 
quantified by LSR with these volumes, in contrast to the 
volumes of 0.2 ml and 0.5 ml. At 0.2 ml, the trigger may 
be too weak, so that a delayed reaction may occur even 
in the presence of clinically irrelevant hypesthesia. Con-
versely, at 0.5  ml, the trigger may be too strong so that 
a timely reaction may be elicited even in the presence of 
relevant sensory impairment. In the regression analy-
ses, 0.4  mL showed an association with several param-
eters studied (severity of dysphagia, Murray secretion 
scale impairment, and with absent or delayed swallow-
ing reflex). Therefore, 0.4  mL is particularly well suited 
to distinguish between the physiologic state and hypes-
thesia. Consistent with this, both the validation study and 
a study of healthy subjects over 70  years of age showed 
the largest effect size or differences in LSR at 0.4  ml to 
distinguish pharyngeal anesthesia and presbyphagia, 
respectively, from the physiologic state [3, 18]. This is fur-
ther corroborated by a study in stroke patients, in which 
0.4 ml trigger volume was superior to 2 ml in detecting 
aspirations using a swallow provocation test [35].

Another quantitative method that has been proposed 
to determine pharyngeal sensitivity is the so-called 
air-pulse method, or Flexible Endoscopic Evaluation 
of Swallowing with Sensory Testing (FEESST). Here, 
an air-pulse is applied to the anterior pharyngeal wall 
via a second endoscopic working channel and the pres-
sure threshold of the air pulse is determined at which 
the laryngeal adductor reflex is triggered [36, 37]. How-
ever, the clinical relevance and reliability of this method 

is controversial. Some authors report that the results of 
the air-pulse method, unlike the touch-technique, can-
not be associated with penetration and aspiration [12], 
or that the interobserver agreement is low [38]. One pos-
sible source of error is the difficulty in achieving a con-
stant distance to the pharyngeal wall with the endoscope 
[12]. This problem is countered in swallow provocation 
tests by using different, easy-to-dose amounts as trig-
gers (with the hypothesis that this makes the exact loca-
tion of application less relevant). However, in comparison 
to the FEES-LSR-Test, the touch-technique in our study 
demonstrated to be equally valid in detecting deficits in 
pharyngeal sensitivity. Therefore, this method can be 
considered a useful and straightforward approach for 
clinical practice.

There are different limitations that must be considered 
when interpreting the results of this study. On the one 
hand, both test methods used rely on a motor response 
and cannot conclusively differentiate between an afferent 
and an efferent problem. Electrophysiological methods 
such as sensory evoked potentials are required for this 
purpose. When evaluating the results of the touch-tech-
nique the raters were not blinded to the FEES-results. 
Furthermore, individual regression analyses did not fulfill 
the condition of proportional odds according to the test 
of parallel lines, so that in these cases the results must be 
interpreted with caution. In addition, many patients who 
did not wish to participate or for whom it was not pos-
sible to inform their caregivers in time were not included 
in the study. Thus, a selection bias may have occurred 
and generalisability to other cohorts may be limited. In 
addition, the cross-sectional design and lack of follow-up 
do not allow conclusions about the temporal dynamics of 
reported outcomes.

Conclusion
Pharyngeal hypesthesia is an independent predictor 
of PSD severity as well as impaired secretion manage-
ment. PSD caused by sensory impairment is mediated 
by an absent or attenuated swallowing reflex. Other PSD 
pathologies such as pharyngeal residue or premature bolus 
spillage do not appear to be related to pharyngeal hypes-
thesia. Both, the swallow provocation test via the LSR as a 
quantitative method and the touch-technique with binary 
or ordinal results, respectively, are suitable as assessment 
methods of pharyngeal hypesthesia. In the former method, 
0.3 ml or especially 0.4 ml is suitable as a trigger volume.

Abbreviations
FEDSS   Fiberoptic Endoscopic Dysphagia Severity Scale
FEES   Flexible Endoscopic Evaluation of Swallowing
FEES‑LSR‑Test  Flexible Endoscopic Evaluation of Swallowing Latency 

of Swallowing Response Test



Page 11 of 12Labeit et al. Neurological Research and Practice             (2023) 5:7  

FEESST   Flexible Endoscopic Evaluation of Swallowing with 
Sensory Testing

IBM   International Business Machines Corporation
ICU   Intensive Care Unit
LSR   Latency of swallowing response
ml   Milliliter
mRS   Modified Rankin Scale
NIHSS   National Institute of Health Stroke Scale
PES   Pharyngeal electrical stimulation
PSD   Post‑stroke dysphagia
SPSS   Statistical package for the social sciences
VFSS   Videoluoroscopic swallowing study

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s42466‑ 023‑ 00233‑z.

Additional file 1: Table S1 Model fitting information of the regression 
analyses predicting increased Fiberoptic Endoscopic Dysphagia Severity 
Scale (FEDSS), increased Murray Secretion Scale, increased premature 
bolus spillage, increased pharyngeal residue and increased impairment 
of the swallowing reflex with the different sensory test procedures. LSR: 
Latency of Swallowing Response, df: degree of freedom.

Acknowledgements
None.

Author contributions
BL was responsible for the statistical analysis and writing the manuscript, 
AJ was responsible for data collection, rating the FEES videos, the statistical 
analysis and manuscript editing, SA was responsible for data collection, SO 
was responsible for data collection, PM was resposible for manuscript editing, 
MR was responsible for manuscript editing, FW was responsible for manu‑
script editing, JVI was responsible for manuscript editing, IC was responsible 
for manuscript editing, TW was responsible for manuscript editing, RD was 
responsible for the conceptual desing and for manuscript editing, SSK was 
responsible for data collection, conceptual desing and for manuscript editing. 
All authors read and approved the final manuscript.

Funding
This work was supported by a grant for BL from the medical faculty Mün‑
ster and by a clinician scientist endowed professorship for SSK from the 
Else‑Kröner‑Fresenius‑foundation.

Availability of data and materials
The disclosure of individualized and pseudonymized data to third parties not 
involved in the study is not possible according to the ethical vote. However, 
the authors can be contacted to ask for further anonymized data.

Declarations

Ethics approval and consent to participate
The study design was approved by the loca ethics committee (Ethik‑Kom‑
mission der Ärztekammer Westfalen‑Lippe und der Westfälischen Wilhelms‑
Universität Münster). The study was conducted in accordance with the 
Declaration of Helsinki.

Consent for publication
Not applicable as no individual person’s data is included.

Competing interests
BL has received a grant from the medical faculty Münster, was involved in 
a study funded by Clexio Biosciences Ltd and received honoraria from the 
DGM e.V. for a lecture; AJ has nothing to disclose; SA has nothing to disclose; 
SO: has nothing to disclose; PM: has nothing to dsiclose; MR: has nothing 
to disclose; FW: has nothing to disclose; JVI: has nothing to disclose; IC has 
previously received honoraria from Abbvie, BIAL, STADAPHARM, Georg Thieme 
Verlag KG, and consultancies from STADAPHARM and was involved in a study 

funded by Clexio Biosciences Ltd.; TW reports advisory board memberships 
for AbbVie, UCB, Archimedes, Phagenesis, Zambon, Bial, Kyowa, honoraria for 
lectures from Bial, AbbVie, STADA, UCB, Biogen, Licher, Desitin, Pfizer, Zambon, 
Teva, Bayer, Grants (investigator‑initiated) from UCB, Licher, Abbvie and Clexio 
Biosciences Ltd., academic grants from G‑BA Innovation Fund, Deutsche Par‑
kinson‑Vereinigung (dPV), IZKF, Neuro NRW; RD reports non‑financial support 
from Phagenesis, personal fees from Nestle Healthcare, grants from Olympus, 
personal fees from Sanofi, personal fees from Pfizer, personal fees from Daiichi 
Sankyo, outside the submitted work, SSK was supported by the Else Kröner‑
Fresenius‑Stiftung with a clinician scientist endowed professorship.

Received: 17 December 2022   Accepted: 3 February 2023

References
 1. Labeit, B., Mueller, H., Muhle, P., Claus, I., Warnecke, T., Dziewas, R., & 

Suntrup‑Krueger, S. (2018). Predicting dysphagia with national institute of 
health stroke scale: distinction between infra‑ and supratentorial region 
is essential. Cerebrovascular Diseases, 46(3–4), 152–160. https:// doi. org/ 10. 
1159/ 00049 3371

 2. Kim, D.‑Y., Park, H.‑S., Park, S.‑W., & Kim, J.‑H. (2020). The impact of dyspha‑
gia on quality of life in stroke patients. Medicine, 99(34), e21795. https:// 
doi. org/ 10. 1097/ MD. 00000 00000 021795

 3. Labeit, B., Kremer, A., Muhle, P., Claus, I., Warnecke, T., Dziewas, R., & 
Suntrup‑Krueger, S. (2022). Costs of post‑stroke dysphagia during acute 
hospitalization from a health‑insurance perspective. European Stroke 
Journal. https:// doi. org/ 10. 1177/ 23969 87322 11477 40

 4. Scrutinio, D., Lanzillo, B., Guida, P., Passantino, A., Spaccavento, S., & 
Battista, P. (2020). Association between malnutrition and outcomes in 
patients with severe ischemic stroke undergoing rehabilitation. Archives 
of Physical Medicine and Rehabilitation, 101(5), 852–860. https:// doi. org/ 10. 
1016/j. apmr. 2019. 11. 012

 5. Liang, J., Yin, Z., Li, Z., Gu, H., Yang, K., Xiong, Y., Wang, Y., & Wang, C. (2022). 
Predictors of dysphagia screening and pneumonia among patients with 
acute ischaemic stroke in China: Findings from the Chinese Stroke Center 
Alliance (CSCA). Stroke and Vascular Neurology. https:// doi. org/ 10. 1136/ 
svn‑ 2020‑ 000746

 6. Huang, Z.‑X., Gu, H.‑Q., Yang, X., Wang, C.‑J., Wang, Y.‑J., & Li, Z.‑X. (2021). 
Risk factors for in‑hospital mortality among acute ischemic stroke 
patients in China: A nationwide prospective study. Neurological Research, 
43(5), 387–395. https:// doi. org/ 10. 1080/ 01616 412. 2020. 18663 56

 7. Labeit, B., Ahring, S., Boehmer, M., Sporns, P., Sauer, S., Claus, I., Roderigo, 
M., Suntrup‑Krueger, S., Dziewas, R., Warnecke, T., & Muhle, P. (2022). Com‑
parison of simultaneous swallowing endoscopy and videofluoroscopy in 
neurogenic dysphagia. Journal of the American Medical Directors Associa-
tion, 23(8), 1360–1366. https:// doi. org/ 10. 1016/j. jamda. 2021. 09. 026

 8. Warnecke, T., Labeit, B., Schroeder, J., Reckels, A., Ahring, S., Lapa, S., & 
Dziewas, R. (2021). Neurogenic dysphagia: Systematic review and pro‑
posal of a classification system. Neurology, 96(6), e876–e889. https:// doi. 
org/ 10. 1212/ WNL. 00000 00000 011350

 9. Suntrup, S., Kemmling, A., Warnecke, T., Hamacher, C., Oelenberg, S., 
Niederstadt, T., & Dziewas, R. (2015). The impact of lesion location on 
dysphagia incidence, pattern and complications in acute stroke. Part 1: 
Dysphagia incidence, severity and aspiration. European Journal of Neurol-
ogy, 22(5), 832–838. https:// doi. org/ 10. 1111/ ene. 12670

 10. Onofri, S. M. M., Cola, P. C., Berti, L. C., da Silva, R. G., & Dantas, R. O. (2014). 
Correlation between laryngeal sensitivity and penetration/aspira‑
tion after stroke. Dysphagia, 29(2), 256–261. https:// doi. org/ 10. 1007/ 
s00455‑ 013‑ 9504‑7

 11. Marian, T., Schröder, J. B., Muhle, P., Claus, I., Riecker, A., Warnecke, T., & 
Dziewas, R. (2017). Pharyngolaryngeal sensory deficits in patients with 
middle cerebral artery infarction: Lateralization and relation to overall 
dysphagia severity. Cerebrovascular Diseases Extra, 7(3), 130–139. https:// 
doi. org/ 10. 1159/ 00047 9483

 12. Kaneoka, A., Krisciunas, G. P., Walsh, K., Raade, A. S., & Langmore, S. E. 
(2015). A comparison of 2 methods of endoscopic laryngeal sensory test‑
ing: A preliminary study. The Annals of Otology, Rhinology, and Laryngol-
ogy, 124(3), 187–193. https:// doi. org/ 10. 1177/ 00034 89414 550241

https://doi.org/10.1186/s42466-023-00233-z
https://doi.org/10.1186/s42466-023-00233-z
https://doi.org/10.1159/000493371
https://doi.org/10.1159/000493371
https://doi.org/10.1097/MD.0000000000021795
https://doi.org/10.1097/MD.0000000000021795
https://doi.org/10.1177/23969873221147740
https://doi.org/10.1016/j.apmr.2019.11.012
https://doi.org/10.1016/j.apmr.2019.11.012
https://doi.org/10.1136/svn-2020-000746
https://doi.org/10.1136/svn-2020-000746
https://doi.org/10.1080/01616412.2020.1866356
https://doi.org/10.1016/j.jamda.2021.09.026
https://doi.org/10.1212/WNL.0000000000011350
https://doi.org/10.1212/WNL.0000000000011350
https://doi.org/10.1111/ene.12670
https://doi.org/10.1007/s00455-013-9504-7
https://doi.org/10.1007/s00455-013-9504-7
https://doi.org/10.1159/000479483
https://doi.org/10.1159/000479483
https://doi.org/10.1177/0003489414550241


Page 12 of 12Labeit et al. Neurological Research and Practice             (2023) 5:7 

 13. Labeit, B., Muhle, P., Von Itter, J., Slavik, J., Wollbrink, A., Sporns, P., Rusche, 
T., Ruck, T., Hüsing‑Kabar, A., Gellner, R., & Gross, J. (2022). Clinical deter‑
minants and neural correlates of presbyphagia in community‑dwelling 
older adults. Frontiers in Aging Neuroscience, 14, 912691. https:// doi. org/ 
10. 3389/ fnagi. 2022. 912691

 14. Dziewas, R., Warnecke, T., Olenberg, S., Teismann, I., Zimmermann, J., 
Kramer, C., & Schabitz, W. R. (2008). Towards a basic endoscopic assess‑
ment of swallowing in acute stroke—development and evaluation of a 
simple dysphagia score. Cerebrovascular Diseases, 26(1), 41–47. https:// doi. 
org/ 10. 1159/ 00013 5652

 15. Neubauer, P. D., Rademaker, A. W., & Leder, S. B. (2015). The Yale 
pharyngeal residue severity rating scale: An anatomically defined and 
image‑based tool. Dysphagia, 30(5), 521–528. https:// doi. org/ 10. 1007/ 
s00455‑ 015‑ 9631‑4

 16. Hamzic, S., Braun, T., Juenemann, M., Butz, M., Voswinckel, R., Belly, M., 
& Gerriets, T. (2021). Validation of the German Version of Functional 
Oral Intake Scale (FOIS‑G) for Flexible Endoscopic Evaluation of Swal‑
lowing (FEES). Dysphagia, 36(1), 130–139. https:// doi. org/ 10. 1007/ 
s00455‑ 020‑ 10114‑1

 17. Dziewas, R., Baijens, L., Schindler, A., Verin, E., Michou, E., Clave, P., The 
European Society for Swallowing Disorders. (2017). European society for 
swallowing disorders FEES Accreditation program for neurogenic and 
geriatric oropharyngeal dysphagia. Dysphagia, 32, 725–733. https:// doi. 
org/ 10. 1007/ s00455‑ 017‑ 9828‑9

 18. Labeit, B., Muhle, P., Ogawa, M., Claus, I., Marian, T., Suntrup‑Krueger, S., 
Warnecke, T., Schroeder, J. B., & Dziewas, R. (2019). FEES‑based assess‑
ment of pharyngeal hypesthesia—Proposal and validation of a new test 
procedure. Neurogastroenterology and Motility, 31(11), e13690. https:// doi. 
org/ 10. 1111/ nmo. 13690

 19. Aviv, J. E., Martin, J. H., Sacco, R. L., Zagar, D., Diamond, B., Keen, M. S., & 
Blitzer, A. (1996). Supraglottic and pharyngeal sensory abnormalities in 
stroke patients with dysphagia. The Annals of Otology, Rhinology, and 
Laryngology, 105(2), 92–97. https:// doi. org/ 10. 1177/ 00034 89496 10500 202

 20. Aviv, J. E., Sacco, R. L., Thomson, J., Tandon, R., Diamond, B., Martin, J. H., & 
Close, L. G. (1997). Silent laryngopharyngeal sensory deficits after stroke. 
The Annals of Otology, Rhinology, and Laryngology, 106(2), 87–93. https:// 
doi. org/ 10. 1177/ 00034 89497 10600 201

 21. Power, M. L., Hamdy, S., Singh, S., Tyrrell, P. J., Turnbull, I., & Thompson, D. G. 
(2007). Deglutitive laryngeal closure in stroke patients. Journal of Neurol-
ogy, Neurosurgery, and Psychiatry, 78(2), 141–146. https:// doi. org/ 10. 1136/ 
jnnp. 2006. 101857

 22. Sulica, L., Hembree, A., & Blitzer, A. (2002). Swallowing and sensation: 
Evaluation of deglutition in the anesthetized larynx. The Annals of Otology, 
Rhinology, and Laryngology, 111(4), 291–294. https:// doi. org/ 10. 1177/ 
00034 89402 11100 402

 23. Cabib, C., Ortega, O., Vilardell, N., Mundet, L., Clavé, P., & Rofes, L. (2017). 
Chronic post‑stroke oropharyngeal dysphagia is associated with impaired 
cortical activation to pharyngeal sensory inputs. European Journal of 
Neurology, 24(11), 1355–1362. https:// doi. org/ 10. 1111/ ene. 13392

 24. Cabib, C., Nascimento, W., Rofes, L., Arreola, V., Tomsen, N., Mundet, L., & 
Ortega, O. (2020a). Neurophysiological and biomechanical evaluation of 
the mechanisms which impair safety of swallow in chronic post‑stroke 
patients. Translational Stroke Research, 11(1), 16–28. https:// doi. org/ 10. 
1007/ s12975‑ 019‑ 00701‑2

 25. Cabib, C., Nascimento, W., Rofes, L., Arreola, V., Tomsen, N., Mundet, L., 
Palomeras, E., Michou, E., Clavé, P., & Ortega, O. (2020b). Short‑term neu‑
rophysiological effects of sensory pathway neurorehabilitation strategies 
on chronic poststroke oropharyngeal dysphagia. Neurogastroenterology 
and Motility, 32(9), e13887. https:// doi. org/ 10. 1111/ nmo. 13887

 26. Tomsen, N., Ortega, O., Nascimento, W., Carrión, S., & Clavé, P. (2022). Oro‑
pharyngeal dysphagia in older people is associated with reduced phar‑
yngeal sensitivity and low substance P and CGRP concentration in saliva. 
Dysphagia, 37(1), 48–57. https:// doi. org/ 10. 1007/ s00455‑ 021‑ 10248‑w

 27. Niimi, M., Hashimoto, G., Hara, T., Yamada, N., Abo, M., Fujigasaki, H., & Ide, 
T. (2018). Relationship between frequency of spontaneous swallowing 
and salivary substance P level in patients with acute stroke. Dysphagia, 
33(4), 414–418. https:// doi. org/ 10. 1007/ s00455‑ 017‑ 9867‑2

 28. Dziewas, R., Stellato, R., van der Tweel, I., Walther, E., Werner, C. J., Braun, T., 
& Bath, P. M. (2018). Pharyngeal electrical stimulation for early decannula‑
tion in tracheotomised patients with neurogenic dysphagia after stroke 
(PHAST‑TRAC): A prospective, single‑blinded, randomised trial. The Lancet. 

Neurology, 17(10), 849–859. https:// doi. org/ 10. 1016/ S1474‑ 4422(18) 
30255‑2

 29. Suntrup, S., Teismann, I., Wollbrink, A., Winkels, M., Warnecke, T., Pantev, 
C., & Dziewas, R. (2015). Pharyngeal electrical stimulation can modulate 
swallowing in cortical processing and behaviour—Magnetoencephalo‑
graphic evidence. NeuroImage, 104, 117–124. https:// doi. org/ 10. 1016/j. 
neuro image. 2014. 10. 016

 30. Muhle, P., Labeit, B., Wollbrink, A., Claus, I., Warnecke, T., Wolters, C. H., & 
Suntrup‑Krueger, S. (2021). Targeting the sensory feedback within the 
swallowing network—Reversing artificially induced pharyngolaryngeal 
hypesthesia by central and peripheral stimulation strategies. Human Brain 
Mapping, 42(2), 427–438. https:// doi. org/ 10. 1002/ hbm. 25233

 31. Muhle, P., Suntrup‑Krueger, S., Bittner, S., Ruck, T., Claus, I., Marian, T., & 
Dziewas, R. (2017). Increase of substance p concentration in saliva after 
pharyngeal electrical stimulation in severely dysphagic stroke patients—
An indicator of decannulation success? Neuro-Signals, 25(1), 74–87. 
https:// doi. org/ 10. 1159/ 00048 2002

 32. Cui, F., Yin, Q., Wu, C., Shen, M., Zhang, Y., Ma, C., & Shen, F. (2020). 
Capsaicin combined with ice stimulation improves swallowing function 
in patients with dysphagia after stroke: A randomised controlled trial. 
Journal of Oral Rehabilitation, 47(10), 1297–1303. https:// doi. org/ 10. 1111/ 
joor. 13068

 33. Wang, Z., Wu, L., Fang, Q., Shen, M., Zhang, L., & Liu, X. (2019). Effects of 
capsaicin on swallowing function in stroke patients with dysphagia: A 
randomized controlled trial. Journal of Stroke and Cerebrovascular Dis-
eases : The Official Journal of National Stroke Association, 28(6), 1744–1751. 
https:// doi. org/ 10. 1016/j. jstro kecer ebrov asdis. 2019. 02. 008

 34. Suntrup‑Krueger, S., Muhle, P., Kampe, I., Egidi, P., Ruck, T., Lenze, F., & Dzie‑
was, R. (2021). Effect of capsaicinoids on neurophysiological, biochemical, 
and mechanical parameters of swallowing function. Neurotherapeutics : 
The Journal of the American Society for Experimental NeuroTherapeutics, 
18(2), 1360–1370. https:// doi. org/ 10. 1007/ s13311‑ 020‑ 00996‑2

 35. Warnecke, T., Teismann, I., Meimann, W., Olenberg, S., Zimmermann, J., 
Krämer, C., & Dziewas, R. (2008). Assessment of aspiration risk in acute 
ischaemic stroke—Evaluation of the simple swallowing provocation test. 
Journal of Neurology, Neurosurgery, and Psychiatry, 79(3), 312–314. https:// 
doi. org/ 10. 1136/ jnnp. 2007. 134551

 36. Aviv, J. E., Kim, T., Sacco, R. L., Kaplan, S., Goodhart, K., Diamond, B., & Close, 
L. G. (1998). Feesst: A new bedside endoscopic test of the motor and 
sensory components of swallowing. The Annals of Otology, Rhinology, and 
Laryngology, 107(5 Pt 1), 378–387. https:// doi. org/ 10. 1177/ 00034 89498 
10700 503

 37. Aviv, J. E., Martin, J. H., Keen, M. S., Debell, M., & Blitzer, A. (1993). Air 
pulse quantification of supraglottic and pharyngeal sensation: A new 
technique. The Annals of Otology, Rhinology, and Laryngology, 102(10), 
777–780. https:// doi. org/ 10. 1177/ 00034 89493 10201 007

 38. Cunningham, J. J., Halum, S. L., Butler, S. G., & Postma, G. N. (2007). 
Intraobserver and interobserver reliability in laryngopharyngeal sensory 
discrimination thresholds: A pilot study. The Annals of Otology, Rhinology, 
and Laryngology, 116(8), 582–588. https:// doi. org/ 10. 1177/ 00034 89407 
11600 805

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.3389/fnagi.2022.912691
https://doi.org/10.3389/fnagi.2022.912691
https://doi.org/10.1159/000135652
https://doi.org/10.1159/000135652
https://doi.org/10.1007/s00455-015-9631-4
https://doi.org/10.1007/s00455-015-9631-4
https://doi.org/10.1007/s00455-020-10114-1
https://doi.org/10.1007/s00455-020-10114-1
https://doi.org/10.1007/s00455-017-9828-9
https://doi.org/10.1007/s00455-017-9828-9
https://doi.org/10.1111/nmo.13690
https://doi.org/10.1111/nmo.13690
https://doi.org/10.1177/000348949610500202
https://doi.org/10.1177/000348949710600201
https://doi.org/10.1177/000348949710600201
https://doi.org/10.1136/jnnp.2006.101857
https://doi.org/10.1136/jnnp.2006.101857
https://doi.org/10.1177/000348940211100402
https://doi.org/10.1177/000348940211100402
https://doi.org/10.1111/ene.13392
https://doi.org/10.1007/s12975-019-00701-2
https://doi.org/10.1007/s12975-019-00701-2
https://doi.org/10.1111/nmo.13887
https://doi.org/10.1007/s00455-021-10248-w
https://doi.org/10.1007/s00455-017-9867-2
https://doi.org/10.1016/S1474-4422(18)30255-2
https://doi.org/10.1016/S1474-4422(18)30255-2
https://doi.org/10.1016/j.neuroimage.2014.10.016
https://doi.org/10.1016/j.neuroimage.2014.10.016
https://doi.org/10.1002/hbm.25233
https://doi.org/10.1159/000482002
https://doi.org/10.1111/joor.13068
https://doi.org/10.1111/joor.13068
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.02.008
https://doi.org/10.1007/s13311-020-00996-2
https://doi.org/10.1136/jnnp.2007.134551
https://doi.org/10.1136/jnnp.2007.134551
https://doi.org/10.1177/000348949810700503
https://doi.org/10.1177/000348949810700503
https://doi.org/10.1177/000348949310201007
https://doi.org/10.1177/000348940711600805
https://doi.org/10.1177/000348940711600805

	Relationship between post-stroke dysphagia and pharyngeal sensory impairment
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction:
	Methods
	Patient cohort
	Dysphagia assessment
	Pharyngeal sensory assessment
	Statistical analysis
	Comparison of the two sensory assessment methods
	Relationship between pharyngeal sensory impairment and dysphagia


	Results
	Description of the patient cohort
	Correlation between the sensory assessment procedures
	Relationship between sensory impairment and dysphagia

	Discussion
	Conclusion
	Acknowledgements
	References


