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Abstract

The aim of this study was to validate the German Version of the Yale Pharyngeal Residue Severity Rating Scale and to
investigate the impact of rater experience and training. The English original scale was translated into German language
using a forward-backward method. For the validation, 30 images of different pharyngeal residue amounts have been
selected and assigned to the scales’ severity levels by two experts. 28 raters rated the images in randomized order in two
passes. To investigate the impact of experience and training, raters were grouped into subgroups. Statistical analysis was
carried out using kappa statistics. The results demonstrate excellent residue ratings for construct validity, inter-rater
reliability and intra-rater reliability regarding overall group and all subgroups (Kappa > 0.90). No significant differences
were found between groups by experience and inconstant differences were found between groups by training. The German
version of the Yale Pharyngeal Residue Severity Rating Scale is a valid, reliable instrument for scoring location and
severity of pharyngeal residue in the context of flexible endoscopic evaluations of swallowing.

Keywords Deglutition - Deglutition disorders - Pharyngeal residue - Rating scale - Flexible endoscopic evaluation of
swallowing

Introduction pharyngeal residue can affect the safety and effectiveness

of medication intake and can lower patients’ quality of life

Pharyngeal residue of secretions or bolus material is a
common symptom of swallowing disorders, caused by
insufficient clearance in the pharyngeal swallowing stage
[1]. Although being a surrogate parameter itself, pharyn-
geal residue is considered as a risk factor for post-swallow
aspiration of secretions and food [1, 2]. Besides that,
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[3-5].

Fiberoptic endoscopic evaluation of swallowing (FEES)
and videofluoroscopic swallow study (VFSS) are estab-
lished methods in the field of diagnostics and management
of dysphagia [6-8]. In Germany, FEES is the most widely
used technique for stroke [9]. FEES training curricula and
certifications are granted nationwide jointly by the German
Society of Neurology/German Stroke Society/German
Society of Geriatrics, Europewide by the European Society
for Swallowing Disorders [10, 11]. With regard to identi-
fication of pharyngeal residue, FEES seems to be superior
to VESS but leads to more severe impressions [12, 13].
Severity rating of pharyngeal residue in FEES has been
problematic as it is strongly related to the examiner’s
perception. Deviating residue assessments can result in
different interpretations of findings, treatment strategies or
dietary recommendations [14]. Multiple rating scales are
available to assess pharyngeal residue on FEES. Only few
of those have undergone validity and/or reliability testing
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[15]. While most residue rating scales are designed as
ordinal scales, Pisegna et al. demonstrated high reliability
for ratings using a visual analog scale [16, 17].

The Yale Pharyngeal Residue Severity Rating Scale is a
validated, reliable tool to assess pharyngeal residue based
on FEES [15, 18, 19]. Designed as a five-point ordinal
scale, it allows subjective severity ratings (none, trace,
mild, moderate, and severe) for residue located in the
valleculae or the pyriform sinuses. Severity levels are
defined by anatomical descriptions based on the image
from an endoscopic perspective. The Yale Pharyngeal
Residue Severity Rating Scale has shown very good to
excellent psychometric properties with regard to construct
validity, inter-rater reliability, and intra-rater reliability
[18, 19]. To date, the Yale Pharyngeal Residue Severity
Rating Scale has not been translated into other languages
(P. Neubauer, personal communication, March 28, 2018).

For the translation of measuring instruments into foreign
languages, it is recommended to follow a standardized
translation process in order to ensure a suitable linguistic
accuracy and cultural appropriateness. Furthermore, it is
necessary to prove the measurement equivalence of the
translated instrument [20, 21].

The aim of this study was to develop a German trans-
lation of the Yale Pharyngeal Residue Severity Rating
Scale and to evaluate its construct validity, inter-rater
reliability, and intra-rater reliability. In addition, the effects
of rater experience and training were investigated.

Methods
Translation Process

The authorized translation process was based on the
guidelines by Schmitt and Eid [20] and comprised the
following steps:

Forward translations

Synthesis into a consensus version
Backward translations

Review of the backward translations
Expert interviews

Review of interview results

Two forward translations into German language were
produced by two bilingual speech and language therapists
with expertise in deglutology (both native German speak-
ers with excellent English language skills). Both versions
were compared, discussed, and merged into a consensus
version by an expert committee, consisting of the transla-
tors and an external FEES expert. Two back translations of
the consensus version into English language were carried

out by two native English speakers with excellent German
language skills, who were new to the instrument. The back
translations were compared to the original English version
and discussed by the expert committee. In addition, two
expert interviews with FEES experts were carried out in
order to investigate the understandability of the German
version and its relevance to the German-speaking area.
Interviews were transcripted and underwent content anal-
ysis [22]. In the final review stage, the interview results and
the possible need for modifications were discussed by the
expert committee.

Validation Process

The study design of this validation study was orientated
closely on the study design of the scales’ original version,
based on hierarchical categorization of images using the
German version of the scale [18, 19].

Image Selection

For the image selection process, 84 images from the
original validation study were used. 83 of these images
displayed bolus residue of yellow pudding or white milk
from endoscopic view, one image displayed no residue. In
order to enlarge the selection for the underrepresented
severity level I (no residue), 11 further images with no
residue were added from the portfolio of the first author,
used for educational purposes. For lack of a valid gold
standard in German language, referent values for residue
severity ratings were determined by two FEES experts with
a combined 27 years of expertise [23, p. 169]. Both experts
are holders of the FEES trainer certificate [11]. In a first
step of the selection process, the total of 95 images were
categorized separately by both experts to the scales’
severity levels. In order to obtain one reference value per
image for the calculation of the construct validity, only
images with consistent assessment by both experts were
included (49 images); images with divergent rating were
excluded (46 images). In a second step, 30 images (15 per
location, three per severity level) were selected by
consensus.

Raters

Raters were recruited from different institutions in Ger-
many. The following inclusion criteria were based on the
preconditions of the German FEES training curriculum:
professional activity as a physician or speech and language
therapist, regular completion of FEES with a minimum
experience of 1 year [11].
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Subgroups by FEES experience in years and training
status were created. For the groups by experience, the total
group was divided into two equal groups, based on median
years of experience. For the composition of the groups by
training, 50% of the raters from each group by experience
were randomly selected to receive rater training prior to the
data collection. The other 50% of the raters received no
training. Randomization was carried using the software
Research Randomizer [24].

Training was delivered though an eight-minute video
tutorial in German language, including an audio-visual
introduction to the scales’ concept, depictions, and
descriptions of the severity levels and rating exercises with
images. No images of the later investigation were used for
this purpose.

Data Collection

Ratings of the 30 randomized color images (15 vallecula,
15 piriform) were given via an online platform, and a
second rating was carried out at an interval of 2 weeks in
rerandomized order. Each image was displayed separately
with a scaling of 720 x 476 pixels, including written
information about the location to be classified and the
corresponding scale. Ratings were made by clicking on the
severity level. For best visibility, raters were asked to
complete the task in full-screen mode.

Statistical Analysis

The extent of construct validity, intra-rater reliability, and
inter-rater reliability were assessed using kappa statistics.
Construct validity was calculated based on the agreement
between the initial ratings and expert ratings using a pooled
Fleiss kappa coefficient with quadratic weights. Intra-rater
reliability was determined by the agreement of the first and
second ratings calculating a pooled Fleiss—kappa with
quadratic weights. For inter-rater reliability, the agreement
of the initial ratings was calculated by the quadratic
weighted Kappa coefficient. The benchmark system of
Fleiss [23, p. 121] was used to interpret kappa values.
Differences in kappa values between subgroups by years of
experience and training were assessed using the paired
sample ¢ test. Gwet proposed the use of the paired sample
t test for testing the difference between two correlated
agreement coefficients for statistical significance [25].
With regard to our study, we had correlated samples as
different raters judged the same subjects. Kappa values are
reported =+ their standard errors (se) and median years of
experience =+ interquartile range (IQR). Statistical analysis
was carried out with Stata (StataCorp LLC, USA, Version
14.2). For the kappa statistics, the user written command
kappaetc was used [26].
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Ethics

No individuals underwent FEES in the context of this
study. As all images were selected from pre-existing, non-
identifiable material, no ethics board approval was neces-
sary. In accordance with the Declaration of Helsinki of the
World Medical Association, written informed consent was
obtained from all raters prior to their participation.

Results
Results of the Translation Process

Both forward translations were almost identical. Minor
adaptations regarding wording were made to produce the
consensus version. Retranslations were largely consistent
with the original English version, so no further adaptations
were made for the pre-final version. The results of the
expert interviews showed good overall understandability of
the pre-final version and high relevance for the German-
speaking area. The pre-final version was obtained as the
final version with no further changes (Tables 1, 2).

Rater Characteristics

Rater characteristics are summarized in Table 3. A total of
28 raters participated in this study, 22 of whom were
speech and language therapists (SLT) and 6 of whom were
physicians. The median years of experience (£ IQR) were
4.5 (£ 8.5) for the overall group. Each of the 28 raters was
assigned to groups by experience (1-4 years; > 5 years)
with a median experience of 2 years (+ 3) and 10.5
(£ 10). Untrained raters (n = 14) and trained raters

Table 1 English and German versions of severity definitions for
vallecula residue

English version

I None 0% No residue

I Trace 1-5% Trace coating of the mucosa
I Mild 5-25% Epiglottic ligament visible
v Moderate 25-50% Epiglottic ligament covered
v Severe > 50% Filled to epiglottic rim

German version

I Keine 0% Keine Residuen

I Spuren 1-5% Spuren iiberziehen die Schleimhaut
I Leicht 5-25% Epiglottisches Ligament sichtbar
v MaiBig 25-50% Epiglottisches Ligament bedeckt

v Stark > 50% Gefiillt bis Epiglottisrand
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Table 2 English and German version of severity definitions for
pyriform sinus residue

English version

I None 0% No residue

I Trace 1-5% Trace coating of the mucosa
I Mild 5-25% Up wall to quarter full

v Moderate 25-50% Up wall to half full

v Severe >50% Filled to aryepiglottic fold

German version

1 Keine 0% Keine Residuen

II  Spuren 1-5% Spuren iiberziehen die Schleimhaut

I Leicht 5-25%  Wandaufwirts bis zu einem Viertel gefiillt
IV MiBig 25-50% Wandaufwirts bis zur Hilfte gefiillt

V  Stark > 50%  Gefiillt bis zur aryepiglottischen Falte

(n = 14) had both a median of 4.5 years of experience (no
training: £ 7; training: & 9).

Results of the Validation
Results Across All Raters

Results show excellent kappa statistics (Kappa > 0.90) for
both locations regarding construct validity, inter-rater
validity, and intra-rater validity (Table 4).

Results by Years of Experience

Construct validity kappa statistics for both groups were
between 0.942 (4 0.039) and 0.950 (& 0.030) for both
locations. Inter-rater reliability kappa statistics ranged
between 0.925 (& 0.030) and 0.940 (£ 0.027) depending
on location and group. Intra-rater reliability kappas for both
groups and locations were between 0.939 (£ 0.060) and
0.968 (£ 0.023). We found no differences between groups
by years of experience (Table 5).

Results by Training Status

Construct validity kappa statistics by training status were
between 0.915 (£ 0.059) and 0.979 (& 0.020) dependent

Table 4 Construct validity, inter-rater reliability, and intra-rater
reliability kappa statistics (standard error) for vallecula and pyriform
sinus ratings across all raters

Vallecula
Kappa (se)

Pyriform sinus
Kappa (se)

0.943 (£ 0.033)
0.928 (& 0.026)
0.963 (£ 0.028)

0.947 (£ 0.025)
0.938 (& 0.027)
0.944 (& 0.051)

Construct validity
Inter-rater reliability

Intra-rater reliability

Based on 420 ratings

upon residue location. There were no differences between
both groups. Kappas for inter-rater reliability were between
0.915 (£ 0.021) and 0.964 (& 0.013) for both locations.
Trained raters had significantly higher kappa values for
vallecula residue ratings (p = 0.007), but there was no
difference for pyriform sinus kappas (p = 0.682). Intra-
rater reliability kappa values ranged between 0.941
(£ 0.040) and 0.952 (4 0.032) with no differences
between trained and untrained raters (Table 6).

Discussion

In this study, the Yale Pharyngeal Residue Severity Rating
Scale was translated from English into German language.
The validation demonstrated excellent results regarding
overall construct validity, inter-rater reliability, and intra-
rater reliability for both locations (vallecula and pyriform
sinus). No significant differences were found between the
two groups of 14 and > 5 years of experience regarding
construct validity, inter-rater reliability, and intra-rater
reliability, indicating that the scale is suitable for experi-
enced and less-experienced clinicians. An uneven picture
emerges for the influence of training: a significant differ-
ence in favor of trained raters was shown for inter-rater
reliability for vallecula residue ratings. All other differ-
ences, however, did not turn out to be significant. In con-
sideration of the fact that the determined kappa values of
both groups were invariably higher 0.9, it can be stated that
the German version of the YPRSRS is suitable for both
trained and untrained raters. At the same time, the results
indicate that the judgmental precision for vallecula residue

Table 3 Rater characteristics

Total Experience Training
1-4 years > 5 years No training  Training
n (%) 28 (100%) 14 (50%) 14 (50%) 14 (50%) 14 (50%)
Profession n (%)
SLT 22 (79%) 9 (64%) 13 (93%) 13 (93%) 9 (64%)
Physicians 6 (21%) 5 (36%) 1 (7%) 1 (7%) 5 (36%)
Median years of experience (IQR) 4.5 (8.5) 2(3) 10.5 (10) 4.5 () 4.5 (9)
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Table 5 Construct validity,
inter-rater reliability, and intra-
rater reliability kappa statistics
(standard error) for vallecula
and pyriform sinus ratings by
years of experience

Table 6 Construct validity,
inter-rater reliability, and intra-
rater reliability kappa statistics
(standard error) for vallecula
and pyriform sinus ratings by
training versus no training

1-4 years (n = 14) > 5 years (n = 14) t test*
Kappa (se) Kappa (se) p value
Construct validity
Vallecula 0.944 (£ 0.047) 0.948 (£ 0.043) 0.956
Pyriform sinus 0.942 (£ 0.039) 0.950 (£ 0.030) 0.820
Inter-rater reliability
Vallecula 0.925 (£ 0.030) 0.928 (£ 0.024) 0.866
Pyriform sinus 0.937 (£ 0.027) 0.940 (£ 0.027) 0.695
Intra-rater reliability
Vallecula 0.958 (£ 0.032) 0.968 (£ 0.023) 0.782
Pyriform sinus 0.939 (£ 0.060) 0.948 (£ 0.039) 0.889
Based on 210 ratings
*Paired sample ¢ test
No training (n = 14) Training (n = 14) t test*
Kappa (se) Kappa (se) p value
Construct validity
Vallecula 0.915 (£ 0.059) 0.979 (% 0.020) 0.278
Pyriform sinus 0.940 (£ 0.033) 0.951 (£ 0.037) 0.776
Inter-rater reliability
Vallecula 0.915 (£ 0.021) 0.964 (£ 0.013) 0.007
Pyriform sinus 0.933 (£ 0.025) 0.938 (£ 0.027) 0.682
Intra-rater reliability
Vallecula 0.952 (£ 0.032) 0.946 (£ 0.060) 0.575
Pyriform sinus 0.941 (£ 0.040) 0.943 (£ 0.062) 0.948

Based on 210 ratings

*Paired sample ¢ test

may be increased by training and rating experience. A set
of exemplary images per location and severity level have
been published with the original version of the Yale Pha-
ryngeal Severity Rating Scale, which can be used as a
Reference [18, 19].

In comparison to the original version, the German
translation achieved similar results. In some areas, the
results of the English version are even exceeded: Neubauer
et al. [18] reported kappa values for inter-rater reliability of
0.868 for vallecula (0.928 in German) and 0.751 for pyri-
form sinus (0.938 in German). Intra-rater reliability for
pyriform sinus was 0.854 in English (0.944 in German).
The English version displayed inconsistent differences
between groups by years of experience regarding inter-
rater reliability for both locations [18]; in the German
version, there were no significant differences. Between
groups by training status, Neubauer et al. [18] found a
significant difference for inter-rater reliability in favor of
trained raters for both locations. This observation is also
found in the results of the German version, albeit only for
vallecula residue ratings, indicating that (i) vallecula
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residue might be more difficult to assess to the scales’
severity levels and (ii) rating precision can be improved by
training. Further, it can be assumed that the scale could
have been known to some of the raters in advance to this
study. The original version, published in 2015, was well
received in German-speaking countries. It cannot therefore
be ruled out that some raters already had previous experi-
ence with the English version.

Finally, some limitations should be mentioned. First, the
translation process, despite comprising all essential steps,
did not meet entirely international standards [21]. Pretest-
ing took place as interviews with FEES experts followed
by a review of the expert committee. Second, we used
images for severity ratings. Hereby, we followed the
original methodological approach to achieve best possible
comparability. However, video sequences would have been
closer to the examination situation and might have led to
different results. Third, we used expert ratings as a ‘con-
struct.” In absence of a gold standard, we mirrored the
approach of Neubauer et al. to calculate construct validity,
which can be considered as a limitation [18, 19].
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Furthermore, it has to be stated that image selection by
consensus created a “best-of-the-best”-selection that led to
the exclusion of less clear images. In real-life practice, the
amount of residue can distribute unevenly in the pharyn-
geal cavities and a sufficiently clear view is not always
given. Selecting images by consensus and not at random
might have impacted the likelihood of agreement. Fourth,
the depicted bolus residue consisted of milk or pudding.
While these are typical foods used in FEES examinations,
this selection represents only a portion of possible bolus
types [7, p. 87]. Especially solid or less cohesive boluses
may be more difficult to rate [16].

Conclusion

The validity and reliability of the German Version of the
Yale Pharyngeal Residue Severity Rating Scale were
confirmed. The tool allows accurate objectification of
pharyngeal residue location and severity level in the con-
text of FEES regardless of the clinician’s experience. Rater
training and use of the original reference images can be
recommended to increase rating precision. Future studies
should focus on using random images or video sequences
and other bolus types to evaluate the psychometric prop-
erties under real-life conditions.
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