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Abstract Guidelines and preventive measures have been
established to limit radiation exposure time during modi-
fied barium swallow studies (MBSS) but multiple variables
may influence the duration of the exam. This study
examined the influence of clinician experience, medical
diagnosis category, swallowing impairment severity, and
use of a standardized protocol on fluoroscopy time. A
retrospective review of 739 MBSSs performed on 612
patients (342 males/270 females; age range = 18—
96 years) completed in 1 year at the Medical University of
South Carolina was performed with IRB approval. All
studies were completed by speech-language pathologists
trained in the data collection protocol, interpretation, and
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scoring of the MBSImP™®, Medical diagnosis category,
swallowing impairment severity (MBSImP™® score),
clinician experience, and fluoroscopy time were the vari-
ables recorded for analysis. Fluoroscopy time was not
significantly associated with medical diagnosis category
(p = 0.10). The severity of the MBSImP™® Oral Total
and Pharyngeal Total resulted in statistically significant
increases in fluoroscopy time (p < 0.05). Studies by novice
clinicians had longer exposure times when compared to
those of experienced clinicians (p = 0.037). Average
radiation exposure time using the MBSImP™® approach
was 2.9 min, with a 95 % confidence interval of 2.8—
3.0 min, which was well within the range of exposure
times reported in the literature. This study provides pre-
liminary information regarding the impact of medical
diagnosis category, swallowing impairment severity, and
clinician experience on fluoroscopy time. These findings
also suggest that a thorough, standardized protocol for
MBSSs did not cause unnecessary radiation exposure time
during the MBSS.
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Swallowing impairment (dysphagia), a comorbidity of
many medical conditions and diseases, is associated with
increased morbidity and mortality and negatively affects
patient quality of life [1, 2]. The prevalence of dysphagia is
estimated to be up to 22 % in persons 50 years and older
[3], with 10 million Americans evaluated for swallowing
dysfunction each year [4]. Oropharyngeal swallowing
impairment is assessed using a videofluoroscopic approach
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during a modified barium swallow study (MBSS). The
MBSS permits the visualization of bolus flow in relation to
structural movement throughout the upper aerodigestive
tract in real time. The MBSS also permits detection of the
presence and timing of aspiration, i.e., entry of ingested
material below the level of the true vocal folds into the
trachea, and assists in identifying the physiological and
often treatable cause(s) of the aspiration [5-8]. Further-
more, MBSSs allow clinicians to observe the effects of
various bolus volumes, bolus textures, and compensatory
strategies on swallowing physiology [9]. While the infor-
mation gained from MBSSs is critical to patient manage-
ment, it is a fluoroscopic procedure and as such involves
radiation exposure.

Relationship Between Radiation Exposure and
Fluoroscopy Time

Although the patient radiation dose from a MBSS is rela-
tively low, between 0.2 and 0.85 mSv [10-17], any radi-
ation from medical tests must be minimized to comply with
the As Low As Reasonably Achievable (ALARA) principle
[18]. The total radiation exposure time is one of the most
important factors influencing patient doses in fluoroscopy
examinations [19]. In MBSSs, fluoroscopy time has been
shown to be highly correlated with kerma area product
(KAP) values and is recognized as a practical tool for
monitoring patient radiation dose for units that lack KAP
meters [20]. However, it is important to note that although
fluoroscopy times can serve as a relative indicator of
patient exposure, this parameter has major limitations when
comparing procedures performed on different types of
equipment and at diverse facilities. Patient dose depends on
both the X-ray beam quantity (KAP) and quality (Half
Value Layer) incident on the patient. Furthermore, both the
irradiation geometry and patient physical characteristics
should be taken into accounted.

Fluoroscopy times during MBSSs have been reported in
numerous studies. In a review of the literature, we identi-
fied 11 peer-reviewed articles that reported fluoroscopy
times or fluoroscopy time guidelines for MBSSs [10-17,
21-23]. The literature reports radiation exposure times for
MBSSs ranging from 150 to 1,080 s. These studies indi-
cated the factors that influence radiation exposure time in
MBSSs, including medical diagnosis category, swallowing
impairment severity, clinician experience, and use of a
standardized protocol.

Swallowing Impairment Severity

According to anecdotal reports, swallowing impairment
severity influences radiation exposure time. Interestingly,
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these reports present conflicting viewpoints on the direc-
tion of influence of swallowing impairment severity. For
example, some clinicians report anecdotally that less
severely impaired patients may have faster examinations
since they are able to quickly proceed through the protocol
with fewer repeat swallows and compensatory techniques.
Other clinicians report that severely impaired patients may
actually have faster examinations because they may
demonstrate aspiration on initial swallows and the exam-
ination would be terminated prior to the introduction of
additional bolus volumes and consistencies. Furthermore,
dysphagic patients with moderate swallowing impairment
severity may have longer fluoroscopy times because of
trial-and-error attempts to optimize the compensatory
effects of bolus variables and strategies. While there is no
published research on the impact of swallowing impair-
ment severity on fluoroscopy times during MBSSs, these
anecdotal reports are the basis for hypothesizing a fluo-
roscopy time distribution where patients with swallowing
impairment severity at the extremes (mild and severe)
have lower fluoroscopy times than patients with moderate
impairments.

Medical Diagnosis Category

There is a perception that complex medical conditions may
result in more complex swallowing impairment and hence
require more time to complete the examination. Examples
of such medically complex conditions include neurologic
disorders that influence the patient’s cognitive function,
sustained upright positioning, or surgical ablation in can-
cer. These clinical variables may require cuing for patient
participation and multiple positioning attempts to fully
visualize the desired imaging field, leading to extended
fluoroscopy times. Without the benefit of previously pub-
lished research on the relationship between medical diag-
nosis category and fluoroscopy time, we suspected that
patients with diagnoses known to have complex swallow-
ing impairments such as head and neck cancer and neu-
rologic-related diagnoses would have longer fluoroscopy
times than patients with pulmonary or cardiac-related
diagnoses.

Clinician Experience

It is widely believed that less experienced clinicians take
longer to complete MBSSs. Three reasons for this may be
difficulty interpreting swallow impairment in real time,
trial of more treatment and compensatory strategies
because they do not have the level of clinical experience to
narrow the strategy options, and lack of ability to manage
difficult-to-study patients. Studies on fluoroscopy time
during procedures other than MBSS support this belief
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[24]. There are no studies that investigated the impact of
clinician experience on fluoroscopy time in MBSSs. Given
findings of the influence of novice clinician experience on
longer fluoroscopy time in other procedures, we expect to
find a similar influence in fluoroscopy times of MBSSs.

Standardized Protocol

Standardized protocols, because they are thorough and
include the administration of several bolus types and trials,
have the potential for lengthening fluoroscopy exposure
time. The clinical yield of a standardized protocol for the
performance of MBSSs is expected to be higher than the
yield without standardization. The benefit of the increased
yield would need to exceed the risk of the additional
radiation exposure if a standardized protocol is found to be
associated with longer fluoroscopy time. The use of a
standardized data collection protocol provides an evidence-
based guide to the types and amounts of boluses presented
during the MBSS. This ensures that the MBSS is thorough
and is believed to limit the need for repeated MBSS and the
associated increased radiation exposure.

This study had two main goals: (1) to determine the
influence of patient medical diagnosis category, swallow-
ing impairment severity, and clinician experience on radi-
ation exposure time, and (2) to ascertain whether using a
thorough, standardized data collection protocol during the
MBSS, such as that associated with the MBSImP™® [25],
increases radiation exposure time relative to radiation
exposure times reported in the literature. Once these goals
have been achieved we can begin to understand the impact
of various clinical factors on radiation exposure and
develop strategies to reduce exposure while maximizing
diagnostic yield.

Method
Participants

Fluoroscopic exposure time [in seconds (s)], medical
diagnosis category, and clinician experience (novice ver-
sus experienced) were recorded based on a retrospective
chart review of 739 adult swallow studies performed on
612 patients from September 2009 through September
2010. The median number of swallow studies performed
per subject was 1, with a range of 1-6 studies. Data were
obtained from 342 males and 270 females referred for
MBSS examinations by trained speech-language patholo-
gists (SLPs) at the Evelyn Trammell Institute for Voice
and Swallowing at the Medical University of South Car-
olina (MUSC). Subjects’ median age was 60 years
(range = 18-96 years).

Standardized Protocol

Recently, Martin-Harris et al. [25] established a standard-
ized, reliable, and valid method for performing, describing,
interpreting, and reporting observations of the type and
severity of swallowing impairment obtained during vid-
eofluoroscopic imaging: the Modified Barium Swallow
Impairment Profile (MBSImPTM©, Northern Speech Ser-
vices, Gaylord, MI). The MBSImP™® includes three
integral standardized components: (1) training in swal-
lowing physiology and impairment, (2) data collection
protocol, and (3) scoring and interpretation. The
MBSImP™® standards were used for the clinical data
collection protocol of the MBSS. MBSImP™ standards
were also used for the detection and documentation of
swallowing impairment severity from the MBSSs. Eleven
single swallows of standardized, commercial preparations
of barium contrast agents (Varibar®; E-Z-EM, Inc., Mel-
ville, NY; now Bracco Diagnostics) were obtained in the
lateral and anterior—posterior viewing planes. Swallows of
thin liquid barium (two trials of 5 ml via spoon, cup sip,
and sequential swallows from cup), nectar-thick liquid
barium (5 ml via spoon, cup sip, and sequential swallows
from cup), honey-thick liquid barium (5 ml via spoon),
pudding-thick barium (5 ml via spoon), and a one-half
portion of a Lorna Doone shortbread cookie coated with
3 ml of pudding-thick barium were completed by each
patient when appropriate, following the clinical guidelines.
Consistencies judged to be unsafe based on observations of
previous swallows were not given to patients. The scoring
system takes these modifications into consideration as
outlined in the following paragraph. To allow for flexibility
in clinical decision-making, compensatory strategies and
behavioral methods were elicited as needed. Observations
of esophageal clearance in the upright position were
obtained in the anterior—posterior viewing plane.

Swallowing Impairment Severity

The MBSImP™® [25] defines 17 components of oral,
pharyngeal, and esophageal physiology. Each component is
scored using a rank-order severity scale based on unique
physiologic observations of structural movement related to
bolus flow from the MBSS recording. An overall impair-
ment score for each component across all bolus consis-
tencies and volumes was recorded based on a 3-5-point
scale characterized by a distinguishable observation. When
a particular texture level could not be administered because
of patient safety issues related to concerns about significant
aspiration or poor bolus clearance, the SLP rated that
texture the most severe score for the individual component.
These scores were used to develop the oral and pharyngeal
totals. Oral components (1-6) and pharyngeal components
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(7-16) were summed for each individual subject to derive
an oral total and pharyngeal total impairment score.
Component 17 pertains to esophageal clearance and
therefore is not included in the oral total or pharyngeal total
scores.

Medical Diagnosis Category

Patients were categorized according to medical diagnosis
obtained through the MBSS report. Specific diagnoses
were grouped into the following broad categories: neurol-
ogy; pulmonary; cardiac; ear, nose, and throat (ENT);
gastrointestinal (GI); and other.

Clinician Experience

Evaluating clinicians were speech-language pathologists
with 1-17 years of clinical experience. Each clinician was
trained according to MBSImP™ standards to consistently
and accurately (greater than 80 %) score the MBSSs based
on comparison with an expert clinician. The expert clini-
cian (BMH) is a certified and licensed SLP with over
20 years of experience in the interpretation of MBSSs and
who is a Board Recognized Specialist in Swallowing and
Swallowing Disorders (BRS-S) by ASHA. Three novice
clinicians and seven experienced clinicians performed
MBSSs at MUSC during the 1-year study period. At the
start of the data collection period, the three novice clini-
cians had 0-3 months of experience performing MBSSs.
At this same time, the maximum amount of experience for
a single experienced clinician was 216 months, with an
average experience duration of 127 months for experienced
clinicians.

Statistical Considerations

Because measures collected from the same patient over
multiple swallow studies are correlated, all interval esti-
mates and analyses accounted for the data’s lack of inde-
pendence. Average fluoroscopic exposure times and
corresponding 95 % confidence intervals (CIs) were cal-
culated for the entire sample, and separately for novice and
experienced SLPs, and across diagnosis categories. Expo-
sure time associations with clinician experience and med-
ical diagnosis category were assessed using generalized
estimating equations with identity link and exchangeable
correlation structure. Specifically, we modeled exposure
time as a linear function of clinician experience (or medical
diagnosis category), an approach akin to ANOVA with
adjustment for clustering of measures within patients.

We investigated associations between fluoroscopic
exposure times and MBSImP™® oral and pharyngeal total
scores based on swallowing impairment data obtained from
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a subset of 158 randomly selected patients of the original
612. The sample size of 158 was selected to yield a min-
imum power of 83 % to detect an approximate 3.5-s
increase in exposure time corresponding to a 1-unit score
increase, supported by our belief that any extra radiation
exposure is clinically significant. For subjects in the sub-
sample with multiple swallow studies, oral and pharyngeal
total scores were averaged to yield independent measures.
We graphically examined the relationship between expo-
sure time and oral or pharyngeal total scores using loess-
smoothed scatterplots. We then compared average fluoro-
scopic times across quartiles of oral or pharyngeal total
scores based on one-way ANOVA linear contrasts. Statis-
tical significance was based on p values <0.05. All anal-
yses were performed using SAS statistical software ver. 9.2
(SAS Institute, Cary, NC) [26].

Results
Medical Diagnosis Category

Fluoroscopy time was not significantly associated with
medical diagnosis category (p = 0.10). Mean fluoroscopy
times and corresponding 95 % Cls for medical diagnosis
categories are displayed in Table 1.

Swallowing Impairment Severity

Oral Total (OT) and Pharyngeal Total (PT) scores were
significantly associated with increased fluoroscopy time.
Based on loess-smoothed plots, we observed a nonlinear
increase in fluoroscopy time as a function of OT or PT
scores (data not shown). We therefore compared differ-
ences in exposure times across quartiles of OT and PT. OT
scores of 0—4 (quartile 1) were associated with statistically
significantly shorter fluoroscopy times than OT scores of
5-20 (quartiles 2-4, p = 0.0071, 0.0002, and 0.0033,

Table 1 Average fluoroscopy times (min) and corresponding 95 %
confidence intervals by diagnosis category

Diagnosis No. of No. of Mean 95 % CI
category patients swallow fluoroscopy

studies time (min)
Neurology 179 212 3.1 (2.9,3.2)
Pulmonary 78 94 3.0 (2.7,3.2)
Cardiac 12 13 2.7 (2.3, 3.1)
ENT 217 280 2.8 (2.7, 3.0)
GI 43 47 2.7 (22,3.1)
Other 83 93 2.7 (2.4, 3.0)
Total 612 739 2.9 (2.8,3.0)
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respectively). PT scores of 11-22 (quartile 4) were asso-
ciated with statistically significantly longer fluoroscopy
times than PT scores of 1-10 (quartiles 1-3, p = 0.0001,
<0.0001, and 0.0346, respectively). PT scores of 7-10
(quartile 3) were also associated with statistically signifi-
cantly longer fluoroscopy times than PT scores of 4-6
(quartile 2, p = 0.0327). Figure 1 shows boxplots of
fluoroscopy exposure times for quartiles of OT and PT.

Clinician Experience

Of the 739 MBSSs sampled, experienced clinicians con-
ducted 497 and novice clinicians conducted 242. For
experienced clinicians, the average fluoroscopy time was
2.8 min with a 95 % CI of 2.7-2.9 min. For novice clini-
cians, the average fluoroscopy time was 3.0 min with a
95 % CI of 2.9-3.2 min. The difference in fluoroscopy
time between experienced and novice clinicians was sta-
tistically significant (p = 0.037).

Standardized Protocol

Table 2 summarizes MBSS fluoroscopy exposure times
reported in the ten identified published studies [10-17, 21—
23]. Overall, average radiation exposure time using
MBSImP™® was 2.9 min with a 95 % CI of 2.8-3.0 min
(range = 0.4-8.0 min), well within the range of exposure
times reported in the literature.

Discussion

The MBSS is the most frequently used method for studying
swallowing function that provides physiologic evidence for
targeted treatment, oral intake recommendations, and for-
mulation of prognostic decisions. While implementation of

the MBSS approach is supported by a large volume of
empirical evidence, the fluoroscopic assessment includes
X-rays and involves radiation exposure. Since fluoroscopy
time is closely related to radiation exposure, it is important
to understand how patient, clinician, and procedural factors
influence fluoroscopy time. This study evaluated the impact
of medical diagnosis category, swallowing impairment
severity, clinician experience, and use of a standardized
protocol on fluoroscopy time.

Medical Diagnosis Category

Medical diagnosis category did not increase fluoroscopy
time. We had hypothesized that the medical diagnosis
categories of neurology, GI, and ENT (specifically head
and neck cancer patients) would be related to longer fluo-
roscopy times secondary to the perceived increased diffi-
culty in performing MBSSs by patients in these diagnosis
categories in comparison with pulmonary, cardiac, or other
diagnosis categories. The discrepancy between our
hypothesis and actual results is likely because the severity
of the impairment, not the medical diagnosis category, is
the key factor. In our data, there was a broad range of
impairment severity levels within each medical diagnosis
category.

Swallowing Impairment Severity

Our results indicate that swallowing impairment severity
increases fluoroscopy time. Specifically, we found that
increased fluoroscopy time corresponded to an increase in
MBSImP™® Oral Total (OT) and Pharyngeal Total (PT)
scores. It is likely that higher severity is related to greater
complexity of the swallowing impairment. Furthermore,
coexisting cognitive disorders and swallowing impairment
may occur across medical diagnosis categories and this was
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Table 2 Characteristics of studies reporting fluoroscopy exposure time

Author Type of study N Protocol Results
Chan [14]  Cross- 17 5 and 10 ml of thin and thick barium liquid and congee 18 £+ 6 min
sectional sequentially using a long spoon. Each patient was fed by a
observational relative. Lateral viewing plane only
Chau [17]  Cross- 398 Barium-mixed food of increasing viscosity (thin liquid, thick 4.23 £ 2.56 min
sectional liquid, puree, solid) and volume (from 3, 5, 10, 15 ml to
observational cup drinking). Presented by SLP in lateral and AP viewing
planes.
Crawley Cross- 21 SLP presented mixture of pureed food with barium, in Median = 3.7 min,
[21] sectional various consistencies in lateral and AP viewing planes. range = 2.5-4.3 min

observational

SLP presented controlled consistencies and bolus volumes:
from thin liquids to muffin saturated with barium and from
a teaspoon to drinking from a cup in lateral and AP

Hospital 1: The SLP delegated the traditional SLP role of
feeding the patient with the contrast material during or just
prior to fluoroscopy to the nurse. No protocol described.

paste, which, according to patient conditions, was either
liquid, semiliquid, semisolid, or solid. Lateral and AP

Swallowing techniques implemented as needed

Survey results: 22 %, 1-2 min;
30 %, 2-3 min; 29 %, 3—4 min;
16 %, don’t know

18-564 s (median = 2.85 min)

SLP presented various bolus consistencies (type of contrast Average = 165 s, reported that
material and amount dependent on individual study) in

typical fluoro time ranges
between 30 s and 18 min

Reported average fluoroscopy
times for GI series of 3—5 min

Average between 3.0 and 3.6 min

SLP presented boluses of contrast material in the form of a Exposure times ranged from 84 to

306 s

A standard protocol of food and fluid trials included at least Average = 2.48 £ 0.81 min
two trials each of puree and lumpy semisolids from a

individual boluses or continuous drinking of thin fluid,
nectar, and thick fluids from a bottle or cup presented by

A standardized range of liquids varying in viscosity and
some solid food were presented for the analysis of

Average = 286 s,
range = 32-497 s

Steele [22] Survey 121 survey Site-dependent; not specified.
respondents
Zammit- Cross- 230
Maempel  sectional
[16] observational
viewing planes
Hayes [12] Cross- 130
sectional
observational lateral and AP viewing planes
Martin- Literature NA Average times recorded during upper GI series
Harris review
(23]
McLean Cross- 3 hospitals
[11] sectional over 8
observational  clinical
periods Hospitals 2 and 3: No protocol described
Moro [10]  Cross- 22
sectional
observational
viewing planes obtained
Weir [15]  Cross- 90
sectional
observational spoon, a self-fed chewable solid texture, and two
SLP
Wright [13] Cross- 23
sectional
observational

pharyngeal swallow. Lateral viewing plane only

not accounted for in this review. Further investigation is
warranted to determine the increase in fluoroscopy expo-
sure time attributable to swallowing impairment versus
cognitive impairment.

These results are different than what we hypothesized.
We hypothesized that swallowing severity extremes (mild
and severe impairments) would be related to short fluo-
roscopy times and that moderate swallowing impairments
would be related to the longest fluoroscopy times. In fact,
we found a statistically significant increase in fluoroscopy
time for the most severe swallowing impairments com-
pared with the mild impairments. Our operating premise
was based on the theory that more compensatory strategies
would be used with patients with moderately severe
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swallowing impairments than patients with mild or severe
impairments. Compensatory strategies were used during
the MBSS and were included in the overall fluoroscopy
time, but our analysis did not account for the number and
type of compensatory or treatment strategies attempted
during the MBSS. Therefore, future studies are needed to
assess the influence of the type and frequency of com-
pensatory strategies on fluoroscopy time.

The results describing the influence of OT on fluoros-
copy time revealed that the mildest severity levels (quartile
1) were associated with lower fluoroscopy times than all
other severity levels. The components that make up the OT
score include lip closure, tongue control, bolus propulsion,
bolus transit, oral residue, and initiation of pharyngeal
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swallow. Most of these components are under volitional
control and represent the part of the swallow that is most
susceptible to patient-level differences in volitional motor
and cognitive abilities. It is logical that a patient’s difficulty
with oral components of swallowing would have a direct
influence on fluoroscopy time. It appears that there may be
a threshold (above OT of 5) where these differences do not
have such a direct influence on increasing fluoroscopy
time. Further work is warranted to understand the influence
of volitional control of oral components of swallowing on
the rest of the swallowing mechanism.

The results reflecting the influence of PT on fluoroscopy
time revealed that the highest severity levels were associ-
ated with greater fluoroscopy times than all other severity
levels. The results also indicated differences between
midlevels of severity (quartiles 2 and 3). The components
that make up the PT score include soft palate elevation,
laryngeal elevation, anterior hyoid excursion, epiglottic
movement, laryngeal vestibule closure, pharyngeal strip-
ping wave, pharyngeal contraction, tongue base retraction,
and pharyngeal residue. Most of these components are not
under volitional control and represent the part of the
swallow that is least susceptible to patient-level differences
in volitional motor and cognitive abilities. It is well known
that the severity of these components is modifiable with the
introduction of compensatory strategies. It is possible that
more time was spent trialing compensatory strategies in
patients with higher levels of severity of the pharyngeal
components thereby increasing fluoroscopy exposure time.
Further work, however, is warranted to better understand
the influence of pharyngeal impairment severity on
increases in fluoroscopy time.

Clinician Experience

There was a statistically significant 12-s difference in
average fluoroscopy times between experienced and novice
clinicians. This relatively small difference may be due in
part to the use of a standardized data collection protocol
and focused training to target physiological impairment
associated with the MBSImP™®. From interviewing the
novice clinicians, we learned that their standardized train-
ing in swallowing physiology and impairment and use of a
standardized protocol increased their confidence and effi-
ciency in execution of the exam. Interpolating from Moro’s
results, an increase in fluoroscopy time of 12 s relates to an
increase of between 0.024 and 0.036 mSv [10]. While this
related increase in radiation dose is small, according to the
linear, no-threshold dose response for assessing stochastic
effects of radiation exposure and the ALARA principle,
even small increases in radiation exposure are meaningful
[18]. Further research should determine the “months of
experience” threshold according to fluoroscopy time where

the difference between a novice clinician and an experi-
enced clinician dissipates. Once this is known, it may be
useful to study methods to further lower the threshold and
consequently reduce radiation exposure related to clinician
experience.

Standardized Protocol

Our results indicate that the thoroughness of a standardized
protocol does not lead to longer radiation exposure times,
even when compensatory strategies are included. We found
an average fluoroscopy time for our MBSSs of 2.9 min
(174 s), well within the range of exposure times reported in
the literature (150-1,080 s). Interpolating from the rela-
tionship Moro published, our mean of 174 s relates to an
effective dose of ~0.44 mSv [10]. This result opposes the
perception that the use of a thorough standardized protocol
for MBSS administration increases fluoroscopy time. The
use of a standardized protocol associated with the
MBSImP™® that permits modifications based on patient
severity and behavior would likely relate to an even greater
lifetime reduction of radiation exposure from MBSSs,
since it may prevent repeat MBSSs due to insufficient
findings from initial MBSSs. Anecdotally, the clear
expectations associated with using a protocol allowed for
efficient exams and coordination between radiologists and
SLPs. Additionally, a standardized protocol allows for
comparisons between and within patients and across SLPs
and hospitals, and enables the use of valid and reliable
MBSS observations as treatment outcome measures.

Limitations

There were three main limitations to this study: (1) limited
number of influential factors considered, (2) retrospective
nature, and (3) generalizability of these findings to other
standardized protocols or radiology/SLP teams.

Given the exploratory and preliminary nature of this
study, we limited the influential factors to those most
commonly believed to have a clinical impact (medical
diagnosis category, swallowing impairment severity, use of
a standardized, thorough data collection protocol, and cli-
nician experience). There are potentially other significant
factors that influence fluoroscopy time that we did not
study.

This study was accomplished in a retrospective manner.
It is possible that other factors that influence radiation
exposure, specifically individual patient characteristics and
compensatory trial information that was not available to
use in sufficient detail retrospectively, would influence
radiation exposure time. Furthermore, the retrospective
design did not allow for a true test of the value of stan-
dardization. A prospective study with a group using the
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standardized protocol and a control group would be needed
to address this issue and should be considered when
designing future studies on this topic.

These findings are strongly associated with use of the
MBSImP™® MBSS protocol. SLPs using the MBSImP©™
MBSS protocol have taken 21 CEUs of training, demon-
strated reliability, and have learned to quickly target strate-
gies during the MBSS. Thus, these findings may not be
generalizable to other MBSS protocols. Furthermore, we
recognize that there are individual differences due to the
SLP-Radiologist teams and hospital procedures that may
also impede the generalizability of these findings.

Conclusions

There are three main conclusions from this study: (1)
medical diagnosis category does not influence fluoroscopy
time, (2) swallowing impairment severity and SLP expe-
rience impact fluoroscopy time, and (3) using a thorough,
standardized protocol, such as that associated with the
MBSImP™®, does not increase radiation exposure time.

Fluoroscopy time is not influenced by medical diagnosis
category. This finding provides evidence to advocate for
the use of a standardized MBSS data collection protocol,
such as that associated with the MBSImP@TM, across
medical diagnosis categories.

It is important to be cognizant of the many factors that can
influence radiation exposure for our patients. Care should be
taken to reduce the influence of all possible factors not
related to improved diagnostic yield according with the
ALARA principle, such as the nonvalidated practice of
administering multiple nonstandardized textures. Our earlier
work demonstrated that physiological swallowing impair-
ment can be captured without implementation of repeated
swallows of varied, nonstandardized consistencies.

MBSS conducted using a standardized protocol, such as
the one associated with the MBSImPTM©, had radiation
exposure times similar to those previously reported in the
literature. While standardization of the MBSS with the
MBSImP™® data collection protocol does not increase
radiation times, it likely provides a higher diagnostic yield
and may reduce the need for repeat MBSSs. Research into
the long-term clinical implications of the use of a standard-
ized protocol, such as that associated with MBSImPTM©,
during the MBSS would provide stronger evidence to rec-
ommend the use of a protocol for both reduced radiation
exposure and improved diagnostic yield.
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