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The use of scintigraphy to demonstrate the rapid esophageal
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administered with minimal volumes of water
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Abstract

As our population ages, and the consumption of pharmaceutical products rises, the incidence of solid oral dosage
forms lodging in the esophagus is likely to increase and may be formulation dependent. The aim of this study was
to compare the esophageal transit of the commercial film-coated risedronate tablet and a round uncoated tablet
resembling the alendronate 10 mg tablet which is reported to cause esophagitis if ingested with little to no water.
Water volumes of 30 ml and 50 ml were selected as these volumes can detect formulations prone to esophageal
adhesion and a habits and practice study showed that these volumes are within the range preferred by women (7–385
ml). A total of 28 healthy postmenopausal women completed the four-way crossover scintigraphy study. For both
volumes of water, the film-coated placebo risedronate tablet had a statistically significant faster esophageal transit
time than the uncoated placebo tablet (P=0.002 for 30 ml water and P�0.001 for 50 ml water). Among those taking
the round, flat, uncoated tablet, five subjects had esophageal stasis (transit �20 s) and in three subjects the tablet
remained in the esophagus at the end of the 10-min imaging period. No stasis was observed for the oval film-coated
placebo risedronate tablet. This study demonstrates that tablet size, shape and coating are pharmaceutical parameters
which can be controlled to minimize esophageal contact of a dosage form with esophageal tissue. © 2001 Elsevier
Science B.V. All rights reserved.
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1. Introduction

The major risk factors for ‘pill-induced
esophagitis’ are patient age-related impairment of
esophageal motility and dosage form characteris-
tics. Impaired esophageal peristalsis in elderly
subjects will increase the likelihood that solid oral
dosage forms (mainly tablets and capsules) will
lodge in the esophagus or reflux back into the
gullet, where impaired clearance prolongs the pe-
riod of contact with the esophageal mucosa. The
volume of swallowed water, the position of the
body when swallowing, and the size, shape and
surface characteristics of the pharmaceutical dose
form are important determinants of esophageal
transit time (Applegate et al., 1980; Bonavina et
al., 1987).

Bisphosphonates are a class of synthetic com-
pounds used in the treatment of various metabolic
bone diseases, including osteoporosis and Paget’s
disease of bone. Clinically, there have been re-
ports of gastrointestinal adverse events including
dysphagia, esophagitis and ulceration of the stom-
ach and esophagus associated with primary
aminobisphosphonate (pamidronate and alen-
dronate) therapy (Lufkin et al., 1994; deGroen et
al., 1999). In most cases, the esophageal problems
fit the pattern of pill induced esophagitis or reflux
of partially dissolved tablets from the stomach
(Kikendall, 1999). The incidence of gastrointesti-
nal side effects due to alendronate is reported to
be higher in clinical practice than observed in the
clinical trials (Ettinger et al., 1998). The
esophageal irritation problems observed post-
marketing for the round alendronate 10 mg
tablets appear to be especially problematic if the
tablet was ingested with little to no water or
ingested lying down during or after ingestion of
the tablet (deGroen et al., 1999).

Risedronate, a potent pyridinyl bisphospho-
nate, is chemically distinct from the primary
aminobisphosphonates. The nitrogen in rise-
dronate is in the pyridinyl ring structure, whereas
the aminobisphosphonates (alendronate and
pamidronate) contain the nitrogen as a primary
amine. To further reduce the likelihood of
esophageal complications, a film-coated oval for-
mulation of risedronate was developed to facili-

tate rapid esophageal transit and minimize
contact with the mucosa. In healthy, elderly sub-
jects, the esophageal transit of the film-coated
risedronate tablet ingested with 50 ml of water
had a more rapid transit (mean time of 3.3 s) than
that of a gelatin capsule form (mean time of 23.8
s) (Perkins et al., 1999). In a comparative en-
doscopy study, risedronate treatment resulted in
significantly fewer gastric ulcers than alendronate
treatment (Lanza et al., 2000).

Product labeling for risedronate sodium tablets
in the United States instructs patients to take the
tablet with a full glass of plain water (6–8 oz) to
facilitate delivery to the stomach, and in Europe a
water volume of at least 120 ml (4 oz) is recom-
mended. In practice, patients may not comply
with these dosing instructions and may take less
than the recommended volume of water. A habits
and practice study (section 2.1) showed that
women prefer to ingest film-coated placebo rise-
dronate tablets with a wide range of water vol-
umes (7–385 ml). Thus, in designing an optimal
risedronate tablet formulation, it was important
to study the esophageal transit under these non-
ideal conditions (minimal volumes of water).

This scintigraphy study compared the
esophageal transit time of the film-coated placebo
risedronate tablet and a round, flat uncoated
placebo tablet that resembled the round alen-
dronate 10 mg tablet in size and shape, as this
formulation is prone to esophageal adhesion if
swallowed with little or no water (deGroen et al.,
1999). Water volumes of 30 and 50 ml were
selected, as these volumes can detect formulations
prone to esophageal adhesion and also represent
minimal volumes of water that patients may in-
gest with the risedronate tablet (Perkins et al.,
1999).

2. Materials and methods

2.1. Habits and practice study

One hundred and eight female subjects 60 years
and older participated in a habits and practice
study. The participants were required to appear at
a local research facility and bring with them a
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drinking glass or utensil that they normally use to
ingest water with their medications. The partici-
pants were provided with a film-coated placebo
risedronate tablet and a pitcher of water. The
moderator stepped away and asked the partici-
pant to use their normal habits and fill their glass
or utensil with water and swallow the tablet. The
volume of ingested water was determined by rec-
onciliation and recorded for each participant.

2.2. Scintigraphy study

2.2.1. Formulations
Film-coated placebo risedronate tablets and

placebo uncoated round tablets were supplied by
Procter and Gamble Pharmaceuticals. The
placebo film-coated tablets, identical to the in-
tended commercial 5 and 30 mg tablet formula-
tions, were oval shaped (5.7×11.5 mm), weighing
247 mg. The placebo uncoated tablets, identical to
the alendronate 10 mg tablet formulation (except
for engraving), were round shallow convex shaped
(9.5 mm), weighing 200 mg. The compositions of
both placebo tablets were designed to match those
of the corresponding commercial formulation. Be-
cause the exterior surface and density of the dose
form, rather than the presence of active drug,
determine its properties, we were able to use a
placebo formulation, simplifying the execution of
the study. The in vitro disintegration properties of
the placebo tablets were measured and shown to
be identical to those of the active tablets (data not
shown).

2.2.2. Radiolabeling
The test formulations were manufactured to

contain 5 mg of samarium (Sm) oxide and placed
in a nuclear reactor approximately 48 h prior to
dosing. This process converted the Sm oxide to
153Sm, which is a gamma-ray-emitting isotope
with a 47-h half-life. Neutron activation was per-
formed by the Imperial College of Science Tech-
nology and Medicine (Ascot, Berks SL5 7TE).
Stability of labeling and the effect of incorporat-
ing the radioisotope in the formulations were
evaluated prior to the clinical study. The tablets
were assayed for radioactive content to ensure
that each tablet contained up to a maximum of

1.0 megabecquerel (MBq) 153Sm at the scheduled
time of dosing. This equated to an effective single
dose of 0.7 mSv and a total subject dose of 2.8
mSv over the dosing period. The acceptable yearly
exposure limit was 5 mSv.

2.2.3. Study design
This was a randomized, single-center, evalua-

tor-blinded, four-way crossover study. A total of
31 healthy postmenopausal women (at least 55
years old and at least 1 year postmenopausal)
were enrolled to ensure that a minimum of 28
subjects completed the study. Subjects were ran-
domly assigned to dosing sequences using a 2×2
factorial combination of formulations (film-
coated placebo risedronate or uncoated placebo)
and volumes of water (30 or 50 ml) laid out in
4×4 Latin squares balanced for first-order carry-
over effects. The four combinations of formula-
tion and volume of water were administered to
each subject sequentially over the course of the
dosing period. There was a washout period of at
least 48 h between each visit to clear the radioac-
tivity from the gastrointestinal (GI) tract. The
study was approved by the hospital ethical com-
mittee and the Administration of Radioactive
Substances Advisory Committee (ARSAC) of the
UK Department of Health. All subjects were fully
informed of the procedure and gave written con-
sent to participate.

2.2.4. Scintigraphic procedures
The scintigraphic procedure took place on the

morning of each visit and lasted about 2 h. Sub-
jects were asked to fast prior to each visit and
refrain from smoking from 22:00 h on the evening
before dosing until the end of the 2-h procedure.
No water, other than the assigned volume taken
with the radiolabeled tablet, was permitted from 1
h before dosing until the end of the 10-min dy-
namic sequence of images. In the event that the
tablet adhered and lodged in the esophagus dur-
ing the 10-min dynamic sequence, the subject was
asked to drink additional amounts of water at the
end of the 10-min period to dislodge the tablet
and flush it into the stomach. At the time of the
procedure, each subject was given full instructions
and positioned, while seated in front of the
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gamma camera, to provide an anterior view of the
esophagus extending from the oropharynx to the
upper margin of the stomach.

Scintigraphic imaging was performed using a
gamma camera with a 40-cm field of view (Maxi-
camera II, IGE Slough, UK). Data were recorded
by computer (Sun/Spark, Hermes workstation,
Nuclear Diagnostics, Gravesend UK). A continu-
ous dynamic sequence of images of the esophagus
was recorded over a 10-min period in a 64×64
matrix. A note of the frame marker was made at
the time the subject was instructed to swallow the
radiolabeled tablet.

2.2.5. Esophageal transit
The primary outcome measurement was the

esophageal transit time of the tablets taken with
either 30 or 50 ml of water. Individual scinti-
graphic images for each subject at each visit were
taken to determine the time the activity of the
radiolabeled tablet was first seen in the orophar-
ynx. Subsequent images were then taken to show
the time of arrival of the tablet in the stomach.
The difference (in seconds) between these times
was the measure of esophageal transit.

In addition to the total transit time, a novel
technique was developed to characterize the tran-
sit pattern of the dose form in the esophagus. This
technique is based on measurement of the plateau
phase associated with the esophageal transit time
to identify stationary periods during transit of the
dose form in the esophagus. This parameter better
reflects the likelihood of prolonged contact with
esophageal mucosa and hence damage to the
esophagus than the transit time.

A grading system for the esophageal plateau
phase was developed in corroboration with four
scintigraphy observers (Prof. Clive Wilson at the
University of Strathclyde, Prof. Alan Perkins at
Queen’s Medical Centre, Dr Michael Jay at the
University of Kentucky, and Dr Jeffrey Cooper at
Albany Medical Center). The observers graded 13
condensed images from a previous scintigraphy
study (Perkins et al., 1999). The results of the
scores from each observer were comparable and
ensured the relevance and consistency of the grad-
ing system.

2.2.5.1. Grading system for the esophageal plateau
phase. The following grading system was used by
a single, blinded evaluator at Queen’s Medical
Centre to score the condensed esophageal transit
images:

Grade 0: no observable stationary periods.
Grade 1: short stationary periods (single or
multiple stationary periods) each less than 5 s.
Grade 2: longer stationary periods (single or
multiple stationary periods) each between 5 and
20 s.
Grade 3: prolonged stationary periods (single
or multiple stationary periods) each greater
than 20 s.
NB: Each stationary period was graded and

recorded for each condensed image, then an over-
all grade was recorded. If multiple stationary
periods were observed in a condensed image, the
highest grade was reported as the overall grade.
For example, if Grades 2 and 3 were both ob-
served at Visit 1, Grade 3 was reported as the
overall grade. Retrograde transit was defined as
stasis.
2.2.5.2. Rationale for the grading system. The
grading system used to define the plateau phase
was based on the results of previous esophageal
transit studies using placebo risedronate dose
forms and published data (Perkins et al., 1999;
Perkins et al., 2000; Ham et al., 1985).

Grade 0: no stationary periods. This grade repre-
sented very rapid esophageal transit with no ob-
servable stationary periods. This grade also
included cases where esophageal transit was a
slow, gradual process, but with no observable
stationary periods.

Grade 1: short stationary periods. In a study by
Ham, five subjects swallowed a 5 ml krypton-81 m
solution as a single swallow (Ham et al., 1985).
The esophageal transit was very rapid, and all of
the swallowed activity reached the stomach within
5 s. In another study, the mean esophageal transit
time of a film-coated placebo risedronate tablet
was 3.3 s (range 1.5 to 7 s) (Perkins et al., 1999).
Therefore, the esophageal transit time of a solu-
tion bolus or film-coated placebo risedronate
tablet should occur within approximately 5 s,
which was the basis for selecting the 5-s cut-off
time for Grade 1.
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Grade 2: longer stationary periods. An
esophageal transit time of greater than 20 s was
defined as esophageal adhesion (hereafter referred
to as esophageal stasis) in a previous study
(Perkins et al., 2000), which showed that station-
ary periods rarely exceed 5 s and should be less
than 20 s in normal subjects.

Grade 3: prolonged stationary periods. This was
recorded when the stationary period exceeded
20 s.

Esophageal stasis. Esophageal stasis was defined
as an overall esophageal transit time of �20 s
which has been used in previous scintigraphy
studies (Perkins et al., 2000).

2.2.6. Statistical analysis
Data from a previous study revealed that the

mean esophageal transit time of a film-coated
placebo risedronate tablet was approximately 4.0
s, and the common between-subject standard de-
viation was 4.0 s (Perkins et al., 2000). Assuming
that the within-subject correlation was 0.5, 28
completed subjects provided at least 90% power
to detect a difference of 8.0 s in the esophageal
transit time between oval, film-coated placebo
risedronate tablets and round, flat, uncoated
placebo tablets for each volume of water
evaluated.

An analysis of variance (ANOVA) model for
the crossover design was used to compare the
esophageal transit time between the two formula-
tions for each volume of water. When the normal-
ity assumption in the ANOVA model was not
satisfied, nonparametric methods such as the
Wilcoxon signed-rank test were used to compare
the esophageal transit time between the two for-
mulations. A 95% confidence interval (CI) for the
median difference was constructed, based on the
Hodges–Lehmann method, to quantify the differ-
ence in esophageal transit time for each volume of
water. The number and percentage of subjects in
each grade of the esophageal plateau phase were
provided for each combination of formulation
and volume of water. The number of subjects
having esophageal stasis (transit time of the tablet
was �20 s) was summarized.

3. Results

3.1. Habits and practice study

The median volume of water taken with the
film-coated placebo risedronate tablet was 124 ml
(4.2 oz) with a range of 7 to 385 ml. A histogram
of the water volume distribution is shown in Fig.
1. The results indicate that 50 ml is at the low end
(13th percentile) of the range of typical volumes
voluntarily consumed by postmenopausal women.
The 50 ml volume was selected because it is a
volume shown to differentiate between the
esophageal transit time of the placebo risedronate
tablet and capsule, and represents a volume that
subjects may ingest with the film-coated rise-
dronate tablet. Additionally, subjects at the 5th
percentile consumed 33 ml of water with the
tablet and were considered to be at highest risk
for delayed transit. Therefore, 30 ml was selected
as the lowest volume of water to test in this study.

3.2. Scintigraphy study

Out of 34 screened subjects, 31 subjects were
randomized to participate in the study. Three
subjects were withdrawn during the study, there-
fore 28 subjects completed the study. The mean
age of the subjects was 63 years (range 55 to 74
years).

3.2.1. Esophageal transit
Table 1 summarizes the esophageal transit time

of each formulation and volume of water. For
each volume of water, only 28 of the 31 subjects
had transit times for both formulations and were,
therefore, included in the comparison between the
two formulations. For both volumes of water, the
film-coated placebo risedronate tablet had a
statistically significant shorter esophageal transit
time than the uncoated placebo tablet. The me-
dian difference in esophageal transit time between
the film-coated placebo risedronate tablet and the
uncoated placebo tablet was −2.5 s (95% CI=
−18.5 to −1.0 s; P=0.002) for 30 ml of water
and −1.0 s (95% CI= −1.8 to −0.5 s; P�
0.001) for 50 ml of water.
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Fig. 1. Water volume distribution for participants ingesting the film-coated placebo risedronate tablet

Table 1
Summary of esophageal transit time (all randomized subjects)

30 ml water 50 ml water

Uncoated placeboPlacebo risedronateUncoated placeboPlacebo risedronateParameter
(N=29)(N=30)(N=28) (N=30)

Total esophageal transit time (s)
Mean�SEM 3.4�0.363.2�0.31 65.2�32.8 2.3�0.18

2.82.0Median 3.82.8
1.0, 5.50.5, 6.5 1.0, 10.01.5, 596Min, Max

Placebo risedronate-uncoated
placebo

−2.5 −1.0Difference
95% CIa (−1.8, −0.5)(−18.5, −1.0)

0.002 �0.001p value

a Confidence interval estimates of the median difference between the two formulations were based on the nonparametric
Hodges–Lehmann method.
N=number of randomized subjects who received formulation and volume of water; n=number of randomized subjects who
received formulation and volume of water and had a esophageal transit time measurement; SEM=standard error of the mean.
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Table 2
Summary of the overall grade for esophageal plateau phase (all randomized subjects)

50 mlGrading systema 30 ml

Uncoated placeboPlacebo risedronate Placebo risedronate Uncoated placebo
(N=29)(N=28) (N=30)(N=30)

n (%)n (%) n (%) n (%)

11 (37%)Grade 0 19 (66%)9 (32%) 12 (40%)
Grade 1 17 (61%) 11 (37%) 10 (34%) 17 (57%)
Grade 2 3 (10%)2 (7%) 0 (0%) 1 (3%)

0 (0%) 5 (17%) 0 (0%) 0 (0%)Grade 3 (Esophageal
stasis)

N=number of randomized subjects who received formulation and volume of water; n (%)=number and percentage of subjects.
a Each stationary period was graded and if multiple stationary periods were observed, then the highest grade was reported as the

overall grade. Grade 0=no observable stationary periods; Grade 1=short stationary periods (single or multiple stationary periods)
each less than 5 s; Grade 2= longer stationary periods (single or multiple stationary periods) each between 5 and 20 s; Grade
3=prolonged stationary periods (single or multiple stationary periods) each greater than 20 s.

Three subjects taking the round, flat, uncoated,
placebo tablet with 30 ml of water had an
esophageal transit time at a single visit over 500 s,
and the tablet was still in the esophagus after the
end of the 10-min imaging period; one subject had
an esophageal transit time of 596 s, one had a time
of 591 s and one had a time of 595 s.

3.2.2. Esophageal plateau phase
Table 2 summarizes the overall grade for the

esophageal plateau phase of each formulation and
volume of water. For the 30 ml volume of water,
two of 28 subjects (7%) receiving the oval, film-
coated placebo risedronate tablet had a stationary
period greater than 5 s (zero of 28 had a station-
ary period greater than 20 s) and eight of 30
subjects (27%) receiving the round, flat, uncoated
placebo tablet had a stationary period greater
than 5 s (five of eight had a stationary period
greater than 20 s). For the 50 ml volume of water,
zero of 29 (0%) subjects receiving the oval, film-
coated placebo risedronate tablet had a stationary
period greater than 5 s and only one of 30 sub-
jects (3%) receiving the round, flat, uncoated
placebo tablet had a stationary period greater
than 5 s but less than 20 s.

3.2.3. Esophageal stasis
As shown in Fig. 2 esophageal stasis (defined as

an esophageal transit time of �20 s) was seen in

17% (5/30) of subjects, but only in those subjects
who received the round, flat, uncoated placebo
tablet with 30 ml of water.

4. Discussion

The aim of this study was to compare the
esophageal transit time of a round, flat, uncoated
placebo tablet with an oval, film-coated placebo
risedronate tablet. The data indicate that the oval,
film-coated placebo risedronate tablet had a
statistically significant shorter esophageal transit
time than the round, flat, uncoated placebo tablet
when taken with either 30 or 50 ml of water. No
esophageal stasis (transit time �20 s) was ob-
served with the oval, film-coated placebo rise-
dronate tablet with either volume of water. In
comparison, five of 30 subjects had esophageal
stasis (transit �20 s), including three subjects
(10%) with an esophageal transit time greater
than 10 min, the duration of imaging, when the
round, flat, uncoated placebo tablet was ingested
with 30 ml of water. It was interesting to note that
no subjects were aware that the tablet was lodged
in their esophagus. The 10-min adhesion was of
no safety concern since all subjects received
placebo tablets. If the round, uncoated tablet
contained alendronate, then the prolonged con-
tact of the dissolving tablet may create high local
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drug concentration on the esophagus and possibly
increase the risk of esophageal irritation, e.g. infl-
ammation or even penetration of the mucosa. The
adhesion of the uncoated round tablet, similar in
size and shape to the alendronate 10 mg tablet,
observed in this scintigraphy study is consistent
with reported cases of esophagitis if the alen-
dronate tablet is taken with little to no water
(deGroen et al., 1999). The alendronate 10 mg
tablet was a round shallow convex uncoated
tablet with a diameter of 9.5 mm. The flat surface
of the tablet presents a high surface area and may
contribute to the esophageal adhesion of the
tablet when swallowed with little to no water.

The habits and practice showed that women
prefer to ingest the film-coated risedronate tablet
with a wide range of water volumes (7–385 ml)
and 30 ml is at the low end (�5th percentile) of
the distribution and represents subjects at high
risk for delayed transit. Even at this minimal

water volume, the contact time of the film-coated
risedronate tablet with the esophagus is minimal,
as the longest transit time was 6.5 s with a single
stationary period of 5 s.

A previous in vitro test system in an isolated
pig esophagus was used to measure the detach-
ment force of the film-coated risedronate tablet
(Actonel® 30 mg) and an uncoated placebo tablet
of the same size and shape (Gibson et al., 1999).
The results showed that the film-coated rise-
dronate tablet had a statistically significant higher
detachment force than the uncoated tablet. This
present scintigraphic study demonstrated the
faster transit of the placebo film-coated rise-
dronate tablet compared to the placebo uncoated
round tablet. As a consequence, we would suggest
that the in vitro mucoadhesion model should not
be used to predict dosage form transit in humans.

This scintigraphy study confirms our in-depth
examination of esophageal transit and supports

Fig. 2. Esophageal transit times for subjects following ingestion of the film-coated placebo risedronate tablet and the placebo round
uncoated tablet with 30 ml of water
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the design and optimization of the risedronate
tablet for use in elderly subjects (Perkins et al.,
1999, 2000). This study demonstrates that tablet
size, shape and coating are pharmaceutical
parameters which can be controlled to minimize
esophageal contact of a dosage form with
esophageal tissue. The esophageal safety of rise-
dronate is supported by clinical trials with the
rapidly disintegrating film-coated risedronate
sodium tablets (2.5 and 5.0 mg) in post-
menopausal women, which showed an overall
safety profile of risedronate sodium, including
gastrointestinal safety, was similar to that of
placebo (Reginster et al., 2000; Harris et al., 1999,
McClung et al., 2001). Since oral tablet formula-
tions are not identical in terms of size, shape and
coating material, scintigraphy studies should be
conducted to establish the esophageal transit for
bisphosphonate formulations intended for use by
elderly patients. A volume of 30 ml of water is
suggested because it can differentiate between for-
mulations and represents a minimal volume of
water which may be swallowed with the
formulation.
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