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ABSTRACT
Background: Delayed esophageal transit or disin-

tegration of oral bisphosphonate tablets before they 
enter the stomach may be of concern with respect to 
iatrogenic complications among patients receiving long- 
term treatment. Different formulations of generic 
bisphosphonate tablets meeting regulatory require-
ments may have substantial differences in pharmaceu-
tical attributes from the branded product that may 
result in different characteristics during esophageal 
transit.

Objective: The primary objective of this study was 
to evaluate and compare esophageal transit times 
and in vivo disintegration of 3 bisphosphonate for-
mulations, one branded and the others generic, that 
are commercially available in Canada and the United 
Kingdom.

Methods: This was a single-center, randomized, single- 
blind, 6-period crossover study in healthy postmeno-
pausal women aged >50 years. Each subject received 
a single oral dose of a branded risedronate sodium 
35-mg tablet and 2 generic formulations of alendronic 
acid 70-mg tablets (Novopharm Limited, Toronto, 
Canada, and Teva UK Limited, Morley, United King-
dom) in both the erect and semisupine (45°) positions. 
Although the products are labeled to be taken in the 
erect position, the semisupine position was included 
to simulate dosing in bedridden patients. Subjects 
took tablets with 30 mL of water in the morning after 
an overnight fast. The tablets were radiolabeled with 
technetium-99m ion-exchange resins to enable visuali- 
zation and measurement of esophageal transit time 
and disintegration using a gamma camera. Dynamic 
scintigraphic images were obtained for a total of 

10 minutes: 2 images per second for the first 30 sec-
onds and 1 image every 15 seconds for 9.5 minutes. 
This was a mechanistic study and tolerability was not 
assessed.

Results: The study was conducted in 20 healthy 
white female subjects with a mean age of 62 years 
(range, 51–77 years). The effect of body position was 
statistically significant (P = 0.043), with the esti-
mated hazard ratio (HR) of 0.74 indicating longer 
transit time in the semisupine position relative to the 
erect position. There was a statistically significant 
difference in transit time among the 3 types of tablets 
(P = 0.007), with the Novopharm tablet (HR = 0.59; 
P < 0.001) and Teva tablet (HR = 0.71; P = 0.042) 
having longer transit times compared with the rise-
dronate tablet. In 4 instances, the Novopharm tablet 
disintegrated and dispersed in the esophagus, once in 
the erect position and 3 times in the semisupine 
position.

Conclusions: In these healthy female subjects, esopha- 
geal transit was delayed when the tablets were giv- 
en in the semisupine position. The branded risedro- 
nate tablet had a significantly faster transit time than 
the 2 generic formulations of alendronate tested. (Clin 
Ther. 2008;30:834–844) © 2008 Excerpta Medica 
Inc.
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with 240 mL of water, the median esophageal transit 
time was 4.0 seconds (range, 2.4–18.4 seconds). The 
transit times with the 2 volumes of water were consid-
ered equivalent because the 90% CI was within the 
equivalence range of ±8.0 seconds.

A branded form of the bisphosphonate alendronate 
sodium† is currently available worldwide, including 
Canada and countries in Latin America and Europe. 
The once-weekly formulation is an uncoated, oval-
shaped tablet containing the sodium salt of alendronate. 
In the United States, generic versions of this tablet are 
required to contain the same active ingredients as 
the branded drug (inactive ingredients may vary); to 
be identical in strength, dosage form, and route of 
administration; to have the same indications as the 
branded drug; to be bioequivalent; to meet the same 
batch requirements for identity, strength, purity, and 
quality; and to be manufactured under the strict stan-
dards of the US Food and Drug Administration’s good 
manufacturing practice regulations for branded prod-
ucts.10 However, generic products are approved based 
on the results of single-dose bioavailability studies 
and are not required to have disintegration character-
istics or esophageal transit times equivalent to those 
of the branded product.10 A potential concern is that 
differences in the pharmaceutical attributes (eg, film-
coating, size, shape, disintegration time) of generic 
alendronic acid formulations may affect the local-
irritation and tolerability profiles of the drug, particu-
larly in the upper gastrointestinal tract. Epstein et al11 
reported a greater irritant response to a 10-mg generic 
alendronate tablet (Novopharm Limited, Toronto, 
Canada) in a rabbit injection study and to another 
10-mg generic alendronate tablet (Teva Pharmaceutical 
Industries Ltd., Petah Tikva, Israel) in a dog esophageal 
study compared with the 10-mg branded product. Be-
cause the active ingredient and dose were the same in 
the generic alendronic acid tablets and the branded 
tablets, the differences in irritant response were attrib-
uted to differences in the pharmaceutical preparations.

The present study evaluated and compared esopha-
geal transit times and disintegration of 3 bisphospho-
nate formulations, the branded film-coated risedronate 
sodium tablet and 2 generic alendronic acid products 
that are commercially available in Canada and the 
United Kingdom. The particular generic tablets stud-

INTRODUCTION
The major risk factors for pill-induced esophagitis1,2 
are age-related impairment of esophageal motility and 
the characteristics of the dosage form, including size, 
shape, and coating.3–5 As the population ages, increases 
in both osteoporosis and impaired esophageal peri-
stalsis can be expected. Impaired esophageal peristal-
sis in elderly subjects increases the likelihood that 
solid oral dosage forms (mainly tablets and capsules) 
may lodge in the esophagus or undergo retrograde 
movement due to esophageal dysmotility.6,7 Such im-
paired clearance prolongs the contact time of the for-
mulation with the esophageal mucosa. In addition to 
the characteristics of the dosage form, the esophageal 
transport of solid dosage forms depends on body posi-
tion, swallowing volume, and pharyngeal propulsion 
velocity.6

There have been reports of gastrointestinal adverse 
events, including dysphagia, esophagitis, and ulcera- 
tion of the stomach and esophagus, associated with 
oral bisphosphonate therapy in clinical practice.7,8 In 
most cases, the esophageal problems fit the pattern 
of pill-induced esophagitis or reflux of partially dis-
solved tablets from the stomach. As a result, it was 
recognized that administration of oral bisphosphonates 
in patients with esophageal abnormalities was poten-
tially hazardous, and that efforts should be made to 
avoid prolonged drug contact with the esophagus.7,8

To reduce the risk of esophageal complications 
with risedronate sodium,* a film-coated formulation 
was developed to facilitate rapid esophageal transit 
and minimize contact with the mucosa. In a previous 
esophageal-transit study in 25 healthy male and female 
subjects aged >56 years,4 the mean transit time of a 
film-coated risedronate placebo tablet swallowed with 
50 mL of water was 3.3 seconds (range, 1.5–7.0 sec-
onds; sample SD, 1.4 seconds), and the mean transit 
time of a hard-gelatin risedronate capsule swallowed 
with the same amount of water was 23.8 seconds 
(range, 0.5–131.5 seconds; sample SD, 36.1 seconds) 
(P = 0.016), indicating the faster transit time of the 
film-coated tablet. In a subsequent study in 14 healthy 
female subjects aged >55 years,9 the film-coated rised-
ronate tablet swallowed with 50 mL of water had a 
median esophageal transit time of 4.0 seconds (range, 
0.8–10.4 seconds); when the tablet was swallowed 

* Trademark: Actonel® (Procter & Gamble Pharmaceuticals, 
Inc., Cincinnati, Ohio).

† Trademark: Fosamax® (Merck & Co., Inc., West Point, 
Pennsylvania).
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ied were chosen because they are made by established 
manufacturers of generic products and because, at the 
time the study was conducted, generic alendronic acid 
tablets were not available in the United States. The 
branded alendronate sodium tablet was not used be-
cause this dosage form has been extensively studied in 
the course of clinical trials.12 The film-coated risedro-
nate sodium tablet was included as a control because 
its esophageal transit time has been reported previ-
ously.4,9 It was not necessary to adjust the doses of the 
risedronate sodium and alendronic acid tablets, be-
cause transit time and disintegration are functions of 
the properties of the dosage form and not of the active 
ingredient, and study comparisons were between the 
weekly doses of each (35 and 70 mg, respectively).

The approved labeling for the branded alendronate 
sodium tablet states that to facilitate delivery to the 
stomach and thus reduce the potential for esophageal 
irritation, the tablet should be swallowed with a full 
glass of plain water (6–8 fluid ounces); furthermore, 
patients are not to lie down for at least 30 minutes 
after swallowing the tablet and not until after they 
have consumed the first food of the day.12 A 30-mL 
volume of water was used in this study, as this volume 
has been found sufficient to differentiate between the 
transit times of pharmaceutical preparations,13 and 
subjects aged >50 years may have difficulty following 
the dosing instructions for bisphosphonate tablets 
with respect to water volume. The transit of the bis-
phosphonate formulations was studied with the sub-
ject in both the erect and semisupine (45°) positions, 
as a literature review found that no such studies have 
been conducted with bisphosphonate formulations. 
Although the products are labeled to be taken in the 
erect position, a 45° angle was chosen to simulate dos-
ing in bedridden patients.14

SUBJECTS AND METHODS
Study Population

Healthy white female volunteers were recruited from 
Queen’s Medical Centre, Nottingham, United Kingdom, 
and the surrounding area. Eligible subjects had to be 
aged >50 years, be postmenopausal (surgical or natu-
ral), be able to give consent, and be willing to abstain 
from alcohol from 24 hours before each dose through 
the end of each study day. Subjects were excluded if 
they had a history of alcohol or drug abuse; had re-
ceived any investigational drug within the previous 
3 months; in the investigator’s opinion, were not suf-

ficiently fit to participate based on a complete medical 
history and physical examination; had consumed al-
cohol within 24 hours of the start of the study; or had 
participated in a similar study involving the use of 
radioisotopes in the previous 3 months, such that ra-
diation exposure from the present study would ex-
ceed the recommended threshold for yearly exposure 
(5 millisievert [mSv]).15 (The Sv is a measure of the 
effective dose. A member of the general public is ex-
posed to ~2.5 mSv per year from background radia-
tion.16) Additional exclusions were use within the 
previous 8 weeks of any medication that may affect 
esophageal or gastric motility (eg, atropine, propan-
theline, narcotic analgesics, amitriptyline, imipramide, 
loperamide, desipramine, chlorpromazine); a history of 
gastric surgery or active upper gastrointestinal disease; 
and milk intolerance or other inability to drink milk.

The study was approved by the Ethical Committee 
of Nottingham Hospital and the Administration of 
Radioactive Substances Advisory Committee of the 
UK Department of Health. All subjects were fully in-
formed of the study procedures and gave their written 
consent to participate.

Study Design
This was a mechanistic, randomized, single-blind, 

6-period crossover study conducted at a single center. 
Double-blinding was not possible because the tablets 
differed in size, shape, and coating, qualities that are 
known to affect esophageal transit.

Each of the 6 treatment periods was separated by a 
minimum of 40 hours and a maximum of 14 days. To 
explore treatment effects and position effects simultane-
ously, the study was conceptually divided into 2 phases 
consisting of the first and second 3 treatment periods. 
In the first phase, half of the subjects were randomly 
assigned to receive the 3 treatments in the erect posi-
tion and the other half received the 3 treatments in the 
semisupine position; in the second phase, the position 
assignments were reversed. Within each phase, dosing 
was organized as a 3-period crossover, with subjects 
receiving the 3 tablet types in 1 of 6 possible sequenc-
es. The randomization list was further structured so 
that each tablet type was administered to between  
6 and 8 subjects in each period.

Study Drugs
Three varieties of bisphosphonate tablets were used 

in this study: branded risedronate sodium 35-mg tablets 
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collimator and peaked at 140 keV for 99mTc. The  
128 × 128 pixel matrix images were stored on a dedi-
cated Hermes nuclear medicine computer (Nuclear 
Diagnostics Ltd., Gravesend, United Kingdom).

Oral dosing took place between 7:30 am and 12:00 
noon on each study day. Subjects received each dose 
after an overnight fast; they could drink plain water 
as needed up to the time of dosing. Subjects were po-
sitioned in the erect or semisupine (45°) position in 
front of the gamma camera (Figure 1) and were asked 
to swallow the tablet with 30 mL of water from a 
spouted drinking beaker and to remain still during the 
imaging period. The 45° position was checked using 
a large angle measure placed alongside the subject’s 
body while she lay on the chair with her head sup-
ported by a headrest. The subject was asked to adjust 
her position in the chair to achieve the correct angle.

The dynamic-imaging sequence was initiated at the 
start of swallowing and was stopped when the tablet 
was observed to enter the stomach. Esophageal transit 
was captured by dynamic acquisitions of 10 minutes’ 
maximum duration. Transit times of ≥600 seconds 
were censored. The dynamic-imaging protocol was 
composed of 2 frame groups: 2 frames per second for 
30 seconds (total of 60 frames), followed by 1 frame 
per 15 seconds for 9.5 minutes (total of 38 frames). 
After dynamic imaging was completed, subjects re-
ceived 240 mL of half-fat milk to reduce absorption 
of the drug, followed by a light meal of tea or coffee 
and a toasted teacake with butter.

All image analysis was carried out in a blinded 
fashion by 2 experienced independent observers (A.C.P. 
and P.D.H.) working to standardized criteria for de-
termining swallowing times and tablet disintegration. 
The observers reached a final decision after reviewing 
the data independently. The dynamic images were 
viewed on the computer monitor and the time of the 
frame in which the tablet was seen in the oropharynx 
was noted. The images were then displayed in turn 
to identify the time of any stasis in the esophagus and 
the time at which the tablet entered the stomach. For 
tablet swallowing, the series of images showed the 
tablet passing along the esophagus and moving later-
ally through the cardiac orifice into the stomach, 
features that could be identified by an experienced 
observer without the need for administration of a 
second radioactive marker. The spread and separa-
tion of tablet activity from a single defined spot to an 
extended trace or multiple discrete sites of activity, as 

(Actonel, lot 0000417436, expiration March 2008) and 
2 generic formulations of alendronic acid 70-mg tablets 
(lot A34009, expiration August 2008, Novopharm 
Limited, Toronto, Canada; lot A18028, expiration 
February 2009, Teva UK Limited, Morley, United 
Kingdom). The branded risedronate sodium tablets 
are film coated and oval shaped, weighing 247 mg and 
measuring 11.7 × 5.8 mm. The Novopharm alendronic 
acid tablets are uncoated and oval shaped, weighing 
200 mg and measuring 10.8 × 6.2 mm. The Teva alen-
dronic acid tablets are uncoated, round, and flat, 
weighing 200 mg and measuring 8 mm in diameter.

Radiolabeling
Technetium-99m (99mTc) sodium pertechnetate was 

obtained by elution of a 99molybdenum/99mTc generator 
(Elumatic III, Cisbio, Sandhurst, United Kingdom). The 
99mTc sodium pertechnetate at a high specific activi- 
ty (~500 MBq [13.5 mCi] per mL) was adsorbed onto 
ion-exchange resin (Amberlite IRA402[Cl], Alfa Aesar, 
Ward Hill, Massachusetts). This material was prepared 
to a final predetermined activity that ensured that each 
tablet contained ~5 MBq 99mTc at the scheduled admin-
istration time.

A single hole measuring 1.5 mm in diameter was 
drilled into the edge face of the tablets in line with the 
long axis to facilitate radiolabeling. After the hole was 
filled with radioactive resin, the tablet edge was sealed 
with bone cement to ensure that the contact face was 
smooth and clean of material. Previous in vitro dis-
solution studies undertaken using radiolabeled film-
coated risedronate placebo tablets indicated that the 
release of radioactivity into solution coincided with 
visual observations of tablet dispersion, validating the 
scintigraphic procedure.13 Validation of the radiola-
beling and imaging methodology, which is an essential 
component of scintigraphic studies, has been ad-
dressed previously.13 The in vitro disintegration time 
of the tablets was similar before and after radiolabel-
ing,13 confirming that the radiolabeling process did 
not alter the physical integrity of the tablets.17

The effective dose of radiation from the radiolabeled 
formulation was 0.13 mSv per subject, for a total effec-
tive dose of 0.75 mSv over the 6 periods of the study.

Study Procedures
Scintigraphic data were obtained using a gamma 

camera (Maxicamera II, GE Healthcare Ltd., Chalfont 
St. Giles, United Kingdom) fitted with a low-energy 
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Figure 1.  Subject in front of the gamma camera for monitoring of tablet swallowing in (A) the erect position 
and (B) the semisupine (45°) position.
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ratios (HRs) <1.0 indicated longer transit times. The 
estimation of HRs and tests of statistical significance 
conducted with the Cox regression modeling included 
an adjustment for repeated measures on each subject. 
Kaplan-Meier plots of transit times were also pre-
pared. All statistical analyses used SAS versions 8.2 
and 9.1.3 (SAS Institute Inc., Cary, North Carolina).

RESULTS
Twenty women participated in the study, all of whom 
completed the 6 study periods. The mean age of the 
subjects was 62 years (range, 51–77 years).

Esophageal Transit Times
The median transit times for the 3 bisphosphonate 

formulations swallowed in the erect and semisupine 
positions are shown in the table. In the erect position, 
the median transit times were 3.0 seconds (range, 1.0– 
5.5 seconds) for risedronate sodium tablets, 3.3 seconds 
(range, 0.5–13.5 seconds) for Novopharm alendronic 
acid tablets, and 3.8 seconds (range, 1.5–8.5 seconds) 
for Teva alendronic acid tablets. In the semisupine 
position, the corresponding median transit times were 
3.0 seconds (range, 1.0–27.0 seconds), 4.5 seconds 
(range, 1.0–600 seconds), and 4.0 seconds (range, 
1.0–98 seconds). Three subjects had prolonged esoph-
ageal transit times of 98, 593, and 600 seconds; the 
first of these prolonged transit times involved a Teva 

seen on the image, were taken as evidence of tablet 
disintegration.

Sample Size and Statistical Analysis
A previous study of the coated risedronate tablet 

taken in the erect position with 30 mL of water re-
ported a mean (SD) transit time of 3.2 (1.6) seconds 
in a group of 28 postmenopausal women.13 In the 
present study, assuming that the within-subject varia-
tion would have an SD of ≤1.6 seconds, 18 subjects 
would provide >90% power to detect a treatment 
difference of 2 seconds in either the erect or semisupine 
position. By design, each subject was to contribute 
2 observations per treatment and 3 observations per 
position; thus, the power to detect differences of  
≥2 seconds in association with treatment or position 
(main effects) was also expected to be >90%.

The disintegration data were summarized as counts 
by tablet type, and the transit-time data were summa-
rized as medians and ranges. The plan for statistical 
analysis of transit times was to use a linear mixed- 
effects model. However, because of the occurrence of 
several transit times >15 seconds (a time previously 
defined as representing prolonged stasis4) and 2 tran-
sit times that were censored at 600 seconds, stratified 
Cox proportional-hazards regression models were 
used for statistical analysis of transit times. Explana-
tory variables were coded in such a way that hazard 

Table.  Transit times for the 3 types of bisphosphonate tablets in the erect and semisupine (45°) 
positions.

 Transit Time,  
 Median (Range), Seconds

Formulation  Erect Semisupine

Risedronate sodium 35-mg tablets* 3.0 (1.0–5.5) 3.0 (1.0–27.0)

Alendronic acid 70-mg tablets† 3.3 (0.5–13.5)  4.5 (1.0–600‡) 
 1 Tablet disintegrated  3 Tablets disintegrated 
 in the esophagus in the esophagus

Alendronic acid 70-mg tablets§ 3.8 (1.5–8.5) 4.0 (1.0–98)

 * Actonel® (Procter & Gamble Pharmaceuticals, Inc., Cincinnati, Ohio).
 † Novopharm Limited, Toronto, Canada.
 ‡ The duration of imaging was 600 seconds, beyond which observations were censored.
 § Teva UK Limited, Morley, United Kingdom.
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Data were separated into 4 sets defined by combina-
tions of position (erect or semisupine) and period 
(first or second). Each set consisted of 3 values from 
each of 10 subjects, one for each tablet type. Although 
the ordering with respect to tablet type was not as 
consistent as the ordering for position, transit times 
for the risedronate sodium tablets were shortest for 
50% of subjects when the 3 tablet types were admin-
istered in the erect position and shortest for 60% of 
subjects when the tablets were administered in the 
semisupine position (Figure 2).

In light of the consistent direction of the HRs for the 
Novopharm and Teva tablets versus the risedronate 
tablet, a stratified Cox model was fitted to estimate 
average tablet effects. The Cox model indicated a sta-
tistically significant difference in transit times among 
the 3 types of tablets (P = 0.007), with significantly 
longer transit times compared with the risedronate 
tablet for the Novopharm tablet (HR = 0.59; P < 
0.001) and the Teva tablet (HR = 0.71; P = 0.042).

Disintegration
In the erect position, the Novopharm alendronic 

acid tablet disintegrated in the mouth of 1 subject dur-
ing swallowing, causing her to cough excessively. She 
was given 20 mL of water 1 minute after imaging, and 
the tablet was seen to disintegrate in the esophagus. A 
further 150 mL of water was given at the end of the 
10-minute scintigraphic study to clear the disintegrated 
tablet from the esophagus. Gamma camera images 
from this subject are shown in Figure 3. In the semi- 
supine position, the Novopharm tablet disintegrated in 
the esophagus during swallowing in 3 subjects, one of 
whom still had the disintegrated tablet in the esophagus 
at the end of the 10-minute period of scintigraphy.

Figure 4 contains images of esophageal transit after 
dosing with the risedronate sodium tablet (part A), the 
Novopharm alendronic acid tablet (part B), and the 
Teva alendronic acid tablet (part C) in the semisupine 
position in a single subject. The Novopharm tablet dis- 
integrated along the length of the esophagus and had  
not reached the stomach after 300 seconds (5 minutes).

DISCUSSION
This study provided information on the in vivo swal-
lowing and disintegration of oral bisphosphonate 
tablets. Some patients, particularly the elderly, have 
difficulty swallowing oral dosage forms, and this dif-
ficulty may be increased if the surface properties of 

tablet, and the others involved Novopharm tablets. 
The 2 longest transit times were associated with tablet 
disintegration throughout the esophagus; there were 
no other observed systematic factors to explain these 
results.

Seven transit times of ≥15 seconds were observed 
during the study: 2 with risedronate sodium tablets 
(15.0 and 27.0 seconds), 4 with Novopharm alen-
dronic acid tablets (15.5, 57.0, >593, and >600 sec-
onds), and 1 with a Teva alendronic acid tablet 
(98 seconds). All 7 of these transit times were recorded 
while subjects were in the semisupine position and 
during the first period of the study, when the first 
3 tablets were taken. The model term for position- 
by-period interaction was statistically significant (P <  
0.05).

Further analyses to elucidate the effects of position 
and tablet were conducted in a stratified manner to 
provide conclusions that would be as robust as pos-
sible in the presence of the interaction cited. Figure 2 
presents the transit-time data in the form of Kaplan-
Meier plots for the erect and semisupine positions. 
Because of the 6-period crossover design, each subject 
contributed a transit-time value for each tablet type 
in each panel. All transit times in the erect position 
were <15 seconds, 67% of them ≤5 seconds. In con-
trast, 7 transit times in the semisupine position were 
≥15 seconds, including 2 that were censored at the 
maximum observation time of 600 seconds.

For a fuller examination of the effect of position, 
the data were separated into 6 sets, one for each com-
bination of tablet type (risedronate, Teva, and Novo- 
pharm tablets) and position order (semisupine in the 
first or second period). Each set consisted of 2 values 
from each of 10 subjects, one for the semisupine posi-
tion and one for the erect position. In 5 of the 6 sets, 
more subjects had a longer transit time in the semi- 
supine position than in the erect position. The excep-
tion was the first set of data for risedronate in the 
semisupine position, in which 5 subjects had a longer 
transit time in the erect position and 5 had a longer 
transit time in the semisupine position.

In light of the consistency in direction of the posi-
tion differences, a stratified Cox model was fitted to 
estimate an average position effect. The position effect 
was statistically significant (P = 0.043). The estimated 
HR was 0.74, indicating longer transit times in the 
semisupine position. Differences in transit times by 
tablet type also were explored in a stratified manner. 
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Figure 2.  Kaplan-Meier plots for esophageal transit in (A) the erect position and (B) the semisupine (45°) posi-
tion. In part B, 2 transit times for the Novopharm tablets were censored at 600 seconds. R = branded 
risedronate sodium 35-mg tablets (Actonel®, Procter & Gamble Pharmaceuticals, Inc., Cincinnati, Ohio); 
N = Novopharm generic alendronic acid 70-mg tablets (Novopharm Limited, Toronto, Canada);  
T = Teva generic alendronic acid 70-mg tablets (Teva UK Limited, Morley, United Kingdom).
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the formulation cause the pill or tablet to become 
sticky once it comes in contact with moisture. Com-
parative in vitro studies have reported different de-
grees of adhesiveness of various commercial formula-
tions containing alendronate, suggesting the potential 
for differences in esophageal tolerance.18 In the pres-
ent study, a tablet of one of the generic formulations 
disintegrated in the subject’s mouth during swallow-
ing, and she had to be given an additional 20 mL of 
water 1 minute after imaging to suppress coughing; 

the tablet then disintegrated in the esophagus. Use of 
a rapidly disintegrating formulation in such an in-
stance would increase mucosal exposure to drug. It 
should be noted that because the radiolabel in this 
study was inserted into the center of the tablet, disin-
tegration could not be observed until the tablet had 
essentially disintegrated completely. Thus, it was not 
possible to determine the onset of in vivo disintegra-
tion (which would occur before the time of complete 
disintegration). The Novopharm tablets used in this 

May CT
Perkins 3/4
jh 04/04/08
pl 04/14/08

Figure 3.  Gamma camera images from the subject in whom a generic alendronic acid 70-mg tablet (Novopharm 
Limited, Toronto, Canada) disintegrated in the mouth during swallowing in the erect position.  
(A) Tablet in the mouth after 1 minute. (B) Break-up of tablet at 2 minutes after subject was given 
20 mL of water. (C) Dispersion of tablet in esophagus and stomach after 10 minutes. The areas of 
greatest activity are shown in red and yellow, and the areas of lowest activity in blue.
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study can readily disintegrate in the mouth or the 
esophagus during swallowing if not taken according 
to the dosing instructions.12

The model term for position-by-period interaction 
in this study was statistically significant (P < 0.05). 
Despite careful design, any study of this nature in-
volves the possibility of a learning effect. However, 
this would not negate the findings of a genuine effect 
of posture and premature tablet disintegration. In 
general, Cox regression modeling indicated that 
esophageal transit times were shorter in the erect posi-
tion than in the semisupine position and were shorter 
for the risedronate tablet than for the other 2 tablet 
types. However, the survivor functions presented in 
the Kaplan-Meier plots crossed at some points, and 
these general findings did not hold uniformly at the 
individual level. These departures from the general 
findings may be the result of interactions between 
tablet characteristics (eg, shape, coating) and indi- 
vidual factors (eg, physiology, swallowing behavior),  
leading to variation in observed transit times and 
disintegration.

A potential limitation of this study is that the tab-
lets could not be blinded, as this would have altered 
esophageal transit times. The observers who read the 
scintigraphic images were blinded to treatment, which 
is a standard procedure in scintigraphic studies of 
commercial dosage forms. Another potential limita-
tion was that the tablets were dosed with 30 mL of 
water and not with the 6 to 8 fluid ounces (180–240 mL) 
recommended in the product labeling for alendronate 
sodium.12 However, a previous habits-and-practices 
study in 108 female subjects aged >60 years found 
that if subjects were not instructed about the volume 
of water to ingest, the median volume of water in-
gested with the film-coated placebo risedronate tablet 
was 124 mL (4.2 fluid ounces) and ranged from 7 to  
385 mL.13 Thus, a volume of 30 mL of water was used 
in the present study because the previous study found 
it to be the minimal volume of water that could be 
swallowed and adequately allow differentiation be-
tween formulations.13 A final limitation is that the 
tolerability of the tablets was not determined, as this 
was a mechanistic study.

May CT
Perkins 4/4
jh 04/04/08

Figure 4.  Scintigraphic gamma camera images illustrating the transit of the 3 types of bisphosphonate tablets 
during swallowing in the semisupine (45°) position in the same subject. (A) Branded risedronate 
sodium 35-mg tablet (Actonel®, Procter & Gamble Pharmaceuticals, Inc., Cincinnati, Ohio) arriving 
intact in the stomach after 6 seconds. (B) Novopharm generic alendronic acid 70-mg tablet 
(Novopharm Limited, Toronto, Canada) dispersed along the length of the esophagus. (C) Teva ge-
neric alendronic acid 70-mg tablet (Teva UK Limited, Morley, United Kingdom) beginning to break 
up as it enters the stomach after 6 seconds. The areas of greatest activity are shown in red and yel-
low, and the areas of lowest activity in blue.
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velocity. Neurogastroenterol Motil. 2004;16:547–556.

 7. deGroen PC, Lubbe DF, Hirsch LJ, et al. Esophagitis 
associated with the use of alendronate. N Engl J Med. 1996; 
335:1016–1021.

 8. Lufkin EG, Argueta R, Whitaker MD, et al. Pamidronate: 
An unrecognized problem in gastrointestinal tolerability. 
Osteoporosis Int. 1994;4:320–322.

 9. Conner A, Wray HA, Wilding I, et al. The upper gastro-
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enterol. 2001;5:26–46.

10. US Food and Drug Administration, Center for Drug Evalu-
ation and Research, Office of Generic Drugs. What are 
generic drugs? http://www.fda.gov/cder/ogd/#Introduction. 
Accessed February 5, 2008.

11. Epstein S, Geusens P, Fisher JE, et al. Disintegration and 
esophageal irritation profiles of alendronate formula-
tions: Implications for clinical safety and efficacy. J Appl 
Res Clin Exp Ther. 2005;5:253–265.

12. Fosamax (alendronate sodium) tablets and oral solution. 
http://www.merck.com/product/usa/pi_circulars/f/
fosamax/fosamax_pi.pdf. Accessed February 5, 2008.

13. Perkins AC, Wilson CG, Frier M, et al. The use of scintig-
raphy to demonstrate the rapid esophageal transit of the 
oval film-coated placebo risedronate tablet compared to 
a round uncoated placebo tablet when administered with 
minimal volumes of water. Int J Pharm. 2001;222:295–303.

14. Potter PA, Perry AG. Administration of medications. In: 
Fundamentals of Nursing: Concepts, Progress and Practice. St Louis, 
Mo: Mosby-Year Book; 1997:789–867.
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London, UK: Her Majesty’s Stationery Office; 1999.
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CONCLUSIONS
In this study of 3 formulations of bisphosphonate 
tablets in healthy female volunteers, the effect of body 
position was statistically significant, indicating longer 
transit times in the semisupine position. There was a 
statistically significant difference in transit times 
among the 3 types of tablets, with both generic formu-
lations of alendronic acid 70-mg tablets having longer 
transit times compared with the branded risedronate 
sodium 35-mg tablet. In a single case, a generic alen-
dronic acid tablet disintegrated in the mouth and dur-
ing esophageal transit, exposing the entire length of 
the esophagus to drug. The findings of this study in- 
dicate that the pharmaceutical attributes of various 
formulations can affect esophageal exposure. Given 
the low frequency of tablet disintegration in the 
esophagus, a larger blinded, controlled study is needed 
to determine whether this is a consistent feature of 
generic alendronic acid tablets. 
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