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Chapter 10
Tablet Dosage Forms

Mary Kathryn Kottke
Cubist Pharmaceuticals, Inc., Lexington, Massachusetts
Edward M. Rudnic

Advancis Pharmaceutical Corp., Gaithersburg, Maryland

I. INTRODUCTION

During the past four decades, the pharmaceutical in-
dustry has invested vast amounts of time and money in
the study of tablet compaction. This expenditure is
quite reasonable when one considers how valuable
tablets, as a dosage form, are to the industry. Because
oral dosage forms can be self-administered by the pa-
tient, they are obviously more profitable to manu-
facture than parenteral dosage forms that must be
administered, in most cases, by trained personnel. This
is reflected by the fact that well over 80% of the drugs
in the United States that are formulated to produce
systemic effects are marketed as oral dosage forms.
Compared to other oral dosage forms, tablets are the
manufacturer’s dosage form of choice because of their
relatively low cost of manufacture, package, and
shipment; increased stability and virtual tamper re-
sistance (most tampered-with tablets either become
discolored or disintegrate).

II. DESIGN AND FORMULATION
OF COMPRESSED TABLETS

A. General Considerations

The most common solid dosage forms in con-
temporary use are tablets, which may be defined as
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unit forms of solid medicaments prepared by com-
paction. Most consist of a mixture of powders that are
compacted in a die to produce a single rigid body. The
most common types of tablets are those intended to be
swallowed whole and then disintegrate and release
their medicaments in the gastrointestinal tract (GIT).
A less common type of tablet that is rapidly gaining
popularity in the United States is formulated to allow
dissolution or dispersion in water prior to adminis-
tration. Ideally, for this type of tablet all ingredients
should be soluble, but frequently a fine suspension has
to be accepted. Many tablets of this type are for-
mulated to be effervescent, and their main advantages
include rapid release of drug and minimization of
gastric irritation.

Some tablets are designed to be masticated (i.e.,
chewed). This type of tablet is often used when ab-
sorption from the buccal cavity is desired or to en-
hance dispersion prior to swallowing. Alternatively, a
tablet may be intended to dissolve slowly in the mouth
(e.g., lozenges) so as to provide local activity of the
drug. A few tablets are designed to be placed under the
tongue (i.e., sublingual) or between the teeth and gum
(i.e., buccal) and rapidly release drug into the blood-
stream. Buccal or sublingual absorption is often
desirable for drugs liable to extensive hepatic meta-
bolism by the first-pass effect (e.g., nitroglycerin,
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Table 14 Some Commonly Used Pharmaceutical Colorants (Synthetic)

Solubility (g/100 mL at 25°C)

Stability to

FD&C color Common name Water Glycerin Propylene glycol 25% Ethanol Light Oxidation pH3 pH 5 pH 7 pH 8
Red? Erythrosine 9.0 20.0 20.0 8.0 Poor Fair Insol Insol NNC NNC
Red 40 Allura red AC 22.0 3.0 1.5 9.5 Good Fair NNCP NNC NNC NNC
Yellow 5 Tartrazine 20.0 18.0 7.0 12.0 V. Good Fair NNC NNC NNC NNC
Yellow 6 Sunset Yellow 19.0 20.0 22 10.0 Mod Fair NNC NNC NNC NNC
Blue 1 Brilliant blue 20.0 20.0 20.0 20.0 Fair Poor S. fade® V.S.fade? V.S.fade V.S.fade
Blue 2 Indigotine 1.6 1.0 0.1 1.0 V. poor Poor A. fade® A fade A. fade C. fadef
Green 3 Fast green 20.0 14.0 20.0 20.0 Fair Poor S.fade V.S.fade V.S.fade S. fade

*Note: FD&C Red 3 lake has been delisted by FDA as of January 29, 1990.
®No noticeable change.

Slight fade.

IVery slight fade.

¢Appreciable fade.

{Completely fades.

Source: Warner-Jenkinson Pamphlet of Certified Colors, September 1990.
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several widely used drugs, notably aspirin, have been
available in forms that can be tableted without further
treatment. Recently, there has been a growing impetus
to develop so-called direct compression (DC) for-
mulations, and the range of excipients, especially di-
luents, designed for this specific role has expanded
dramatically.

It is possible to distinguish two types of DC for-
mulations: (a) those where a major proportion is an
active ingredient, and (b) those where the active in-
gredient is a minor component (i.e., <10% of the
compression weight). In the former case, the inherent
characteristics of the drug molecule, in particular the
ability to prepare a physical form that will tablet
directly, will have profound effects on the tablet’s
characteristics.

It may sometimes by necessary to supplement the
properties of the drug so that it compresses more ea-
sily, and these needs have been realized by several
manufacturers of excipients. Materials described as
“compression aids” are now commercially available.
Ideally, such adjuvants should develop mechanical
strength while improving, or at least not adversely af-
fecting, release characteristics. Among the most suc-
cessful at meeting both these needs have been the
microcrystalline celluloses (partially acid-hydrolyzed
forms of cellulose). A number of grades are available
based upon particle size and distribution.

Most other DC excipients really belong in the sec-
ond category, where the drug is present in low con-
centration. In such cases, the use of an inexpensive DC
diluent is warranted. Before considering some of these,
certain generalizations are worth noting since there
seems to have arisen an erroneous belief that DC is
always a simpler formulation route. For instance,
many DC fillers, such as spray-dried lactose, should
not be reworked because this affects their compressi-
bility. In addition, those diluents with a large particle
size may give rise to mixing problems due to segrega-
tion unless an optimum proportion of fine material is
present. More often, one is faced with the problem of
an excessively narrow particle size distribution so that
flow, in general, and uniform feeding to the dies, in
particular, are difficult. Sometimes batch-to-batch
variation is more prevalent in soluble DC fillers, such
as sugars. Unlike wet granulation, DC has little ability
to mask inherent tableting deficiencies in an ingredient.
In addition, there will be little possibility for prior
wetting of a hydrophobic drug and subsequent dis-
solution enhancement, which is a proven effect of wet
granulation. On the other hand, DC formulations are
likely to be more stable, show fewer aging effects, and,
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in specific cases, offer the only workable production
method.

Wet Granulation

Although many existing products continue to be pro-
cessed by a lengthy wet granulation that includes
blending of dry ingredients, wet massing, screening,
and then tray or fluidized bed drying, there is a trend
toward using machines that can carry out the entire
granulation sequence in a single piece of equipment or
single-pot processor [95]. Formulators must be aware,
however, that the type of granulation procedure used
can have a profound impact on the granules produced.
Thus, a formulation that produces adequate granules
by conventional planetary mixing may produce sub-
optimal product if transferred to a single-pot pro-
CESsOr.

Itis generally agreed that there will exist an optimum
range of granule sizes for a particular formulation, and
therefore, certain generalizations are worthy to note
here. Within limits, smaller granules will lead to higher
and more uniform tablet weight and higher tablet
crushing strength, with subsequent longer disintegra-
tion time and reduced friability. The strength of gran-
ules has also been shown to influence the tensile strength
of the tablets prepared from them, with stronger gran-
ules leading, in general, to harder tablets [96].

One important finding with widespread implications
arises from work by Chaudry and King [97], who de-
monstrated that migration of a soluble drug during
moist granulation was responsible for uneven content
uniformity of tablets of warfarin. A modified base
(containing dibasic calcium phosphate, alginic acid,
and acacia), developed from experiments to assess
migration-retarding ability, enhanced tablet perfor-
mance.

B. Powder Compaction

For simplicity, the physics of tablet compaction dis-
cussed here will deal with the single punch press, where
the lower punch remains stationary. Initially, the
powder is filled into the die with the excess being swept
off. When the upper punch first presses down upon the
powder bed, the particles rearrange themselves to
achieve closer packing. As the upper punch continues
to advance upon the powder bed, the rearrangement
becomes more difficult and deformation of particles at
points of contact begins. At first the particle will un-
dergo elastic deformation, which is a reversible pro-
cess, but as continual pressure is applied, the particle
begins to deform irreversibly. Irreversible deformation
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Table 17 Comparative Specifications of Some High-Output Tablet Presses

Manufacturer: Fette Kikusi Korsch Manesty
Model: PT3090 Gemini PH 800 Rotapress
Maximum output (tabs/min) 16,750 10,720 18,360 13,360
Number of stations 79 67 85 75
Maximum turret speed (rpm) 106 80 108 89
Maximum tablet diameter (mm) 34 25 34 25
Maximum fill depth (mm) 18 16 22 20.6
Maximum compression force (kIN) 100 80 80 100
Precompression (kIN) 100 80 80 10
Net weight (kg) 4500 3900 4000 3700

deform, and react to frictional effects. The formulator
himself is able to monitor the effects of additives in the
overall tableting process, as well as the effects of op-
eration variables in the manufacture and performance
of the dosage form. As stated above, this markedly
reduces the formulator’s reliance on empiricism in
formulation design. In the area of product and quality
control, ITMs are able to monitor tablet weight and
punch and machine wear and damage. More recently,
ITMs have been used to characterize unique “typical
batches” of materials so that one has a baseline for
troubleshooting formulations or a basis for quality
control [109-111].

ITMs in Research and Development

The tableting process involves two phenomena: (a) a
reduction in the bulk volume of the tablet mass by
elimination of air, referred to as “compression,” and (b)
an increase in the mechanical strength of the mass due
to particle-particle interactions, which is termed ““con-
solidation.” This latter process results from utilization
of the free surface energies of the particles in bond
formation, referred to as “cold welding,” plus inter-
molecular interactions via van der Waals forces, for
example. The process is enhanced by generation of large
areas of clean surface, which are then pressed together;
such a mechanism is feasible if appreciable brittle
fracture and plastic deformation can be introduced into
the system. Therefore, the manner in which the various
components compress will be significant.

It is also important to appreciate that the behavior
on decompression can markedly affect the character-
istics of the finished tablets, because the structure must
be strong enough to accommodate the recovery- and
ejection-induced stresses. Indeed, tablet strength is a
direct function of the number of “surviving bonds™ in
the finished tablet. In addition, ability to monitor
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ejection forces leads to valuable information on lu-
bricant efficiency.

Analysis of Data Obtained from ITMs

Measurement of the punch and die forces plus the re-
lative displacement of the punches can provide raw
data which, when suitably processed and interpreted,
facilitate the evaluation of many tableting parameters.
Many of the workers first involved in instrumenting
tablet presses concentrated on deriving relationships
between the applied force (F4) and the porosity (E) of
the consolidating mass.

Heckel proposed that a correlation exists between
yield strength and an empirically determined constant,
K, which is a measure of the ability of the compact to
deform [28,112]. He discovered that, indeed, K is in-
versely proportional to yield strength. Further, he de-
rived an equation expressing the relationship between
the density of a compact and the compressional force
applied. This relationship is based on the assumption
that decreasing void space (i.e., decreasing porosity) of
a compact follows a first order rate process:

dD
=5 = K1-D)

where

D =relative density

P =pressure

(1 — D)y=pore fraction

K =proportionality constant

By integrating and rearrange this equation, one ob-
tains the following linear relationship:

1
1 =KP+ A
n(l—D) +
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Table 18 Some Commonly Used Film-Coating Materials

Full name Abbreviation Soluble in Comments
Nonenteric
Methylcellulose MC Cold water, GI fluids, organic solvents Useful polymer for aqueous films; low-viscos-
ity grade best
Ethylcellulose EC Ethanol, other organic solvents Cannot be used alone as is totally insoluble in
water and GI fluids; employed as a film
toughner
Hydroxyethylcellulose HEC Water and GI fluids Properties similar to MC, but gives clear
solutions
Methylhydroxyethylcellulose MHEC GI fluids Similar properties to HPMC, but less soluble
in organic systems
Hydroxypropylcellulose HPC Cold water, GI fluids, polar organics such as  Difficulty in handling due to tackiness while
anhydrous lower alcohols drying
Hydroxypropylmethylcellulose HPMC Cold water, GI fluids, methanol/methylene Excellent film former and readily soluble
chloride, alcohol/fluorohydrocarbons throughout GIT; low-viscosity grades to be
preferred, e.g., Methocel HG (Dow)
Sodium carboxymethylcellulose Na-CMC Water and polar organic solvents Main use where presence of moisture in solvent
not a problem
Povidone PVP Water, GI fluids, alcohol, and IPA Care needed in use due to tackiness during
drying; best used in mixtures to increase
adhesion; is hydroscopic if used alone
Polyethylene PEGs Water, GI fluids, some organic solvents Low molecular weight grades used mainly as
film modifiers, particularly plasticizers®
Enteric
Shellac Aqueous if pH 7.0 May delay release too long; high batch-to-
batch variability
Cellulose acetate CAP Acetone, ethyl acetate/IPA, alkalies, if pH 6.0  Dissolves in distal end of duodenum; requires
presence of plasticizer such as triacetin or
castor oil; is somewhat hygroscopic
Polyvinyl acetate phthalate PVAP As above, if pH > 5.0 Dissolves along whole length of duodenum
Hydroxypropylmethylcellulose phthalate HPMCP As above, if pH >4.5 Dissolves in proximal end of duodenum

Poly(methacrylates)

Eudragit L® pH > 6
Eudragit S® pH > 7

Solubilized in alkaline media; mixtures of “L”
and “S” can provide enteric coating plus
sustained release

#High molecular weight grades are less hygroscopic and give tough coating.

PRohm Pharma.
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One might anticipate that the crushing strength (F)
of a tablet is a function of the pressure (P) employed
during its compaction [134]. For example the following
relationship may hold true:

F=klog P+ k

where k and k; are constants. However, deviation from
this logarithmic relationship at compressional pressure
values, above 150 MPa has been reported [81,135]. In
addition, the crushing strength has been related to
certain physical properties of the compact. For
example:

F=kE '+ Kk

where E, the porosity, has values between 5 and 20%.
The most obvious use of crushing strength measure-
ments has been to give indications of possible disin-
tegration times (z,), i.e.,

FZktp +k;

Abrasion

While the crushing strength of a tablet gives some in-
dication of its mechanical robustness, it does not truly
measure the ability of the tablet to withstand the
handling it will encounter during processing and
shipping. Tests designed to assess the resistance of the
surface regions to abrasion or other forms of general
“wear and tear” may be more appropriate in this re-
gard.

Many tests to assess abrasion are quoted in the lit-
erature [138,146,147]. Most measure the weight loss on
subjecting tablets to a standard level of agitation for a
specified time. The choice of agitation should be based
on knowledge of the likely level during use or manu-
facture.

More specifically a certain weight of tablets, Wy, is
subjected to a well-defined level of agitation in a fixed-
geometry, closed container for a specific time. They are
then reweighed, W. The measure of abrasion resistance
or friability, B, is usually expressed as a percentage loss
in weight:

w
B=100 (1 ——
[ Wo}

It might be advantageous to relate friability to unit
time or number of falls.

The Roche Friabilator is one of the most common
methods used to test for resistance to abrasion [147]. In
this case, a minimum of 6 g (often 20 tablets) of de-
dusted and weighed tablets are placed in a 12 in. high
drum, which is then rotated for 100 revolutions. A
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shaped arm lifts the tablets and drops them half the
height of the drum during each revolution. At the end
of this operation, the tablets are removed, dedusted,
and reweighed. Should any tablet break up, the test is
rejected. Values of B from 0.8 to 1.0% are frequently
quoted as the upper level of acceptability for phar-
maceutical products [147].

Indentation hardness using modified tests based on
“Brinell” hardness measurements have been used by
some researchers [148] to provide information on the
surface hardness of tablets. In addition, these tests are
capable of providing a measure of a tablet’s plasticity
or elasticity. For the most part, such tests have been
confined to basic research applications in a few la-
boratories, but their value is beginning to be more
widely recognized.

Porosity

The bioavailability of drugs from tablets can be
markedly influenced by the rate and efficiency of the
initial disintegration and dissolution process. Un-
fortunately, one is faced with a compromise situation
— a structure that has both a durable structure prior
to administration and the ability to readily break down
when placed in the in vivo environment. One of the
major factors affecting both these properties is the
structure of the tablet, in particular its density (or
porosity) and the pore structure. Study of the sig-
nificance of such measurements and interpretation of
the results is a relatively recent field of interest.

Determination of the porosity of a tablet presents
the classic problem of defining the appropriate volume
to be measured. The displacement medium may be
able to penetrate the most minute crevices, as is the
case for helium. Other displacement media, such as
mercury, are unable to enter the smallest tablet crevices
and thus produce different porosity values. Standar-
dization of displacement media is therefore necessary
for comparative evaluations.

Pore Structure and Size

The relationship between applied pressure (P) and the
diameter of the smallest circular pore penetrated (d) by
a liquid gas is given by the equation:

4my cos 8
P

where y is the surface tension of the liquid and f is the
contact angle solid and liquid.

Originally, the method of porosimetry was only of
interest to those involved with the high-pressure

d=
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techniques associated with pore analysis. However,
with the increasing availability of sophisticated por-
osimeters, the technique of porosimetry is being used
on a frequent basis to investigate tablet structure.
High-pressure mercury intrusion porosimeters are
capable of assessing a wide range of pore radii. A ty-
pical example of the application of such an instrument
to evaluate wet and dry techniques of precompression
treatment is reported by Ganderton and Selkirk [149].
These authors found that lactose granulations resulted
in a wider pore size distribution than ungranulated
lactose.

This technique has also been used in combination
with nitrogen absorption to study the pore structure of
some excipients, particularly MCC in both the pow-
dered and compacted state. The intraparticulate por-
osity of MCC has been shown to be unaffected by
tableting; the interparticular pores, however, are gra-
dually reduced in size [38]. Recently this method has
been used to evaluate the internal structure of tablets
prepared from microcapsules [150].

Liquid Penetration

The rate at which selected liquids penetrate into tablets
can be used to study their pore structure. A knowledge
of the rate of liquid penetration should also provide
information on the disintegration/dissolution behavior
of a tablet on administration. Such investigations are
capable of forming a valuable link between physico-
mechanical characteristics and in vivo performance.

Evaluation of Bioadhesive Tablets

With the advent of increasingly sophisticated tableted
delivery systems comes the task of assessing these
systems. Bioadhesive tablets, in particular, present an
interesting problem to the formulator. Although such
tablets are not currently marketed in the U.S., they are
currently being evaluated in many laboratories as an
alternative means for providing sustained release of
drug. The sustained-release characteristic of bioadhe-
sive tablets is afforded through their ability to adhere
to the intestinal mucosa. Thus, an estimation of their
adhesiveness is a key factor in their in vitro evaluation.

Ishida et al. were some of the first investigators to
propose a method for investigating the adhesive
properties of tablets [151]. Their method involved
placing a tablet onto a membrane under constant
pressure for one minute and then measuring the force
required to remove it. Most methods published since
that time involve essentially the same principle, with
variations in the type of membrane used and the
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manner in which the adhesive force is measured
[152,153]. An excellent review of these methods has
been published by Duchene et al. for those interested in
the precise details of such tests [154].

Jimenez-Castellanos et al. developed a method to
measure both the adhesional and frictional forces in-
volved in the attachment of such tablets to mucosa.
These researchers found that a good correlation existed
between the maximal adhesion strength and polymer
content of the tablets tested [155].

Near-Infrared Spectroscopy

In the late 1990s researchers began to evaluate the use
of near-infrared (NIR) spectroscopy in pharmaceutical
analyses [156-158]. NIR analyses are particularly use-
ful because they are both rapid and nondestructive to
the sample. Morisseau and Rhodes reviewed the ap-
plication of NIR in the pharmaceutial industry and
determined that it has been used to measure sample
composition and identification, moisture content,
content uniformity, homogeneity of mixing, degrada-
tion products, and particle size [156]. Recently its po-
tential to differentiate between compression force used
during tableting and to assess moisture profile during
the granulation process has been evaluated [157,158].
As researchers become more familiar with this method,
its applications will undoubtedly grow.

VII. RECENT DEVELOPMENTS IN
TABLETING

A. Rapidly Disintegrating Tablets

The trend toward formulation of dispersible tablets is
evident in Europe [159-162] and is becoming more
commonplace in the United States with over-the-
counter preparations available in the form of the fol-
lowing technologies: Zydis® (Scherer DDS), Lyoc®
(Farmalyoc), wWOow® Tab (Yamanouchi),
FlashDose® (Fuisz Technologies), OraSolv® (CIMA),
and DuraSolv® (CIMA). These tablets are either
placed in the mouth where they quickly dissolve or are
placed in a glass of water prior to ingestion and pro-
vide consumers with a dosage form that is both potable
and easy to swallow.

A challenge faced by formulators designing dis-
persible tablets is the ability to develop a formulation
that rapidly disintegrates and is able to withstand
shipping processes. In addition, this type of tablet
should form a uniform and somewhat stable suspen-
sion when dispersed in water. An interesting answer to
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this challenge is the design of a “porous table” [163—
165], in which a volatizable solid (e.g., urethane or
ammonium bicarbonate) is added to a standard, di-
rectly compressible formulation. After the tablets have
been compressed, the volatilizable solid is removed by
a freeze-drying or heating process. Water easily pene-
trates through the pores and promotes rapid disin-
tegration of the tablets produced in this manner. Thus,
these tablets are able both to maintain their mechanical
strength and to provide rapid disintegration or dis-
persion of product. Lyoc and Zydis tablets both use
freeze-drying technologies.

B. Three-Dimensional Printing Tablets

For years, formulators have been searching for a
means to accurately and consistently deliver a specified
level of coating onto a tablet. The answer may have
been found in the three-dimensional printing (3DP) of
tablets. The process involves the computer-controlled
preparation of tablets by building layer upon layer of
powder that are joined by a binder solution dispersed
by a printing head [166,167]. Several modes of release
have successfully been implemented in 3DP tablets,
including (a) immediate- and extended-release tablets
with two drug-containing components whose release
with pH-dependent release, (b) breakaway tablets
composed an interior fast-eroding section that sepa-
rates two drug-containing components, (c) enteric dual
pulsatory tablets comprised of a continuous enteric
excipient with two drug-containing sections, and (d)
immediate- and extended-release tablets with two
drug-containing components with erosion-dependent
release [166].

C. Web System

A system was developed at Roche Laboratories
whereby a sheet (or “web”) was coated with a
drug/binder mixture. The solid dosage units were then
punched from the web [168]. This system was very
flexible and amenable to immediate release and sus-
tained-release technologies. However, due to the im-
practicality of the system, it was abandonned in the
mid-1980s and is only of historical significance.

VIII. FUTURE DIRECTIONS

Tablets were a viable dosage form well before William
Brockendon’s patent for a tablet machine in 1843. His
invention only made them easier to produce. As tablet
presses and production-monitoring systems developed,
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these dosage forms have become the most economical
of any ever developed. It will be hard to improve on
their efficiency, but several attempts, like three-di-
mensional printing, have been made recently.

Newer technologies may become available, but it is
unlikely that any new tableting technology will render
the old technology obsolete any time soon. Processing
technologies such as high-shear mixing and microwave
drying seem to be having the most impact on proces-
sing times and efficiency. Coating technologies are
becoming more controllable, and they offer the most
hope for efficiency improvements.

Another new development has been the application
of oral absorption promoters. These materials are de-
signed to enhance the oral bioavailability of many
compounds and improve variable absorption. How-
ever, many of these compounds are hydrophobic in
nature and cause difficulty during tableting itself. The
challenge for formulators is to arrive at clever solutions
to the process problems while retaining material per-
formance.

The ultimate challenge for tablet formulators in the
twenty-first century is to achieve a true understanding
of material properties and material science. Those who
can quickly conceive a compatible, functional for-
mulation will be irreplaceable as large companies
shrink their R&D resources and the public sector de-
mands better efficiency.
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