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Abstract
Tablets are a complex drug delivery system consisting of the active pharmaceutical ingredients and excipi-
ents. Tablet production involves a series of unit operations in which drugs and excipients are subjected to 
mechanical stresses, such as compression pressure, thus imposing changes in the properties of these ma-
terials. Variations in the compression pressure and other processing parameters may affect the mechanical 
strength and release properties of the final tablet. It is generally expected that an increase in compression 
pressure should lead to an increase in mechanical strength and a decrease in release properties of tablets, 
but this may not be true in some practical situation, since tablet production is the result of complex interac-
tion between many factors involving the drug, excipient, the formulation, and processing variables. The 
degree and extent of  interaction of  these variables are not absolutely dependent on one factor. The aim 
of this review is to study the interaction between compression pressure, mechanical strength and release 
properties of  immediate and controlled release tablets. The effect of  compression pressure on tablets is 
complemented by such factors as the material properties of the drug and excipient, the formulation and 
processing factors, which in turn affects mechanical strength and release properties.
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Introduction 
Tablets are a complex drug delivery system consisting 

of the drug substance and adjuvants known as excipients, 
which aid the formulation of  the desired drug product. 
Polymers as excipients in tablet production play an im-
portant role in determining the properties of  a  finished 
tablet. They have been extensively used in the design 
of various drug delivery systems as binders, disintegrants, 
drug release modifiers, directly compressible excipient, 
film coating, emulsifiers, suspending agents, thickeners, 
gelling agents, nanoparticles, etc. 

Tablet production involves a  series of  unit operations 
usually consisting of  mixing, blending and compaction. 
Other operations, such as granulation, coating, etc., may 
also be used depending on the type and desired proper-
ties of  the finished product. During each unit operation 
process, drugs and excipients are subjected to mechani-
cal stresses, which impose changes in the properties 
of these materials. This process is complex, because the 
knowledge of the properties of these starting material is 
often not complete, and their relationship to formulation 
factors and processing parameters is frequently not un-
derstood well; hence the essence of preformulation char-
acterization to predict quality of the end product.1 Also, 
producing a  tablet of  desirable quality requires under-
standing of the physics of compression.2 Slight variations 
in formulation factors, processing parameters and materi-
al properties may affect the quality of the final tablet. The 
active pharmaceutical ingredients (APIs) and excipients, 
especially the binders,3 disintegrants4 and lubricants5 
used in tablet production, determine tablet properties. 
Compression pressure6 and method of production3,7 also 
contribute to the final tablet properties.

In general, tablet production involves the application 
of pressure (i.e., compression pressure) to a powder bed, 
compressing it into a cohesive compact through a process 
known as compaction.8 Compaction is a  simultaneous 
process of  compression and consolidation of  a  particu-
late solid–gas system as a result of applied force.9,10 While 
compression involves a reduction in bulk volume as a re-
sult of reduced gaseous phase with an increase in pressure 
within a powder bed, thereby resulting in closer packing 
of the powder particles, consolidation occurs simultane-
ously as force is increased to a point where further rear-
rangement becomes difficult and particle deformation 
occurs, leading to an increase in mechanical strength as 
a  result of  particle–particle interactions which result in 
bond creation. Consolidation is mainly responsible for in-
creasing the mechanical strength of a powder bed under 
a rising compressive force.11

The aim of this review is to study the interaction between 
compression pressure (independent variable), mechani-
cal strength and release properties (dependent variables) 
of  immediate and controlled release tablets produced 
through wet granulation or direct compression techniques.

Compression pressure 
Compression pressure is an external axial force which 

occurs when a physical force is pressed inward on the sol-
id surface of an object, deforming it either permanently 
or temporarily, depending on the material and the mag-
nitude of the force. The extent, degree and the direction 
of the deformation depend on such factors as the proper-
ties of the APIs and excipients, the type and concentration 
of  ingredients in the formulation, particle size, particle 
shape, molecular weight, solubility, formulation process-
es, wetting properties, polymer properties, type of bind-
ing force that exist during consolidation, etc.

These are the critical quality attributes that determine 
the optimized force needed to make a tablet of good qual-
ity. This force is determined mostly during preformula-
tion studies. The United States Pharmacopeia and the 
European Pharmacopeia did not specify a  limit of com-
pression pressure required to produce a  cohesive com-
pact, and therefore its determination is often empirical 
depending on the critical quality attributes of the material 
to be compressed. Compression pressure is an important 
control parameter, because it influences almost every tab-
let property, such as density, porosity, surface area, hard-
ness, friability, disintegration, dissolution, etc.12

Density increases with the increase in compression force, 
while porosity decreases. Hardness increases with the in-
crease in compression force, while friability decreases.13 
In many cases, an exponential relationship exists between 
disintegration time and compression pressure. The disinte-
gration time increases with the increase in pressure. There 
is no clear-cut trend with dissolution. This may depend on 
the type of tablet, such as immediate release (disintegrating 
tablets) and controlled release (non-disintegrating tablets).

Tablet hardness, crushing strength or tensile strength 
is used in many cases as a  surrogate measure for com-
pression pressure during tablet production, since tablet-
ing machines are unable to determine and measure the 
compression force that is desired.14

The effect of compression pressure on tablets is com-
plemented by the material properties and the formulation 
factors, which in turn may affect mechanical strength and 
release properties.

Mechanical properties of tablets 
The ability of a tablet to withstand mechanical handling 

and transport is a measure of tablet mechanical strength, 
which is an important and widely used parameter to con-
trol the production process. The major tests available for 
the assessment of the mechanical properties of tablets are 
the hardness (N or Kgf), tensile strength (kg/cm2) and fri-
ability (% loss). Mechanical strength assessment generally 
begins with mechanical testing of particles of drugs and 
excipients with compression parameters derived from 
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Heckel15 and Kawakita and Lüdde,16 which are the most 
commonly used compaction equations. These compac-
tion equations are based on the relationship between ap-
plied load and volume reduction of materials in the die 
and none has been found to be fully satisfactory.

Some of the factors generally affecting tablet mechani-
cal strength are:

Particle size – a decrease in particle size will result in in-
creased tablet mechanical strength; powders of very fine 
particles are cohesive even in their uncompressed form.

Moisture content – a  small proportion of  moisture is 
essential for the production of a cohesive tablet. In some 
cases, wet granulation process with hydrophilic polymer 
was reported to yield tablet with stronger mechanical 
strength,3,7 and, thus, there should be optimum moisture 
content for the production of a good quality tablet. 

Lubricants – they act as a physical barrier which pre-
vents particle–particle interactions affecting inter-par-
ticulate bond formation, thereby decreasing tablets me-
chanical strength.

Compression pressure – during compression, an exter-
nal force is introduced which causes fragmentation, re-
sulting in the formation of  new surfaces with increased 
surface area; thus, more area and particles are available 
for bond formation. A linear relationship exists between 
tablet crushing strength and compression pressure, ex-
cept at high forces. 

Hardness 

Tablet hardness or breaking strength is a  measure 
of tablet strength. It is the force required to break a tablet 
from which tensile strength is determined. It assesses how 
strong a tablet has to be to withstand breakage, crumbling 
or chipping under the conditions of storage, transporta-
tion and handling.17 It generally depends on the type and 
concentration of binder in a  formulation,18 tablet height 
to diameter ratio12 and compression force.6,19 

Friability 

Tablet friability is a measure of the resistance of tablets 
to fracture. The test is generally used to assess the ability 
of tablets to withstand shock and abrasion, which will un-
avoidably be encountered during manufacturing, packag-
ing, transportation, and handling.20 

Effect of compression pressure  
on mechanical strength 

Generally, there is an increase in mechanical strength 
with increased compression pressure. Sun and Hao21 ob-
served that the tensile strength of caffeine tablets was rea-
sonably and substantially higher than that of  methyl gal-
late produced under the same compression pressure gauge. 
They also observed a  sharp reduction in tablet tensile 

strength of both tablets at a point with increasing pressure, 
suggesting that the detrimental effect of  elastic recovery 
on tablet strength supersede the bonding strength gained 
from increased compression pressure. However, the forma-
tion of 1:1 cocrystal of caffeine and methyl gallate exhib-
ited superior compaction properties due to the presence 
of slip planes in crystal structure, thereby improving tablet 
strength with increasing pressure. Changes in the tensile 
strength of caffeine tablets, methyl gallate tablets and the 
co-crystal combination of caffeine and methyl gallate tablet 
was due to the material properties of the drugs, since that 
was the only variable in the study.21

A study carried out by Adeleye et al.6 established that 
compression pressure is a  strong variable which has 
a great impact on the hardness of tablets when all other 
manufacturing processes are kept constant. Statistical 
analysis revealed a  significant increase in tablet hard-
ness with increase in compression pressure. This was 
due to gas displacement from the powder bed in the die 
as compression pressure increases, bringing particles in 
close contact, thereby leading to the formation of a strong 
bond, which, in turn, increases the mechanical strength 
of the tablet at high compression pressure. They also ob-
served a decrease in friability with increase in compres-
sion pressure. The decrease was attributed to the forma-
tion of more solid bonds, which increases hardness, thus 
making tablets more resistant to fracture and abrasion.17 

Nanjwade et al.22 reported an increase in the breaking 
force and pellet hardness of cefuroxime axetil along with an 
increase in compression pressure as a result of the existence 
of a very firm intrinsic compact binding property between 
the individual particles of the drug and the excipient, which 
ultimately resulted in a decrease in in-vitro dissolution. 

Shipar et al.23 and Vodáčková et al.12 concluded that 
compression pressure has an intense effect on tablet 
hardness and disintegration time. Tablet hardness and 
disintegration time increases with increasing compres-
sion pressure. According to Ordu et al.,24 excess amounts 
of binders and compression pressure may lead to the pro-
duction of tablets that are too hard, which may affect dis-
integration taking place within the desired time. 

Release properties of tablets 
The significance, magnitude and extent of  the effect 

of variables on the release properties lie mostly in the na-
ture of  materials in the formulation rather than in com-
pression pressure. Ordu and Onyemelukwe25 reported that 
the nature or form of excipient, especially the binder, had 
a considerable influence on the release properties of a tab-
let. The concentration is the most important independent 
variable, as it had more influence on other variables, such 
as compression pressure, affecting the release properties 
of  tablets. In some cases, compression pressure does not 
have a significant effect on the release properties of tablets.
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Tablet disintegration 

The first step towards dissolution is breaking down the 
tablet into smaller particles or granules in conventional 
tablets. This process is known as disintegration. It ex-
poses a greater surface area of  tablets to the dissolution 
medium; hence, it plays an importance role in tablet dis-
solution for the active drug substance to be released into 
the absorption site.26 

The disintegration time of  tablets usually depends on 
formulation factors such as the nature, type and amount 
of drug and the excipients used (this could be referred to 
as internal variables), as well as on the actual tablet man-
ufacturing conditions such as compression force, speed 
of  compression and environmental conditions of  the 
room where the compression is taking place (this could be 
referred to as the external variables). Often, disintegration 
time increases exponentially with an increase in compres-
sion pressure. Tablets made with high compression pres-
sure exhibit low porosity with strong inter-particulate 
bond, thereby increasing the time required for penetra-
tion of water into the tablet, thus increasing the disinte-
gration time. In tablets made with low compression pres-
sure, there is large porosity and the bond is weak, thereby 
decreasing the time required for penetration of water into 
the tablet, thus decreasing the disintegration time. Mis-
try et al.27 reported that binder concentration has a direct 
relationship with hardness and disintegration and an in-
verse relationship with friability. As the amount/concen-
tration of the binder increases, the hardness and disinte-
gration times also increases, while the friability decreases.

Tablet dissolution 

Dissolution is the process by which a  solid drug goes 
into solution in a solvent. Drug dissolution is an impor-
tant condition for the bioavailability of  drugs. The dis-
solution rate of a drug is the most important factor de-
termining drug absorption; it is the rate-limiting step in 
many formulations.28 Therefore, dissolution time gives an 
indication of the time needed for the drug to be absorbed 
and to induce a therapeutic effect. Dissolution is a multi-
step process involving different interactions between the 
drug and the dissolution medium. This process involves 
the release of drug molecules from the tablet surface with 
the formation of  hydrated molecules at the solid-liquid 
interface, and the mass transport of  the drug molecules 
from the interphase to the bulk solution.29 

Controlled drug delivery tablet systems are designed for 
tablets to remain intact in the gastrointestinal tract, where 
they gradually erode to release their content. If the struc-
ture or design is lost, drug release is no longer controlled 
and the tablet behaves like a conventional immediate re-
lease tablet, causing dose dumping. Tablet hardness has no 
significant influence on the dissolution rate of this system.6 
It is only important here to guide the formulator to produce 

tablets that can withstand shock and abrasion during pro-
duction and handling. Drug release mechanisms are com-
plex processes involving swelling, erosion and diffusion 
across tablet surfaces, in which hardness and compression 
force may not have any significant influence.30

Effect of compression pressure  
on release properties 

Several authors stated that compression pressure is 
a statistically significant factor of tablet hardness, but its 
effect on drug release was found to be minimal.31 Some 
authors observed that compression does not have any ef-
fect on the release properties of drugs,32 while some ob-
served that it does.22,33

The ideal theoretical relationship between dissolution 
and compression pressure is dissolution being slowed 
with an increase in compression pressure; however, the 
increase in force of compression may not affect the disso-
lution rate of a drug in that manner. The possible relation-
ships that can occur between dissolution and compres-
sion pressure are the following: dissolution being more 
rapid with an increase in pressure, dissolution being slow-
er with an increase in pressure, dissolution being faster to 
a maximum with an increase in pressure and later becom-
ing slower with a  further increase in compression pres-
sure, and dissolution being slower to a minimum with an 
increase in pressure and later becoming fast with a  fur-
ther increase in compression pressure. Dissolution mostly 
depends upon the nature of  the drug (solid properties, 
solubility, etc.) and also upon the nature (compactibil-
ity) and the amount of binder present in the formulation. 
An increase in compression force will result in a slower 
rate of dissolution of some types of tablets due to factors 
which include hardness (this increase is a result of high 
compact arrangement of the particles in the tablet, thus 
making it difficult for the dissolution medium to pene-
trate the tablet), surface area (due to the compact arrange-
ment of particles, the surface area of the materials in the 
tablet is reduced, which means that the exposed surface to 
the dissolution medium is also reduced, resulting in a re-
duction in dissolution rate of tablets) and wettability (the 
wettability of the tablet decreases in the dissolution me-
dium due to the compact arrangement of particles, slow-
ing down the penetrability of the dissolution medium into 
the tablet core, resulting in a reduction in the dissolution 
rate of tablets).

Dedhiya et al.34 reported that the release properties 
of lithium carbonate did not significantly change with the 
increasing compression force. Iranloye and Parrott35 also 
reported that compression pressure had no effect on the 
dissolution rates at a certain range. 

Adeleye et al.6 tried to relate compression pressure with 
the drug release rate, found that drug release is controlled 
mainly by diffusion and concluded that compression pres-
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sure does not have a significant effect on the release rate 
and release mechanisms, but rather the polymer and the 
material properties of  the drug. This was in agreement 
with the report of Santos et al.32

Generally, drug release from matrix tablets takes place 
as a result of hydration, when the matrix comes in contact 
with dissolution medium,36 which leads to the formation 
of gel in which drug diffuses out. The viscosity of this gel 
layer and its diffusional path length determine the release 
rate rather than the compression pressure or tablet hard-
ness.37,38 These factors (viscosity and diffusional path 
length of  the gel layer) are the rate-determining step in 
matrix tablet dissolution. 

The effect of compression force on dissolution behav-
ior of a drug may be significant or insignificant. It mainly 
depends upon the nature of the drug and the excipients 
included. For example, the effect of compression will be 
negligible on the dissolution rate of a water-soluble drug. 
For a  water-insoluble drug with low melting point, e.g., 
erythromycin stearate, compression force has an enor-
mous effect on the dissolution rate of  such drug, which 
could lead to failed disintegration and dissolution tests. 
Increasing the compression force of  such material with 
low melting point will lead to the formation of a complex 
due to heat generated during compression, which reduces 
the dissolution rate. For such material, compression force 
should be optimized.

Nanjwade et al.22 reported a sharp decline in the release 
of cefuroxime axetil with an increase in compression pres-
sure. The release was directly proportional to compres-
sion pressure. Cefuroxime axetil has good compression, 
strong binding and gelling properties. They concluded 
that compaction by means of compression pressure of ce-
furoxime axetil is a major reason for a drastic drop of dis-
solution.

Marais et al.39 reported that an increase in compression 
force increased the disintegration times of furosemide tab-
lets, but did not have a significant effect on the dissolution 
of  the tablet. They concluded that dissolution is mainly 
a reflection of the disintegration time, which depends on 
the concentration of  disintegrant in the formulation. It 
was assumed that his was due to the higher concentration 
of disintegrant, which improved the rate and extent of liq-
uid uptake and penetration into the tablets, allowing them 
to break up easily and rapidly, thus exposing the drug par-
ticles to the dissolution medium very quickly. Audu-Peter 
and Ibrahim40 observed in their study that some tablet 
formulations which do not have satisfactory disintegra-
tion time could not release up to 50% of their drug content 
at the end of a 60-minute observation period, while some 
were able to release up to 100%, despite not having a sat-
isfactory disintegration time. All formulations with satis-
factory disintegration time had good release values of up 
to 95% after 60-minute observation period. The reasons 
why formulations with unsatisfactory disintegration time 
had a  good release profile was attributed to low binder 

concentration, high concentration of disintegrant and low 
compression force, while satisfactory disintegration time 
with lower release was attributed to high compression 
force and the proportions of  binder and disintegrant in 
the formulation. Ordu et al.,24 Ordu and Onyemelukwe,25 

and Onyishi et al.41 also reported the effect of ratio and 
the amount of binder and disintegrant concentrations on 
release properties. 

Figure 1 depicts the schematic representation of  the 
theoretical concept of the relationship between compres-
sion pressure, mechanical strength and release properties 
of a tablet as conceived by the researcher. This model has 
3 different variables divided into 2 categories: indepen-
dent and dependent variables. The independent variable 
is the compression pressure while the dependent variables 
are the mechanical strength (hardness and friability) and 
release properties (disintegration and dissolution). Each 
of the dependent variables is related to compression pres-
sure and to each other as reflected in the model.

Discussion 
Several factors affecting tablet quality during its prep-

aration come into play. Such factors can be classified as 
internal and external variables. The internal factors are 
the nature, properties and concentration of  excipient 
and drug, while the external factors include compression 
method (direct compression or wet granulation), com-
pression pressure and compression speed. The magni-
tude of the influence of these variables is important to the 
pharmaceutical formulator to guide in the careful selec-
tion of  excipients, formulation factors and processes to 
produce tablet of good property.

Properties of various tablet formulations vary because 
of the existence of different forms of interactions between 
the drug and the excipients as a result of the operations 
involved during manufacturing. Properties such as the 
nature, concentration, particle size, particle shape, mo-

Fig. 1. Schematic representation of the relationship between compression 
pressure, mechanical strength and release properties of tablet
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lecular weight, solubility, etc. are some of the properties 
that influence the interaction, together with the external 
factors as enumerated above. The effect of  these inter-
actions can be minimized or maximized by modifying 
these properties to produce tablets of desired properties. 
The adhesion between powder materials is a result of the 
area of close contact between particles and the strength 
of such interactions. The quantity of the interaction is de-
termined by the degree of compression as well as material 
properties, such as particle size and morphology, while 
the quality of  interaction is determined by the surface 
properties, such as free surface energy.42

The greatest variables, which have overwhelming ef-
fects on tablet properties, generally occurred between 
type, nature and concentration of the binder, mostly due 
to the fact that the nature of  the binder determines its 
plastoelastic properties and the magnitude of plastic de-
formation that will take place under compression forces.43

In tablet production, Audu-Peter and Ibrahim40 reported 
that there should be a balance between formulation vari-
ables for the production of  a  tablet with good property. 
Some situations demand an appropriate ratio of binder and 
compression pressure; otherwise, excessive binder content 
may produce very hard granules that may not be properly 
compressed at a given compression pressure. They discov-
ered that binder concentration and compression pressure 
influenced disintegration time and that a decrease in bind-
er concentration will necessitate increasing the compres-
sion pressure to produce satisfactory tablets. 

The increase in relative density is a  reflection of  in-
creased compression pressure, which has a great effect on 
disintegration time and dissolution. The increase in rela-
tive density reduces specific surface area, thereby reduc-
ing the rate of penetration of liquid into the core of tablets 
as a result of increase in the binding force between par-
ticles due to their close proximity. This reduces the pore 
space in which binder particles can swell when wetted be-
fore disruption of the tablet.44

The effect the concentration of  binding agent has on 
disintegration could be due to the fact that for an imme-
diate release tablet, the tablet needs to disintegrate into 
granules before deaggregating to fine particles. The de-
aggregation process involves the removal of  the binder  
layer around the particles, and this is subject to the 
amount of binder coating the particles; thus, the higher 
the binder concentration, the slower the removal, since 
a  higher concentration would lead to more binding.45 
Changing the type of binder could have an effect on the 
disintegration time of  tablets irrespective of  compres-
sion pressure. Alebiowu and Itiola46 reported the effect 
of  pregelatinized starch on disintegration time as being 
dependent on its concentration, but in the case of native 
starch, the effect on disintegration time was dependent 
on relative density (compression pressure). This was at-
tributed to the fact that pregelatinized starch binders are 
cold water-swellable.47 This swellability would overwhelm 

the effects of compression pressure on the tablets. Con-
centration had a greater effect, since it leads to the forma-
tion of additional bonds.46 They also found that, with the 
combination of  native/pregelatinized starch, the nature 
of the starch was completely different, having a stronger 
effect on dissolution than relative density as expected, be-
cause pregelatinized starches are cold water-swellable and 
have a higher swelling capacity,46 resulting in decreased 
dissolution times, unlike native starches in which lower 
swelling capacity was observed, which extended the dis-
solution time. The swellability of pregelatinized starches 
would undermine the effect that relative density would 
have on the penetration rate of  water into the tablets. 
They concluded that the form or nature of a binder will 
have considerable influence on the effect that the relative 
density (compression pressure) of a tablet has on the dis-
integration and dissolution parameters. 

Conclusions 
Theoretically, an increase in compression force should 

lead to an increase in mechanical strength and a decrease 
in the release properties of tablets. In some practical situ-
ations, this trend may be distorted. 

Tablet production is the result of  a  complex interac-
tion between many factors involving the drug, excipient, 
the formulation, and processing variables. The effect is 
an interplay between variables, which are not easily un-
derstood close, because at times it does not follow a par-
ticular theoretical trend. The pharmaceutical formulator 
should try to understand and take advantage of these vari-
ables for the production of tablets with desired property. 
The degree and extent of  interaction of  these variables 
are not absolutely dependent on one factor. However, 
the uniqueness of  the material characteristics of  ingre-
dients essentially determines the final properties of  the 
finished tablet. It can, therefore, be concluded that the ef-
fect of compression pressure on tablets is complemented 
by factors such as the material properties of the drug and 
excipient, as well as the formulation and processing fac-
tors; all of these properties and factors, in turn, affect the 
mechanical strength and release properties.
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