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Abstract: Oral solid dosage formulations and/or tablets have remained the preferred route of
administration by both patients and health care practitioners. Oral tablets are easy to administer, they
are non-invasive and cause less risk adversity. Because of the lack of commercially available tablet
dose options, tablets are being split or partitioned by users. Tablet scoring refers to the breakage of a
tablet to attain a desired efficacy dose and is an emerging concept in the pharmaceutical industry.
The primary reason for the tablet scoring practice is to adjust the dose: dose tapering or dose titrating.
Other reasons for tablet partitioning are to facilitate dose administration, particularly among the
pediatric and the geriatric patient population, and to mitigating the high cost of prescription drugs.
The scope of this review is to: (1) evaluate the advantages and inconveniences associated with tablet
scoring/portioning, and (2) identify factors in the formulation and the manufacturing of tablets
that influence tablet splitting. Whereas tablet partitioning has been a common practice, there is a
lack of understanding regarding the fundamentals underpinning the performance of tablets with
respect to splitting. Several factors can influence tablet partitioning: tablet size, shape, and thickness.
A requirement has recently been set by the European Pharmacopoeia and the U.S. Food and Drug
Administration for the uniformity of mass of subdivided tablets. For breaking ease, an in-vivo
reference test and a routinely applicable in-vitro test need to be established.
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1. Introduction

The pharmaceutical industry comprises fifteen major therapeutic areas: oncology, anti-diabetics,
anti-rheumatics, vaccines, anti-virals, immunosuppressants, bronchodilators, dermatological, sensory
organs, anti-hypertensives, anti-coagulants, multiple sclerosis (M.S.) therapies, anti-fibrinolytics,
anti-hyperlipideamics, and anti-anemics [1].

To satisfy unmet medical needs across the various therapeutic areas, the pharmaceutical industries
need to produce larger quantities and greater varieties of prescription drug treatments with improved
efficacies [2]. The pharmaceutical industry met net sales of 800 billion dollars globally in 2018, with net
profits expected to reach $1.2 trillion over the next 5 years [3].

One of the first aspects to consider in drug formulation is the Biopharmaceutical Classification
System (BCS) of the drug substance and/or active ingredient [4,5]. BCS classifies drug substances
based on their aqueous solubility, intestinal permeability, and dissolution rate [6,7]: BCS class 1 (high
solubility and high permeability), BCS class 2 (low solubility, high permeability), BCS class 3 (high
solubility, low permeability) BCS class 4 (low solubility, low permeability).

The bioavailability of an orally administered drug depends primarily on its solubility in the
gastrointestinal tract and its permeability across cell membranes which, in turn, depend on the chemical
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structure of the drug molecule [8]. Most drug substances used in pharmaceutical formulations are
synthetic in nature with a hydrophilic part and a hydrophobic part [9]. The drug substance and/or
active ingredients can be crystalline or amorphous [9,10]. As the crystal lattice energy of a drug
compound increases, its solubility will decrease [11]. Drug substances are classified into anionic,
cationic, zwitterionic and nonionic compounds [12]. Zwitterionic substances contain two polar groups
of opposite polar charge, while nonionic drugs are not ionizable [12–14].

Drugs are rarely administered to a patient solely as a pure chemical entity. For clinical trial use,
it is always preferred to develop a formulation. Such formulations can be updated during the later
phases of the clinical trials [15]. Although the clinical trial phase drug formulations are considered
experimental, it is crucial that they are administered as a formulation designed to deliver the drug
in a manner that is safe, effective, and acceptable to the patient [16,17]. One of the most important
objectives of dosage form design is to produce a product that is efficacious and will achieve acceptable
therapeutic response [18]. The approach is also to develop a formulation that is robust and that is be
suitable for larger scale manufacturing [19]. Most of the developed formulations never make it past
clinical trials. Some fail in the clinic because of lack of exposure, lack of efficacy, adverse reaction, lack
of compatibility with other co-administered drug substance, and/or high level of toxicity [20–23].

The focus of this review being practical and fundamental aspects of tablet scoring or splitting,
some basic information on various routes of drug administration is provided first (Section 2), leading
into a more extensive discussion on tablets (Section 3), and a detailed presentation of the current
practice and regulatory framework of tablet scoring in pharmacy (Section 4). Various processes
involved in the manufacturing of tablets are highlighted next, followed by information on excipients
that are commonly used in tablet preparation (Section 5). It is a main thesis of this review that the:
(i) formulation ingredients and (ii) manufacturing processes employed for the preparation of tablets
underscore the satisfactory performance of said tablets toward scoring or splitting (Section 6), with
associated benefits to both patients and health care practitioners.

2. Overview of Drug Administration Routes

Several routes of administration for drugs are practiced, with each route of administration
encompassing a specific purpose and presenting certain advantages and inconveniences [24]. More
commonly used in practice are the nine routes of drug administration listed in Table 1 and highlighted
in the remainder of this section: intranasal, oral, ocular, otic, parenteral, rectal, sublingual, transdermal,
and vaginal. Other drug administration methods include subcutaneous, intramuscular, intravenous,
intrathecal, nebulization, topical, enteral, and endotracheal.

Table 1. Most common routes of drug administration.

Administration Route Examples of Formulations

Intranasal Solutions, Sprays, Ointments, Creams

Oral Syrup, Elixir, Suspension, Capsules, Tablets, or
Chewable Tablets

Ocular Solutions and Suspensions
Otic Solutions and Suspensions
Parenteral Solutions and Suspensions
Rectal Solutions, Ointments, Creams, Suppositories
Sublingual Chewable Tablets and Lozenges
Transdermal Ointments, Creams, Lotions, Transdermal Patches
Vaginal Solutions, Ointments, Creams, Suppositories

2.1. Intranasal Route

Intranasal formulations are designed to deliver formulated drug substances into the nasal
passage [25]. The nasal cavity is considered a non-invasive method to deliver drugs that are shown
efficacy and that are difficult to deliver via routes other than injection [26]. The cavity is the preferred
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route of administration for drugs that present side-effects that render them undesired in the clinic;
these are referred to as centrally acting drugs. For those centrally acting drugs, the pathway from nose
to brain provides a faster therapeutic response. The bioavailability of intranasal drugs exhibits great
level of variability [27]. In order to reduce the level of variability observed and to improve absorption
within the nasal cavity, intranasal formulations should include absorption enhancers that facilitate the
transport of the drug across the nasal membrane.

2.2. Oral Route

Oral solid tablet is a pharmaceutical dosage form containing drug substances with suitable
diluents and prepared by compression. Tablet size and weight are dependent on the amount of drug
substance present and the intended method of administration. Tablets are made from powdered,
crystalline or granular drug substances, in combination with binders, disintegrants, controlled-release
polymers, lubricants, diluents [28–31]. The compressed tablets are coated with an aesthetic polymer
that are designed to mask the taste and/or to enhance tablet appearance. In some cases, the compressed
tablets are coated with polymers that resist dissolution in the gastric fluid but disintegrate in the
intestine [32]. Those types of polymers can also be used for tablets containing drug substances which
are sensitive to the fluid in the stomach, for those which irritate the mucosa, or as a means of delayed
release of the medication [32].

When there are issues achieving a target dissolution profile, the final powder blends are filled into
capsules. The formulation development of preparing final powder for encapsulation is very similar to
that of tablets [33]. There are two general types of capsules, hard shell and soft-shell. The hard-shell
capsules can be filled with powder, granules, or pellets. Hard-shell capsules are by far the most
common type. Soft-shell capsules may contain a liquid, gel like formulation.

Liquid dosage forms are administered via the oral route. Liquid dosage forms are either solutions
or suspensions. Liquids can be water, alcohol, other solvent or cosolvent. Pharmaceutical approved
types of flavors and sweeteners are also used in liquid formulations as taste masking agents. Liquid
formulations require sterilization, addition of preservatives or a controlled pH environment to prevent
contamination or degradation. Liquid dosage forms are high on sugar content, with added flavor and
colorants. For drugs that are not soluble in water and/or other acceptable pharmaceutical solvents,
liquid formulations are made into powder for constitution [34].

2.3. Ocular Route

Ophthalmic formulations are typically designed to provide relief at the site of administration.
The ophthalmic formulations are typically presented in the forms of solutions, ointments, gels and
polymeric inserts. In most ophthalmic formulations the challenge has been to increase the residence
time at the site of administration [35]. The rapid washout of the ophthalmic drug that is triggered
by the lachrymation of the eyes negatively influences their bioavailability [36]. To overcome this,
hydroxy- propyl methyl cellulose (HPMC) is often incorporated as a viscosity enhancer to further aid
in the accomplishment of sustained drug delivery [37]. Because of its polymeric nature, viscoelasticity,
swelling capacity and nontoxicity, HPMC plays a crucial role in the formulation [38].

2.4. Otic Route

Otic formulations are designed to relieve pain and swelling inside the ear drums [39]. Otic
formulations are typically presented in the forms of solutions, ointments, gels or polymeric inserts.
The solvents and cosolvents used in designing these formulations are typically glycerin, propylene
glycol, vegetable oils, mineral oils, or low molecular weight poly(ethylene glycols) and triglycerides.
These ingredients are preferable because they provide good adhesion to the ear canal wall [40].
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2.5. Parenteral Route

Parenteral dosage forms are intended for administration as an injection or infusion. Common
injection types are intravenous, subcutaneous (under the skin), and intramuscular. Infusions typically
are given by intravenous route. Parenteral dosage forms may be solutions, suspensions, or emulsions,
but they must be sterile. If they are to be administered intravenously, they must readily mix with blood.
The parenteral application requires excipients of highest quality standards. Solubilizers and cosolvents
are the most widely employed excipients [41–44].

2.6. Rectal Route

Suppositories are an excellent dosage form for rectal administration [45]. Some of the advantages
of suppositories include: the drug can be rapidly absorbed through the rectal membrane and the
bioavailability of the drug is not dependent of the digestive tract. The important fact to consider during
the formulation of suppositories is that the prototype is solid at ambient temperature but rapidly
melts at body temperature [46,47]. In the case where the drug substance has low to limited solubility,
various types of emulsifiers can be used to increase the solubility of the drug and to facilitate its
dispersal after the suppository has melted [48]. The hardness and the shape of the suppositories play
important roles: (A) the hardness is crucial for proper handling and delivery; (B) the shape provides
administration comfort. The challenges of rectal suppositories are: (1) not preferred by patients,
as they are inconvenient, (2) rectal absorption of most drug substances is dependent on the rectal
membrane wall and that can vary significantly; in such cases, the dose becomes patient dependent,
and (3) uneasiness during administration [49].

2.7. Sublingual Route

Sublingual formulations are solid preparations that are intended to dissolve or disintegrate slowly
in the mouth [50]. They are used for systemic effect if the drug is well absorbed through the buccal
lining or is swallowed. The advantages of sublingual formulations include: (1) easy administration
to pediatric and geriatric patients, [51]. (2) formulation flexibility, and (3) local delivery of the drug
substance over an extended period. The challenges of sublingual formulations include: (1) the drug
substance taste can be overwhelming, (2) sublingual absorption of most drug substances is dependent
of the buccal membrane, (3) patient excess drooling can negatively influence the bioavailability; in
such cases, the dose becomes patient-dependent, and (4) slow disintegration [52–55]. Flavors and
sweeteners are typically added to overcome the bitterness of the drug substances, especially for those
with high intrinsic solubility.

2.8. Transdermal Route

Dermatological formulation forms include ointments and creams. Ointments are preparations for
external use, intended for application to the skin. Typically, they have an oily or greasy consistency as
they are applied to the skin. Ointments contain drug that may act on the skin or be absorbed through
the skin for systemic action. Dermatological formulations produce a local drug effect either on or
in the skin. Besides the specific therapeutic action of the incorporated active drugs, dermatological
formulations also as serve as protectants, lubricants, emollients, or drying agents. Some dermatological
formulations are intended to systemically deliver a drug. The major disadvantage of this route of
administration is the low amount of drug per day that can be absorbed. This may become a significant
limitation if the route is being considered for systemic therapy [56–58].

2.9. Vaginal Route

Vaginal formulations include solutions, powders, ointments, creams, aerosol foams, tablets
and suppositories. Vaginal suppositories are the most effective and they offer several advantages:
(1) generally there is less drug degradation via this route of administration compared to oral
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administration, (2) there is potential of long-term drug absorption. The latter involves a more
sophisticated approach with various intrauterine devices (IUDs). Challenges of vaginal formulations
include variable absorption due to pH variation within the cavity and patient discomfort [59].

3. Oral Solid Dosages: Tablets

Oral solid tablet formulations remain the preferred route of administration [60]. Oral solid dosage
form drugs: (1) are less complex to formulate, (2) in general, they provide better chemical stability,
and (3) are the most preferred across diverse patient populations. About one-half of all prescriptions
dispensed for adolescents and adults are for tablets [60].

Upon administration, a tablet begins absorption in the gastro intestinal (GI) tract (in the lining of
the mouth in some cases). Following absorption, the drug is metabolized in the liver, then enters the
bloodstream. The liver can greatly affect the potency of the tablet. Other important factors that can
influence absorption include: age, weight, gender, race, mental and physical conditions, compatibility
with co-administered medications, contents of stomach and pH level in the stomach. The pH level in
the stomach is important as it varies at fed and fasted conditions [60–63].

Tablets are available in different shapes, forms, or sizes depending on the dose [64]. The size and
shape of the tablets are typically decided by the company’s marketing group [65,66].

The complexity of tablet formulation and manufacturing is dependent of the biopharmaceutical
properties of the drug substance. The biopharmaceutical property correlates with the variation in drug
concentration with time as a result of absorption, distribution and elimination [60–63]. In such case,
the release profile of the drug is dependent on: drug dose, administration route, rate and extent of
absorption, distribution rate, rate of elimination, and the minimum effective concentration [67–69].

Figure 1 shows the evolution of the plasma drug concentration over time after dose administration.
The dotted horizontal lines show the minimum effective concentration (MEC) and the maximum
safe concentration (MSC) [70]. A therapy is efficacious during the times when there is enough drug
exposure in the plasma with a concentration that is above the MEC level. However, the drug exposure
in the plasma should never exceed the MSC level [71].
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The biopharmaceutical properties and the physical chemistry of a drug substance play an important
role in designing its formulation [19,72]. The drug substance can exist as a stable crystalline form, a
metastable crystalline form or an amorphous form. It is important that the polymorph does not change
during the formulation development process [73,74]. In general, drug substances without excipients
are typically used in the proof of concept phase or for pharmacokinetic studies in animal models [75].
Tablets may differ greatly in size and weight depending on the intended dose and the method of
administration [76]. In order to facilitate the ease of administration, several types of alteration to the
final dosage form are implemented. Some of the practices involve tablet splitting/tablet scoring [77,78].
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Tablet splitting or tablet scoring is the practice of partitioning a tablet in order to obtain a lower
dose or multiple smaller doses; this is done either to reduce cost or because the commercially available
tablets contain a larger dose than is required.

4. Tablet Scoring

An emerging concept in the pharmaceutical industry, tablet scoring refers to the breakage of a
tablet to attain a desired efficacy dose. The investigation of tablet scoring is still at its infancy and its
potential yet to be fully explored [79]. Several circumstances can propel the need to score a tablet [77,80]
including: therapeutic dose adjustment, ease of administration, cost mitigation, dose tapering or
titrating, pharmacokinetic performances evaluation [81].

Tablet scoring/splitting/partitioning is most common amongst the pediatric and geriatric
population. There are several challenges associated with the practice of tablet scoring. One that has
garnered much attention in recent years is the lack of uniformity among the scored half tablets [82].
Such lack of content uniformity among the partitioned halves can lead to clinical risks [82].

Studies that discuss the nuances of tablets scoring have been limited. This review summarizes
the work that has been done in this field and highlights some of the guidance provided by regulatory
agencies. The information compiled in this review provides a basis for further research related to
this field. Previously published reviews on this topic have emphasized the challenges of partitioning
commercially available tablets [77,83,84]. Understanding and redesigning the formulation for tablet
partitioning will provide opportunities to select the right excipients which will in turn help produce
tablets with acceptable properties following scoring/splitting. The present review includes useful
information in establishing relationships between excipients and process parameters (Appendix A) in
the development of tablets, with the aim of a better subdivision performance.

4.1. Tablet Splitting: Current Practice

Oral solid dosage form medications, mainly tablets, are prescribed to patients as the most
commonly available dosage strengths. As previously indicated, tablets contain a determined amount
of drug substance that is designed to provide a desired therapeutic efficacy. Also included in tablet
formulations are inert excipients, which are bulking agents, fillers disintegrants or other specialized
and non-conventional excipients [85]. In general, tablets dissolve in the stomach and absorb in the
lower GI track. In order to prevent tablets to dissolve in the stomach, an enteric based coat is applied.
The function of this enteric coating is to provide: (1) protection to the gastric mucosa from irritation or
other resulted adverse reactions, and (2) protection to the drug substance so as to prevent eventual
degradation due to the pH environment in the stomach [86]. The decision to apply an enteric coat to
tablets is typically decided during pre-formulation phase and/or upon gathering preliminary human
PK data during early clinical studies.

Tablets are also available as controlled release. Controlled release tablets are designed to
continuously deliver the dose over an extended period of time [86]. These types of tablets are
formulated with polymers of various viscosities that are used to modulate their release profiles [86].
The administration of these tablets is less frequent compared to those of conventional formulations.

Splitting tablets in two or, in some cases, multiple fractions had been a common practice both in
healthcare institutions and among patients at home. While tablet partitioning has become a common
practice globally, especially in pediatric and geriatric population, this concept is still insufficiently
investigated [78,84]. Many marketed tablets are embossed with a scored line to facilitate splitting [87]
as shown in Figure 2. For the most part, tablet characteristics dictate the geometrical location of the
scored line.
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Tablets are generally scored for the following reasons:

(1) Facilitate administration. Several factors can influence a patient’s inability to swallow a large
tablet: dysphagia or difficulty swallowing, patients in moribund state, age-related psychological
changes, pediatric patients [88,89].

(2) Reduce cost and adjust dose. When a higher therapy dose is no longer needed, patients split
tablets to save cost. The price variation among different tablet strengths is typically minimal.
Requesting a higher dosage tablet strength in order to partition the tablets can be more economical
to some patients. Recent studies suggest that the practice of splitting tablets has become more
common because of economic hardship [90].

(3) Facilitate dose alteration. Dose alteration involves changing the marketed dose to achieve a target
dose, hence, dose tapering or dose titrating [91]. Dose tapering refers to starting a medication at a
high dose and slowly decrease the dose to wean the patient out of the medication. Dose tapering
is typically done to prevent the effect of medication withdrawal [92]. Medical withdrawal often is
associated to clinical adverse reactions. Dose titration refers to starting a medication at a low
dose and slowly increasing the dose to the target level [93]. Tablet splitting provides proper
dosage in cases where slow dose titration and dose tapering are necessary, particularly with
medicines that control the central nervous system [94]. Recently, it has become more of a practice
for pharmaceutical companies to manufacture tablets of multiple dose strengths. In some cases, a
lower desired dose strength may not be available, thus the need to partition a larger dose tablets
into smaller doses.

(4) Overcome changes in insurance policies. This practice aligns with cost savings; the down turn of
the economy has mas made it a more common practice. Some insurance companies have denied
payments for lower-strength tablets, which requires patients to obtain a larger dosage and then
split the tablets [90].

Several marketed products that are commercially available at doses much higher than those
traditionally used are currently being partitioned. If a marketed tablet is to be used at a prescribed
dose of 12.5 mg, however, that product lowest marketed dose is 25 mg, partitioning the commercially
available 25 mg tablet is needed for the patient to obtain the intended 12.5 mg dose. For example,
patients undergoing post-myocardial infarction (PMI) often require taking a lower dose of β-blocker
because of the adverse reaction associated with taking a full dose of β-blockers as observed in clinical
trials [95,96]. This is done in order to clinically observe patient tolerability of the drug. Based on the
clinical trial data, the dosage is then gradually increased to reach the appropriate dosage to be used,
provided that the patient tolerability of this dose is justified [97].

Patients who are receiving therapy with a certain marketed product may require frequent dosage
changes to maintain an appropriate level of effectiveness of the therapy. As such, patients may partition
the tablets in order to adjust to the target dose as appropriate [98]. In certain cases, the weight accuracy
after the partition is dependent on the tablet size and characteristics [99]. Smaller sized tablets, in
general, introduce greater weight variation post partitioning as opposed to larger size tablets. In
many instances, partition data tend to fall out of the compendial limit of variation for tablets [99,100].
Because there is a wider weight variation when smaller sized tablets are being partitioned, it is more

https://consumermedsafety.org
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favorable to partition larger sized tablets. However, that practice is not limited only to smaller size
tablets, although the clinical data seem to favor larger size tablet [99,101].

Whereas tablet partitioning offers provides the flexibility to dose adjust and/or taper as well as
some financial benefits, there are several disadvantages associated with it. Some of these drawbacks
are highlighted below:

• Out of specification tablets. Controlled release tablets have been designed to release the medication
in a predictable manner over time [102]. To accomplish this, a variety of methods have been
employed. Some methods, such as the use of coated granules, may be suitable for tablet
splitting [103]. Other dosage forms, however, would have their designed features impaired by
splitting. The difficulty in assessing the suitability of each controlled dosage form and the potential
effect on their function makes it not favorable to partition these tablets.

• Non-robust tablets. Tablets with inadequate physical properties (e.g., low hardness, high friability)
can crumble or shatter because of the brittleness property and/or low hardness values during
splitting/partitioning [104]. This can compromise the desired dose and may lead to product
fragmentation and wastage [104–106].

• Inadequate dose. This can present serious clinical adverse reaction, particularly in the case in
which a drug of narrower therapeutic index is used [107]. Uneven split tablets may lead to
administration of incorrect dose. Certain products, particularly potent compounds, are available
commercially at doses of less than 1 mg. Splitting such smaller dose tablet can lead to dose
inaccuracy, hence can pose serious clinical risks [108].

Controlled-release tablets should never be split. Altering these types of tablets can potentially
allow immediate absorption of the full dosage, which can saturate the plasma level and lead to
overdosing. This can pose a risk of serious adverse reaction [109].

Similarly, splitting opioid tablets can result in dose inaccuracies and can be harmful to
patients [110,111]. In order to mitigate opioid abuse, several steps have been implemented by
the FDA to ensure that companies reformulate their painkiller tablets in a way that will make it more
difficult to alter the dose [112]. The reformulation known as opioid abuse-deterrent formulations
(ADFs), involves adding a blocking agent that will counter the effect of opioids if dissolved and
injected [113]. There are a few formulations for oxycodone (e.g., Targiniq ER) and other opioids that
have been approved by the FDA that utilize the abuse-deterrent opioid formulation [112]. To mitigate
the opioid abuse crisis, these new formulations use specialized excipients that make it difficult to crush
the tablets. Another strategy of abuse deterrence involves incorporating aversion properties into the
formulation [114,115]. For example, components that can produce unpleasant effects if the opioid
tablets are manipulated [115].

Patients with complex dexterity issues, may have difficulty splitting tablets, either manually or
with the use of a tablet splitter and with the use of other non-conventional objects used to partition
tablets [94]. A study which focused mainly on issues pertained to the acute geriatric population
revealed that more than 3

4 of that population were unable to successfully partition tablets. In those cases,
the challenges were to ensure that the tablets are evenly partitioned prior to administration [94,116].
Especially for tablets that are not clearly marked with a score line, and also tablets that lack good
physical properties [117].

In some cases, tablets are partitioned unevenly, which can pose some compliance issues and
minimize the reliance on the drug [104–106]. Geometrical configurations of the tablet such as shape,
size, thickness and curvature play a crucial role on the performance of the score lines [76]. The depth
of the score line can also be a contributing factor [76]. Performance of score lines can be defined by
breaking ease, uniformity of mass of subdivided tablets and loss of mass by the subdivision [118]. For
breaking ease, an in-vivo reference test and a routinely applicable in-vitro test need to be established.
For the uniformity of mass of subdivided tablets, a requirement has recently been set by the European
Pharmacopoeia. Loss of mass upon breaking can be limited to not more than 1% [119].
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Tablet scoring techniques vary from exerting force to manually breaking the tablets to using tablet
sprinters devices that are designed to aide with tablets splitting [120]. Other practices involve the use
of non-conventional objects such as kitchen knives [120]. All those practices present accuracy and
precision challenges. Various devices available to split tablets are shown in Figure 3.

Content uniformity of the split tablets was evaluated in studies where various splitting techniques
including exerting force to manually break the tablets, using a sharp object (knife) and using a tablet
splitter were employed [120–124]. Tablets split by hand yielded the worst uniformity and exhibited a
wider weight variation compared to those that were split using a knife or a tablet splitter. When knives
were used to split tablets, a significant variation within the half tablet content uniformity was observed.
When tablet splitters were used, the resulted halve tablets revealed a more uniform trend [125]. Among
all the tablet splitting techniques that have been implemented, the use of a tablet splitter produced
half tablets with significant less weight variation compared to the two other methods [121]. Further
data have shown that formulation characteristics and manipulation techniques have great influence on
the accuracy of medication modification and should be considered in off-label drug use in vulnerable
populations [126–128].
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Figure 3. Various options available to split and crush tablets. Images (a) through (c) are representations
of tablet crushers. Images (d) through (i) are various tablets splitters that can be used for different shape
tablets that are embossed with a score line. Images (j) though (s) are tablet grinders; these are designed
to grind and crush tablets to deliver finely crushed powder medication. Images (t) through (w) are
tablet pulverizers that are designed to crush tablets to a fine powdered medication. They are available
as ball and sockets and as motor and pestle. Image reproduced from the article [129]. Permission to
include this image in this review has been obtained from PLOS One.
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Tablet physical properties such as size, curvature and thickness, and the form and deepness of the
score line as well as scoring techniques can affect the effectiveness of tablet splitting [118]. To facilitate
tablet splitting, recent studies have suggested the use of compression molding [130]. Compression
Molding is a semi-manual operation where tablets are formed by forcing the wet granulated blend
into a mold to achieve tablets of desired shapes and sizes [131]. Designing a mold cavity with a score
line could in principle produce tablets that can be scored more effectively. However, this technology,
while effective for proof of concept experiments, could have several limitations during large-scale
production. Also, since the molded tablets are tray-dried and/or oven-dried, obtaining a desired tablet
hardness and a low tablet friability may be an issue [132].

Tablet weights and uniformity of dose are interdependent. Uneven scored tablets can pose great
clinical risk, especially when targeting a narrow therapeutic-toxic range [130]. By contrast, tablets with
wider therapeutic indices and longer half-life are more forgiving to uneven splitting.

In a nutshell, while there are cost benefits associated with tablets splitting/partitioning, this practice
is extensively used for clinical reasons. In a larger perspective, using tablet splitting to reduce costs is
limited by the number of products suitable for tablet splitting [133]. The practice is largely dependent
on the actions of pharmaceutical manufacturers. Factors that can influence tablet splitting practices
include: (1) the number of dosages available, (2) tablet properties, (3) tablets that require specialized
excipients to target a modulated release profile, and (4) storage conditions. Patients should be able to
split tablets easily, either by hand or with the use of a tablet splitter. To achieve the therapeutic and
economic benefits from tablet splitting, patients need to be educated on the rationale and procedures
of tablet splitting [109]. Tablet splitting/partitioning has played a crucial role in modern medicine,
as the ability to dose taper and dose titrate is important across therapeutic areas. Based on some
accrued clinical data, some warning has been issued around the practice of tablet splitting/partitioning.
According to clinical observations, approximately a third of the partitioned tablets fall outside of the
recommended dosages by more than 15 percent [79,134].

4.2. Tablet Splitting: Regulatory Guidance

To date there have been no specific regulatory requirements that govern the practice of tablet
scoring. The pediatric and geriatric patient populations are the two groups that are more susceptible to
this practice [135–137]. The current practice is to score the tablet to a reduced dose; the scored tablet is
then administered with food and/or beverage as a surrogate in order to mask the taste of the drug
substance in some cases. The challenges with that is the risk on under dosing or over dosing, where
both can lead to serious adverse drug reaction [138].

The United States Food and Drug Administration (FDA) recently began to develop a new guidance
for tablet scoring [139]. However, the concept of tablet scoring has not been fully investigated and the
resulting data are not well understood. Across drug agencies worldwide, there are very few published
standard data available to address this practice.

One important factor in analyzing a final drug product is to ensure that the composite sample of
the final drug products is within specification guidelines. The guidelines are determined within the
scope of the United States Pharmacopeia (USP) requirements [139]. The challenge with tablet scoring
is that it introduces weights and/or uniformity variations [108]. If there are weight variations within
a composite sample, the potency of that composite samples may also vary [108]. There is a direct
correlation between the sample size and potency [118].

Weight and uniformity variation can expose a patient to:

(a) Drug underdose. This is a case of a patient who is continuously being exposed to a low
(inefficacious) amount of a drug, hence under dosing. This can potentially create resistance to
that drug, which can render the therapy ineffective. That may cause serious side effects, may
prevent the drug from working properly, and/or may slow down the efficacy of the therapy [140].

(b) Drug overdose. This can be very harmful to patients, especially for high potency drugs [138].
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The FDA guidance as it is written is similar to that of unscored tablets with added requirements
to prevent risks associated with drug exposures upon administration [130].

• All scored tablets should be stable at: 5 ◦C, 25 ◦C/60%RH, 40 ◦C/75%RH for up to 90 days. Stability
studies should be performed in appropriate container closures.

• Scored tablets should be stable in pharmacy dispensing containers for up to 90 days 25 ◦C/60%RH.
• The label should encompass the therapeutic dose.
• Enteric coated tablets should not be scored.
• The physical characteristic criteria for scored tablets are similar to that of whole tablets.
• Scored tablet Content Uniformity and Uniformity of Dosage unit as specified in USP 37 chapter 905.
• Scored tablet Water Content as specified in in USP 37 chapter 921 [65].
• Scored tablet Dissolution as specified in USP 37 chapter 711.
• Scored tablet Microbial Examination as specified in USP 61 and 62.

5. Overview of Tablet Preparation

5.1. Tablet Manufacturing

Tablets are the most desired dosage form. Normally, they are intended for the oral or the
sublingual routes of administration [141]. Tablets are made from drug substances that can be crystalline
or amorphous in nature. Tablets typically contain granular materials, alone or in combination with
binders, disintegrants, lubricants, diluents and controlled-release polymers, in some applications. Inert
excipients are mixed together with drug substances in a binary and/or ternary fashion to create a
final powder blend [142–144]. Tablets are made by compressing powdered drug along with various
excipients using a tablet press. There are five conventional methods available to create a final powder
blend that is used in tablet manufacturing. Each of those methods utilizes different manufacturing and
processing trains. Each of these tablet processing methods can influence the ability to partition tablets:

5.1.1. Dry Granulation (Direct Compression Method)

Direct compression consists of compressing tablets directly from powdered material without
modifying the physical nature of the material. The drug substance is milled and mixed with the
bulking excipients and, if necessary, with a lubricant and a disintegrant [145].

Mixing and milling are important factors to consider when splitting tablets manufactured using
the direct blend process. Milling can be used to size the granules and to facilitate a homogeneous
mixture [146]. Selecting excipients with comparable structure, morphology and particle size is crucial
especially since there is not a granulation step involved. Uneven distribution of granule particle sizes
and different granule shapes can cause granule segregation within the compressed tablet. Hence,
uneven assay uniformity of half tablets [147].

5.1.2. High Shear Wet Granulation

This is the most widely used method, due to a greater likelihood that the granulation will meet all
the physical requirements for the compression of good tablets. The main disadvantages are the number
of steps involved and the time necessary to carry out the procedure, especially on a large scale [148].

Controlling the processing parameters during high shear granulation is important as there are
several factors that can influence the tablet properties, and subsequently impact tablet partitioning.
While excipient particle sizes and excipients of structural similarities should be controlled, their effect
becomes less important since a granulation solution will be used to densify the granulation [149].
The orifice of the spray nozzle used to conduct the granulation plays a crucial role as the droplet
size can impact granulation densification [150]. Granulation spray time and spray rate are also
important. High spray rate can produce overwetted and over-granulated material [150]. By contrast,
low spray rate can produce under granulated material [151]. Binder selection and concentration should
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be considered carefully as the viscosity of the binder solution can impact granule properties [152].
If adequate amount of binder is used, the tablets are less brittle; which can then circumvent tablet
weight loss after partitioning, tablet fragmentation, tablet halves weight variation and reduce the %
friability [149]. The impeller speed should also be optimized, as dispersion of the granulation solution
would dictate the granulation endpoint [153]. During the drying of the wet mass, the inlet air velocity
and temperature have an impact on the granule properties. Low air inlet velocity and temperature
can result in oversized granule and granule hardening. High air inlet velocity can cause granule
attrition and generate higher percentage of fine granules [154]. A schematic of a conventional tablet
manufacturing using a high shear granulator is shown in Figure 4.Appl. Sci. 2019, 9, x FOR PEER REVIEW 12 of 31 
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5.1.3. Fluidized Bed Spray Granulation

The fluidized bed spray unit is a multipurpose equipment used to create a final powder blend
granulation. Multiple aspects of the granulation occur within the unit: mixing, granulation, and drying.
It is important to determine the minimum air velocity in order to avoid bed collapse. The minimum air
velocity during a fluidization process is dependent of the size, shape, density and polydispersity of the
particles. The idea is that the drag hydrodynamic forces exceed the gravitational force [155–157].

Similar to high shear wet granulation, granule densification occurs within the fluid bed chamber.
Thus, the structural similarities and the particle sizes of the granules are less important. The components
that influence granule properties are: binder selection, binder solution addition rate, droplet size,
fluidization velocity. Granules of adequate properties create robust tablets that are more amendable to
tablet partitioning.

5.1.4. Dry Granulation (Roller Compaction)

When the drug substance is sensitive to moisture or unable to withstand elevated temperatures
during drying, and when the tablet ingredients have sufficient inherent binding or cohesive properties,
compaction may be used to form granules. This method is referred to as dry granulation or roller
compaction [158]. Dry granulation eliminates a number of steps but still includes weighing, mixing,
compacting, dry screening, dry milling, lubrication and compression [159]. The active ingredient,
diluent (if one is required) and part of the lubricant are blended. For roller compaction application,
one of the constituents, either the active ingredient or the diluent, must have cohesive properties.
Compaction roller force/pressure is applied to the powdered material to release the air entrapped and
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to create a dense compact material. The compacted blend is milled and lubricated. Other types of unit
operations that are used during a roller compaction process are blending and milling [158].

Excipients with structural similarities and comparable particle sizes should be used in order
to avoid segregation during tablet compression [146]. Further, the use of excipients with good
compressibility factors such as plasticizers and binder concentration is important. Since the binder will
be used in the solid form, it is important to understand the required amount needed to produce tablets
with good uniformity that can be partitioned without mass loss.

5.1.5. Tablet Compression

Following granulation, the final blend is compressed to desired tablet shapes, sizes, weights.
Following tablet compression, a rotary tablet press is used to form the tablets by compressing dry
granular powders to sufficient pressure to make the particles cohere. Different types of punches
with appropriate cup ratio are used to compression to target the desired tablet sizes and shapes [160].
Factors that are important during tablet compression include high flowability, high compactability and
low segregation. The most common challenges with tablet compression include:

(1) Capping. This typically occurs when the top part of the tablet separates from the body of the
tablet. The most common reason for this issue is air entrapment. To circumvent this effect, a
pre-compression force is applied to the compressed tablet, prior to applying the final compression
force [161].

(2) Lamination. Lamination is often misconstrued for capping. Lamination occurs when bands or
cracks are observed anywhere on the tablet rather than at the top of the tablet. This is typically
process-related, especially when a large portion of fine and/or coarse granules is generated.
This can also be formulation related, especially when not sufficient amount of binder is used to
compress a robust tablet [162].

(3) Sticking. Sticking is caused by granulation adhesion to the punches. Several factors can influence
tablet sticking: formulation (drug substance, excipient, and other components), granulation
properties (granule particle size, high amount of fines and/or coarse granules), tablet design
(tablet shape and sizes). Tablet-press conditions and tablet-tool properties can also influence
sticking [162].

In order to effectively partition tablets, they must be free of capping, sticking and lamination.
The compression force used during compression is important in order to compress tablets with adequate
hardness and thickness that can facilitate partitioning [163].

5.2. Excipients Commonly Used in Tablet Manufacturing

In addition to the drug substance, the tablet formulation contains several inert materials that
are referred to as excipients. The functions of the inert excipients are: (1) facilitate the tablet-making
process, (2) bind the tablet together in order to ease compression, (3) facilitate dissolution after the
tablet has been consumed, (4) aesthetic enhancement, and (5) allow for identification. Excipients
play an important role in the in-vivo/in-vitro performance of the final product, and they are classified
according to their functionality [164]. These excipients may be added to the drug substance as bulking
agents and to facilitate the manufacturing process by adding desirable properties that are lacking in
the drug substance. Excipients also play a key role in the satisfactory processing and compression
characteristics of the formulation.

Depending on the intended use, tablet excipients are subdivided into two categories:
(1) nonfunctional excipients that are used as processing aids to manufacture the compressed tablets,
and (2) functional excipients that enhance desirable physical characteristics to the compressed tablet.
Commonly used excipients and their functions in tablet formulation are listed in Table 2 and presented
below. A stepwise diagram of the manufacturing process which also highlights the excipients used is
shown in Figure 5.
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Table 2. Excipients used for tablet formulations.

Excipients Function Example

Diluent Serve as bulking agent and facilitate accurate dosing.
Sugar compounds: lactose, mannitol, dextrose, sorbitol,
silicate, calcium, magnesium salt, sodium chloride,
potassium chloride, cellulose derivatives

Binder, compression aid, granulating agents Facilitate tablet compression. Ensure tablet robustness. Natural and synthetic polymers: starch, gelatin and
sugars as sucrose, glucose, dextrose, and lactose

Disintegrants
Aid with tablet disintegration and dissolution by
increasing the surface area of the tablets, facilitate
release of drug substance.

Compounds which swell in the presence of water:
Starch, cellulose derivatives, alginates and
crospovidone

Glidants Granulation flow enhancer, aid with tablet compression
and eliminate particles agglomeration (anticaking) Colloidal anhydrous silicon, silica compounds, talc

Lubricants
Tablet compression aid, reduce blend cohesiveness
characteristic during compression, reduce
disintegration rate

Steric acid, salts and derivatives of steric acid, talc,
hydrogenated vegetable oils and PEG

Coating agent

Prevent tablet degradation environmental conditions
(Temperature, light and moisture). Serve as taste
masking agent, inhibit odor, facilitate administration
and appearance enhancer

Natural and synthetic polymers, polymers that are
insoluble in acid
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5.2.1. Diluents

Diluents are inert substances that are added to increase the bulk of the granulation in order to
facilitate tablet compression [165,166]. Certain diluents and or filler that are commonly used include
starch, microcrystalline cellulose (MCC), mannitol, lactose, sorbitol, sucrose, dicalcium phosphate
dihydrate (DCP). When present in sufficient quantity, diluents can influence the tablet properties.
For example, lactose should not be used in combination with amine bases or amine salts [167] as
the resulting tablet can be subjected to discoloration and degradations [167]. In a study that was
conducted using placebo tablets manufactured using MCC and DCP, it was noted that MCC produced
less uniform and less dense tablets compared to those produced with DCP [149]. Tablets manufactured
with elastic diluents such as starch and DCP are more amenable to partitioning that those manufactured
with plastic materials such as microcrystalline cellulose and lactose [168]. Crystalline lactose is
considered a brittle material because of its susceptibility to fracture when stress is exerted [169,170].
Crystalline lactose exhibits poor compaction property and limited binding effect compared to other
conventional excipients [171]. However, amorphous lactose (spray dried lactose) undergoes plastic
deformation [170]. Amorphous lactose exhibits better binding ability and compressibility compared to
its crystalline form [170]. An appropriate ratio of both forms of lactose can be crucial in designing
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a formulation for tablets that are amenable for scoring. While crystalline lactose can enhance the
breakability of the tablets, amorphous lactose promotes good binding properties [170].

5.2.2. Binders

Binders are used to promote cohesive qualities to the powdered material to insure tablet
robustness [166,172,173]. Binders are also used to promote granule hardness and size [172]. Commonly
used binders include: starch, gelatin, and sugars as sucrose, glucose, dextrose, and lactose. Natural and
synthetic gums which have been used include acacia, sodium alginate, carboxymethyl cellulose, methyl
cellulose, poly(vinyl pyrrolidone) [174]. Other agents which may be considered binders under certain
circumstances are poly(ethylene glycol) (PEG), ethyl cellulose, waxes, water and alcohol. The quantity
of binder used has considerable influence on the characteristics of the compressed tablets [175]. The use
of excessive amount of binders can influence tablet compression and tablet disintegration [176]. Binders
can be used both in a solution form and in a dry form, depending on the chemical properties of the other
ingredients, the method of preparation, and the unit operations used. Binders are more effective when
applied to the powder formulation in solution [177]. Two commonly used binders, hydroxypropyl
cellulose (HPC) or poly(vinyl pyrrolidone) (PVP) were evaluated in a study wherein MCC, DCP, and a
combination of MCC and DCP were used as filler. Neither HPC nor PVP were shown to affect the
partitioning of tablets containing DCP as diluent. Tablets manufactured with MCC and HPC showed
better accuracy when partitioned, as opposed to those manufactured with a diluent that contained an
equal amount of MCC and DCP. This was attributed to the similar structures of HPC and MCC, which
facilitate the tablets partition [149].

5.2.3. Lubricants

Lubricants play multiple important functions in tablet manufacture [178,179], including: (1)
inhibiting sticking and adhesion of the tablet granulation or powder to the faces of the punches or
to the walls, (2) reducing inter particle friction, (3) facilitating the ejection of the tablets from the
die cavity, and (4) promoting the flow of granulation or/or powdered materials by reducing friction
among particles.

The commonly used lubricants include: talc, magnesium stearate, calcium stearate, stearic
acid, sodium stearyl fumarate, hydrogenated vegetable oils and PEG [160]. Most lubricants, with
the exception of talc, are used in concentrations less than 1%. When talc is used as lubricant in a
formulation, a concentration of approximately 5% is required to ensure effectiveness [180]. Lubricants
are in most cases hydrophobic materials. The use of excessive amounts of lubricants in formulation can
(1) result in poor tablet disintegration, (2) delayed dissolution of the drug substance and (3) influence
tablet compression [178,181]. Excessive amount of lubricant used in a formulation can affect the
dissolution of halves tablets [182].

5.2.4. Glidants

Some lubricants play the role of glidant in the formulation. Glidants are used to promote powder
flow by reducing interparticle friction and cohesion [183]. Glidants are often used in combination with
lubricants as glidants are not able to reduce die wall friction. Examples of glidants include fumed
silica, talc, and magnesium carbonate [184].

5.2.5. Disintegrants

Disintegrants are added to the formulation to facilitate tablet dissolution and/or disintegration
following administration [185,186]. The commonly used disintegrants are classified chemically as
starches, clays, celluloses, and cross-linked polymers. Disintegrants in the presence of water swell,
which then ruptures the tablet matrix [187]. In most formulations, starch is used at a concentration
of approximately 5%. In cases where a more rapid disintegration is required, the concentration of
disintegrant used may increase [188]. Disintegration time and the amount of disintegrant used are
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interdependent: as the concentration of disintegrant increases, disintegration time also increases.
Conversely, as the concentration of disintegrant decreases, disintegration time decreases. Other types
of disintegrants that are known as “super disintegrants” such as croscarmellose sodium, crospovidone
and sodium starch glycolate are also used in the pharmaceutical industry, particularly when slow tablet
disintegration time is an issue [189]. These super disintegrants are effective at a concentration range
2–4%. During tablet formulation, disintegrant is mixed with the active ingredients and diluents prior
to granulation. In some cases, it may be advantageous to divide the disintegrant into two portions,
the first to be added to the powder blend prior to granulation, and the other portion to be added
post granulation with the lubricant, prior to tablet compression [189]. The reason for incorporating
disintegrants in this manner is twofold: (1) the portion added post granulation helps with the rapidly
break down of the tablet to granules, and (2) the disintegrant added during the pre-granulation step
aids to break down the granules into smaller particles. While disintegrants are effective for tablet
dissolution, if they are not well distributed within the compressed tablet, dissolution-related issues
may arise, as the dissolution criteria for split portioned are the same as the finished product criteria for
unpartitioned tablets.

6. Tablet Scoring: Challenges and Opportunities

Tablet splitting can lead to medication errors. One of the main reasons is that the tablets may not
have been partitioned into the appropriate dosage. This can lead to overdose or underdose.

Other factors to take into consideration include:

(a) Lack of drug substance uniformity with a single tablet. Although a tablet may fall within
specified specification of dosage strength, the active ingredient may not be equally distributed
within that tablet. Research has revealed that halves of partitioned tablets may contain different
concentration of actives [190]. This was typically observed when a drug substance of wide particle
size distribution was used. Researchers have studied the effect of drug content uniformity only as
variation in half tablet weights [190]. However, there are not enough data to support the in-vitro
effect of the drug content of half tablets [191,192].

(b) Non-conventional shaped tablets. Certain tablet shapes may be difficult to partition, since
the geometry of the tablet plays a crucial role in positioning the embossing scored line in the
tablet [168].

(c) Fragments or crumble tablets. This issue is related to the lack of robust tablet physical property.
The right selection of excipients can circumvent the fragmentation issue [193].

The current available literature focuses on the challenges of splitting scored tablets [116,194–196].
However, an important concept that does not garner much attention in the literature is the influence
of granule and tablet properties on the practice of splitting tablet. The physical properties of the
tablets, such as weight, thickness, hardness, friability, design and shape, are not well understood
as they can influence the splitting effectiveness of tablets [197]. Selected excipients such as binders
can influence mass loss, mass variation, and tablet fragmentation, and can increase brittle factor
and therefore mitigate friability [198]. Because of the intricacy of designing a tablet formulation and
process, it is important to consider not only excipient selections and their functions, but also the
unit operations [150], particularly for processing steps that involve altering the characteristics of the
excipient and drug substance. Tablet compression plays an important role, as that final step may in
some cases dictate the effectiveness of splitting a tablet [99].

We discuss below the factors that can potentially influence tablet scoring. These factors are
identified here on the basis of knowledge of tablet formulation, as there have been no published studies
available that explicitly address these issues. The factors that are important to consider when designing
a formulation suitable for tablet scoring are highlighted in Figure 6.
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(1) Particle Size
Particle size can affect granule flow properties [199], which can influence tablet weight

variation [200]. Particle size can cause powder segregation, which can affect blend uniformity [124].
Segregation typically occurs during blend or granulation discharge [201]. Several studies have
shown data in which segregated blends were evaluated using a segregation tester. The data revealed
significant variability in the blend average particle size granules, confirming the evidence that particle
size influence segregation [202–204]. To overcome the issue of segregation in the final blend, and to
reduce the risk of poor content uniformity, it is preferable to used excipients having similar particle
sizes [205,206].

When there is a greater disparity in the particle size of the granulation components, segregation
effects can happen making homogenous mixing difficult [159,206]. Segregation occurs as a result of
differences in particle size, density, and structural identities of the materials used.

In the pharmaceutical industry, a conical mill (or conical screen mill) is often used to reduce
the size of material in a uniform manner [207]. Sieves of different screen mesh opening are used to
target the desired granule particle size [208]. Size reduction is a step that is commonly used after the
granulation step to eliminate the oversize granules [209,210]. For formulations that are designed for
tablet splitting, this step plays a crucial role.

(2) Blending and Mixing (Blend Uniformity)
The uniformity of a powder blend is dependent on the excipients used in the formulation

and the mixing approach. Mixing is an energy consuming process which produces a random
distribution of particles [211]. Poor blend uniformity can potentially produce tablets with poor content
uniformity [212].

The efficiency of the mixer dictates the uniformity of the blend. Mixer efficiency is dependent on
the following factors: type of mixer used, operating speed, mixing time, blend volume. Particle size,
shape, density, and cohesively can also influence mixing [213].

Mixing involves the following steps:

• Convective movement of the particles from various location within the mixer [214].
• Shear movement, which is the cascading effect of the particles within the mixer [215].
• Diffusive movement of the particles as a result of increasing mobility [216].

Blend uniformity is an important factor to consider when developing a formulation suitable
for tablet splitting. Blend uniformity ensures content uniformity within the tablets [212]. For tablet
splitting it is important to have homogenous distribution of the drug substance in the powder blend,
to ensure content uniformity in the split tablets.

(3) Tablet Compression and Tooling Design
Powder segregation should be controlled during tablet compression [160] Discharging the powder

blend from the tote to the hopper tablet press introduces powder transportation effects. During the
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transport of powders, there is a constant migration of particles. Due to differences in trajectories of
particles with different masses and/or sizes, these particles will be separated during transportation [217].
The shape of the particles also plays an important role during this type of segregation process [218].
Special precautions must be taken during handling of these powders by reducing the transportation
velocity or the falling height segregation is minimized [217]. In order to overcome this effect, a
valve is designed and placed with a certain angle at the junction of the mixer to the hopper of the
tablet press [219].

The speed of the turret can introduce percolation effect where gravity causes smaller particles to
move into the voids between larger particles, due to relatively larger differences in particle sizes [220].

The tablet press turret and feeder speed should be optimized in order to control powder vibration.
Smaller sized particles will gradually move under the bigger sized particles, leading to a separation
between differently sized particles [221].

In addition, tablet compression forces should be controlled in order to produce tablets with
physical properties that are amenable for scoring [222]. Tablet splitting effectiveness is dependent on
the following tablet properties.

• Hardness (good breakability will not crumble during splitting)
• Thickness (bulkier tablets can be difficult to split)
• Good friability (tablets are not brittle and do not loose mass during splitting)

Finally, tablet tooling design is also important [223], as tooling geometry and the depth of the
debossed score line influence the ability to effectively score tablets.

Ineffective, tablet splitting may result in the administration of an inaccurate dose, which can be
of significant risk if the split medication is a narrow therapeutic index medication. Several studies
have reported weight differences among partitioned tablets [224]. Numerous studies have assessed
drug content uniformity only as a variation in half tablet weights [224,225]. However, very few studies
have explored the in-vitro drug content of half tablets. The current United States Pharmacopeia (USP)
guidelines for drug content of split tablets are loosely defined.

7. Conclusions

Tablet scoring refers to the breakage of a tablet in order to attain a desired dose efficacy. Tablet
scoring provides benefits regarding dose flexibility, ease of administration and cost mitigation. This
practice is more common among the pediatric and geriatric patient populations.

Tablet scoring is an emerging concept in the pharmaceutical industry, however, the nuances of
tablet scoring are not well understood. Because of the lack of available data to address the complexity
of this practice, patients and health care practitioners are confronted with half tablets that lack weight
and uniformity accuracy. This can pose adverse reaction concerns with clinicians, particularly in cases
where higher potency tablets are used.

Available regulatory guidance on tablet scoring is not well defined across drug agencies worldwide.
The guidance as it is written is similar to that of unscored tablets. The added requirement is to prevent
risk associated with drug exposures. The stability of the scored tablets at room condition for up to
90 days should be investigated too account for possible impurities and/or degradation.

In order to overcome the issues associated with tablet scoring, the design of the formulation has
to be well thought out. The selection of excipients with appropriate chemical and physical attributes
is crucial. The processing parameters are also important, as some of the methods currently used
can potentially modify the physical characteristic of the excipients. The use of compression tooling
with adequate debossing is important, as the geometrical position of the score line can influence the
partitioning of the tablets.

This review aims to highlight the current state of knowledge in the field and provide an impetus
toward further studies on the fundamentals underlying tablet scoring.
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Appendix A

Table A1. Tablet Processing Parameters.

Unit Operation Process Parameter Physical Properties

Mixing

• Type and geometry of mixer
• Order of addition
• Mixer load level
• Number of rotations (time and speed
• Agitating bar (on/off pattern)

Blend uniformity
Particle size distribution
Bulk/tapped density
Moisture content
Flow properties

Milling

• Impact/cutting/screening mills
• Mill type
• Speed
• Blade configuration and type
• Screen size and type
• Feeding rate
• Number of grinding nozzles
• Feed rate
• Nozzle pressure
• Classifier

Particle size
Particle size distribution
Particle shape
Bulk/tapped density
Flow properties
Polymorphic form

High Shear Wet
Granulation

• Pre-binder addition mix time
• Impeller speed, configuration,

and location
• Chopper speed, configuration
• Spray nozzle type and location
• Binder fluid temperature
• Binder addition rate and time
• Post-granulation mix time
• Bowel temperature

Power consumption (process control)
Blend uniformity
Flow
Moisture content
Particle size and distribution
Granule strength and uniformity
Solid form

Fluid Bed Granulation

• Mixing time
• Spray nozzle

(type/quantity/pattern/configuration)
• Method of binder addition
• Binder fluid temperature
• Binder fluid addition rate and time
• Inlet air flow rate,

volume, temperature,
• and dew point
• Exhaust air temperature, flow
• Filter properties and size
• Shaking intervals
• Product temperature
• Inlet air volume, temperature
• dew point
• Exhaust air temperature, flow
• Filter properties

Granule size and distribution
Granule strength, and uniformity
Particle size
Flow
Bulk/tapped density
Moisture content
Residual solvents
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Table A1. Cont.

Unit Operation Process Parameter Physical Properties

Fluid Bed Drying

• Inlet air volume, temperature
• Dew point
• Exhaust air temperature, flow
• Filter properties
• Shaking intervals
• Product temperature
• Total drying time

Moisture content
Particle size and distribution
Granule strength and uniformity
Solid form

Table A2. Tablet Processing Parameters (Continued).

Unit Operation Process Parameter Physical Properties

Tray Drying
• Quantity of carts and trays per chamber
• Quantity of product per tray
• Drying time and temperature
• Air flow
• Inlet air dew point
• Vacuum/microwave
• Jacket temperature
• Condenser temperature
• Impeller speed
• Vacuum strength
• Microwave potency
• Electric field
• Energy supplied
• Product temperature

Moisture content
Residual solvents

Roller Compaction

• Roll speed
• Gap setting
• Roll pressure
• Auger screw rate
• Roller type
• Mill speed
• Mill type

Appearance
Ribbon/particle size and shape
Ribbon density, strength,
and thickness
Solid form

Tablet Compression

• Compression speed and force
• Pre-compression force
• Feed frame type and speed
• Hopper design, height, and vibration
• Tablet weight and thickness
• Depth of fill
• Punch penetration depth

Target weight
Weight uniformity
Content uniformity
Hardness
Thickness
Tablet porosity
Friability
Visual attributes
Moisture content
Weight of core tablets
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