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Abstract
Oral drug delivery system is considered as the most common route of administration, solid oral dosage forms being the most widely accepted one because of its convenience. Along with these convenience comes few challenges as well. Pill dysphagia is one of the biggest challenges that happens with the solid oral dosage form along with various other. This review article discuss about those challenges and how oral liquid dosage form can be a beneficial alternative.
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Introduction
Oral drug delivery is the most widely used route of administration compared with all other route of administration [1]. Oral route is most convenient and safe route of administration. Medicaments may be administered orally like tablets, capsules, pills, powders, syrups, suspensions, etc. [2].
Solid oral dosage forms (SODF), such as tablets and capsules, have long been the cornerstone of pharmaceutical therapy due to their stability, ease of manufacturing, accurate dosing, and convenience for self-administration. However, despite these inherent advantages and their pervasive use, a critical re-evaluation of their limitations is essential to advance patient-centric drug development. Despite these advantages, the administration of SODF presents several challenges which primarily involve physical discomfort, risk of serious health issues, medication errors, and reduced treatment adherence [3].
A major barrier is the physical act of swallowing the medication, known as pill dysphagia or tablet-swallowing difficulties. Globally, the community prevalence of dysphagia ranges between 2% to 20% [1]. This common issue is not confined to a specific demographic but is particularly prevalent among paediatric and geriatric populations, often leading to dose-splitting, crushing, or cessation of therapy, thereby compromising the intended pharmacokinetic profile and therapeutic outcome. 
Beyond swallowing difficulties, solid dosage forms present challenges beyond simple mechanical obstruction. The psychological component, termed pill aversion (or medication non-compliance related to anxiety or fear of ingestion), can create significant patient resistance. Practical physical attributes also contribute to these difficulties; the size and shape of the dosage form are key determinants of ease of ingestion, with large or oddly shaped pills being notably harder to swallow.  Patient age also must be considered, as physiological changes in the elderly, such as reduced salivary flow and altered pharyngeal motility, exacerbate dysphagia, while the lack of age-appropriate formulations for children necessitates reliance on unsuitable adult preparations. This review article aims to comprehensively analyse the various disadvantages associated with traditional SODF that significantly impact patient adherence, treatment efficacy, and quality of life. All these challenges with various solid dosage forms are summarised in figure 1.
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Figure 1: Challenges with various solid dosage forms
Dissolution Issue
Disintegration of a SODF and the dissolution of the active ingredient after the disintegration process is known to be crucial and can be the rate-limiting step for drug absorption [4]. The low dissolution rate and low solubility in the aqueous gastrointestinal fluids lead to inadequate bioavailability [5]. The negative impact of drugs having poor solubility involves lower bioavailability and lesser therapeutic outcomes [6].
Psychological and Emotional Consequences of Pill Dysphagia
Pill dysphagia, or physical difficulty swallowing medication tablets or capsules, is common among older adults and has significant psychological impacts. Research shows that although pill dysphagia does not always lead to increased anxiety or depression, it often results in fewer positive emotions, less life satisfaction, and a lower sense of purpose and autonomy [1]. Many people experience anxiety and fear of choking, frustration, and lowered self-esteem, sometimes feeling "stupid" or "foolish" for struggling with pills. These difficulties can also disturb physical comfort and daily routines, leading some to avoid certain activities out of fear or discomfort [2].
Psychologically, pill dysphagia can cause worry about health impacts from having to alter medication or skip doses, thereby lowering overall wellbeing. It also limits social interactions and autonomy, influencing life satisfaction negatively. Coping strategies vary, with some patients finding small successes in overcoming swallowing challenges [2]. 
Patients with dysphagia are often at increased risk of developing other medical condition. Unmanaged dysphagia can lead to dehydration, malnutrition, respiratory infections and death [3].     
This evidence underscores that pill dysphagia is not merely a physical swallowing difficulty but also a condition with significant psychological consequences that must be addressed.
Pill Aversion
Pill aversion refers to psychological or behavioural difficulties in swallowing medication tablets or capsules in individuals who do not have any physical swallowing impairment. This condition often arises from anxiety or fear of choking and can be rooted in negative experiences with medication intake. Pill aversion may lead to poor medication adherence, impacting treatment effectiveness and overall health. Identification requires thorough clinical evaluation since physical dysphagia is absent [7, 8].
Swallowing difficulties due to Uvulitis 
Uvulitis is an inflammation of the uvula with several etiologies, including trauma, infection, neoplasm, or angioedema. The most important complication of uvulitis is uvular edema and airway obstruction. Patients can present with pharyngitis, dysphagia, odynophagia, foreign body sensation, gagging, and drooling [9, 10]. This can lead to inconvenience in swallowing the solid dosage form.
Disease Specific Dysphagia
Anatomical, neuromuscular, infectious, and inflammatory diseases may all present with or contribute to dysphagia [11]:
Anatomical: These are structural or physical problems in the pathway of swallowing. Examples include oesophageal strictures (narrowing), hiatal hernias, and tumours or congenital abnormalities like oesophageal atresia [12].
Neuromuscular: These diseases affect the nerves and muscles needed for swallowing. They can stem from issues like stroke, Parkinson's, or multiple sclerosis, which damage the control centres in the brain and nervous system. Conditions such as achalasia (muscle failure) or myasthenia gravis (muscle weakness) disrupt muscle function directly [13].
Infectious: Infections that cause swelling and inflammation in the mouth, throat, or oesophagus can impede the swallowing process. Examples include infections like tonsillitis, stomatitis, or viral infections affecting cranial nerves, such as Varicella zoster [14]. 
Inflammatory: these conditions involve swelling due to inflammation, often as part of a chronic condition. Examples include eosinophilic esophagitis, where an allergic or immune response causes inflammation in the oesophagus. Conditions like Crohn’s disease or complications from radiotherapy can also cause inflammatory changes that lead to dysphagia [15]. 
Drug Specific Dysphagia
Taking certain classes of medications—such as anticholinergics, calcium channel blockers, and dopamine antagonists—has been associated with onset of dysphagia (Table 1). Medications that affect saliva production, smooth muscles of the oesophagus, or the lower oesophageal sphincter, as well as those that affect brainstem function or cause dystonia or dyskinesia, can impair swallowing and potentially contribute to dysphagia [16].
Table 1: Examples of medication classes associated with dysphagia
	Medication class
	Example
	Potential mechanism
	References

	Anticholinergics
	Benztropine, Oxybutynin
	Alter smooth muscle function, impair lower oesophageal sphincter, cause dry mouth (with increased anticholinergic burden)
	17

	Bisphosphonates
	Alendronate
	Cause caustic injury to oesophagus
	18

	Calcium channel blockers
	Amlodipine
	Alter smooth muscle function
	19

	Dopaminergic antagonists
	Haloperidol, Olanzapine
	Alter striated muscle function (dystonia, dyskinesia)
	20, 21

	Opioids
	Codeine

	Impair oesophageal motility
	22



Medication via a Ryle’s tube
It is generally easier, safer, and more effective to administer liquid medication formulations rather than solid forms (tablets/capsules) when a patient is on a Ryle's tube (nasogastric/enteral tube) [23].  Liquid formulations are the preferred choice in enteral feeding situations to prevent common complications associated with solid medication, such as clogging of the tube or uneven absorption [24]. Preparing liquids for administration is faster and cleaner than crushing, mixing, and ensuring solid particles are fully dissolved, which also reduces the risk of aerosol contamination. Crushing tablets, especially controlled-release (CR), extended-release (XR), or enteric-coated medications, can destroy their intended mechanism and lead to unpredictable drug levels or toxicity [25, 26].
The amount of liquid patients use to take tablets and capsules
The correct use of oral medications is critical to ensure treatment efficacy and minimize adverse effects, and adequate fluid intake plays an important role in safe drug administration [27, 28]. Patients should take tablets and capsules with a sufficient volume of water to facilitate rapid transit from the mouth to the stomach and promote optimal dissolution and absorption. Fuchs (2009) reported that the amount of liquid patients used to swallow tablets or capsules varied widely, with many patients consuming insufficient fluid; 81.6% of tablets reached the stomach efficiently when 100 mL of water was consumed, whereas smaller volumes (15–60 mL) resulted in slower or incomplete transit. The study recommended a minimum of 60 mL of liquid and an upright posture of at least 45° to improve tablet passage rates [29].
Other studies emphasize the importance of upright posture in conjunction with sufficient water intake. For instance, Roro et al. (2021) suggested that esophageal injury can be minimized by taking pills with >120 mL of water while remaining upright for 15 minutes after ingestion [30]. Adequate fluid intake is especially relevant when considering the broader impact on physiology, such as nocturia. Nocturia, characterized by increased night-time urine production, fragmented sleep, and reduced quality of life, can be exacerbated by fluid intake timing and volume [31].
Age related issues
Elderly patients: A major challenge faced by elderly patients when taking tablets is difficulty swallowing, or dysphagia, which is often exacerbated by age-related issues. While not considered a normal part of aging, dysphagia risk increases with advanced age due to a reduction in saliva production (leading to a dry mouth) and the weakening of the pharyngeal muscles involved in the swallowing process [1, 2]. Furthermore, older adults frequently suffer from comorbidities, such as neurological disorders like stroke, Parkinson's disease, and dementia, which are significant underlying causes of oropharyngeal dysphagia, making the ingestion of SODF—like tablets and capsules—a considerable risk for choking or pulmonary aspiration [3, 7]. The complexity is compounded by polypharmacy, which not only increase the number of tablets to swallow but also raises the risk of drug-drug interactions and adverse effects like dry mouth or confusion that further impair adherence and safe medication use [8, 9].
Paediatric patients: A significant barrier to safe and effective medication for paediatric patients, particularly those under five years old, is the difficulty in safely swallowing SODF like tablets and capsules, a challenge intrinsically linked to age-related issues and developmental stages [10]. Young children generally lack the coordinated swallowing reflex for pills, and the small diameter of their oesophagus makes the risk of choking and pulmonary aspiration substantial, often rendering tablets larger than 10 mm unsuitable [27, 28]. Beyond this physical constraint, palatability is a major factor, as children are highly sensitive to the bitter taste often present in medications, leading to refusal, spitting out the dose, and ultimately, poor treatment adherence [29]. Furthermore, the need for precise, weight-based dosing in children means that many commercially available adult tablets must be manipulated (crushed or split), a practice that can jeopardize the drug's safety and efficacy, especially for modified-release or enteric-coated formulations [30].
Characteristics of the dosage form
A higher oesophageal contraction force was required by the patients in order swallow large uncoated tablets [31]. A higher risk for the lodging of SODF in the oesophagus was also identified for uncoated tablets [32]. The surface roughness of SODF may also increase their likelihood for sticking in the oesophagus, leading to an unpleasant swallowing experience for older patients [31]. Also the size of a pill can make it difficult to swallow because larger pills can take longer to pass through the oesophagus and get stuck. For some people, size is a top reason for swallowing difficulty, along with factors like shape, texture, and existing conditions like dysphagia (difficulty swallowing). The difficulty increases for those who are older, female, or already have swallowing issues [33]. The perception of a pill being too large can trigger a fear of choking or an urge to gag, especially in patients who have experienced swallowing difficulties before [34]. 
Dose Titration 
Dose titration of solid dosage forms is difficult primarily due to the inflexibility of pre-manufactured dosages and the inaccuracy of dose-splitting, which can lead to inconsistencies in the actual amount of drug administered [35]. Following are few of the reasons why dose titration is difficult for solid dosage forms:
· Fixed Doses: Solid dosage forms produced in fixed, standardized strengths has this "one-size-fits-all" approach that does not easily accommodate the need for personalized medicine and individualized dosing, which is often required when titrating a drug to find the optimal balance between efficacy and minimizing side effects for a specific patient [36]. 
· Inaccurate Splitting: A common practice to achieve a lower dose is splitting or breaking tablets [37]. However, this often results in fragments with significant variations in weight and, more importantly, drug content uniformity. This inconsistency in dosage can be particularly dangerous for drugs with a narrow therapeutic index, where small variations in dose can have serious clinical consequences. 
· Modified Release Formulations: Tablets with specialized coatings or extended-release mechanisms are designed to release the drug in a specific manner over time [38]. Splitting or crushing these tablets compromises the integrity of the formulation, altering the intended drug release profile and potentially leading to a rapid, unsafe dose dumping or a lack of therapeutic effect [39, 40]. 
· Capsules and Coated Tablets: Capsules and hard-coated tablets are even more difficult to manipulate than non-coated tablets, making accurate dose adjustment nearly impossible for a patient at home [41]. 
· Lack of Suitable Strengths: For certain patient populations, such as paediatrics or the elderly, the required specific doses may not be commercially available [42]. This often forces healthcare providers to resort to off-label methods or extemporaneous compounding of liquid formulations, which have their own challenges related to stability and administration accuracy.
Key Benefits of Oral Liquids
Patient preference of liquid medication over SODF depends heavily on the patient's age and health condition [43]. Oral liquids offer unique advantages that make them indispensable for patient populations with special needs. By addressing challenges like swallowing difficulties, dosing precision, and taste, these formulations ensure better compliance and improved therapeutic outcomes [44].  One of the most significant benefits of oral liquids is their accessibility for those who struggle with oral solid dosage forms. For geriatric patients suffering from dysphagia or paediatric patients with undeveloped swallowing reflexes, liquids provide a safer and more manageable solution [45]. These formulations also allow for flexible dosing, enabling precise adjustments to accommodate varying weights or clinical needs [46].  Beyond their accessibility, oral liquids often exhibit improved bioavailability compared to tablets or capsules [47]. Because the drug is already in solution, it bypasses the dissolution phase, ensuring faster absorption and a more rapid onset of action [48]. Additionally, formulations like syrups, suspensions, and emulsions can be designed with sweeteners or flavouring agents to mask unpleasant tastes, further enhancing patient compliance [49, 50].  
Conclusion
SODF being one of the most commonly used means of drug administration has many challenges while administering it. Looking at the challenges with various SODF, it can be concluded that substituting them with oral liquids can be a better approach to achieve better therapeutic response in various populations.
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