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Abstract
Sublingual (SL) drug delivery represents an important alternative route of analgesic administration, particularly in settings 
where rapid pain control is desired or oral and parenteral routes are limited. By enabling direct absorption through the oral 
mucosa, SL administration partially bypasses first-pass hepatic metabolism, potentially improving bioavailability and accel-
erating the onset of action for select medications. Historically, SL analgesia has been most closely associated with opioid 
formulations such as fentanyl, buprenorphine, and sufentanil. SL fentanyl has demonstrated efficacy in breakthrough cancer 
pain among opioid-tolerant patients because of its rapid absorption and potent analgesic properties, whereas buprenorphine 
remains widely utilized for chronic pain and opioid use disorder owing to its partial µ-opioid receptor agonism and ceil-
ing effect on respiratory depression. More recently, SL sufentanil has gained interest for the supervised management of 
acute pain in perioperative and emergency settings. Beyond opioids, expanding interest in SL therapeutics has included 
ketamine, cannabinoids, α2-adrenergic agonists, and investigational nonsteroidal anti-inflammatory drug (NSAID) formu-
lations. Ketamine has shown potential utility in neuropathic and refractory pain syndromes, while cannabinoids are being 
explored for chronic, inflammatory, neuropathic, and cancer-related pain. Clonidine and dexmedetomidine may also serve 
as opioid-sparing adjuncts in selected settings. This review summarizes currently available and emerging SL analgesics, 
emphasizing pharmacologic mechanisms, pharmacokinetics, clinical applications, safety considerations, and therapeutic 
limitations. Although SL delivery offers advantages, such as noninvasive administration and rapid systemic exposure, limi-
tations including variable bioavailability, formulation challenges, adverse effects, and limited comparative clinical evidence 
continue to restrict broader adoption.
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Key Points 

Placing a medication under the tongue allows it to enter 
the bloodstream quickly without being broken down by 
the liver, making sublingual delivery a practical option 
for rapid pain relief in patients who cannot swallow or do 
not have intravenous access.

Among currently available sublingual analgesics, opioids 
such as fentanyl, buprenorphine, and sufentanil have the 
strongest clinical evidence, while newer agents, includ-
ing ketamine, cannabinoids, and anti-inflammatory 
drugs, show promise but remain supported by limited or 
early-stage data.

The effectiveness of sublingual drug delivery depends 
heavily on a medication’s physical and chemical prop-
erties, and despite its advantages, challenges, such as 
inconsistent absorption, taste, and restricted prescribing 
programs, continue to limit its widespread use in pain 
management.

1  Introduction

Sublingual (SL) drug delivery can be used as an alternative 
route of administration in pain management, particularly 
in patient populations where traditional oral or parenteral 
routes are limited. The SL route offers several pharma-
cokinetic advantages, including rapid systemic absorption, 
partial avoidance of first-pass hepatic metabolism, and 
improved bioavailability for select compounds (Fig. 1). 
These characteristics make SL delivery especially attrac-
tive for the management of acute pain, breakthrough pain, 
and conditions requiring rapid onset of analgesia.

Over time, SL therapeutics have expanded beyond tra-
ditional opioid formulations to include a growing range of 
nonopioid and adjunctive agents investigated across diverse 
pain conditions, including neuropathic, musculoskeletal, 
inflammatory, cancer-related, mucosal, procedural, and 
chronic pain syndromes. However, evidence supporting SL 
therapies remains variable across disease states, and many 
applications remain investigational or supported by limited 
clinical data.

Accordingly, the primary aim of this review is not to 
provide an exhaustive disease-specific review of pain man-
agement, but rather to provide a comprehensive overview 
of currently available and emerging SL analgesics with an 
emphasis on pharmacologic mechanisms, pharmacokinet-
ics, clinical utility, safety considerations, and therapeutic 
limitations (Table 1). By synthesizing available evidence 
across drug classes, this article seeks to clarify the current 

and evolving role of SL analgesia within multimodal pain 
management strategies.

2 � Fentanyl

2.1 � Pharmacology and Pharmacokinetics

Sublingual fentanyl is a highly potent µ-opioid receptor 
agonist, with analgesic effects approximately 50–100 times 
greater than morphine, mediated through activation of µ 
receptors at both supraspinal and spinal sites [1]. In addi-
tion to analgesia, µ-receptor activation contributes to dose-
dependent respiratory depression, sedation, and euphoria, 
reflecting fentanyl’s narrow therapeutic window. Its extreme 
lipophilicity promotes rapid penetration across biological 
membranes and facilitates efficient absorption through the 
SL mucosa, bypassing first-pass hepatic metabolism and 
achieving detectable plasma concentrations within minutes 
of administration [2, 3]. Early pharmacokinetic studies in 
healthy volunteers demonstrated that approximately half 
of an SL dose enters the systemic circulation, substantially 
greater than hydrophilic opioids such as morphine. This sys-
temic uptake is reliable and predictable as it relies primar-
ily on physicochemical properties rather than administra-
tion technique [2]. Following absorption, fentanyl rapidly 
distributes to highly perfused tissues, including the central 
nervous system, accounting for its fast onset of analgesia [3]. 
Subsequent studies evaluating SL fentanyl wafers confirmed 
high absolute bioavailability (79%) and a short time to peak 
plasma concentration, supporting SL delivery as an effective 
route for rapid-onset analgesia [4].

2.2 � Clinical Applications

Historically, SL fentanyl formulations have been indicated 
primarily for breakthrough cancer pain in opioid-tolerant 
adults, with limited use in other clinical pain states. These 
formulations include SL sprays and tablets. Fentanyl buccal 
tablets have also been administered sublingually, off label. 
Pharmacokinetic studies confirm comparable systemic expo-
sure between buccal and SL placement [4]. These agents 
fall within the class of Transmucosal Immediate-Release 
Fentanyl (TIRF) formulations. Among these formulations, 
SL sprays demonstrate faster absorption, earlier peak plasma 
concentrations, and reduced interindividual variability com-
pared with lozenge-based transmucosal tablets, while over-
all systemic exposure remains equivalent [6, 7]. Clinically, 
randomized trials and noninferiority studies show that SL 
fentanyl provides rapid and effective pain relief comparable 
to subcutaneous morphine for breakthrough cancer pain, 
with patients frequently preferring the SL route owing to its 
noninvasive administration [5, 6]. Additionally, palliative 
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Fig. 1   Overview of Sublingual 
Analgesic Therapy. This figure 
summarizes the advantages of 
sublingual (SL) drug delivery, 
key physicochemical properties 
influencing SL absorption, rep-
resentative opioid and nonopi-
oid analgesic applications, and 
current limitations and future 
directions of SL therapeutics in 
pain management. CNS central 
nervous system
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care reviews note that SL fentanyl administration may offer 
superior analgesic efficacy over oral morphine for break-
through cancer and noncancer related pain. SL fentanyl and 
has been commonly employed in hospice settings, particu-
larly for patients with dysphagia or limited oral intake [7, 8].

Although SL fentanyl is primarily indicated for break-
through cancer pain in opioid-tolerant adults, its use has 
been explored in other pain contexts [9]. For example, in 
patients with chronic musculoskeletal pain with a neuro-
pathic component, SL tablets produced rapid and clinically 
meaningful analgesia and were generally well tolerated 
[10]. In investigations of procedural pain, such as during 
colonoscopy, SL administration was feasible, but doses 
low enough to be deemed safe did not provide significant 
analgesic benefit [11]. Higher or repeated dosing increases 
the risk of hypoxia, emphasizing the importance of care-
ful patient selection and dosing [12]. Importantly, these 
controlled investigations represent only a small portion of 
the broader clinical use of transmucosal fentanyl formula-
tions. The American College of Medical Toxicology has 
emphasized that these agents have been primarily studied 
in carefully selected, opioid-maintained populations, most 
commonly patients with cancer, and that data on adverse 
events and safety outside these settings remain limited [13]. 
These safety considerations have informed the implementa-
tion of strict prescribing programs, such as the TIRF Risk 
Evaluation and Mitigation Strategy (REMS) in the USA, 
which requires prescriber certification, patient education, 
and adherence to dosing guidelines to minimize risk and 
ensure safe use [12, 14].

2.3 � Safety Considerations

It is important to note that in recent years, manufacturers 
have discontinued distribution of SL fentanyl formulations 
in several major markets, resulting in reduced commercial 
availability and clinical access [15]. Publicly available regu-
latory records indicate that, by late 2024, no SL fentanyl 
formulations remained widely marketed in the USA, while 
limited availability persists in select international settings 
[15]. This reduction in access appears to reflect a combina-
tion of market forces and increasingly restrictive risk-miti-
gation requirements rather than new clinical safety data [15]. 
Consequently, many clinicians have been advised to transi-
tion patients previously treated with SL fentanyl to alterna-
tive therapy strategies in accordance with local prescribing 
frameworks [15]. Despite this contraction in availability, the 
existing pharmacokinetic data, randomized trials, and obser-
vational studies continue to provide valuable insight into the 
clinical characteristics, potential utility, and safety consid-
erations of SL fentanyl as a rapid-onset opioid analgesic.

3 � Buprenorphine

3.1 � Pharmacology and Pharmacokinetics

Buprenorphine is a semisynthetic opioid that exerts its 
analgesic effects through partial agonism of the mu opi-
oid receptor. Buprenorphine’s high receptor affinity and 
slow dissociation from the mu-opioid receptor contrib-
ute to prolonged receptor occupancy and reduced recep-
tor internalization compared with full μ-agonists [16]. 
Another major benefit is its reduced potential for toxicity 
and overdose. When compared with other opioids, such 
as fentanyl, buprenorphine displays a dose-dependent 
ceiling effect on respiratory depression, making overdose 
less likely [17, 18]. Oral administration of buprenorphine 
yields low systemic absorption owing to extensive first-
pass metabolism. However, SL administration allows for 
adequate plasma concentration for clinical use [19, 20].

3.2 � Clinical Applications

Buprenorphine has also seen a significant increase in uti-
lization for the treatment of addiction and chronic pain in 
the USA. One systematic review found that SL adminis-
tration was effective in chronic treatment of a variety of 
conditions, including osteoarthritis and sickle cell disease 
[21]. Limitations in the effective use of SL administration 
typically surround the high variability in absorption. When 
taken under the tongue, a significant portion of the drug 
remains unabsorbed in the saliva, leading to a decreased 
plasma concentration [22]. Inconsistency in SL absorption 
leads to heterogeneity in dosing and research methodolo-
gies, as well as mixed outcomes in clinical practice [23].

3.3 � Safety Considerations

Overall, the SL administration of buprenorphine is a safe 
and effective method for the treatment of opioid abuse dis-
order with a variety of clinical indications for chronic pain 
treatment. The literature proves that its excellent safety 
profile and efficacy in preventing opioid relapse make it 
useful in bridging the gap for chronic pain treatments in 
patients with opioid use disorder, while more evidence 
is required to solidify its role in the treatment of chronic 
pain disorders such as cancer, osteoarthritis, and sickle 
cell disease.
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4 � Sufentanil

4.1 � Pharmacology and Pharmacokinetics

Sufentanil is a synthetic µ-opioid receptor agonist struc-
turally related to fentanyl but with substantially greater 
potency, estimated at approximately 5–10 times that of 
fentanyl and 500–1000 times that of morphine, reflect-
ing its high intrinsic efficacy and strong receptor-binding 
affinity [24]. Like fentanyl, sufentanil is highly lipophilic, 
which facilitates rapid transmucosal absorption. Sublin-
gual administration bypasses first-pass hepatic metabolism 
and allows for predictable systemic exposure with rapid 
onset of analgesia while limiting gastrointestinal variabil-
ity [25]. Sufentanil rapidly distributes to highly perfused 
tissues, including the central nervous system, accounting 
for its prompt analgesic effect, while its high potency per-
mits effective analgesia at very small absolute doses [26].

Pharmacokinetic studies of SL sufentanil tablets in 
healthy volunteers demonstrated rapid absorption, dose-
proportional systemic exposure, and a relatively short time 
to peak plasma concentration [27]. Importantly, despite its 
extreme lipophilicity, a controlled tablet formulation slows 
dissolution at the SL surface, producing a gradual rise in 
plasma concentrations rather than abrupt peaks associated 
with intravenous bolus dosing [25]. This controlled absorp-
tion profile has been proposed to reduce peak-related adverse 
effects, particularly respiratory depression, while preserving 
rapid analgesic onset [28]. Compared with fentanyl, sufen-
tanil’s higher potency and slower plasma rise following SL 
administration may contribute to a wider functional margin 
between analgesia and serious respiratory compromise when 
used within structured dosing protocols [29]. These pharma-
cokinetic characteristics, rapid absorption, controlled plasma 
rise, and high potency at small doses, make SL sufentanil 
particularly suited for controlled acute pain management 
rather than long-term or home use [25, 28].

4.2 � Clinical Applications

Clinical development of SL sufentanil has focused on 
acute pain management, i.e., postoperative pain, trauma-
related pain, and procedural pain, rather than breakthrough 
cancer pain, with two distinct tablet strengths (15 µg and 
30 µg) evaluated in different clinical contexts [30]. Unlike 
SL fentanyl, sufentanil’s use is strictly limited to super-
vised medical settings, with no allowance for home or 
unsupervised administration [31]. As with SL fentanyl, 
SL sufentanil is subject to a REMS program in the USA 
to ensure prescriber certification, patient education, and 
adherence to dosing guidelines [32].

The 15 µg SL tablet has primarily been studied in postop-
erative and inpatient settings using patient-controlled anal-
gesia (PCA)-like systems [30]. Randomized controlled trials 
in patients undergoing major orthopedic procedures demon-
strated that patient-controlled SL sufentanil 15 µg provided 
significantly improved pain control compared with placebo, 
reduced supplemental opioid requirements, and was gener-
ally well tolerated, with nausea and mild sedation being the 
most common adverse effects [33]. Subsequent prospective 
and real-world studies confirmed the feasibility and effec-
tiveness of this system for managing moderate-to-severe 
postoperative pain, with high patient satisfaction and low 
rates of clinically significant respiratory depression when 
used under supervised conditions [34]. Additional rand-
omized data in patients undergoing thoracic surgery showed 
that the 15 µg SL sufentanil provided effective postoperative 
analgesia comparable to traditional opioid strategies while 
facilitating early mobilization and avoiding the need for 
intravenous access [35].

The 30-µg SL tablet has been evaluated primarily as a 
clinician-administered analgesic for short-term treatment of 
acute pain. Reviews of clinical trial data emphasize that the 
fixed-dose, nontitrated nature of the 30-µg tablet simplifies 
administration while maintaining predictable pharmacoki-
netics [36]. Phase III trials and pooled safety analyses dem-
onstrated that single or repeated doses of SL sufentanil 30 µg 
produced rapid and clinically meaningful reductions in pain 
intensity across a range of acute pain conditions, with onset 
often within 15–30 min and sustained analgesia lasting sev-
eral hours [37]. Adverse events were consistent with known 
opioid effects and were generally mild to moderate in sever-
ity, with low rates of hypoxia or serious respiratory events 
when dosing limits were followed [37, 38]. More recently, 
randomized controlled data in trauma patients demonstrated 
that early administration of SL sufentanil 30 µg provided 
effective analgesia in prehospital and emergency settings, 
supporting its potential role as a noninvasive alternative to 
intravenous opioids for acute pain management [39].

4.3 � Safety Considerations

Adverse effects associated with SL sufentanil are consistent 
with those of other µ-opioid agonists and include nausea, 
sedation, dizziness, and vomiting, which were among the 
most commonly reported events across clinical trials [33, 34, 
37]. Clinically significant respiratory depression occurred 
at low rates when dosing protocols and monitoring require-
ments were followed, though the risk increases with dose 
escalation or deviation from structured protocols [37, 38]. 
Use of SL sufentanil is restricted to supervised medical set-
tings and governed by a REMS program in the USA, reflect-
ing the need for careful patient selection and close clinical 
oversight [31, 32].
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Collectively, prior studies suggest that SL occupies a 
distinct clinical niche among rapid-onset opioid analgesics. 
Its high potency, controlled transmucosal absorption, and 
formulation-specific dosing strategies differentiate it phar-
macologically and clinically from SL fentanyl. While its 
use remains largely confined to acute pain settings under 
structured protocols, the available evidence supports SL 
sufentanil as an effective and predictable option for short-
term analgesia when careful patient selection and dosing 
oversight are applied [30].

5 � Morphine

5.1 � Pharmacology and Pharmacokinetics

Morphine acts primarily as a full μ-opioid receptor ago-
nist, with weaker activity at kappa receptors and minimal 
delta receptor contribution. Agonistic interactions with 
these receptors result in analgesia, sedation, euphoria, res-
piratory depression, and gastrointestinal smooth muscle 
contraction [40]. Owing to various mechanisms, including 
increased dopamine release and chronic desensitization of 
opioid receptors, chronic morphine use can lead to physical 
and psychological dependence and is considered a drug of 
abuse [41].

Sublingual administration of morphine is a less effective 
pathway for drug delivery than traditional parenteral routes. 
Morphine exists predominantly in its ionized form at physi-
ological pH, making it a highly water-soluble drug. This 
largely inhibits SL administration, which is better suited for 
lipophilic opioids [42, 43]. Weinberg et al. found that mor-
phine had an SL absorption of around 18%, compared with 
more lipophilic opioids, such as buprenorphine and fentanyl, 
that had absorption rates around 50% [2].

5.2 � Clinical Applications

Even with limitations in SL morphine administration, it is 
often still utilized in palliative care for patients who have lost 
the ability to swallow. Multiple studies have reported that 
plasma morphine concentrations were comparable between 
SL and oral administration. Much of the observed analgesic 
effect likely reflects gastrointestinal absorption of swallowed 
drug rather than true transmucosal uptake. Oral administra-
tion was preferred by patients owing to the unpleasant taste 
of the dissolved SL tablet [44, 45]. Because of this, SL mor-
phine administration is still primarily reserved for palliative 
care in patients who are unable to swallow morphine in the 
oral formulation. Future research is unlikely owing to these 
pharmacologic limitations in SL administration.

5.3 � Safety Considerations

Adverse effects of SL morphine mirror the full µ-opioid ago-
nist class profile, including respiratory depression, sedation, 
nausea, constipation, and risk of physical and psychological 
dependence with repeated use [40, 41]. The low and variable 
SL bioavailability (~18%) may limit peak analgesic effect 
but does not eliminate opioid-related risks, as a substantial 
portion of the dose may still be absorbed via gastrointes-
tinal swallowing [42–45]. Standard precautions for opioid 
administration, including monitoring for respiratory depres-
sion and sedation, apply regardless of route.

6 � Hydromorphone

6.1 � Pharmacology and Pharmacokinetics

Hydromorphone is a µ-opioid receptor agonist, with anal-
gesic potency roughly 5–7 times that of morphine. It has 
high aqueous solubility and relatively low lipid solubility, 
reflecting a hydrophilic chemical profile that limits passive 
transmucosal absorption compared with more lipophilic opi-
oids [46]. In a comparative pharmacokinetic study of mul-
tiple opioids, hydromorphone demonstrated substantially 
lower SL bioavailability than fentanyl and sufentanil [2]. 
Systemic exposure following SL administration is therefore 
low and highly variable, precluding predictable analgesia. 
No widely approved SL formulation exists, and its use has 
been largely restricted to small case series or compassionate-
use scenarios in patients unable to swallow oral medications 
[47, 48]. These pharmacologic limitations underscore why 
SL hydromorphone is rarely employed clinically, with no 
established guidelines for use in specific pain states [49]. 
Dedicated pharmacokinetic studies evaluating SL hydromor-
phone bioavailability are lacking.

6.2 � Clinical Applications

Sublingual hydromorphone has occasionally been used in 
palliative care for patients who cannot swallow, but evidence 
indicates that absorption is limited and unpredictable [7]. 
In these situations, SL administration is largely a pragmatic 
choice rather than one supported by robust pharmacokinetic 
or clinical trial data. When the oral route is unavailable, 
subcutaneous or intravenous administration is generally 
preferred over SL use for hydrophilic opioids [47]. Stand-
ard clinical practice continues to rely on oral, subcutane-
ous, intravenous, and rectal routes, with SL hydromorphone 
reserved for exceptional circumstances in homebound or 
hospice patients [48, 49].
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6.3 � Safety Considerations

Hydromorphone carries a full µ-opioid agonist adverse 
effect profile, including respiratory depression, sedation, 
nausea, and constipation, with a potency approximately 
5–7 times that of morphine [46, 48]. The unpredictable 
SL absorption may lead to inadequate initial analgesia and 
prompt repeated dosing, increasing the risk of cumula-
tive toxicity and delayed respiratory depression [47–49]. 
When used in palliative or hospice settings where paren-
teral access is unavailable, close monitoring for overseda-
tion remains essential, as the gastrointestinal absorption 
of a swallowed drug may contribute to systemic exposure 
[47, 48].

7 � Methadone

7.1 � Pharmacology and Pharmacokinetics

Methadone is a full agonist at the μ-opioid receptor and is 
also a weak antagonist of the Glutamate N-methyl-d-aspar-
tate (NMDA) receptor. This unique mechanism of action 
has proven useful in treating neuropathic pain in addition to 
chronic, non-neuropathic pain, and opioid use disorder [50, 
51]. Methadone has an extended half-life of 6–80 hours, 
allowing for longer-lasting daily doses. Sustained μ-receptor 
occupancy produces cross-tolerance, reducing the euphoric 
effects of shorter-acting opioids. Longer-lasting doses also 
decrease severe symptoms of withdrawal [52]. There is also 
evidence that methadone can be used as a second-line drug 
for both acute and chronic pain treatment if analgesia is no 
longer adequate with morphine [47]. Clinicians prescrib-
ing methadone should be aware of the potential risk of QTc 
interval prolongation and Torsades de Pointes [53–55].

7.2 � Clinical Applications

Methadone is a highly lipophilic molecule, indicating 
the potential for SL administration [2]. Nonetheless, lit-
tle research has been conducted regarding the efficacy of 
SL methadone administration. A formal feasibility study 
showed that SL methadone was a safe and effective analgesic 
for breakthrough pain in patients with cancer [56]. Metha-
done has also been shown to be effective and well-tolerated 
when switching from oral to buccal mucosal administra-
tion in end-of-life, palliative care patients [57]. A single 
case study described the use of SL methadone in a patient 
with chemotherapy/radiation-induced mucositis, where the 
patient was able to achieve adequate pain relief by allowing a 
crushed methadone tablet to dissolve under the tongue [58].

7.3 � Safety Considerations

A key safety concern with methadone is its propensity to 
prolong the QTc interval, increasing the risk of potentially 
fatal ventricular arrhythmias including Torsades de Pointes. 
Baseline and periodic electrocardiographic monitoring is 
therefore recommended in all patients [53–55]. Methadone’s 
long and unpredictable half-life (6–80 h) increases the risk 
of drug accumulation and delayed respiratory depression, 
particularly during dose titration or when combined with 
other central nervous system depressants [52]. These risks 
are compounded in the SL setting by variable absorption, 
underscoring the importance of careful patient selection and 
close clinical monitoring [56, 57].

Beyond these preliminary trials and observations, there 
is limited research in SL delivery of methadone. Initial 
research shows that it may be a viable route of delivery for 
rapid pain relief in patients with difficulty swallowing or in 
patients with direct oral pain. While the overall research on 
SL administration is still inadequate, these initial feasibil-
ity studies provide a starting point for the potential benefits 
for use in pain relief for cancer pain, mucositis, and other 
chronic pain conditions, especially in the palliative setting.

8 � Ketamine

8.1 � Pharmacology and Pharmacokinetics

Ketamine, a phencyclidine derivative with anesthetic and 
analgesic effects, acts primarily as a noncompetitive antag-
onist at transmembrane NMDA receptors in the spinal 
cord and brain with no affinity for GABA receptors [59, 
60]. Ketamine is a chiral molecule consisting of two opti-
cal enantiomers: S(+)-ketamine and R(−)-ketamine. While 
most studies have evaluated racemic ketamine, the use of 
S(+)-ketamine has increased as recent evidence suggests it 
is approximately twice as potent as the racemic mixture and 
four times as potent as R(-)-ketamine [61].

Owing to extensive first-pass metabolism, ketamine 
exhibits low oral bioavailability (approximately 8–24%), 
while SL administration yields modestly improved sys-
temic bioavailability (approximately 27–31%) [62]. Keta-
mine undergoes N-demethylation to form norketamine via 
cytochrome P450 enzymes 3A and 2B6. Norketamine is a 
pharmacologically active metabolite with NMDA recep-
tor antagonist properties, although its overall contribu-
tion to ketamine’s clinical effects appears limited owing 
to differences in its potency and pharmacokinetic profile. 
Studies have demonstrated that inhibition or induction of 
CYP3A and CYP2B6 significantly alters ketamine expo-
sure, indicating that its metabolism is largely mediated 
by the cytochrome P450 system [63, 64]. Given its high 
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lipophilicity, ketamine readily crosses the blood–brain bar-
rier after entering the systemic circulation, resulting in rapid 
distribution to the brain and other tissues.

8.2 � Clinical Applications

Although intravenous ketamine remains the most exten-
sively studied and established route of administration, SL 
formulations may offer a practical balance between anal-
gesic efficacy, outpatient feasibility, and relatively rapid 
onset. Available evidence suggests that SL ketamine can be 
an effective and generally well-tolerated analgesic. Reported 
adverse effects do not appear to correlate consistently with 
treatment duration or total daily dose, supporting its use 
in selected patients with chronic pain [65]. A single study 
evaluating outpatient ketamine use for chronic low back pain 
reported significant reductions in severe pain and disability 
scores, along with high medication adherence, which was 
attributed to the generally mild side effects associated with 
SL administration [66].

In a prospective study of patients with chronic, nonmalig-
nant pain, subanesthetic subcutaneous ketamine was admin-
istered, followed by subsequent treatments of SL ketamine 
lozenges. The initial infusions resulted in significant reduc-
tions in pain severity and opioid requirement, with mild but 
manageable adverse effects. The SL treatments that followed, 
initiated at 25 mg three times a day, produced a prolonged 
period of analgesic effect and longer opioid discontinuation, 
ultimately supporting a promising approach for long-term 
pain management [67]. Preliminary research suggests that SL 
ketamine, administered as a 25-mg SL wafer up to a maxi-
mum of 75 mg/day, may be effective and well-tolerated for 
pain relief in advanced cancer; however, significant feasibil-
ity challenges remain for conducting such trials [68]. Addi-
tionally, a randomized, double blind crossover trial of inpa-
tients with acute pain aimed to compare oral and SL ketamine 
found that a 50-mg SL lozenge produced a faster onset of 
pain relief and a higher incidence of adverse events [69].

Beyond acting as an analgesic agent, ketamine has 
been shown to be effective for anesthetic induction, 
sedation, and treatment of several psychiatric condi-
tions, including depression, anxiety, and PTSD [70, 71]. 
At anesthetic doses, it is used for procedural sedation and 
induction in hemodynamically unstable patients given its 
sympathomimetic properties. At subanesthetic doses, it 
serves as an opioid-sparing adjunct in perioperative and 
emergency department pain management [72]. As such, 
ketamine dosing is highly dependent on the desired clini-
cal effect [73].

8.3 � Safety Considerations

In the context of SL administration for pain management, 
relatively low doses and systemic exposures are typically 
used to achieve effective analgesia while minimizing dissoci-
ative and anesthetic effects. With other routes of administra-
tion, ketamine is generally contraindicated in patients with 
poorly controlled hypertension, severe hepatic dysfunction, 
elevated intracranial or intraocular pressures, pregnancy, and 
other systemic diseases [73–75]. Common adverse effects 
of ketamine include nausea, drowsiness, double vision, and 
confusion. Less frequent but more severe adverse events may 
include psychomimetic symptoms, renal or hepatic toxicity, 
and cardiac arrest. However, currently available studies of 
SL ketamine report minimal adverse effects and a favora-
ble tolerability profile, with drowsiness being the most fre-
quently observed adverse event and no consistent evidence 
of renal or hepatotoxicity [65].

Overall, SL ketamine combines the well-established 
analgesic mechanisms of ketamine with the practicality of 
outpatient administration and a generally favorable tolerabil-
ity profile, representing a promising and clinically distinct 
approach to pain management. Further prospective studies 
are needed to define optimal dosing strategies and to clarify 
long-term safety across diverse patient populations.

9 � Cannabinoids

9.1 � Pharmacology and Pharmacokinetics

The SL administration of cannabinoids, especially delta-
9-tetrahydrocannabinol (THC) and cannabidiol (CBD), has 
been gaining interest as an optimized mechanism in systemic 
delivery for therapeutic purposes, including pain manage-
ment. In pain medicine, cannabinoids are most often studied 
or considered for chronic pain conditions, including neuro-
pathic, cancer-related, inflammatory, musculoskeletal, and 
multiple sclerosis-associated conditions [76]. By contrast, 
their role in procedural, postoperative, and other acute pain 
settings remains less clearly defined. Clinically, THC exerts 
psychoactive effects and provides analgesic, antiemetic, and 
appetite-stimulating properties that support its use in condi-
tions such as chemotherapy-induced nausea, cachexia, and 
chronic pain [77, 78]. By contrast, CBD is nonintoxicat-
ing and demonstrates broad therapeutic potential, including 
anxiolytic, antiepileptic, anti-inflammatory, neuroprotective, 
and analgesic properties, alongside a generally favorable 
safety profile in preclinical and clinical studies [77, 79–82].

Cannabinoids produce analgesic effects primarily 
through the modulation of the endocannabinoid system, 
particularly through the activation of cannabinoid type 
1 (CB1) receptors as well as cannabinoid type 2 (CB2). 
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CB1 receptors are G protein-coupled receptors that can 
be found in the brain and peripheral nerves, where they 
reduce neurotransmitter release and modulate pain, mood, 
appetite, and motor control [83–86]. CB2 receptors are 
expressed predominantly on immune cells and some neural 
cells and are involved in the regulation of inflammation 
and immune responses [81, 83, 85, 86]. THC acts as a 
partial agonist at both CB1 and CB2 receptors, trigger-
ing Gi/o signaling. This cascade inhibits adenylyl cyclase, 
decreases cAMP, modulates ion channels, and alters both 
neuronal excitability and immune cell activity [84–87]. 
By contrast, CBD has low orthosteric affinity for CB1 
and CB2 but acts as a negative allosteric modulator and 
inverse agonist. This allows CBD to dampen CB1/CB2 
signaling in response to endocannabinoids and THC, while 
also engaging other targets, such as TRPV1 and 5‑HT1A 
receptors, that contribute to its analgesic, anxiolytic, and 
anti‑inflammatory effects [81, 86–89].

Sublingual administration of cannabinoids allows for 
rapid absorption directly into the systemic circulation and 
partial bypass of hepatic first-pass metabolism, a major limi-
tation of oral cannabinoid formulations [90–92]. This results 
in a more rapid onset of action when compared to oral inges-
tion. However, absolute bioavailability appears to remain 
modest and is variably influenced by factors such as mucosal 
permeability, saliva production, how the patient administers 
the dose, and formulation properties [90, 91, 93–95]. Thus, 
the SL route may be most useful when patients need a non-
inhaled and noninvasive cannabinoid formulation. It may 
offer more predictable administration than inhaled cannabis 
and faster absorption than standard oral products. However, 
it should not be viewed as the preferred route for all pain 
conditions.

Pharmacokinetic studies in both humans and animal 
models have shown that SL or oromucosal cannabinoid 
products (such as wafers, sprays, and tablets) achieve peak 
plasma concentrations (Cmax) around 1–4 h after administra-
tion, with the elimination half-life ranging from 6 to 24 h, 
depending on the formulation and the utilized cannabinoid 
[90, 92, 93]. In a phase I trial that compared SL CBD wafers 
with oil solutions and oromucosal sprays, there were compa-
rable Cmax values (9.4–11.9 ng/mL for CBD), Tmax around 4 
h, and similar area under the curve [90]. This data indicates 
that there is similar systemic exposure between these differ-
ent transmucosal routes. In animal studies, SL administra-
tion of THC/CBD combinations resulted in maximal plasma 
concentrations at 1–2 h, with evidence of progressive accu-
mulation after multiple dose treatment [96]. Further studies 
in rabbits have elucidated formulation strategies, such as 
cyclodextrin complexes or nanoemulsions, that can enhance 
solubility and mucosal permeation. This led to improved 
bioavailability over standard ethanolic or oil-based formula-
tions [97–99].

9.2 � Clinical Applications

The pharmacological properties of SL formulations have 
prompted investigation as therapeutic options for chronic 
and neuropathic pain. Nabiximols (an oromucosal spray 
that contains a standardized 1:1 ratio of THC and CBD) 
is the most studied SL formulation and has been assessed 
in numerous randomized controlled trials as well as real-
world cohort studies. Clinical evidence indicates that SL 
cannabinoids may provide modest improvements in pain 
severity, sleep quality, and overall function for patients with 
chronic pain, including those with neuropathic pain, fibro-
myalgia, cancer-related pain, and multiple sclerosis-related 
spasticity [100–106]. In patients with advanced cancer with 
poorly controlled pain, adjunctive treatment with nabiximols 
alongside optimized opioid therapy has been associated 
with greater analgesia at low to medium doses compared 
with placebo, including improvements in sleep disruption 
and overall quality of life [106, 107]. Similarly, registry-
based studies of SL cannabis oils have reported significant 
improvements in patient-reported outcomes related to pain 
interference, sleep quality, and health-related quality of life 
over periods up to 6 months [102, 103].

9.3 � Safety Considerations

Despite these encouraging findings, the overall analgesic 
effect is generally small to moderate and often accompanied 
by a higher incidence of adverse events such as dizziness, 
sedation, somnolence, and mild cognitive effects [100, 104, 
105]. As a result, the combination of adverse events and 
inadequate analgesia may result in patient discontinuation. 
Comparative studies suggest that while SL administration 
may offer advantages in dosing consistency and patient 
acceptability over inhaled routes, especially for those seek-
ing to avoid smoking, its effectiveness for pain conditions 
such as low back pain may be less pronounced than THC-
rich inhaled therapies [108]. Of note, the clinical utility of 
SL cannabinoids appears to be the most relevant for chronic 
neuropathic pain populations, as evidence for their efficacy 
in acute or postoperative pain remains limited or inconclu-
sive [109–112].

Variation in cannabinoid formulations (including differ-
ing THC:CBD ratios), dosing strategies, study designs, and 
patient populations complicates direct comparisons across 
trials and limits the generalizability of results. Furthermore, 
most studies only report short-term outcomes (1–6 months), 
are not powered to detect rare adverse events, and often lack 
standardized outcome measures. Further research is needed 
to clarify optimal dosing strategies, long-term safety, how 
SL cannabinoid formulations compare with other routes of 
administration, and which chronic pain populations are most 
likely to benefit from therapy.
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10 � α2‑Adrenergic agonists

10.1 � Pharmacology and Pharmacokinetics

Alpha agonists used in analgesia are largely α2-adrenergic 
receptor agonists, principally clonidine and dexmedeto-
midine. Through presynaptic inhibition of norepinephrine 
release and downstream modulation of pain processing, 
α2-agonists can attenuate nociceptive transmission at both 
supraspinal and spinal levels, while also reducing sympa-
thetic hyperarousal that amplifies pain perception. Clini-
cally, these agents are best characterized as opioid-sparing 
adjuncts, well established in perioperative multimodal 
analgesia and selected neuropathic pain states, rather than 
primary analgesics in isolation [115–119]. Beyond the peri-
operative setting, α2-agonists have also been explored in 
chronic pain syndromes, cancer-related pain, opioid with-
drawal-associated hyperalgesia, procedural sedation with 
analgesia, and intensive care settings where analgesia, anxi-
olysis, and sympatholysis may provide synergistic benefits 
[113]. Dexmedetomidine in particular has gained interest 
in enhanced recovery pathways, regional anesthesia adjunct 
protocols, and pain phenotypes characterized by autonomic 
dysregulation or heightened central sensitization [114].

From a delivery standpoint, the SL route is appealing in 
pain medicine because it enables nonparenteral systemic 
exposure, may partially bypass first-pass metabolism, and 
can be used when oral intake is compromised, such as 
in nausea/vomiting, dysphagia, or perioperative NPO sta-
tus. However, whether SL dosing meaningfully acceler-
ates onset depends heavily on the drug and formulation 
[115]. Additionally, transmucosal exposure is sensitive to 
administration techniques. Patients should avoid chewing 
or swallowing the medication and should minimize food 
or drink immediately after dosing, as these factors may 
contribute to variability in absorption in clinical settings.

10.2 � Clinical Applications

Data directly evaluating SL clonidine for analgesia are 
limited. The most relevant evidence supporting this route 
is derived from pharmacokinetic comparisons [116]. These 
studies demonstrated that SL clonidine does not substan-
tially accelerate onset compared with oral administration. 
Pharmacokinetic and hemodynamic profiles are broadly 
similar, suggesting that the primary advantage of SL 
delivery is route feasibility rather than enhanced analge-
sic kinetics. Consequently, SL clonidine should be viewed 
primarily as a practical alternative route when swallowing 
or gastrointestinal absorption is unreliable, rather than a 
strategy for rapid analgesia.

By contrast, dexmedetomidine has a validated SL plat-
form through an FDA-approved orally dissolving film for-
mulation (IGALMI) for acute agitation [117]. The FDA label 
provides robust pharmacokinetic support for transmucosal 
delivery, reporting absolute bioavailability ~72% via SL 
(82% buccal), with plasma drug detection generally within 
~5–20 min, a time to peak concentration (Tmax) ~2 h, and ter-
minal half-life ~2.8 h. Notably, early systemic exposure may 
occur within minutes, but peak concentrations occur later, 
suggesting that clinical effects may precede Tmax while the 
maximal pharmacodynamic effect may not be immediate.

Similar to SL clonidine, direct evidence for pain-spe-
cific outcomes with SL dexmedetomidine remains limited. 
One early study reported improved pain intensity among 
patients with chronic low back pain receiving the SL for-
mulation [118]. However, randomized agitation trials and 
FDA labeling establish its pharmacokinetic and safety pro-
file, supporting its potential as a noninvasive opioid-sparing 
adjunct in pain settings where anxiolysis and sympatholysis 
are beneficial (e.g., perioperative pain with delirium risk, 
opioid-sensitive patients, or pain phenotypes characterized 
by heightened sympathetic arousal) [119].

10.3 � Safety Considerations

Adoption of SL α2-agonists in pain care must account 
for class-limiting adverse effects, including hypotension, 
bradycardia, sedation/somnolence, dizziness, and xerosto-
mia [120]. In clinical studies of SL dexmedetomidine film, 
hypotension and clinically meaningful reductions in heart 
rate were observed [119]. The FDA label also notes dose-
related QTc effects [117]. Furthermore, one recent case 
report described an 88-year-old patient with hypertension 
who experienced profound hypotension after receiving SL 
dexmedetomidine for agitation [121]. These physiologic lia-
bilities necessitate careful patient selection and monitoring, 
particularly in older adults, hypovolemic patients, those with 
conduction disease, or individuals receiving other brady-
cardic or sedating agents, such as beta-blockers, benzodiaz-
epines, and gabapentinoids. Although α2-agonists generally 
preserve respiratory drive compared with opioids and ben-
zodiazepines, clinically relevant additive sedation may occur 
when combined with opioids and other CNS depressants 
[120]. Overall, SL α2-agonists represent a potentially useful 
noninvasive adjunct platform. Currently, SL clonidine is best 
positioned as a feasibility-driven route substitution, while 
dexmedetomidine SL film represents the clearest proof-of-
concept for scalable transmucosal α2-agonist delivery and a 
candidate for further pain-specific investigation.

For SL medications, clinical considerations include 
patient compliance, correct administration technique, and 
the properties of the drug. Sublingual delivery is ideal for 
situations requiring rapid analgesia or when oral intake is 
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compromised; however, it is not universally applicable. 
Research continues to explore novel formulations and per-
meation enhancers to optimize this route.

11 � Nonsteroidal Anti‑inflammatory Drugs

11.1 � Pharmacology and Pharmacokinetics

Nonsteroidal anti-inflammatory drugs (NSAIDs) are of the 
most widely used and studied nonopioid analgesics, particu-
larly for pain with an inflammatory component. Their effects 
are mediated primarily through inhibition of cyclooxygenase 
enzymes (COX-1 and COX-2), which decreases downstream 
prostaglandin synthesis [122, 123]. Because prostaglandins 
help drive inflammation and make pain receptors more sen-
sitive, NSAIDs are useful for inflammatory pain, including 
postoperative, dental, musculoskeletal, menstrual, arthri-
tis-related, and renal colic pain [122, 123]. By contrast to 
opioids, NSAIDs do not function through opioid receptor 
activation and thus do not cause respiratory depression or 
euphoria. Ultimately, this makes them important compo-
nents of multimodal and opioid-sparing pain regimens [124].

The rationale for SL NSAID administration is slightly 
different compared with that of highly lipophilic opioids. 
For SL NSAIDs, the priority may not be rapid systemic 
exposure, but rather a practical solution when swallowing or 
gastrointestinal absorption is unreliable. Sublingual delivery 
may be useful in patients with nausea, vomiting, dysphagia, 
perioperative fasting requirements, or poor tolerance of oral 
medications [125]. However, this route is not necessarily 
more advantageous for every NSAID. Transmucosal absorp-
tion depends on drug-specific properties, including lipophi-
licity, ionization, molecular size, and formulation design 
[125]. As a result, SL NSAID delivery is best viewed as 
formulation-dependent rather than a class-wide advantage.

11.2 � Clinical Applications

Ketorolac and piroxicam are the NSAIDs most studied 
for SL use. Ketorolac is a potent NSAID used for short-
term treatment of moderate-to-severe acute pain and is 
traditionally administered orally, intramuscularly, intra-
venously, or intranasally [126]. Galán-Herrera et al. com-
pared two 30 mg SL ketorolac tromethamine tablet formu-
lations in healthy adult volunteers with results supporting 
the feasibility of SL administration of the drug [127]. 
Piroxicam, a long-acting NSAID, has also been studied as 
a fast-dissolving SL formulation, particularly in dental, 
endodontic, oral surgery, and acute renal colic settings 
[128–132]. Most clinical evidence for SL NSAIDs comes 
from dental and oral surgery studies. In lower third molar 
extraction, SL ketorolac 10 mg four times daily and SL 

piroxicam 20 mg once daily provided similar postoperative 
pain control, with both groups reporting low pain scores 
[129]. In another study, piroxicam 20 mg showed broadly 
similar outcomes when comparing oral and SL administra-
tion [128]. More recent randomized data have suggested 
that a single preoperative dose of SL fast-dissolving pirox-
icam 20 mg may reduce postoperative pain after endodon-
tic treatment [130]. Evidence outside dental pain is more 
limited, but SL ketorolac 0.5 mg/kg has shown similar 
pain reduction to SL tramadol 2 mg/kg in children with 
suspected fractures or dislocations [133]. Fast-dissolving 
SL piroxicam has also been studied in acute renal colic, 
where it was evaluated as a nonparenteral NSAID option 
for rapid analgesia [131, 132]. Overall, these studies sug-
gest possible use in select acute inflammatory pain set-
tings, although the evidence base remains small.

The main limitation of SL NSAID use is that the litera-
ture remains relatively narrow. Most available studies are 
small, procedure-specific, and concentrated in specific set-
tings [128–131, 133]. There are limited data comparing 
SL NSAIDs with placebo, parenteral NSAIDs, opioids, or 
modern multimodal analgesic protocols. In addition, few 
NSAIDs are commercially available in SL formulations. 
Although the route is pharmacologically plausible, its 
broader clinical role remains incompletely defined.

11.3 � Safety Considerations

Safety concerns are similar to those of systemic NSAIDs 
given by other routes. Sublingual administration may bypass 
part of the gastrointestinal absorption process, but it does not 
eliminate systemic NSAID toxicity. Important risks include 
gastrointestinal ulceration or bleeding, renal injury, fluid 
retention, hypertension, cardiovascular thrombotic events, 
and hypersensitivity reactions [134]. These risks are espe-
cially relevant in older adults and in patients with chronic 
kidney disease, cardiovascular disease, peptic ulcer disease, 
anticoagulant use, dehydration, or concurrent nephrotoxic 
medications [134]. As with other NSAID formulations, SL 
NSAIDs should be used at the lowest effective dose for the 
shortest appropriate duration [134].

Overall, SL NSAIDs remain a relatively underdeveloped 
but potentially useful nonopioid option for acute inflamma-
tory pain. Their most realistic role is likely in short-term 
settings such as dental pain, postoperative pain, musculo-
skeletal trauma, and renal colic when oral administration is 
undesirable, but intravenous or intramuscular therapy is not 
necessary [128–133]. Future studies should clarify whether 
optimized SL NSAID formulations offer faster onset, bet-
ter tolerability, improved patient satisfaction, or meaning-
ful opioid-sparing effects compared with standard oral and 
parenteral NSAID regimens.
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12 � Conclusions

This review highlights the evolving role of SL analgesics 
in modern pain management, emphasizing that their clini-
cal utility is largely determined by drug-specific pharma-
cokinetics, formulation characteristics, and patient-specific 
factors. From a clinical perspective, the SL route may be 
particularly valuable in scenarios where oral administra-
tion is not feasible and can provide a noninvasive alter-
native to parenteral administration in both inpatient and 
outpatient settings.

Across currently available and emerging opioid and 
nonopioid therapies, evidence suggests potential utility in 
a range of pain conditions, including neuropathic, musculo-
skeletal, inflammatory, cancer-related, mucosal, and proce-
dural pain (Table). However, the strength of evidence varies 
substantially across agents and disease states, and several 
applications remain investigational or supported by limited 
comparative clinical data. Accordingly, the primary goal of 
this review was to synthesize the pharmacologic principles, 
pharmacokinetic properties, therapeutic applications, and 
safety considerations of SL analgesics rather than provide 
an exhaustive disease-specific review of pain management.

Safety considerations remain particularly important for 
potent opioid formulations, and careful patient selection, 
dosing, and monitoring are essential. Future research should 
focus on optimizing formulation technologies to improve 
bioavailability and reduce interpatient variability, while 
large, well-designed randomized controlled trials are needed 
to better define efficacy across different pain conditions and 
clinical settings (Fig. 1). Comparative studies evaluating SL 
agents against alternative routes of administration may fur-
ther clarify their role within multimodal and individualized 
pain management strategies.
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