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Abstract
Background: The WHO three-step analgesic ladder offers 
a simple, linear escalation logic. In perioperative acute pain, 
chronic non-cancer pain (CNCP), and cancer pain/palliative 
care, however, escalation based solely on “pain intensity 
→ drug intensity” often fails to balance functional recovery, 
sleep-mood-respiratory safety boundaries, and the risk of 
chronic postsurgical pain (CPSP).

Methods: Drawing on WHO/IASP/ERAS guidance and 
the broader evidence base, we propose 4A5L-ALMT as 
an analytic language to identify the system axes requiring 
“tuning” and the relevant decision layers. We then introduce 
MT-Analgesia-3P as an operational language-three graded 
implementation pathways (P1-P3)-to structure decisions, 
reassessment, and documentation.

Main content: Using three scenarios-acute postoperative 
pain, CNCP, and cancer pain/palliative care-we illustrate 
a pathway-based application centered on (1) triggers for 
entering P2/P3, (2) exit/de-escalation signals, and (3) a 
minimal indicator set for follow-up. An evidence-gradient 
approach distinguishes (1) established components (e.g., 
non-opioid multimodal analgesia, regional techniques, 
structured tapering, exercise/rehabilitation, CBT-I), (2) 
moderately supported elements used as optional contextual 
or risk information (e.g., symptom clusters, HRV), and (3) 
exploratory components that remain research-facing (e.g., 
digital phenotypes and dashboards).

Conclusions: MT-Analgesia-3P reframes the three-step 
ladder from a linear escalation scheme into a context-
sensitive, three-pathway workflow designed to improve 
interdisciplinary communication and auditability for quality 
improvement. This framework is not a clinical guideline 
and does not replace existing guidance. It does not specify 
mandatory thresholds or titration algorithms. Prescribing 
within P2/P3-especially when opioids are involved-must 
follow local regulations and institutional governance, and 
must remain anchored to patient safety boundaries.
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Box 0 | Reader orientation (30 seconds)
Purpose: Provide a shared “grammar” for care teams-4A5L-
ALMT as the analytic language plus MT-Analgesia-3P as the 
operational pathway language-supporting communication, 
follow-up documentation, and quality improvement.

Not a guideline: Does not replace WHO/IASP/ERAS or 
condition-specific guidelines; does not prescribe thresholds, 
dosing ceilings, titration algorithms, or a single mandatory 
escalation rule.

Evidence gradient: Prioritize established measures (non-
opioid multimodal strategies, regional techniques, structured 
tapering, rehabilitation/exercise, CBT-I). Treat HRV and 
symptom clusters as optional context or risk signals. 
Treat digital phenotypes and dashboards as exploratory, 
research-oriented extensions.

Governance boundaries: Any opioid prescribing within 
P2/P3 must comply with laws, institutional policies, and 
monitoring capacity. Outside a palliative context, P3 does 
not imply “liberalized opioid escalation.”

Box 1 | Minimum-viable use (three questions)

Note: When resources are limited, start with the minimal 
indicator set. HRV, symptom-cluster tools, biomarkers, and 
similar measures should be treated as optional research 
enhancements-not requirements for routine care.

Q1-Set the primary axis (and the secondary axis): What 
is the dominant axis in this follow-up?

Pain processing; sleep-mood-cognition; autonomic-
cardiovascular; inflammation-metabolism-posture/behavior-
environment.

Q2-Choose the decision layer: Which layer is driving 
today’s decision?

L1 context and organ load; L2 mechanistic stratification; L3 
symptom clusters; L4 indicator set; L5 intervention “knobs.”
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only information that directly informs P1-P3 escalation, 
de-escalation, and reassessment.

The WHO three-step analgesic ladder remains valu-
able because it is intuitive, easy to teach, and scalable in 
resource-limited settings. Its linear escalation, however, 
is largely framed around “pain intensity → medication in-
tensity,” with less explicit attention to time course, mech-
anism-based stratification, symptom clusters, and safety 
boundaries-variables that are central to contemporary 
analgesia and recovery medicine. We therefore pro-
pose a Multimodal Tuning (MT) perspective: analgesia is 
treated as a dynamic, cross-system, multi-objective pro-
cess-balancing pain, sleep, function, and safety-rather 
than a one-way increase in drug potency.

To reduce communication burden and make follow-up 
documentation auditable, we introduce two complemen-
tary “languages” (Figure 1).

(1) 4A5L-ALMT (Four Axes × Five Layers-Analytic 
Language for Multimodal Tuning) serves as the analytic 
language. At any time point, it structures analgesia-rele-
vant information into: the system axes that require paral-
lel tuning (4A) and the decision layer where the primary 
problem resides (5L). The output is a shared, reviewable 
statement that can be checked and reproduced across 
clinicians and visits (Table 2).

Introduction
Multimodal analgesia (MMA) has become increasing-

ly systematized in perioperative medicine over the past 
two decades and, together with enhanced recovery after 
surgery (ERAS), has accelerated a clinical shift toward 
“less opioids, earlier mobilization, and faster recovery.” 
[1-4] Yet global surveys continue to show that inade-
quate postoperative pain control remains common. This 
is particularly evident after high-pain-burden procedures 
(e.g., spinal fusion and joint arthroplasty), where the 
downstream cascade-uncontrolled pain, disrupted sleep, 
worsening fatigue, limited activity, and rising complica-
tion risk-is often amplified. [5-7] Importantly, sleep is not 
a secondary outcome. It is a key amplifier of pain expe-
rience and a practical constraint that defines analgesic 
safety margins. For this reason, in the sections that fol-
low we summarize sleep-pain-respiratory considerations 
strictly in terms of their decision implications, retaining 

Q3-Select a pathway and schedule reassessment:

Start with P1 as the foundation. Escalate to P2 only when 
needed and keep it time-limited (explicit goals + stop rules). If 
red flags emerge or the plan fails, move to P3 for higher-level 
evaluation and multidisciplinary management. De-escalate 
as soon as exit signals appear, and reassess on a defined 
cadence (e.g., 24-72 hours for acute settings or 2-4 weeks for 
longitudinal follow-up).

Figure 1: Conceptual map: embedding the WHO analgesic ladder into 4A5L-ALMT (analysis framework) and  
MT-Analgesia-3P (operational language).

The WHO ladder is used as a familiar reference point, but the intent is to extend, contextualize, and operationalize—not 
replace—existing guidance. The 4A5L-ALMT layer helps identify primary and secondary axes and match decisions to the 
strength of evidence; MT-Analgesia-3P translates this assessment into a documentable P1–P3 workflow with planned fol-
low-up and reassessment. Arrows indicate the logical sequence of documentation and review, not dose ceilings, titration 
rules, or threshold-based algorithms. Final clinical choices should follow disease-specific guidelines, local regulations, and 
institutional governance.
Abbreviations and full terms
WHO: World Health Organization
4A5L-ALMT: Four Axes × Five Layers–Analytic Language for Multiscale Tuning
4A: Four Axes
5L: Five Layers
MT-Analgesia-3P: Multimodal Tuning Analgesia–Three Pathways
MT: Multimodal Tuning
P1 / P2 / P3: Pathway 1 / Pathway 2 / Pathway 3
QI: Quality Improvement
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Table 2: 4A5L-ALMT × MT-Analgesia-3P: minimum operational essentials.

Compo-
nent

Clinical 
question to 
answer

Minimum information (low burden) Typical output/action 
(example)

4A 
(four axes)

Which system 
axes require 
tuning?

Pain-processing axis: nociceptive / neuropathic / central 
sensitization [8-11]; sleep-emotion-cognition axis: in-
somnia/OSA/COMISA and stress-related factors [12-
18,21-23]; autonomic-cardiovascular axis: HRV/nocturnal 
rhythms (optional risk signal) [19,20]; perioperative envi-
ronment/process factors (light/noise/night-time interrup-
tions) and key sleep-management points [14,15].

Identify a “primary axis + 
secondary axis”; document 
one sentence in the clinical 
record using the “axis-lay-
er-pathway” syntax (for com-
munication and auditability). 
[2-4]

5L 
(five layers)

At which layer 
is the bottle-
neck?

L1 organ load/etiology: procedure type, comorbidities, 
and risk governance [2-4]; L2 mechanisms: nociceptive/
neuropathic/nociplastic pain [8-11] and stress-related 
mechanisms (optional background) [23]; L3 phenotypes: 
capture the “pain × sleep × mood/stress” combination 
rather than NRS alone [12-18,21,22]; L4 measures: NRS 
+ brief sleep measure (ISI/short PSQI/single-item) + key 
safety signals [4-6,12-18]; L5 interventions: non-opioid 
+ regional techniques + sleep/behavioral support as the 
base; opioids as a time-limited tuning knob [1-6,14,15].

Assign tasks to responsible 
roles (anesthesia/surgery/
nursing/rehab/psychology); 
prioritize the most likely 1-2 
layers first to avoid “doing 
everything without focus”. 
[2-4]

3P 
(three path-
ways)

How intense 
should imple-
mentation be 
right now?

P1 baseline: non-opioid agents + regional/local tech-
niques + rehabilitation and basic sleep management 
[1-4,14,15]; P2 tuning: time-limited opioids/adjuvants 
on top of P1, with parallel monitoring of sleep-breathing 
safety and adverse events (especially in OSA/COMISA) 
[4-6,16-18]; P3 boundary & integration: when pain trajec-
tory deviates / safety margin narrows / complications are 
suspected, trigger review and multidisciplinary integration 
rather than simply escalating doses [8-11,16-20].

Define entry/exit condi-
tions; document escalation/
de-escalation rationale and 
composite endpoints (pain 
× sleep × function × safety). 
[2-4,12-18]

Time win-
dow

Which time 
window are 
we in?

Acute (≤72 h) / subacute (2-8 weeks) / chronic (≥3 
months); focus on the acute-to-chronic transition risk and 
the CPSP concept [8,9].

Build follow-up time points 
into the pathway (post-op 
24 h/72 h; 2/4/8 weeks; 3-6 
months) and record the min-
imum indicator set at each 
node. [2-4,8,9]

Composite 
endpoints

Which out-
comes are 
we trying to 
improve?

Suggested minimum composite endpoint: pain intensity 
(including movement-evoked pain) + sleep quality/recov-
ery + function/activity + key safety signals (sedation/respi-
ration/delirium, etc.). [4-7,12-20]

At each time point, anchor 
escalation/de-escalation to 
2-3 priority indicators (e.g., 
NRS + brief sleep score + 
first ambulation/training mile-
stone). [2-4,12-18]

Evidence 
gradient

Which ele-
ments are 
required vs 
optional?

Three tiers: well-established (guidelines/consensus) [3,4]; 
sleep-pain bidirectionality and COMISA (moderate to 
strong) [12-18]; HRV/nocturnal rhythms as optional risk 
signals (evolving) [19,20]; stress-related mechanisms 
(explanatory background; avoid causal claims) [23].

Explicitly label exploratory el-
ements as a research agen-
da rather than mandatory 
requirements to avoid being 
interpreted as an algorithm/
decision tree. [3,4,19,20]

Quality im-
provement 
(QI)

How do we 
know the 
framework 
helps?

Prioritize accessible KPIs: opioid use, analgesia target 
attainment, time to first ambulation, brief sleep score, ad-
verse events; iterate using PDCA within ERAS/pathways. 
[2-4]

Pilot small → collect feed-
back → iterate; produce a 
low-cost one-page template 
and a QI dashboard (not a 
decision algorithm). [2-4]

Note: This table provides example “minimum operational essentials”. Citations support the evidence context for each compo-
nent; medication choices and monitoring requirements should continue to follow local guidelines, regulations, and institutional 
governance.
Box 1. Reader orientation
4A5L: structure information (primary axis/layer/metrics) to generate an auditable record.
3P: choose implementation intensity (P1 baseline—P2 time-limited tuning—P3 boundary integration) and document entry/exit 
criteria and reassessment cadence.
How to use: the clinical team answers “What is the primary axis? Which layer is the bottleneck? Which pathway should we 
take?” to start; the rest (digital phenotypes/dashboards/QI) can be added stepwise as conditions allow.
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(2) MT-Analgesia-3P (Three Pathways for Multimodal 
Tuning Analgesia) serves as the operational language. 
It answers a practical question: at a given stage, what 
implementation intensity is appropriate for allocating an-
algesic resources? Practice intensity is organized into 
three switchable pathways. P1 (foundation pathway) 
emphasizes non-opioid multimodal strategies, regional 
techniques, rehabilitation, and basic sleep management 
as the base. P2 (tuning pathway) permits time-limited, 
reversible intensification-opioids and adjuvants are ex-
plicitly goal-driven, with defined stop rules, and entry/exit 
decisions are guided by parallel feedback across pain, 
sleep, function, and safety. P3 (boundary and integration 
pathway) is triggered when complications are suspected, 
techniques fail, or safety margins narrow; it prioritizes re-
assessment and integrated management, with the aim 
of achieving comfort and function within safety bound-
aries rather than simply increasing dose. We reiterate 
that this framework is intended to extend, contextualize, 
and operationalize existing ladders and guidelines-not to 
replace them. Its purpose is to provide a consistent doc-
umentation language to support teamwork and quality 
improvement.

Throughout this manuscript, “tuning” is used strictly 
as an organizing metaphor for information, reassess-
ment, and governance. It is not an algorithm that gen-
erates prescriptions. All specific therapeutic decisions 
must still follow disease-specific guidelines, prescribing 
information, and institutional policy.

Methodologically, this is a narrative, framework-ori-
ented review. We did not conduct exhaustive PRIS-
MA-style searching or quantitative synthesis, and we do 
not quantify heterogeneity; accordingly, selection and 
interpretive bias are possible. To mitigate this risk, we 
prioritize higher-level evidence (guidelines, systematic 
reviews, large RCTs) and explicitly label evidence gra-
dients where controversies exist [3,4]. Prior concepts 
from the author group are used as communication tools 
rather than as evidentiary conclusions, and we encour-
age independent external appraisal. Elements that lack 
sufficient validation (e.g., multi-axis digital phenotypes, 
wearables, and dashboard-based follow-up) are con-
sistently labeled as “emerging/exploratory” and framed 
as a research agenda-not a clinical requirement. When 
autonomic markers such as HRV are mentioned, they 
are offered only as optional contextual or risk information 
for selected high-risk patients; they are not presented as 
routine monitoring requirements, and their use must be 
tailored to the clinical condition, medications, monitoring 
capacity, and local governance.

Across the acute-to-chronic continuum, time is the 
central dimension that requires the ladder to be re-con-
textualized. Chronic postsurgical pain (CPSP) is recog-
nized in ICD-11 as a distinct diagnostic entity, and sus-
tained nociceptive input can drive central sensitization 
and pain amplification [8-11]. Lowering NRS at a few 
time points, therefore, is not equivalent to reducing risk 
of persistence. In patients with pre-existing chronic pain, 
sleep disturbance, or elevated psychosocial risk, plan-
ning should shift earlier-into the preoperative period-and 

evolve into an iterative “postoperative tuning plan” over 
time [4,12]. Sleep and pain are bidirectionally coupled, 
[12-15] and comorbid insomnia and obstructive sleep 
apnea (COMISA) signals a narrower respiratory safety 
margin and heightened opioid-related risk [16-18]. Ac-
cordingly, this framework treats sleep/respiratory risk, 
safety margin, and mood/cognitive context as boundary 
conditions for P2/P3 decisions. The intent is to reduce 
imbalances created by one-dimensional medication 
escalation and to ensure that follow-up and quality im-
provement can be recorded and audited in a consistent, 
reviewable way.

Method statement and limitations (nar-
rative framework review)

Readers should treat this manuscript as a structured 
template for communication, follow-up documentation, 
and governance. Disease-specific management must 
remain anchored to current guidelines, prescribing infor-
mation, and institutional policy.

For this reason, we did not perform PRISMA-based 
exhaustive retrieval or quantitative pooling of all avail-
able studies. Evidence selection may be influenced by 
publication bias, the dispersion of relevant literature 
across disciplines, and author experience. To reduce 
bias, we present content using an “evidence-gradient + 
minimal falsifiable predictions” approach: we separate 
measures that are broadly implementable now from el-
ements that should be treated only as risk signals or re-
search-facing extensions (Table 1), and we repeatedly 
state the boundaries of the framework in both the main 
text and figure legends (non-threshold, non-algorithmic, 
non-prescriptive).

This is a narrative and conceptual framework review. 
Its goal is to propose an operational “language-pheno-
type-pathway-reassessment” structure that translates 
clinical decisions into an auditable shared vocabulary. 
It is not intended as a systematic review of intervention 
effects, nor as a guideline-level recommendation docu-
ment.

A Simplified “Four Axes-Five Layers + 
Three Pathways” Structure: A/L Termi-
nology and Overview

4A5L-ALMT is designed to make the problem explicit. 
The “4A” are four system axes that often require paral-
lel tuning: (1) pain processing; (2) sleep-mood-cognition; 
(3) autonomic-cardiovascular; and (4) inflammation-me-
tabolism-posture/behavior-environment [1-4,12-15,19-
23]. The “5L” are five decision layers: (L1) etiology/organ 
load and context; (L2) mechanistic stratification; (L3) 
symptom clusters/phenotype; (L4) indicator set; and (L5) 
intervention “knobs.” [3,4,8-11] Importantly, the output is 
not “which drug to add,” but an auditable statement-pri-
mary axis/secondary axis, the layer where the key prob-
lem resides, and the priority indicators-so teams share a 
common language for pathway selection and scheduled 
reassessment [2-4].
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MT-Analgesia-3P is designed to close the loop. P1 
establishes the foundation (core non-opioid multimod-
al care, regional techniques, and rehabilitation in the 
MMA/ERAS context). P2 is time-limited tuning that is 
explicitly reversible and stoppable, iterated under par-
allel feedback across pain × sleep × function × safety. 
P3 is triggered when safety margins narrow-because of 
respiratory risk, comorbidity burden, technical failure, or 
an atypical trajectory-and focuses on reassessment and 
integrated management within defined safety boundar-
ies [1-4,12-20]. In brief, 4A5L answers “what should be 
assessed and at which layer is the problem,” while 3P 
answers “when, and at what implementation intensity.” 
[2-4,19-23] To reduce overreach, we also make explicit 
how mature, moderately supported, and exploratory el-
ements distribute across the 4A axes and P1-P3 path-
ways (Table 1), separating measures ready for routine 
implementation from elements that should be treated 
only as optional risk signals or a research agenda.

The four system axes (4A)
The four axes can be summarized as follows:

1.	 Pain-processing axis: peripheral nociceptive input, 
neuropathic mechanisms, and central sensitization 
[8-11].

2.	 Sleep-mood-cognition axis: insomnia, COMISA, 
depression, anxiety, and catastrophizing [12,16-
18,21,22].

3.	 Autonomic-cardiovascular axis: HRV, nocturnal 
heart rate, blood pressure rhythms, and stress load 
[19,20,23].

4.	 Inflammation-metabolism-posture/behavior-environ-
ment axis: obesity, systemic inflammation, sedentary 

behavior, postural dysfunction, ward noise/light ex-
posure, and care-process factors [23].

The five information/Decision layers (5L)
The five layers can be framed as five questions:

1.	 L1-Etiology/organ load and context: procedure type, 
comorbid disease, and organ-function burden [1-4].

2.	 L2-Mechanisms: nociceptive, neuropathic, and no-
ciplastic components, plus inflammation-metabo-
lism-posture contributions [8-11,24-27].

3.	 L3-Phenotype/symptom clusters: for example, “post-
operative pain + sleep loss + fatigue,” or “chronic 
low back pain + insomnia + low mood.” [28-32]

4.	 L4-Indicators: NRS; ISI/PSQI; PHQ-9/HADS; dai-
ly opioid dose; HRV; step count; BMI/inflammatory 
markers; and related measures [12,16-23,33-39].

5.	 L5-Interventions: how medications, nerve blocks, 
exercise/rehabilitation, psychological interven-
tions, weight management, and environmental op-
timization can be combined as an actionable set of 
“knobs.” [1-4,21-27,35-39].

Three Cross-Cutting Implementation Dimensions 
(Follow-up and Quality Improvement)

For practical deployment, three horizontal di-
mensions help translate the framework into routine 
workflows:
1.	 Time staging: acute (e.g., first 72 postopera-

tive hours), subacute (2/4/8 weeks), chronic (3-6 
months), and annual follow-up [8,9].

2.	 Digital phenotyping: repeated measures across 

Note: This table is an example distribution to emphasize evidence gradients and appropriate boundaries of use; specific 
adoption and monitoring requirements should follow local guidelines and governance.
1.	 Established: non-opioid and regional analgesia as the foundation, with structured de-escalation and rehabilitation/psycho-

logical interventions as appropriate (CBT-I when available).
2.	 Moderate/emerging: symptom clusters and selected autonomic/digital follow-up tools are mainly used for risk signaling and 

research validation and should be implemented cautiously in line with local guidance and governance conditions.

Table 1: Distribution of evidence gradients across the 4A system axes and the P1-P3 pathways (example; to prevent over-infer-
ence).

Dimension / component Well-established (mature) Moderate support Emerging / exploratory 
(research agenda)

Pain-processing axis (core 
to P1/P2)

Non-opioid foundations; 
regional / fascial plane 
blocks; multimodal combi-
nations [1-4]

Symptom clusters as an 
outcome-assessment 
framework [4,12,21,22]

Automated decision sup-
port based on multi-axis 
data [12,19,20]

Sleep-emotion-cognition axis CBT-I / sleep hygiene; psy-
chological support; exercise 
prescription and rehabilitation 
[2-4,12,16-18,21,22]

Brief scales / trajectories 
for follow-up stratification 
[12,15,18,21,22]

App- or wearable-enabled 
continuous follow-up and indi-
vidualized recommendations

Autonomic-cardiovascular 
axis (safety boundary)

Routine vital signs; sedation 
and respiratory monitoring 
(per guidelines) [3,4]

HRV and nocturnal heart-rate 
rhythms: optional risk signal-
ing [19,20]

Novel autonomic biomarkers: 
require prospective validation 
[19,20,23]

Inflammation-metabolism-pos-
ture/environment axis

Exercise and weight manage-
ment; environmental optimiza-
tion; ERAS elements [2-4,23]

Inflammatory / metabolic 
markers to support stratifica-
tion when clinically indicated 
[23]

End-to-end multi-axis digital 
phenotyping and dashboarded 
QI closed-loop systems [2-4]
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stages for pain, sleep, mood, function, and safe-
ty-optionally augmented by wearable-derived sig-
nals and core EHR variables [12-15,16-18,19,20].

3.	 Quality improvement: aggregating indicators at the 
ward/clinic level into a concise dashboard to com-
pare different pathway choices and ladder-applica-
tion strategies [2-4].

How MT-Analgesia-3P maps onto the four axes and 
five layers

Building on the “4A + 5L + implementation dimen-
sions” structure, MT-Analgesia-3P organizes analgesic 
resource allocation into three graded pathways:

1.	 P1 (foundation pathway): anchored in etiology and 
mechanism assessment, P1 combines non-opioid 
medications, local/regional techniques, rehabilita-
tion and posture-oriented interventions, and basic 
sleep/circadian support as the default base.

2.	 P2 (tuning pathway): layered on top of P1, opioids 
and analgesic adjuvants are treated as time-limited, 
reversible tuning knobs that can be withdrawn, with 
adjustments guided by a multidimensional coordi-
nate system-pain, sleep, mood, function, and safety.

3.	 P3 (boundary and integration pathway): in high-
pain-burden or complex settings, P3 integrates 
interventional analgesia, neuromodulation, op-
timization of routes of administration, and-when 
appropriate-deeper sedation/analgesia strategies 
within preset safety boundaries, using composite 
endpoints such as comfort, calmness, and ability to 
communicate as feedback signals [26,27,33-35,40-
42].

To move P1-P3 from definitions to executable re-
source allocation and feedback loops, Figure 2 provides 
a conceptual MT-Analgesia-3P workflow (arrows repre-
sent logical sequencing, not causal strength).

Figure 2: MT-Analgesia-3P workflow (conceptual; not an algorithm).

P1–P3 represent escalating levels of implementation intensity: P1 establishes a multimodal baseline; P2 adds time-limited, 
reversible intensification with explicit goals and stop rules; P3 triggers integrated management (e.g., complication screening, 
mechanism re-evaluation, multidisciplinary input, and governance). Arrows denote workflow and documentation order 
rather than causal strength, evidence weighting, dose limits, or titration algorithms.

Abbreviations and full terms

MT-Analgesia-3P: Multimodal Tuning Analgesia–Three Pathways

MT: Multimodal Tuning

P1 / P2 / P3: Pathway 1 / Pathway 2 / Pathway 3

OSA: Obstructive Sleep Apnea

COMISA: Comorbid Insomnia and Sleep Apnea
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Where the WHO three-Step ladder sits within “4A + 
5L + 3P”

Within this framework, the WHO ladder maps primar-
ily to the pain-processing axis and the intervention layer 
(L5). Step 1 and parts of Step 2 (when combined with 
regional techniques) form key components of P1. Short-
term opioids and selected adjuvants function mainly as 
P2 tuning knobs. Higher-dose opioids, complex admin-
istration routes, and interventional strategies are more 
often situated in P3, with their boundaries and feedback 
shaped by the other axes and layers [1-4,8-11,26,27,33-
35,41]. In this view, “rewriting” the ladder across differ-
ent scenarios reflects different implementation strategies 
within a shared multidimensional coordinate system, 
rather than mutually exclusive competing schemes.

Low-Resource Settings: Minimal vs Expanded Indi-
cator Sets (Feasibility Statement)

Minimal indicator set (recommended across all re-
source levels): pain intensity and movement-evoked pain 
(NRS); function/mobility (e.g., mobilization milestones or 

a brief functional scale); perceived sleep restoration (sin-
gle-item rating or short ISI/PSQI format); and opioid-re-
lated adverse effects plus sedation/respiratory risk (e.g., 
sedation score and a structured respiratory-risk screen) 
[4,12-15,16-18].

Expanded indicator set (optional when resources al-
low; useful for fine-tuning and research validation): HRV 
and nocturnal heart-rate rhythms, wearable-derived 
sleep parameters, inflammatory/metabolic biomarkers, 
symptom-cluster measures (fatigue, mood, catastro-
phizing), and digitized follow-up dashboards [19,20,28-
32,36-39].

To avoid the misconception that this framework re-
quires wearables or biomarkers, we provide low-re-
source-feasible examples of the minimal indicator set 
in the scenario maps (acute postoperative pain, CNCP, 
and cancer pain/palliative care). HRV, symptom-cluster 
instruments, inflammatory markers, dashboards, and 
decision-support tools are positioned strictly as optional 
research-facing enhancements-not as routine-care re-
quirements (Figure 3).

Figure 3: Scenario mapping across acute postoperative pain, CNCP, and cancer pain/palliative care 
(conceptual). 
Across the three clinical scenarios, the 4A structure is used to define primary and secondary axes, select 
a feasible minimal indicator set, and run a P1–P3 escalation/de-escalation loop with follow-up. Arrows and 
pathways depict the intended logic for communication and tracking; specific therapeutic strategies remain 
anchored to disease-specific guidance, local regulations, and institutional governance.
Abbreviations and full terms
CNCP: Chronic Non-Cancer Pain
4A: Four Axes
ADL: Activities of Daily Living
OSA: Obstructive Sleep Apnea
MME: Morphine Milligram Equivalents
HRV: Heart Rate Variability
P1 / P2 / P3: Pathway 1 / Pathway 2 / Pathway 3



DOI: 10.31480/2330-4871/215

• Page 852 •DOI: 10.31480/2330-4871/215Transl Perioper Pain Med 2026; 12 (1)

Symptom clusters and multidimensional Endpoints: 
What should the ladder aim for?

In oncology, the term “symptom cluster” describes a 
set of symptoms that co-occur over time and relate to 
one another-such as “pain-fatigue-depression” or “sleep 
disturbance-fatigue-low mood.” [28,29] Symptom clus-
ters often explain quality-of-life differences better than 
any single symptom, and different clusters follow distinct 
trajectories and require different intervention strategies 
[30-32].

In spine surgery and chronic low back pain, system-
atic reviews indicate substantial heterogeneity in treat-
ment effects. ERAS pathways can shorten length of stay 
and reduce complications, yet often pay less attention 
to “cluster endpoints” such as sleep, fatigue, mood, and 
long-term function [33,34]. Clinical guidelines for chronic 
low back pain consistently prioritize nonpharmacologic 
and non-opioid strategies, reserving opioids as a short-
term option only after other approaches have failed [35].

Inflammatory and metabolic load matters as well. 
Across stages of nonspecific low back pain, inflammato-
ry biomarker profiles can be complex, and epidemiologic 
evidence shows a robust association between obesity 
and chronic low back pain. Obesity may influence pain 

sensitivity and recovery through both systemic inflamma-
tion and mechanical loading [36-39].

For these reasons, the goal of the three-step ladder 
should not be reduced to a single target such as “NRS 
< 3.” Instead, it should be situated within a multidimen-
sional space that includes pain, sleep, fatigue, mood, 
function, and the internal milieu (inflammatory/metabol-
ic stress) [4,28-39]. At key time points (e.g., 72 hours 
postoperatively; 2/4/8 weeks; 3-6 months; or cancer fol-
low-up milestones), the dominant symptom cluster can 
be summarized in one sentence, and each cluster can be 
anchored by two to three priority indicators (pain, sleep, 
function, calmness/comfort). Escalation and de-escala-
tion should then be tied to these multidimensional an-
chors rather than to NRS alone [8,9,12-18,28-32].

Application Scenarios for MT-Analge-
sia-3P

Before moving into scenario-specific detail, we pro-
vide a practical “entry/exit” summary: triggers for escala-
tion to P2/P3 and signals for de-escalation across acute 
postoperative pain, CNCP, and cancer pain/palliative 
care are consolidated in Table 3 (all framed as non-man-
datory prompts, not threshold rules).

Table 3: Summary of prompts for entry to P2/P3 and exit/de-escalation across three scenarios (non-threshold; not 
an algorithm).

Scenario Enter P2 (triggers) Enter P3 (triggers) Exit/de-escalation (signals)

Acute postop-
erative pain

After P1 is implemented, clinically 
meaningful movement-evoked pain 
persists and impairs rehabilitation; or 
uncontrolled nocturnal pain clearly 
disrupts sleep after surgical/tech-
nical causes have been excluded. 
[1-7,12-15]

Suspected complication or failure of 
analgesic technique; or escalating 
opioid needs with a narrowing safety 
margin (respiratory events, delirium, 
severe nausea/ileus, etc.); or a pain 
trajectory that is clearly off the expect-
ed course. [4-6,8-11,14-18]

Functional goals are con-
sistently met (ambulation/
training achievable); nocturnal 
sleep and respiratory risk are 
controlled; opioid dose can be 
tapered as planned without 
rebound loss of control. [3-
6,14-18]

CNCP (chronic 
non-cancer pain)

Limited to clearly defined short-term 
flares, and only if: (1) P1 optimi-
zation is complete; (2) a time limit 
and functional goals are pre-spec-
ified; (3) nonpharmacologic and 
non-opioid escalation is prioritized. 
[26,27,35-39]

Existing moderate-to-high dose 
or long-term opioid exposure; or 
high-risk comorbidity (sleep/mood 
disorders, substance-use risk, etc.) / 
multi-mechanism phenotype requiring 
multidisciplinary re-review; or recur-
rent flares with inability to step down 
as planned. [21-23,26,27]

Within each 3-6 month reas-
sessment cycle: if functional 
benefit is stable, sleep/mood 
improves, opioid adverse ef-
fects are controlled, and taper 
conditions are met, initiate 
structured tapering and strate-
gy switching. [21,22,26,27]

Cancer pain / 
palliative care

Moderate cancer pain or break-
through pain continues to compro-
mise sleep/activity or treatment 
adherence after P1, and maintaining 
wakeful communication is desired; 
enter P2 tuning under time-limited, 
reversible principles. [28-32,41]

Severe cancer pain or advanced dis-
ease with complex symptom clusters/
rapid progression; goals prioritize 
comfort and communicability, typi-
cally requiring coordinated oncolo-
gy-pain-palliative care input (including 
route of administration and caregiver 
burden). [28-32,41]

When adverse effects out-
weigh benefit, symptoms en-
ter a relatively stable phase, 
or goals change, prioritize 
regimen simplification and 
reframe endpoints as “accept-
able comfort and interactive 
capacity”. [41]

Acute Postoperative Pain: From “Opioid-First” to 
“Regional Analgesia + Parallel Multi-Axis Tuning”

Escalate to P2 (triggers): P1 has been implemented, 
yet movement-evoked pain continues to block rehabil-
itation; or nocturnal pain remains uncontrolled and is 
clearly disrupting sleep after technical causes have been 
excluded.

Escalate to P3 (triggers): suspected complications or 
failure of the analgesic technique; rising opioid require-
ments accompanied by narrowing safety margins (respi-
ratory events, delirium, severe nausea/ileus, etc.); or a 
pain trajectory that is clearly out of proportion to expec-
tations.

Exit/de-escalate (signals): functional goals are con-
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sistently met (able to mobilize and train), nocturnal sleep 
and respiratory risk are acceptable, and opioids can be 
tapered as planned without rebound.

After high-pain-burden procedures such as spinal 
fusion and joint arthroplasty, a recognizable pheno-
type-“severe pain → insomnia/fragmented sleep → day-
time fatigue”-is common [5-7,13]. In this framework, pri-
orities shift as follows:

1.	 P1 (foundation): non-opioid multimodal therapy 
(e.g., NSAIDs/COX-2 inhibitors plus acetamino-
phen) combined with local/regional techniques (epi-
dural, peripheral nerve blocks, fascial plane blocks), 
early rehabilitation, and basic sleep/circadian sup-
port. The aim is to achieve acceptable rest pain 
control and tolerable light-activity analgesia within 
the first 24-48 hours, while minimizing opioid depen-
dence [1-4].

P2 (short-term tuning): once P1 is stable, pa-
tient-controlled analgesia (PCA) and short-act-
ing opioids may be used briefly, with con-
current attention to three signal domains: 
(i) nocturnal respiration and mental status; 
(ii) contextual stress/autonomic “background sig-
nals” (e.g., nocturnal heart rate/HRV when feasible); 
(iii) opioid-related adverse events (respirato-
ry depression, delirium, etc.) [14,15,19,20,23]. 
As sleep and function improve, a taper plan should 
be documented immediately; extra caution is war-

ranted in patients with OSA/COMISA or other respi-
ratory vulnerability.[16-18]

2.	 P3 (boundary and integration): the core intent is not 
“dose liberation,” but a structured trigger for compli-
cation screening, mechanism reappraisal, and mul-
tidisciplinary integration. This includes reassessing 
for hematoma, infection, neurologic injury, hard-
ware-related problems, and the integrity/coverage of 
the analgesic technique, before escalating interven-
tions, routes of administration, or monitoring intensi-
ty [8-11]. Patients who require sustained high-dose 
opioids or repeated invasive interventions should be 
treated as high-risk for CPSP and enrolled into fol-
low-up accordingly [8,9,26,27].

Operationally, the first 72 postoperative hours can be 
treated as a discrete “tuning unit.” Standardized docu-
mentation at 24/48/72 hours-pain, sleep, function, opioid 
dose, and key safety events-supports ward-level quality 
improvement (QI) comparisons across pathway choices 
[2-7,33,34].

Chronic Non-Cancer Pain (CNCP): Mecha-
nism-Based Stratification and a “Reverse Ladder”

In CNCP, the key is not escalation, but an auditable 
de-escalation loop (Figure 4, the cross-scenario entry/
exit card; CNCP is represented as a reverse-ladder log-
ic).

Figure 4: Entry triggers to P2/P3 and exit/de-escalation signals across three scenarios (conceptual).

This flowcard summarizes practical signals for when to initiate time-limited intensification (P2) or integrated 
multidisciplinary management (P3), and when it is appropriate to step down to baseline care (P1) after goals 
are achieved and risks are controlled. It is designed to support communication, follow-up documentation, and 
auditability—not to function as a threshold-based rule, dosing algorithm, or mandatory taper protocol.
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Escalate to P2: restricted to short-term flares and 
only when (i) P1 has been optimized, (ii) a predefined 
time limit is set, and (iii) functional goals are explicit-pref-
erably by stepping up nonpharmacologic and non-opioid 
strategies first [26,27,35].

Escalate to P3: established moderate-to-high dose 
or long-term opioid exposure; high-risk comorbidity bur-
den or multi-mechanism phenotypes requiring multidis-
ciplinary review; or recurrent flares that prevent planned 
step-down [21,22,26,27].

Exit/de-escalate: reassess every 3-6 months. When 
functional benefit is sustained, sleep/mood improve, and 
taper conditions are met, initiate structured tapering and 
strategy switching [26,27].

Mechanistically, a pragmatic stratification includes: 
nociceptive pain (opioids, if used at all, should be 
time-limited with an early taper point);[26,35] neuropathic 
pain (gabapentinoids and SNRI/TCA as primary options; 
opioids reserved for short rescue use);[40] and nociplas-
tic/mixed mechanisms (prioritizing exercise, CBT-I, pain 
education, weight management, and behavioral inter-
ventions) [11,16,35-39]. Follow-up can run on a compact 
indicator set spanning pain × sleep × mood × function × 
safety, while clinic dashboards track taper success rates 
and functional gains over time [26,27].

Cancer Pain and Palliative Care: Comfort and Digni-
ty as the Endpoint

Escalate to P2: moderate cancer pain or break-
through pain that disrupts sleep or treatment adherence, 
when maintaining wakefulness and communication is 
important-using time-limited, reversible tuning [41].

Escalate to P3: severe cancer pain or rapidly evolv-
ing, complex symptom clusters in advanced disease, 
typically requiring coordinated input from oncology, pain, 

and palliative teams [41,42].

In this scenario, success is not defined solely by driv-
ing NRS toward zero, but by achieving comfort, calm-
ness, and the ability to interact at an acceptable level 
of consciousness. Practicality of administration routes 
and care burden often matter more than fine dose op-
timization [41]. Data collection can be intentionally mini-
mal-pain, perceived sleep restoration, fatigue/calmness, 
and key adverse events-with goals re-set dynamically as 
disease stage changes [41,42].

Implementation and Research Outlook: 
Making the Ladder “Work” Within a Mul-
timodal Tuning Paradigm
How to Test “Whether It Works” in Real Practice

To keep the framework from remaining a conceptual 
diagram, we propose implementation-oriented evalua-
tion across three interlocking levels (without introducing 
additional labels):

(1) At the individual prescribing level Across ERAS 
pathways, chronic pain clinics, and oncology/palliative 
teams, the starting point is a one-page template for 
high-frequency scenarios (e.g., spine/joint arthroplasty, 
chronic low back pain, cancer pain). The template should 
document the primary and secondary axes, the domi-
nant symptom cluster, key time points, and the two to 
three priority indicators to track at each time point. Cru-
cially, the reasons for stepping up or stepping down be-
tween P1-P3 should be written explicitly on the template 
rather than being buried implicitly in the medication list 
[2-4,26,27,33-35,41]. A ready-to-use example is provid-
ed in Table 4.

Abbreviations and full terms

P2 / P3: Pathway 2 / Pathway 3

CNCP: Chronic Non-Cancer Pain

P1: Pathway 1

OSA: Obstructive Sleep Apnea

COMISA: Comorbid Insomnia and Sleep Apnea
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(2) At the team and pathway level Multidisciplinary 
communication can be grounded using a small set of 
fixed questions: What are the primary and secondary 
axes? What time stage are we in? Do the key indicators 
support staying in P1, moving briefly into P2, or trigger-
ing P3 integration? [26,27,41,42] The goal is to make 
“axis-layer-pathway” the default sentence structure of 
daily rounds and case discussions, not something that 
appears only in figures.

(3) At the system and quality-improvement level 
Early implementation should prioritize low-burden met-
rics that can populate an auditable dashboard: periop-
erative opioid exposure, analgesia target attainment, 
time to first mobilization, and a simplified sleep rating. 
For CNCP, dashboards should emphasize opioid taper 
success and functional gain; for oncology/palliative care, 
calmness/comfort and unplanned utilization (ED visits/
readmissions) are often more informative [2-7,26,27,33-
35,41,42]. When capacity allows, teams can progres-
sively add HRV, wearable-based sleep/activity, and 
weight or inflammatory markers to build a multi-axis “dig-
ital phenotype” dataset for subsequent decision-support 
research [12,16-23,36-39].

In short, MT-Analgesia-3P is not “a new guideline that 
replaces guidelines.” It is a documentation and imple-
mentation language that helps existing evidence work 
more clearly within clinical collaboration, iterative reas-
sessment, and QI loops: 4A/5L organizes the informa-

tion, and P1-P3 allocates resources, repositioning the 
WHO ladder from a “dose staircase” into a multidimen-
sional coordinate system spanning pain × sleep × func-
tion × safety [1-8,12,21-23,26,27,33-35,41,42]. To mini-
mize frontline burden, we provide a one-page template 
(Table 4) to support consistent recording and follow-up 
auditing.

Evidence Gaps and Limits of Generalization: What 
to Prioritize Next

(1) Population specificity Children and older/frail 
adults differ substantially in analgesic-sedative sensitiv-
ity, respiratory safety margins, and sleep architecture. 
Their minimal indicator sets, P2/P3 entry criteria, and 
tapering strategies require dedicated validation [12,16-
18,26,27].

(2) Generalizability across health systems While the 
framework language is intended to be culturally porta-
ble, implementation strategy and endpoint choice are 
shaped by resource density, prescribing governance, 
and access to rehabilitation. These factors require 
calibration through multicenter implementation-science 
studies [2-4].

(3) Long-term outcomes and tapering High-quali-
ty prospective data that can be directly translated into 
outpatient workflows remain limited-particularly for tran-
sitions from postoperative prescribing to chronic use, 
long-term taper success in CNCP, and the relationship 

Table 4: Clinician-friendly one-page implementation template (printable / embeddable in the medical record).

Field (Table 4) Content (citations retained)
Suggested key ref-
erences (for verifica-
tion)

Scenario (check one) □ Acute postoperative  □ Chronic non-cancer pain (CNCP)  □ Cancer 
pain/palliative care. [3,4,26,27,41,42]

[3,4,26,27,41,42]

Goals (check and/or add) □ Analgesia  □ Functional recovery  □ Sleep/mood  □ Reduce opioid-re-
lated risk  □ Other: _____. [1-4,6,12-18,21,22,26,27,41,42]

[1-4,6,12-
18,21,22,26,27,41,42]

Minimum assessment 
(document/check)

NRS / pain location and quality; function (walking/coughing/ADL); se-
dation/respiratory risk; prior opioid exposure; patient preferences/goals. 
[4-6,16-18,22,26,41]

[4-6,16-18,22,26,41]

P1 key actions Prioritize non-opioid multimodal therapy (e.g., acetaminophen, NSAIDs/
COX-2 inhibitors) + regional/local analgesic techniques; address symp-
tom clusters (nausea, anxiety, insomnia, etc.) and basic sleep hygiene/
circadian management in parallel. [1-4,12-18,21,22]

[1-4,12-18,21,22]

P2 escalation triggers / 
exit conditions

Trigger: after adequate P1, pain control remains inadequate or function 
is limited; use opioids/adjuvants as time-limited, reversible “tuning” with 
concurrent monitoring of respiratory/sedation risk and adverse events. 
Exit: stable improvement → taper/stop as planned to avoid long-term 
exposure. [4-6,16-18,26]

[4-6,16-18,26]

P3 escalation triggers / 
exit conditions

Trigger: red flags/suspected complication/very high risk/analgesic tech-
nique failure requiring individualized or multidisciplinary integration and 
mechanism re-evaluation; boundary: follow regulations and institutional 
policies (opioid governance/monitoring capacity); exit: risk decreases or 
reversible factors corrected → step down. [4,8-11,26,27,40-42]

[4,8-11,26,27,40-42]

Follow-up and reassess-
ment plan

Reassessment time points: post-op 24-48 h / before discharge / 1-4 
weeks (scenario-dependent); at each review, document key changes 
in “4A×5L” and monitor signals of acute-to-chronic transition risk. [2-
4,8,9,14 15,26,27]

[2-4,8,9,14,115,26,27]

QI documentation (audit-
able items)

Document: reason for escalation; adverse events; taper plan; patient-re-
ported outcomes (PROMs); readmission/return visits; costs/resource use 
(optional). [2-4,6,26,27,41,42]

[2-4,6,26,27,41,42]
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of tapering to composite endpoints that include sleep, 
mood, and function. We recommend composite out-
comes such as “taper success + functional gain + safety 
events” and their inclusion in dashboards [21,22,26,27].

(4) Trade-offs versus simpler models Platform mod-
els, ladder revisions, and reverse-ladder approaches 

can be advantageous for low-resource settings and 
rapid decisions. The added value of the present frame-
work is an auditable “axis-layer-pathway” recording 
method for heterogeneous scenarios, enabling iterative 
refinement and quality control under uncertainty (Table 
5) [33-36].

Table 5: Scenario-based comparison of ladder/platform/reverse-ladder models Vs MT-Analgesia-3P (for “gradient 
revision” trade-offs).

Approach/model Core decision logic (brief) Best-fit scenarios Strengths and limitations (this man-
uscript’s stance)

WHO traditional 
three-step analgesic 
ladder (classic)

Escalate pharmacotherapy by 
pain severity: non-opioids → weak 
opioids → strong opioids (with 
adjuvants/supportive measures as 
needed) [41]

Cancer pain and 
resource-limited 
settings; when a fast, 
teachable prescrib-
ing logic is needed 
[41,42]

Strength: simple and widely dissemi-
nated. [41] 
Limitation: limited expression of co-
morbidity-related safety boundaries, 
symptom clusters, time dimension 
follow-up, and tapering strategies; 
can be misread as “opioid-first”. [16-
18,21,22,26-32]

Simplified/revised 
ladder variants 
(common in the 
literature)

Platform- or scenario-based two/
three-step variants: emphasize 
early multimodal and regional 
techniques, reduce reliance on the 
“weak opioid” step, or adjust based 
on risk stratification. [1-4,14,15,26]

Postoperative analge-
sia, ERAS, and opi-
oid-risk-sensitive pop-
ulations (e.g., OSA/
COMISA, delirium/
respiratory vulnerabil-
ity). [1-4,5-7,14-18]

Strength: reduces opioid exposure 
and aligns with ERAS and recovery 
goals. [1-4,5-7] 
Limitation: heterogeneous terminol-
ogy and dispersed evidence; lacks a 
unified cross-scenario implementa-
tion language and auditable follow-up 
documentation. [2-4,33,34]

De-escalation lad-
der (reverse ladder)

Control pain and function first, 
then step down/taper based on 
benefit-risk balance with explicit 
reassessment and exit criteria. 
[26,27,35]

CNCP, long-term opi-
oid management, and 
populations at CPSP 
risk. [8,9,26,27,35]

Strength: naturally embeds tapering 
and reassessment loops; fits chronic 
disease management. [26,27,35] 
Limitation: requires follow-up re-
sources and behavioral/psychological 
support; less direct for rapid initial 
decisions in severe acute pain. [21-
23,26,27,35-39]

MT-Analgesia-3P 
(P1→P2→P3) 
embedded in 4A5L-
ALMT

P1: multimodal + regional-first; P2: 
short-term, controlled opioid/adju-
vant tuning; P3: complexity/compli-
cations/multidisciplinary integration; 
4A×5L documents “why escalate/
when de-escalate”. [2-4,26,27,33-
35,41]

Applicable across 
all three scenarios 
(acute postoperative, 
CNCP, cancer pain/
palliative care), es-
pecially for complex 
cases with “unclear 
safety boundaries 
+ multidimensional 
goals”. [12-20,26-
32,35,41,42]

Strength: integrates risk-goals-fol-
low-up-QI into a single language and 
reduces misuse; provides entry/exit 
prompts and a minimal indicator set. 
[2-4,12-18,26,27] 
Limitation: an implementation frame-
work, not a guideline; requires pro-
spective trials and cost-effectiveness 
validation. [2-4,35]

Falsifiable hypotheses and a minimal validation 
roadmap

The contribution of this work is not a new guideline, 
but a clearer separation between analytic language 
(4A5L) and operational language (3P), scenario-specific 
entry/exit prompts, and explicit inclusion of evidence gra-
dients and low-resource minimal sets to reduce misuse 
risk.[2-4,26,27,35] To support testable implementation 
research, we propose the following optional, falsifiable 
hypotheses with minimal design thresholds:[2-4]

Effectiveness 
Adding 3P prompts and a one-page template 
to standard ERAS reduces CPSP incidence or 
improves a composite endpoint (pain × function × 
sleep). 
Design: pragmatic RCT or stepped-wedge cluster 
trial [2-4,8,9,12-18].

Safety and opioid governance 
The approach reduces discharge opioid intensity 
and/or persistent use without increasing acute loss 
of control or readmissions. 
Endpoints: MME, persistent use rate, respiratory 
adverse events, unscheduled revisits.[4-6,16-
18,26]

Cost-effectiveness 
Across systems with different resource density, the 
“minimal indicator set + one-page template” cap-
tures most of the benefit. 
Evaluation: cost-utility (QALYs) or cost-effective-
ness (reduced readmissions/ED utilization) [2-
4,35].

3.	 Population specificity 
Pediatric and older/frail populations require distinct 
entry/exit thresholds and safety boundaries; strat-
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ified analyses or dedicated cohorts can optimize 
indicator sets and safety margins [16-18,26].

Digital validation 
Using an app/dashboard as a recording and feed-
back tool (not a prescribing algorithm) improves 
follow-up adherence and completion of QI loops. 
Pathway: feasibility pilot first, followed by effective-
ness testing [2-4,12,19, 20].

To reduce bias from cultural and system-level dif-
ferences, we recommend prospective multicountry or 
multi-region implementation studies using a shared “ax-
is-layer-pathway” data dictionary, with prescribing gover-
nance, rehabilitation access, and pain-expression norms 
treated as explanatory variables in analytic models [2-4].

Statement and dissemination guidance (Avoiding 
Misreading as a “Guideline/Algorithm”)

In submission materials, the “minimal indicator set + 
P1-P3 closed loop” can be positioned as the core low-re-
source-feasible value proposition. Wearables, biomark-
ers, and decision-support tools should be explicitly la-
beled as research or QI extensions to prevent reviewers 
from interpreting them as routine requirements.

For clinical roll-out or teaching, three boundary 
statements should be presented together:

1.	 this framework supports communication and 
follow-up documentation and does not replace 
guidelines;

2.	 Figure 3, Figure 4 are non-threshold, non-algo-
rithmic workflow cards and do not constitute pre-
scribing rules or mandatory taper protocols;

3.	 any opioid, sedation, or neuromodulation strate-
gy must comply with local regulations and insti-
tutional governance, with appropriate risk disclo-
sure and monitoring.

Conclusion
This manuscript reinterprets the WHO three-step an-

algesic ladder through a Multimodal Tuning (MT) lens. 
4A5L-ALMT serves as an analytic language that frames 
the primary problem and a minimal indicator set at any 
time point using “system axes (4A) × decision layers 
(5L).” MT-Analgesia-3P serves as an operational lan-
guage that organizes analgesia, sleep, function, and 
safety within a single feedback loop through graded im-
plementation pathways (P1-P3). Using scenario-specific 
entry/exit prompts for acute postoperative pain, CNCP, 
and cancer pain/palliative care, the framework aims to 
reduce multidisciplinary communication burden, improve 
the auditability of follow-up and QI, and support action-
able “less opioids, better recovery” practice within reg-
ulatory and patient-safety boundaries. Its effectiveness, 
safety, and cost-effectiveness still require confirmation 
through implementation-science studies across different 
populations and health systems.
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