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Abstract

Background: Pain is a prevalent and distressing symptom among intensive care unit (ICU) patients, and
inadequate management may lead to serious complications and adverse outcomes. Roy’s Adaptation
Model provides a structured nursing framework for improving patient adaptation and health outcomes.
This study aimed to evaluate the effect of the Roy Adaptation Model on pain levels in ICU patients.

Methods: This quasi-experimental study was conducted in 2026 among 100 patients admitted to the ICU
in Pakistan. Two comparable ICU wards were randomly assigned to the intervention or control group
before participant recruitment. Eligible patients were then consecutively enrolled and assigned to the
study groups according to the ICU ward to which they were routinely admitted. Outcome assessors were
blinded to group allocation. Patients in the intervention group received care based on the Roy Adaptation
Model for 7 days, whereas those in the control group received routine care. Data were collected using the
Behavioral Pain Scale (BPS). Data were analyzed using SPSS software version 26. Descriptive statistics
(Mean, standard deviation, frequency, and percentage) and inferential statistics (Independent t-test and
ANOVA) were applied. A p-value of less than 0.05 was considered statistically significant.

Results: Pain scores decreased over the seven-day follow-up period in both groups; however, the
reduction was significantly greater in the intervention group than in the control group. For daytime pain,
repeated-measures ANOVA showed significant effects of group (F = 16.84, P <0.001, np? = 0.147), time
(F=6.54, P <0.001, np* = 0.063), and the time x group interaction (F = 4.72, P < 0.001, np* = 0.046).
Similar findings were observed for nighttime pain, with significant effects of group (F = 18.32, P <0.001,
np? = 0.157), time (F = 6.87, P < 0.001, np? = 0.066), and the time x group interaction (F = 4.15, P <
0.001, np?= 0.040). Independent samples t-tests showed no significant between-group differences during
the first two days and nights (P > 0.05); however, pain scores were significantly lower in the intervention
group from day 3 to day 7 and from night 3 to night 7 (P < 0.05).

Conclusion: The findings suggest that Roy’s Adaptation Model may contribute to pain reduction among
ICU patients, supporting the potential value of theory-based nursing care in critical care settings.
Incorporating this model into routine ICU practice may enhance pain management and facilitate patient
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Highlights
What is current knowledge?

Pain is a common and challenging symptom among intensive
care unit (ICU) patients, and effective pain management remains
a priority in critical care. Although theory-based nursing
interventions, including Roy’s Adaptation Model, have shown
potential benefits, evidence of their effectiveness in reducing
pain among critically ill ICU patients remains limited.

What is new here?

Among patients admitted to intensive care units, nursing care
based on Roy’s Adaptation Model was associated with greater
reductions in daytime and nighttime pain than routine care, with
significant time X group interactions indicating more favorable
pain trajectories over time.

Introduction

Pain is an unpleasant physical and psychological experience and a
complex phenomenon considered one of the most common symptoms
among patients hospitalized in intensive care units (ICUs) (1). Various
studies have shown that a high percentage of ICU patients experience
different degrees of pain during hospitalization (2). Pain is now
considered sufficiently important that its assessment and documentation
are regarded as essential as the recording of vital signs. If pain is not
properly monitored and managed, it can lead to serious complications
affecting multiple body systems (3).

Untreated pain endangers the patient’s condition and increases
activation of the neuroendocrine and sympathetic systems, accompanied
by tachycardia, increased myocardial oxygen demand, immune system
suppression, increased blood coagulability, an elevated metabolic rate,
and restricted movement. These changes may subsequently lead to
pulmonary complications, decreased gastrointestinal activity, and an
impaired level of consciousness (4). Inadequate pain management also
increases the length of hospital stay, readmission rates, and patient
dissatisfaction with medical care, ultimately contributing to morbidity
and increased mortality (5).

Therefore, appropriate pain management requires repeated pain
assessments and individualized treatment based on careful observation
of the patient’s condition. Pain management is one of the most essential
components of patient care, and nurses play a key role in this process
(6). Few nursing interventions are more important than pain relief.
Effective pain management is particularly challenging in ICUs, where
many patients are unable to communicate their pain, and depends on
systematic and accurate pain assessment to guide clinical decision-
making and the use of analgesic medications. Consequently, nurses must
possess sufficient knowledge and skills to assess pain, understand its
effects on patients, apply pain-relief methods, and evaluate the
effectiveness of these interventions (7).

One approach to pain reduction involves the use of nursing models,
through which health can be promoted by facilitating adaptation across
different dimensions of the patient’s existence (8). As a nursing
framework, the Roy Adaptation Model emphasizes the assessment of
stimuli, the identification of maladaptive behaviors, and the
transformation of these behaviors into adaptive responses, thereby
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Roy’s Adaptation model and pain in ICU patients

playing a significant role in health promotion. Applying this model
enhances the focus, organization, and direction of nurses’ thoughts and
actions toward desired goals in a more effective and appropriate manner
).

According to this model, nurses systematically and accurately assess
patients through interviews, observation, and measurement.
Maladaptive behaviors, which represent patients’ problems, are
identified together with their related stimuli across four adaptive modes;
specific educational and care plans are then designed to resolve these
problems and promote adaptive behaviors (10). Roy conceptualizes
adaptation as occurring in four modes: physiological, self-concept, role
function, and interdependence. The physiological mode is primarily
responsible for maintaining physiological balance in relation to basic
needs such as activity and rest, nutrition, elimination, oxygenation, and
protection (11).

Some researchers have implemented interventions based on all
dimensions of the Roy Adaptation Model, whereas others have targeted
only selected dimensions, depending on patient conditions and
environmental factors (12). Therefore, the present study aimed to
determine the effect of the Roy Adaptation Model on pain intensity in
patients admitted to the intensive care unit.

Methods

This quasi-experimental study was conducted in 2026 among 100
patients admitted to the ICU of Teaching Hospital, Lahore, affiliated
with the University of Lahore, Pakistan. The inclusion criteria were age
over 18 years, a baseline Behavioral Pain Scale (BPS) score indicating
the presence of pain (BPS > 4), and no history of psychiatric illness. For
patients with reduced consciousness (GCS<7), informed consent was
obtained from the patient’s legally authorized representative or next of
kin. The exclusion criteria were patient death during the study, transfer
to another ward within 24 hours, receipt of neuromuscular blocking
agents, and unwillingness to continue participation.

The sample size was calculated using the formula for comparing the
means of two independent groups, assuming a two-sided significance
level of 0.05 (o = 0.05), a statistical power of 80% (p = 0.20), and the
expected means and standard deviations obtained from a previous study
(9). To account for a potential 10% attrition rate, the sample size was
increased to 50 participants per group.

_ (Zyay, + Zy_p)*(of +07)
(11 — 12)?

Initially, two comparable ICU wards were selected. Before
participant recruitment, the two wards were randomly assigned to either
the intervention or control group using a simple lottery conducted by an
independent researcher who was not involved in participant recruitment,
intervention delivery, or outcome assessment. Following this allocation,
all eligible patients admitted to each ward were consecutively recruited
according to the predefined inclusion criteria. Patients were assigned to
the intervention or control group based solely on the ICU ward to which
they were routinely admitted as part of the hospital admission process.
The research team had no role in determining patients’ ward admission
and did not transfer patients between wards for study purposes. Because
the intervention was delivered at the ward level to minimize
contamination between participants, individual patient randomization
was not feasible; therefore, the study used a quasi-experimental design.
Outcome assessments were performed by trained research nurses who
were independent of the intervention team and blinded to group
allocation. The outcome assessors had no role in delivering the
intervention, and pain was assessed using the Behavioral Pain Scale
(BPS) according to a standardized assessment protocol.

The study procedure involved providing four in-ward training
sessions for nurses in the intervention ward on care based on the Roy
Adaptation Model. Each session lasted approximately 60-90 minutes
and covered the theoretical concepts of the model and their application
to ICU nursing care. The training content was developed from standard
literature and reviewed for content validity by five faculty members with
expertise in nursing education and critical care nursing, including two
Associate Professors and three Assistant Professors. Nurses’
competency was assessed after training using a structured evaluation
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checklist and return demonstration of key concepts. To ensure
intervention fidelity, adherence to the Roy Adaptation Model was
monitored using a standardized checklist completed by the researcher
during clinical supervision visits. Regular supervision and feedback
sessions were also conducted throughout the intervention period to
ensure consistent application of the model.

Because of the patients’ varying levels of consciousness, complete
dependence on care, and physical limitations, assessment of the three
dimensions of role function, self-concept, and
independence/dependence was not feasible. Therefore, this study
focused on evaluating patients’ maladaptive behaviors in the
physiological dimension. Nurses attempted to transform maladaptive
behaviors into adaptive behaviors across seven physiological
dimensions by increasing, decreasing, or modifying specific stimuli.
These dimensions included fluid and electrolyte balance; nutrition; sleep
and rest; activity and mobility; elimination; oxygenation and circulatory
status; and endocrine function. The interventions in each dimension
were as follows:

The intervention was implemented according to the Roy Adaptation
Model by identifying focal, contextual, and residual stimuli related to
pain and applying individualized nursing interventions to promote
adaptive responses.

1. Activity and Mobility: Pain related to immobility and prolonged
bed rest was identified as a focal stimulus. Contextual stimuli
included muscle weakness and limited range of motion.
Interventions included scheduled position changes every two hours,
passive and active range-of-motion exercises, limb physiotherapy,
and proper body alignment to reduce musculoskeletal discomfort
and pain.

2. Sleep and Rest: Sleep disturbance and environmental stressors were
identified as contextual stimuli contributing to pain perception.
Interventions included reducing environmental noise and light,
scheduling nursing procedures to minimize sleep interruptions,
therapeutic touch, relaxation techniques, massage, and music
therapy to improve sleep quality and reduce pain-related distress.

3. Nutrition: Inadequate nutritional intake was considered a
contextual stimulus that could impair recovery and increase
discomfort. Interventions included nutritional assessment,
individualized enteral or parenteral feeding plans, caloric-intake
monitoring, and collaboration with dietitians to optimize nutritional
status.

4. Elimination: Urinary retention, constipation, diarrhea, and
discomfort associated with elimination problems were identified as
focal stimuli. Interventions included regular assessment of bowel
and bladder function, timely catheter care, hydration management,
and measures to prevent constipation and abdominal discomfort.

5. Fluid and Electrolyte Balance: Dechydration, edema, and
electrolyte disturbances were identified as contextual stimuli
affecting patient comfort and adaptation. Interventions included
monitoring fluid intake and output, assessing laboratory values, and
implementing fluid-replacement or restriction protocols as
prescribed.

6. Oxygenation and Circulatory Status: Dyspnea, hypoxemia,
hemodynamic instability, and discomfort associated with
mechanical ventilation were identified as focal stimuli contributing
to pain and stress. Interventions included continuous monitoring of
oxygen saturation and vital signs, optimizing patient positioning,
ensuring ventilator synchrony, airway care, and prompt
management of abnormalities in oxygenation and circulation.

7. Endocrine and Metabolic Function: Fever, metabolic
disturbances, and endocrine alterations were identified as contextual
stimuli that could intensify discomfort and pain perception.
Interventions included monitoring body temperature and metabolic
indicators, implementing fever-control measures, and collaborating
with physicians to manage endocrine abnormalities.

Routine care in the control group was provided by ICU nurses and
included executing physician orders, daily evaluation of consciousness
levels, systematic patient assessment, and hemodynamic monitoring.
Medical or nursing interventions were applied as needed without using
nursing models. Data on potential confounding factors, including the
use of narcotics and sedatives, were collected in both groups and
considered in the analysis.
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Patient pain was measured in both groups twice daily over seven
days, in the morning (6:00-9:00) and evening (18:00-21:00). Data-
collection tools included demographic characteristics form and the
Behavioral Pain Scale (BPS). This scale is an observational tool used to
assess pain in critically ill and mechanically ventilated patients who are
unable to self-report. The scale includes three behavioral subscales:
facial expression, upper-limb movements, and compliance with
ventilation. Each subscale is scored from 1 to 4. The total BPS score
ranges from 3 to 12, with higher total scores indicating more severe pain.
Its validity has been established through content and construct
validation in previous studies (13). The reliability of the Behavioral Pain
Scale has also been reported in previous research using inter-rater and
intra-rater agreement, demonstrating high reliability. In the present
study, inter-rater reliability was additionally assessed to ensure
measurement consistency in the ICU setting (ICC = 0.94).

Because the patients had impaired levels of consciousness and were
unable to self-report pain, pain was assessed using the Behavioral Pain
Scale (BPS), a validated observational instrument for critically ill
patients. To ensure standardized and consistent assessments, the BPS
was administered according to a standardized assessment protocol by
trained ICU nurses who were blinded to group allocation. Patients either
had an endotracheal tube or tracheostomy, were aged 18 to 65 years,
were mechanically ventilated without receiving neuromuscular blocking
agents, and, when supportive airway devices were not fixed for any
reason, were unable to report their pain. The Behavioral Pain Scale was
assessed through direct bedside observation. Measurements were
performed at baseline and repeated at regular intervals during ICU
admission, including during routine care procedures and clinical
interventions, and the total number of assessments per patient was
recorded. Data on analgesic and sedative medication use, including drug
type, dosage, and frequency of administration, were collected
throughout the study period. These variables were compared between
groups and considered in the statistical analysis to control for their
potential confounding effects on pain outcomes.

Data were analyzed using SPSS version 26. Data normality was
assessed using the Shapiro-Wilk test. Descriptive statistics, including
frequency, percentage, mean, and standard deviation, were reported.
Inferential analyses and group comparisons were performed using
repeated-measures ANOVA, the independent t-test, the Mann—Whitney
U test, and correlation analysis. A p-value of < 0.05 was considered
statistically significant. Before the inferential analyses, the assumptions
of parametric tests were evaluated. Normality was assessed using the
Shapiro—-Wilk test and an examination of residual distributions. The
results indicated no significant departure from normality (p > 0.05),
supporting the use of parametric statistical tests, including the
independent t-test and analysis of variance (ANOVA). No patients were
lost to follow-up during the study period, and complete data were
obtained for all participants. Therefore, no missing-data imputation was
required. Repeated-measures ANOVA (GLM-RM) was used to assess

changes in pain scores over time. The assumption of sphericity was
tested using Mauchly’s test. When the assumption was violated,
Greenhouse-Geisser corrections were applied to adjust the degrees of
freedom. Pairwise comparisons were performed with Bonferroni
adjustment.

Results

The intervention and control groups were similar in age, gender, marital
status, underlying diseases, mechanical ventilation, and level of
consciousness, with no significant differences. No significant between-
group differences were observed in the use of analgesic and sedative
medications during the study period (p > 0.05) (Table 1).

Before the inferential analyses, the assumptions of parametric tests
were evaluated. The Shapiro—Wilk test showed that the residual
distribution did not significantly deviate from normality (p > 0.05);
therefore, parametric tests were considered appropriate for the data
analysis.

To evaluate the effect of the intervention, an independent t-test was
used to compare the mean pain index scores across the days of the week.
No statistically significant between-group difference in pain scores was
observed on days 1 and 2 (P > 0.05). However, from day 3 onward, the
intervention group demonstrated significantly lower pain scores than the
control group (P < 0.05) (Table 2).

The repeated-measures analysis of variance (GLMRM), considering
that pain was measured at seven consecutive time points across two
assessment periods, showed a statistically significant difference in pain
scores over time. Mauchly's test of sphericity yielded W = 0.83, > =
18.64, P = 0.031. Therefore, the Greenhouse—Geisser correction (¢ =
0.89) was applied (Table 3).

The results also indicated no statistically significant between-group
differences in nighttime pain scores on nights 1 and 2 (P > 0.05).
However, from night 3 through night 7, the intervention group showed
significantly lower pain scores than the control group (P < 0.05) (Table
4).

The repeated-measures analysis of variance (GLMRM), considering
that pain was measured at seven consecutive time points across two
assessment periods, showed a statistically significant difference in pain
scores over time. Mauchly's test of sphericity yielded W = 0.81, x> =
20.45, P = 0.021. Therefore, the Greenhouse-Geisser correction was
applied (¢ = 0.87) (Table 5).

Repeated-measures ANOVA showed significant effects of time and
significant time x group interactions for both daytime and nighttime
pain scores. Pain scores decreased progressively over the seven-day
follow-up period, with greater reductions in the intervention group than
in the control group. These findings indicate that the pattern of pain
reduction over time differed between the two groups. Although the
observed effects were statistically significant, the effect sizes were small
(Partial n*> = 0.021-0.040), suggesting a modest but consistent
intervention effect over time.

Table 1. Demographic and clinical characteristics of the intervention and control groups

Variabl Cat Intervention (N=50) Control (N=50) Poval
ariable ategor’ -value
gory n (%) n (%)
Male 28 (56) 27 (54) .
Gender 0.84
Female 22 (44) 23 (46)
Married 38 (76) 36 (72) .
Marital status 0.65
Single 12 (24) 14 (28)
Yes 30 (60) 32 (64) .
Mechanical ventilation 0.68
No 20 (40) 18 (36)
) ) ) ) Yes 25 (50) 27 (54) .
Underlying disease (Hypertension, Diabetes) 0.52
No 25 (50) 23 (46)
Age (Years), Mean + SD 552+123 54.7+11.8 0.78"
Glasgow Coma Scale, Mean + SD 124+2.1 12.1+23 0.56™

* Chi-Square Test, ** Independent-Samples t-Test, SD= Standard Deviation
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Table 2. Daytime pain scores in the intervention and control groups
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Day Intervention (Mean=SD) Control (Mean+SD) t Mean Difference Cohen's d P-value”
1 5.62+1.1 558+1.2 0.29 0.04 0.03 0.77
2 510£1.2 5.46+1.1 -0.30 -0.36 -0.31 0.11
3 4.65+1.5 539+1.7 -0.36 -0.74 -0.46 0.02
4 420+09 531£1.5 0.70 - 111 -0.89 <0.001
5 3.85+£0.9 524+£13 1.5 -1.39 -1.24 <0.001
6 3.40+0.8 518+ 1.1 1.8 -1.78 -1.85 <0.001
7 3.05+£0.8 512£1.2 1.6 -2.07 -2.03 <0.001
* Independent-Samples t-Test, SD= Standard Deviation
Table 3. Repeated-measures ANOVA comparing pain levels from days 1 to 7
Source of variation df F P-value np**
Group 1,98 16.84 <0.001 0.147
Time 6,588 6.54 <0.001 0.063
Time x Group 6,588 4.72 <0.001 0.046
* np* = Partial eta squared (Effect size)
Table 4. Nighttime pain scores in the intervention and control groups
Night Intervention (MeanSD) Control (Mean+SD) t Mean Difference Cohen's d P-value*
1 572+1.3 595+ 1.1 0.70 -0.23 -0.19 0.35
2 583+1.6 571+£1.2 -0.16 0.12 0.08 0.68
3 455+14 540+1.5 0.27 -0.85 -0.59 0.004
4 4.68+1.7 5.66+1.3 1.5 -0.98 -0.65 0.002
5 325+1.1 552+1.5 1.7 -2.27 -1.72 <0.001
6 342+1.2 524+1.7 -0.5 -1.82 -1.24 <0.001
7 321+1.2 5.65+1.6 1.6 -2.44 -1.73 <0.001
* Independent-Samples t-Test, SD= Standard Deviation
Table 5. Repeated-measures ANOVA comparing pain levels from nights 1 to 7
Source of variation df F P-value np*
Group 1,98 18.32 <0.001 0.157
Time (Greenhouse-Geisser corrected) 5.22,511.56 6.87 <0.001 0.066
Time x Group (Greenhouse-Geisser corrected) 5.22,511.56 4.15 <0.001 0.040

Discussion

The present study examined the effect of the Roy Adaptation Model on
pain levels among patients admitted to the intensive care unit. The
findings indicate that nursing care based on the Roy Adaptation Model
may help reduce pain and support patient adaptation in this population.

The experience of pain is often accompanied by fear, anxiety, and
stress (14-16). Several non-pharmacological interventions, such as
distraction techniques, physical and psychological relaxation, guided
imagery, and cutaneous stimulation, provide adaptive strategies that can
reduce pain perception and make pain more tolerable (17-19). Previous
studies have recommended the Roy Adaptation Model because of its
positive and effective impact on patients (20-22). Roy emphasizes that
physiological adaptation is one of the key factors contributing to the
reduction of disease-related complications (23-25).

The findings of the present study indicated that the intervention was
associated with a gradual reduction in pain scores, particularly during
nighttime assessments. These results suggest that non-pharmacological
pain-relief methods, including nursing care models such as the Roy
Adaptation Model, are effective in reducing pain, particularly among
ICU patients (26,27). The findings of the present study are consistent
with those of Richard-Lalonde et al., who conducted a systematic review
and meta-analysis of 18 randomized controlled trials involving adult
ICU patients. They reported that music interventions significantly
reduced pain intensity, with sessions lasting 20-30 minutes producing

the greatest analgesic effect. The authors concluded that music is an
effective non-pharmacological adjunct to pain management in critically
ill patients (28).

Similarly, Sandvik et al, in a scoping review of non-
pharmacological pain interventions in intensive care units, concluded
that non-pharmacological nursing interventions can complement
pharmacological analgesia by reducing pain, improving patient comfort,
and potentially decreasing analgesic requirements. They emphasized
that such interventions are safe, inexpensive, and should be integrated
into routine ICU nursing care (29).

More recently, Avcit and Kaplan Serin conducted a systematic
review of mechanically ventilated ICU patients and found that, across
ten studies involving 603 patients, music interventions consistently
reduced pain without causing adverse effects. The authors
recommended incorporating music as a routine nursing intervention for
mechanically ventilated patients because of its safety, feasibility, and
effectiveness in pain reduction (30).

The reduction in pain observed in the present study may be
explained by the physiological adaptation mechanisms emphasized in
the Roy Adaptation Model. Within the physiological mode, nursing
interventions focused on improving sleep, nutrition, relaxation,
respiratory function, and overall physical stability. These interventions
may reduce stress responses, improve physiological resilience, and
enhance tissue oxygenation, thereby decreasing pain perception and
contributing to the lower pain scores observed in the intervention group.
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Therefore, the findings of the present study, together with previous
evidence, suggest that the Roy Adaptation Model may reduce pain by
improving physiological adaptation. By addressing modifiable
physiological needs such as sleep, nutrition, relaxation, and respiratory
care, this model may reduce stress responses and improve physiological
stability, thereby decreasing pain perception in critically ill patients.
These findings support its use as a complementary, non-
pharmacological approach to pain management in intensive care units.

Although statistically significant reductions in pain scores were
observed, the effect sizes were small (n? = 0.021-0.040), indicating
modest intervention effects. Nevertheless, as the Roy Adaptation Model
is a safe and low-cost non-pharmacological nursing intervention, even
small reductions in pain may be clinically valuable as an adjunct to
pharmacological analgesia in ICU patients. However, because analgesic
consumption, ICU length of stay, and other clinical outcomes were not
assessed, the clinical significance of these findings should be interpreted
with caution.

Despite the valuable findings of this study, several limitations
should be acknowledged. The study was conducted in a single hospital,
which may limit the generalizability of the results to other clinical
settings or patient populations. The relatively small sample size may
have affected the statistical power of the study. Because patients were
unable to self-report, pain assessment was based on observational
measures that are inherently subjective and may be influenced by
evaluator judgment, individual psychological conditions, level of
consciousness, or environmental factors in the ICU. As the study was
conducted in a single hospital, contamination between the intervention
and control groups may have occurred through interactions among
healthcare staff. Sedation level was not assessed using a standardized
scale (e.g., RASS), which may have influenced Behavioral Pain Scale
(BPS) scores. In addition, the short follow-up period limited the
evaluation of the long-term effects of the Roy Adaptation Model-based
intervention on pain outcomes. Furthermore, because clinically relevant
outcomes such as analgesic requirements, opioid consumption, duration
of mechanical ventilation, and ICU length of stay were not assessed, the
clinical implications of the observed pain reduction could not be fully
determined. Therefore, future studies with larger sample sizes,
multicenter designs, and longer follow-up periods are recommended to
confirm and extend these findings. The study may have been
underpowered to detect small to moderate between-group differences,
particularly given the relatively small effect sizes observed. Therefore,
the possibility of type II error should be considered when interpreting
the non-significant findings across most time points.

Conclusion

The findings of this study suggest that nursing care based on the Roy
Adaptation Model, particularly interventions targeting the physiological
mode, may be associated with a gradual reduction in pain among
patients admitted to the intensive care unit. These findings support the
potential value of incorporating theory-based nursing interventions into
ICU practice to promote physiological adaptation and improve pain
management. However, given the relatively small effect sizes and
limited between-group differences observed at individual time points,
the findings should be interpreted with caution. If confirmed in future
studies, this theory-based approach may provide nurses with a structured
framework for planning and delivering individualized pain-management
interventions in intensive care settings. Further multicenter studies with
larger sample sizes, longer follow-up periods, and more rigorous designs
are warranted to confirm the potential effectiveness and generalizability
of interventions based on the Roy Adaptation Model in critical care
settings.
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  n =     (   Z  1 −   𝛼 2 +   Z  1 − 𝛽 ) 2 (   𝜎 1 2 +   𝜎 2 2 )    (   𝜇 1 −   𝜇 2 ) 2

