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Abstract: This study investigates the impact of the Neurosequential Model of Therapeutics (NMT) in
child and adolescent psychiatric care, addressing a gap in current clinical methodologies that tend to
focus on single problems rather than the interconnected nature of many real-life mental health issues.
The study was conducted in a residential setting over an extended period, including children aged
7-13, to observe the effects of implementing NMT. The children presented with complex symptoms
and multiple diagnoses. The methods incorporated the NMT approach, emphasizing individualized
treatment plans based on each child’s unique brain development, and aimed at addressing multiple,
interconnected problems simultaneously. Results from multilevel model analyses of behavioral diffi-
culties, measured using the Child Behavior Checklist (CBCL), revealed substantial improvements in
treatment effectiveness post-NMT implementation. Despite the limitations, such as a non-randomized
participant selection and limited sample size, the findings strongly suggest that NMT enhances care
effectiveness in real-world clinical settings, particularly for children with complex mental health
issues. The study concludes that relationally oriented milieu therapy, and specifically the NMT
approach, holds great promise for advancing pediatric psychiatric care, advocating for its broader
application and further research to refine and substantiate its efficacy.

Keywords: child and adolescent psychiatry; neurosequential model of therapeutics (NMT); individualized
treatment plans; comorbid diagnoses; residential treatment; child behavior checklist (CBCL)

1. Introduction

Research on the treatment of children and adolescents demonstrates the considerable
effects of psychotherapy [1]. A comprehensive list of Evidence Based Practices (EBP)
addressing various clinical target problems is listed by Ng and colleagues [1]. However,
studies on EBPs are most often not conducted in real-world clinical settings. Thus, these
studies tend to be on patients with little comorbidity who are recruited rather than referred,
and treatment is commonly delivered by research staff rather than real-world practitioners.
When examining the effectiveness of these therapies in clinically representative settings, the
magnitude of treatment effects appears to drop [2-5], a phenomenon Weisz and colleagues
named the implementation cliff [6].

Weisz and colleagues [5,6] suggest a variety of reasons that might explain the difference
between the effectiveness in controlled trials as compared to real-life clinical settings, e.g.,
greater presence of comorbid diagnoses in real-life clinical samples, time constraints on
practitioners, and failure in organizations to support the introduction of new treatment
approaches. Thus, it is essential to examine the effects of treatments under representative,
real-world clinical conditions to identify those treatments that can optimally benefit clients
who are treated in real-life mental health services.
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The current research on EBTs in youth psychotherapy focuses mostly on single target
problems only, e.g., conduct disorders, emotional disorders, ADHD, or OCD. However, a
large proportion of patients referred to youth psychotherapy present with complex psycho-
logical difficulties and often comorbid diagnoses [7]. Accordingly, there is a need to fill the
research gap between EBPs for single target problems and treatment for youth patients with
complex mental health problems, given that these patients risk a range of social, emotional,
and psychological challenges later in life if not provided with effective treatment [8,9].
In this study, we examine whether treatment in a naturalistic, real-world clinical setting
for clients between the age of 7 and 13 presenting with complex psychiatric problems
improve patient outcomes, and the effectiveness of a quality improvement effort, namely
implementing the Neurosequential Model of Therapeutics (NMT), on patient outcomes.

The Neurosequential Model of Therapeutics (NMT) is a relatively novel approach to
the treatment of children with complex mental health problems, particularly those with
histories of trauma and adversities [10-12]. Unlike traditional therapeutic models, NMT
is not a specific therapeutic technique or intervention, but rather a neurodevelopmentally
informed, biologically respectful framework designed to help the clinician understand
the developmental and therapeutic needs of the patient and plan treatments accordingly,
thereby enhancing the focus on individualized treatment interventions tailored to the
patient’s needs [10-12]. The treatment model is transdiagnostic, focusing on the patient’s
functioning in several domains, rather than planning the treatment based on diagnoses or
single-target clinical problems.

The NMT process begins with a comprehensive review of the child’s history, including
the chronological, relational, and developmental aspects, focusing on adverse childhood
experiences in distinct developmental periods (prenatal, perinatal—0-2 months, infancy—
3-12 months, early childhood—second year to age 4, childhood—age 4 through age 10 and
youth—age 11 through age 18) and buffering relational support in the same developmental
periods. This is followed by the completion of the NMT Metric, a structured assessment
tool that helps to identify the child’s current neurodevelopmental status, including both
strengths and vulnerabilities. The NMT Metric provides a visual representation of the
child’s developmental trajectory, highlighting areas in which the child is functioning in line
with their chronological age and areas in which their development may be delayed [10].

Based on this assessment, the NMT approach guides the development of individual-
ized therapeutic plans. These plans are tailored to match the child’s current neurodevelop-
mental needs and are designed to help the child build or strengthen neural connections in
areas that have been impacted by their experiences [10-12]. NMT draws upon principles
of neuroplasticity as central elements in its theory of change, especially the principles of
specificity (to change a network in the brain, that network needs to be used), repetition
(frequency and repetition are needed to build new neural networks), and dosing and
spacing of interventions (proper dosing of interventions and spacing in between is needed
for efficient development of new neural networks).

Hence, treatment plans with specific interventions are made, focusing on what contri-
bution each person in the patient’s “Therapeutic Web” (patient, family, school/childcare
staff, therapists) is responsible for or needs for themselves, to be able to provide the nec-
essary corrective experiences for the child. Hence, the model also focuses on real-life
conditions that must be considered (like focusing on the needs of an exhausted parent
or counter-therapeutic reactions towards a child among staff) if interventions are to be
implemented properly [10-12]. Because the model puts so much emphasis on repetition
and providing regular, small doses of therapeutic interventions rather than a once-a-week
dosing, the model is a good fit for treatment to be delivered in residential settings.

NMT has shown promising effects in a variety of settings; juvenile justice and res-
idential institutions [13,14], mental health clinics [15], foster care [16,17] and work with
young children [18-20]. Being a young treatment model, there is, however, a need for
further studies to establish its effectiveness. Importantly, to our knowledge, there has
not been documented harm associated with the NMT, with one study even showing that
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NMT performed similarly to more established treatments as part of a randomized con-
trolled trial [19].

Aims of the Study

The aims and corresponding research questions of this study are two-fold.

1.  Does residential treatment in a naturalistic, real-world clinical setting for clients
between the age of 7 and 13 presenting with complex psychiatric problems improve
patient outcomes?

2. Are there differences in patient outcomes before and after the introduction of the
Neurosequential Model of Therapeutics?

2. Materials and Methods
2.1. The Treatment Program and Its Components

The residential treatment center consists of three units with a total capacity of 24 chil-
dren treated simultaneously. The center is closed on weekends and during vacations, thus
each patient has a home base. On average, the patients spend two nights a week at the cen-
ter, and the other days of the week, they return to their home base before bedtime. There is
a school on the premises, solely for the patients receiving treatment at the treatment center.

The rhythm of each day is quite similar. Morning is spent in the treatment unit, then
there is school until lunch, lunch is spent with staff at the treatment unit, and then back to
school. After school, the rest of the day is spent at the treatment unit until bedtime, or the
child goes home.

Treatment before implementation of NMT was relationally based, meaning that the
main treatment focus was providing the children with enriching and corrective relational
experiences (i.e., focusing on affect attunement and empathic responses) that grew their
sense of self-worth and mastery. No particular EBP method was used consistently. Rela-
tional co-regulation was prevalent and elements from the Circle of Security and Marte Meo
were frequently, but not systematically, used. Also, the children were frequently performing
different activities with the staff, such as playing soccer, walking in the woods, biking,
and general play inside or outdoors at the facility. These activities were not systematically
planned according to a treatment plan, but more used as positive ways for the staff to spend
time with the children.

Treatment after NMT implementation was still relationally focused, but with an added
focus of the children’s developmental age in various functional domains, their stress level
during the day, regulation through different means (relational and somatosensory), and
their internal state and how this impacts the child’s capabilities and needs. The children’s
developmental level in different domains was assessed using the NMT metric and specific
interventions were planned to assist development in functional domains assessed to be
underdeveloped. Typical behavior in each of the five states of ‘arousal’—calm, alert, alarm,
fear, and terror (part of the NMT’s set of core heuristics)—was also assessed for each child,
along with regulatory strategies that the child actively seeks in each state or that staff
had seen could be beneficial for the child. More systematic exposure to somatosensory
stimulation (e.g., walking, rocking, massage, use of fidgets) was introduced, both as part
of a regular routine and as a therapeutic tool when the children’s stress response was
highly activated. Somatosensory stimulation and predictability through added structure
increased considerably at both the treatment unit and the school after the implementation
of NMT, because of the staff’s increased understanding of the stress response system'’s
global effects on emotional, social, relational, behavioral, and cognitive functioning and
what helps regulate the stress response.

2.2. Therapists and Training

Front line staff were originally trained in relationally oriented milieu therapy and
consisted mostly of highly experienced therapists (bachelor’s in child protection and child
welfare with additional clinical training, and clinically trained social workers). Each unit
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had a lead psychologist that was certified in the Neurosequential Model in Therapeutics
and provided supervision within the Neurosequential framework to front line staff each
morning during weekdays. The NMT Certification Process consists of a 90-h curriculum
that integrates didactic learning, multimedia resources, and case-based training on topics
such as recent trauma research, developmental psychology, neurobiology, and sociology to
ensure a deep understanding of what a developmentally sensitive and trauma-informed
approach could look like. Additionally, the program includes a maintenance training
component and a biannual NMT Fidelity assessment, aimed at evaluating and ensuring
high inter-rater reliability on the NMT Metrics, thereby maintaining the integrity and
efficacy of the certification.

Front line staff were also exposed to the core concepts of the Neurosequential Model
of Therapeutics through three full days of lectures for all staff once a year and one hour
weekly in each unit. Each child’s progress and staff’s adherence to the model was discussed
in a weekly meeting between frontline staff and the lead psychologist.

Equally, all teachers were exposed to the core concepts of the Neurosequential Model,
taught by one of the psychologists certified in the model. Overall, they received 3 full-day
trainings and 82.5 additional hours of training through the first year of implementation.
There were also weekly discussions, concerning the pupils, between teachers and the lead
psychologists trained in the model. Teachers engaged in this quality improvement initiative
as part of their daily work.

The residential center began implementing the Neurosequential Model of Therapeutics
(NMT) across the organization. More specifically, implementation of the NMT began in
2015, and most of the staff were trained in and started using the NMT (e.g., communicating
with other staff about client care using NMT frameworks, treatment setting within the
NMT framework, etc.) in 2016.

2.3. Procedures

The treatment center is part of the Norwegian national strategy for providing mental
health treatment to the population. The center is owned by a private non-profit organiza-
tion, and the treatment is funded by the government. Nationally, the mental health system
is organized through the mental health clinics serving the population in designated sur-
rounding catchment areas. Patients were referred to the treatment center by the out-patient
clinics within the catchment area consisting of the counties surrounding Oslo. Patients
referred are children with a complex presentation of symptoms and diagnoses, who to little
or no extent have benefitted from prior out-patient treatment.

2.4. Participants

The participants were children aged 7-13 years receiving residential treatment. Data
were collected between 2002 and 2020. All patients receiving residential treatment during
this period were measured with the CBCL data obtained by caretakers, as part of evaluation
of the treatment. Due to the beginning of implementation of NMT in 2015, data collected
in 2015 were excluded from the study, including reports for clients who began services
prior to 2015 but completed most of their data collection in 2015 (if clients had at least two
timepoints collected before 2015, their data were retained; pre-2015 data were used for these
clients). Criteria for inclusion in the study were enrollment in the residential treatment
program within the defined study period and acceptance of the offer of treatment; there
were no exclusion criteria applied.

The final sample included in the analyses comprised 69 clients (47 pre-NMT, 22 after
NMT implementation). The unequal group size, though suboptimal, was a result of
necessity, as the facility admits only a small number of patients every year and all receive
long-term treatment (i.e., 3 years). Importantly, all possible and relevant cases at the facility
from the beginning of the systematic data collection were included in the study, thus no
bias in sample selection was present. In the sample, the mean age was 10.6 years (SD: 1.6,
range: 7-13), 77% were male. Client data were recorded by clients’ caregivers assessing
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clients’ internalizing and externalizing symptoms at baseline (T1), after 1 year in treatment
(T2), prior to client discharge (T3) and 1 year post treatment (T4).

2.5. Assessment Instruments

Symptoms were measured with the Child Behavior Checklist. The CBCL is a tool for mea-
suring internalizing and externalizing symptoms in children and youth (aged 6-18) [21,22].
It is used to detect emotional and behavioral problems and competencies, and can be
completed by the child’s caretaker, teacher, or by self-report. Only caretaker reports were
used in this study. When completing the CBCL, the caretaker or support person indicates
how true each of 112 problem behavior items is for the child. Outcomes are determined
for significant problems regarding Internalizing Behavior (e.g., depression, anxiety), Ex-
ternalizing Behavior (e.g., aggression, violence), and Total Problems. Numerous studies
have demonstrated sound psychometric properties for the CBCL, and provided robust
normative standards derived from extensive samples of both non-referred and referred
children. Employment of standardized scores enables comparisons across genders and
age cohorts [22].

2.6. Statistical Analyses

For analyzing the effectiveness of treatment delivered before and after implementation
of NMT, we applied multilevel modeling with linear mixed models in the IBM SPSS,
version 28.0. The use of multilevel modeling for the analysis of repeated measurements
associated with the treatment courses of individual patients is strongly recommended in
the field (see e.g., [23,24]). In such datasets, measurements are nested within individuals
and measurements represent units at the first level, while individuals represent units at the
second. A benefit of multilevel modeling is that variability in the number of assessments
for different individuals is not in and of itself a problem [23]. This allows for variation
in number of assessments during a time series, so that all cases assessed at least once
contribute to calculation of the intercept, while all cases assessed more than once contribute
to the calculation of the slope.

In our study, all 69 patients (47 pre-MNT, 22 after NMT implementation) contributed
to the estimation of the intercept, while 63 (45 pre-NMT, 18 after NMT implementation)
contributed to the estimation of the slopes of the treatment phase. There was thus little risk
of bias in outcome estimates due to cases lost to drop-out or missing data in the treatment
phase. In the follow-up phase, only 24 cases (17 pre-NMT, 7 after NMT implementation)
delivered data, thus no comparison between treatment conditions was feasible in this phase
and overall results for follow-up should be interpreted cautiously due to the high level
of attrition. We also note that limitations of the data collection setting (i.e., data on very
long-term treatment from a highly specialized in-patient facility admitting only a very small
group of very vulnerable children every year) leads to both the relatively small overall
sample and unequal group sizes. We used all available and relevant data over a period of
18 years but could not avoid the issue of unequal group sizes and a small n for the NMT
group. However, the statistical procedures employed here, i.e., multilevel modelling, are
known to be robust in the face of small samples and unbalanced designs, as has been noted
by [25,26].

Multilevel modeling offers many ways of defining the passage of time and measure-
ment occasions [24]. We are primarily interested in identifying the response to treatment
before and after NMT implementation. Consequently, assessments are defined as fixed
occasions and placed at constant distances across patients.

Preparatory data analyses. We completed a visual inspection of raw score and ordinary
least square (OLS) plots to explore whether linear or nonlinear models will best fit the data,
and whether most trajectories were best described by a one-piece or two-piece model [24].
Such inspection was performed for all dependent variables and a two-piece linear trajectory
was determined to be best suited for most individual cases across outcomes with the first
piece representing the treatment phase and the second piece representing follow-up.
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Multilevel modeling. As noted, the multilevel models contained two levels of analysis
representing repeated measurements nested within cases. Before further analyses, the
time-varying dependent variables were centered so that intercepts were calculated at the
time value of zero, removing problems with interpretation. Analyses examining change
on outcome variables during treatment began by computing null models for each phase,
which only contained the fixed effect of time, along with a random effect for the intercept
and slope. As a second step, a fixed effect of treatment condition and its interaction with
time was added (Model 1). This procedure estimates the magnitude of change on each
outcome variable with a treatment condition as a moderator and tests the significance of
those changes.

A significant treatment condition by time interaction in these multilevel models shows
patients treated before and after NMT implementation have significantly different change
trajectories. For the follow-up phase, we followed the same procedure but did not add
a treatment condition as a moderator due to high levels of attrition and consequent in-
adequate statistical power. Due to the limited statistical power of the dataset and the
proof-of-concept nature of the study, we employed one-tailed significance tests with a
p-value set at 0.10 in all multilevel models in order to avoid a type II error. Because of
the small overall sample and unequal groups, we conducted post hoc power analyses for
the study in G*Power to test whether sample size and statistical power were adequate.
Results of those analyses when applying the parameters specified above and testing for the
smallest significant between-group effect size found in our data (d = 0.33) demonstrated a
Critical F of 2.78 and a post hoc estimate of statistical power of 0.86. Sample size and power
thus appears sufficient. Still, some caution is warranted in interpretation of the results, due
to the small n in the NMT condition.

Effect sizes. For examining the magnitude of change, effect sizes (Cohen’s d) were
calculated by dividing the estimated overall change scores by their corresponding standard
deviations. To avoid inflating effects, estimated change scores were divided by the pooled
standard deviations across all relevant measurement occasions. Cohen’s (1988) standards
for evaluating magnitude of effect sizes were employed, with small effects classified as
d = 0.2-0.5, medium effects as d = 0.5-0.8, and large effects as d > 0.8.

3. Results
3.1. Sample Characteristics

The distribution of diagnoses (categorized using ICD main categories) were as follows:
42% of the patients met the criteria for hyperkinetic disorders; 17% for conduct disorders,
17% met the criteria for reactions to severe stress and adjustment disorders; 13% for tic
disorders; 12% for emotional disorders; and 9% for pervasive developmental disorders.
Less commonly observed diagnoses, identified in a range of 1% to 6% of the patients,
encompassed dissociative disorders, mixed conduct and emotional disorders, attachment
disorders, enuresis and encopresis, various other anxiety disorders, speech and language-
related disorders, and unspecified disorders of psychological development. While 2 patients
did not have any diagnoses, 21 patients had 1 diagnosis, 18 patients had 2 diagnoses, and
16 patients had 3 or more diagnoses.

Patient flow and data completeness. Figure 1 shows the flow of clients from enrolment
to follow-up in the two treatment conditions. All 69 clients entering treatment delivered
the baseline data and completed the treatment program. A total of 63 clients delivered data
mid-treatment, while 41 did so at termination. A total of 24 clients delivered follow-up
data (17 in the pre-NMT condition, 7 in the NMT condition). Forty-five clients were lost to
follow-up (30 in the pre-NMT condition, 15 in the NMT condition). Consequently, results
for follow-up analyses must be regarded as tentative.
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Figure 1. Patient flow and data completeness.

3.2. Effectiveness of Treatment before and after NMT Implementation

Results of multilevel analyses across the three outcome variables for clients before
and after NMT implementation during the treatment phase are presented in Table 1. The
analyses demonstrated statistically significant improvements for clients on treatment in
all three outcome measures. In addition, there were statistically significant interactions
between time and treatment condition (before vs. after NMT implementation) for two
of the three outcome variables (CBCL-Total and Internalizing), indicating that for both
variables, NMT was statistically superior to non-NMT.

Table 1. Results of the multilevel model analyses of the behavioral difficulties during treatment
before and after NMT implementation.

CBCL Total Score Externalizing Internalizing
Model 0 Model 1 Model 0 Model 1 Model 0 Model 1

Fixed effects Est Est t (df) Est Est t (df) Est Est t (df)

18.44 16.56 12.55

Intercept 7220 (3.15)  72.06 (3.91) (87.11) 25.53 (1.28)  26.10 (1.58) (82.69) 16.36 (1.05)  16.39 (1.31) (86.69)

Time —5.73 —4.24 —2.15 —2.49 —2.03 —2.33 -1.35 —0.97 * —1.65

(1.67) (1.97) (34.81) 0.75) (0.87) (46.01) (0.50) (0.59) (42.04)

0.19 —1.41 —0.51
NMT - 130677 99y - 2.74) (87.69) - 0.15(2.25)  0.07 (90.77)
. —6.25% —1.55 —2.00 —-1.13 —1.57*

Time > NMT - (4.04) (47.07) - (1.77) (60.55) - (121 13106564
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Table 1. Cont.

CBCL Total Score Externalizing Internalizing
Model 0 Model 1 Model 0 Model 1 Model 0 Model 1
Parameters Est Est Wald Z Est Est Wald Z Est Est Wald Z
. 218.25 201.55 42.89 40.95
Residual (5772) (56.00) 3.60 1082) 10561) 3.86 15.86 (4.01)  15.14 (2.89) 3.89
Variance in 620.27 654.02 457 92.71 96.79 3.99 79.06 81.43 592
intercept (139.16) (143.08) : (23.60) (24.23) : (15.23) (15.59) :
Variance in 21.50
lopes 3.54 (53.26) (56.58) —0.38 1.69(9.29)  3.57(9.47) —0.38 242 (4.05)  3.52(4.19) —1.11
Akaike
Information 1585.38 1572.74 - 1289.03 1279.74 - 1186.21 1178.84 -
Criterion
Note. Standard errors are in parenthesis. Degrees of freedom (df) and t-values are given only for the final model.
Estimations were performed by the method of restricted maximum likelihood (REML). * p < 0.10; p < 0.05.
Results from multilevel models of the follow-up phase after the end of treatment
demonstrated the stability of the scores and accordingly, no significant changes in any of
the outcome variables.
3.3. Effect Sizes
To make the results comparable with other studies and across outcome variables,
effect sizes (Cohen’s d) were computed. Figure 2 displays the obtained effect sizes from
the beginning of treatment to termination for each outcome variable for clients receiving
treatment before and after NMT implementation. On the CBCL-Total, the effect size was
0.29 before and 0.72 after NMT implementation. On Externalizing, it was 0.35 before and
0.70 after NMT implementation, and on Internalizing, the effect size was 0.20 before and
0.53 after NMT implementation. Thus, interestingly, all effects were small to moderate
pre-NMT and moderate to large with NMT.
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

CBCL-Total

Externalizing

Internalizing

M Effect Size Pre-NMT M Effect Size NMT

Figure 2. Effect sizes for patients treated at the center pre- and post-NMT implementation. Note:
CBCL-Total = overall mean score on the CBCL. Externalizing = mean score for externalizing prob-
lems on the CBCL. Internalizing = mean score for internalizing problems on the CBCL. Effect
Size = Cohen’s d. Pre-NMT = treatment delivered before the implementation of NMT. NMT = treat-
ment delivered after the implementation of NMT.
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4. Discussion

This study examined two separate yet connected research questions. First, we wanted
to explore the effectiveness of residential treatment in a naturalistic, real-world clinical
setting for clients with complex mental health problems, aged 7 to 13. Second, we wanted to
see if the implementation of the Neurosequential Model of Therapeutics altered treatment
effectiveness. This research question was considered to be important given that many
times, clinical outcomes in real-world settings are not realized, even when using evidence-
informed approaches [6].

4.1. Summary of Main Findings

Analyses indicated the significant effects of treatment, suggesting that relationally ori-
ented milieu therapy in a residential treatment setting may be effective in treating children
presenting with complex psychiatric problems. The analyses of effect sizes (Cohen’s d) indi-
cated that the effects of treatment delivered before the implementation of NMT were small
to moderate. Effect sizes after implementation of NMT, on the other hand, were moderate
to large on all three outcome variables (Externalizing, Internalizing, and Total problem
score), suggesting that the implementation of the Neurosequential Model of Therapeutics
may have improved the effectiveness of the treatment delivered.

4.2. Why NMT May Perform Better?

The fact that the Neurosequential Model of Therapeutics (NMT) demonstrated in-
creased effectiveness in the study may potentially be attributed to several distinct factors:
First, the transdiagnostic treatment aspect of NMT. Patients in the study were diagnosed
with multiple conditions concurrently. While many Evidence-Based Practices (EBPs) are
tailored to address single problems, NMT takes on a more encompassing approach. This
broader perspective allows for the treatment of multiple issues at once, more aptly reflecting
real-life clinical scenarios. Second, the individualized treatment approach of NMT stands
out. It does not just offer generic solutions; instead, it focuses on understanding each
patient’s unique neurodevelopmental profile, strengths, and challenges. Assisted by the
NMT Metric, clinicians can better pinpoint and act upon each patient’s specific needs. By
ensuring that the interventions align closely with the child’s unique requirements, NMT
elevates the potential for positive therapeutic outcomes and a faster return to a healthy
developmental trajectory. After the implementation of NMT, the milieu therapy shifted
from being focused on providing a general friendly, relational, and developmentally fo-
cused environment that were thought to be helpful for all children, to a more tailored
treatment approach towards each child, based on the NMT Metric. Lead psychologist and
staff became better at recognizing developmental delays in each child and systematically
offering experiences to bridge these gaps.

The wide-ranging therapeutic interventions of NMT may also play a pivotal role.
Recognizing that multiple environmental factors influence a child’s well-being, NMT em-
phasizes interventions not just for the child, but also across their broader environment,
including family, school, and community contexts. This multifaceted approach spans
from specialized therapies, like EMDR, to broader interventions, such as in-school sup-
port and community education. Importantly, NMT’s treatment strategies are designed
with real-world practicalities in mind, promoting adherence and implementation. After
implementing NMT, both front line staff and lead psychologist became more focused on
providing the caregivers with psychoeducational knowledge about development and brain
functioning as related to behavior and symptoms and explaining the rationale behind
activities chosen for their children. Encouragement of the caregivers to provide the same
experiences at home increased and both front line staff and lead psychologist explained that
they felt this part of the work became easier after being introduced to the Neurosequential
Model theoretical framework.

Finally, there is the foundation of neuroplasticity principles. NMT is built upon the
understanding that therapeutic success involves nurturing new neural connections in the
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brain. By embracing principles like specificity, repetition, and dosing, NMT harnesses the
brain’s inherent ability to adapt, thereby optimizing the therapeutic process.

4.3. Clinical Implications

There are several key takeaways from this study for professionals in pediatric psy-
chiatric care. As mentioned in the introduction, there is an existing gap in today’s clinical
methods. Most current treatments focus on just one problem at a time. However, many
young patients face multiple interconnected issues, and we need treatments that can handle
this complexity [27]. The results of this study suggest that NMT might be one such solution.
We found better results with NMT than with previous intervention systems employed,
suggesting that it not only has the potential to bridge this research gap, but could also help
to enhance the effectiveness of care in residential settings.

One of NMT’s main strengths may be its focus on individualized treatment. By using
information about a child’s brain development, NMT provides treatments that match the
specific needs of each patient. This is especially important for children with complex mental
health problems. Additionally, the NMT treatment planning process allows for focusing
on multiple, interconnected problems at once. This might make the treatment process
simpler and more direct for both patients and their families. Furthermore, on a practical
level, NMT is flexible. It offers strategies that work well in different settings, making it
a useful tool in real-life settings. This study suggests that treatment methods that allow
for flexibility, target several therapeutic problems at once, and aids in the development of
individually tailored treatment plans based on current neurodevelopmental status might
be more beneficial when treating children with complex mental health issues in real-life
clinical settings.

Indeed, key takeaways for those seeking clinical program improvements might be
that an individualized assessment, and trauma-informed and relationally rich interven-
tion, when implemented in a robust manner and utilizing all staff (teachers, clinicians,
administration), may lead to noticeable outcomes in real-world settings, even with com-
plex patients. Highly individualized assessments and treatments have been identified as
useful with other highly trauma-exposed youth [28]. Indeed, while scaling up teachers and
clinicians may have been time-consuming, results suggest that the investment may have
been worthwhile.

4.4. Study Strengths and Limitations

The research scrutinized NMT’s application in a realistic clinical environment over an
extended period, offering insights into its lasting effects. Additionally, by encompassing a
diverse age group, the study’s findings could apply to children across various developmen-
tal stages.

There are also a few limitations to this naturalistic study that must be noted. Firstly,
the participants were not randomized, which means that the study may not be entirely
representative of the population being studied. Additionally, there was not a control group,
meaning that causation cannot be inferred. Secondly, there may be time effects that could
influence the results, which is another possible limitation. Another limitation is related to
the fact that there was no formal evaluation of the therapist’s adherence to or competence
in the Neurosequential Model. Therefore, we cannot be entirely certain that the treatment
we have measured is in line with the principles of the model. Additionally, the study’s
fairly limited sample size of 69 may affect the robustness of its results.

There were also some attritions during follow-up that could bias interpretations of
the long-term outcomes. Finally, sole dependence on the Child Behavior Checklist might
limit the study’s breadth, and a diversified assessment approach would offer a more
well-rounded perspective on treatment impact.
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4.5. Recommendations for Future Research

Future research should broaden the sample size and diversity to strengthen our confi-
dence in the validity of conclusions about NMT’s effects in pediatric settings. In addition,
there should be a focus on employing multiple assessment tools, including qualitative
techniques, to mediate the limitations of this study and further research the potential of
NMT. Further, studies should also disentangle NMT’s individual treatment components to
determine the most impactful ones, aiding clinicians in refining treatment plans.

5. Conclusions

The present study demonstrated the effectiveness of treatment in a clinically repre-
sentative, real-world institution delivering residential treatment. Furthermore, the study
showed significant and substantial improvement in the effectiveness of treatment after
introduction of the Neurosequential Model of Therapeutics (NMT). Together, the results
suggest that relationally oriented milieu therapy is beneficial for children with complex psy-
chiatric problems and that the Neurosequential Model in Therapeutics is a highly promising
treatment model that may further increase treatment effects in real-world settings.

Author Contributions: K.N.J. and A.-K.B. conceived and designed the program evaluation and this
empirical write-up of the data and drafted the paper; O.A.S. analyzed the data, contributed to data
interpretation, and helped draft the paper; E.P.H. assisted with data entry and management as well as
conceptualization and drafting the paper. All authors have read and agreed to the published version
of the manuscript.

Funding: This project received no external funding.

Institutional Review Board Statement: The present study was classified as mandated quality
assurance in accordance with the Norwegian Specialist Health Services Act and approved by
the Data Protection Officer at Ustbytunet on 3 December 2019. This project was undertaken
as a Quality Improvement Initiative and as such, does not constitute human subject research.
(https:/ /ors.umkc.edu/services/compliance/irb / qi-checklist.pdf, accessed on 20 December 2020).

Informed Consent Statement: All caretakers signed a written informed consent to treatment services
before any program evaluation data were collected for their child.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. Data are not publicly available due to privacy reasons.

Acknowledgments: The present article was partly produced with drafting assistance from Open
Al's GPT-4.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Ng, M.Y,; Schleider, J.L.; Horn, R.L.; Weisz, J.R. Psychotherapy for children and adolescents: From efficacy to effectiveness, scaling,
and personalizing. In Bergin and Garfield’s Handbook of Psychotherapy and Behavior Change: 50th Anniversary Edition; Barkham, M.,
Lutz, W., Castonguay, L.G., Eds.; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2021; pp. 625-670.

Curtis, N.M.; Ronan, K.R.; Borduin, C.M. Multisystemic Treatment: A Meta-Analysis of Outcome Studies. J. Fam. Psychol. 2004,
18, 411-419. [CrossRef] [PubMed]

Dodge, K.A. Community intervention and public policy in the prevention of antisocial behavior. J. Child Psychol. Psychiatry 2009,
50, 194-200. [CrossRef] [PubMed]

Southam-Gerow, M.A.; Weisz, ].R.; Chu, B.C.; McLeod, B.D.; Gordis, E.B.; Connor-Smith, ].K. Does cognitive behavioral therapy
for youth anxiety outperform usual care in community clinics? An initial effectiveness test. . Am. Acad. Child Adolesc. Psychiatry
2010, 49, 1043-1052. [CrossRef] [PubMed]

Santucci, L.C.; Thomassin, K.; Petrovic, L.; Weisz, J.R. Building evidence-based interventions for the youth, providers, and
contexts of real-world mental-health care. Child Dev. Perspect. 2015, 9, 67-73.

Weisz, J.R.; Ng, M.Y,; Bearman, S.K. Odd couple? Reenvisioning the relation between science and practice in the dissemination-
implementation era. Clin. Psychol. Sci. 2014, 2, 58-74. [CrossRef]

Bearman, S.K.; Weisz, J.R. Comprehensive treatments for youth comorbidity—evidence-guided approaches to a complicated
problem. Child Adolesc. Ment. Health 2015, 20, 131-141. [CrossRef] [PubMed]


https://ors.umkc.edu/services/compliance/irb/qi-checklist.pdf
https://doi.org/10.1037/0893-3200.18.3.411
https://www.ncbi.nlm.nih.gov/pubmed/15382965
https://doi.org/10.1111/j.1469-7610.2008.01985.x
https://www.ncbi.nlm.nih.gov/pubmed/19220602
https://doi.org/10.1016/j.jaac.2010.06.009
https://www.ncbi.nlm.nih.gov/pubmed/20855049
https://doi.org/10.1177/2167702613501307
https://doi.org/10.1111/camh.12092
https://www.ncbi.nlm.nih.gov/pubmed/26392814

Children 2024, 11, 503 12 0of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.
27.

28.

McLeod, G.E; Horwood, L.J.; Fergusson, D.M. Adolescent depression, adult mental health and psychosocial outcomes at 30 and
35 years. Psychol. Med. 2016, 46, 1401-1412. [CrossRef] [PubMed]

Copeland, W.E.; Shanahan, L.; Costello, E.J.; Angold, A. Childhood and adolescent psychiatric disorders as predictors of young
adult disorders. Arch. Gen. Psychiatry 2009, 66, 764-772. [CrossRef] [PubMed]

Perry, B.D. The Neurosequential Model: A developmentally-sensitive, neuroscience-informed approach to clinical problem
solving. In The Handbook of Therapeutic Child Care: Evidence-Informed Approaches to Working with Traumatized Children in Foster,
Relative and Adoptive Care; Mitchell, ]., Tucci, J., Tronick, E., Eds.; Jessica Kingsley: London, UK, 2020.

Perry, B.; Dobson, C. The Neurosequential Model of Therapeutics. In Treating Complex Traumatic Stress Disorders in Children and
Adolescents: Scientific Foundations and Therapeutic Models; Guilford Press: New York, NY, USA, 2013; pp. 249-260.

Perry, B.D. Examining child maltreatment through a neurodevelopmental lens: Clinical applications of The Neurosequential
Model of Therapeutics. . Loss Trauma 2009, 14, 240-255. [CrossRef]

Hambrick, E.P; Brawner, TW.,; Perry, B.D.; Wang, E.-W.,; Griffin, G.; DeMarco, T.; Capparelli, C.; Grove, T.; Maikoetter, M.; O’'Malley,
D.; et al. Restraint and Critical Incident Reduction following Introduction of the Neurosequential Model of Therapeutics (NMT).
Resid. Treat. Child. Youth 2018, 35, 2-23. [CrossRef]

de Nooyer, K,; Lingard, M. Applying principles of the Neurosequential Model of Therapeutics across an adolescent day program
and inpatient unit. Australas. Psychiatry 2016, 25, 150-153. [CrossRef] [PubMed]

Zarnegar, Z.; Hambrick, E.P; Perry, B.D.; Azen, S.P; Peterson, C. Clinical improvements in adopted children with fetal alcohol
spectrum disorders through neurodevelopmentally informed clinical intervention: A pilot study. Clin. Child Psychol. Psychiatry
2016, 21, 551-567. [CrossRef] [PubMed]

Grove, T. Outcomes from a Pilot Project Examining the NMT in a Residential Treatment Center; Report to Shaw Foundation (NMT
Grant to St. Aemelian-Lakeside); St. Aemelian-Lakeside: Milwaukee, WI, USA, 2012.

Wang, E.; Wilkes, T.C.; Perry, B.D.; McMaster, F. Open trial of the Neurosequential Model of Therapeutics (NMT) approach in a
clinical setting. In Proceedings of the 28th Annual Sebastian Littman Research Day, University of Calgary, Calgary, AB, Canada,
14 March 2015.

Barfield, S.; Dobson, C.; Gaskill, R.; Perry, B.D. Neurosequential model of therapeutics in a therapeutic preschool: Implications for
work with children with complex neuropsychiatric problems. Int. J. Play Ther. 2012, 21, 30. [CrossRef]

White, K.; Rolock, N.; Hambrick, E.; Bai, R.; Bender, A.; Evans, K.; Diamant-Wilson, R.; Bailey, K. Longitudinal Evaluation of
the Neurosequential Model of Therapeutics with Adoptive Families in Tennessee. ]. Evid.-Based Soc. Work 2019, 20, 1004-1025.
[CrossRef] [PubMed]

Ryan, K,; Lane, S.J.; Powers, D. A multidisciplinary model for treating complex trauma in early childhood. Int. J. Play Ther. 2017,
26,111-123.

Achenbach, T.M. The Child Behavior Checklist and related instruments. In The Use of Psychological Testing for Treatment Planning
and Outcomes Assessment; Maruish, MLE., Ed.; Lawrence Erlbaum Associates Publishers: Mahwah, NJ, USA, 1999; pp. 429-466.
Achenbach, T.M. Manual for ASEBA School-Age Forms & Profiles; University of Vermont, Research Center for Children, Youth &
Families: Burlington, VT, USA, 2001.

Hox, J.J.; Maas, C.J.; Brinkhuis, M.]. The effect of estimation method and sample size in multilevel structural equation modeling.
Stat. Neerl. 2010, 64, 157-170. [CrossRef]

Singer, ].D.; Willett, ].B. Introducing the multilevel model for change. Appl. Longitud. Data Anal. 2003, 15, 45-74.

Snijders, T.A.B. Power and Sample Size in Multilevel Linear Models. In Encyclopedia of Statistics in Behavioral Science; Everitt, B.S.,
Howell, D.C., Eds.; Wiley: Chicester, UK, 2005; Volume 3, pp. 1570-1573.

Maas, C.J.; Hox, J.]J. Sufficient sample sizes for multilevel modeling. Methodology 2005, 1, 86-92. [CrossRef]

Hodges, M.; Godbout, N.; Briere, J.; Lanktree, C.; Gilbert, A.; Kletzka, N.T. Cumulative trauma and symptom complexity in
children: A path analysis. Child Abus. Negl. 2013, 37, 891-898. [CrossRef] [PubMed]

Kinzie, D.J.; Cheng, K,; Tsai, J.; Riley, C. Traumatized refugee children: The case for individualized diagnosis and treatment. J.
Nerv. Ment. Dis. 2006, 194, 534-537. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1017/S0033291715002950
https://www.ncbi.nlm.nih.gov/pubmed/26818194
https://doi.org/10.1001/archgenpsychiatry.2009.85
https://www.ncbi.nlm.nih.gov/pubmed/19581568
https://doi.org/10.1080/15325020903004350
https://doi.org/10.1080/0886571X.2018.1425651
https://doi.org/10.1177/1039856216658824
https://www.ncbi.nlm.nih.gov/pubmed/27406931
https://doi.org/10.1177/1359104516636438
https://www.ncbi.nlm.nih.gov/pubmed/26984960
https://doi.org/10.1037/a0025955
https://doi.org/10.1080/26408066.2023.2245819
https://www.ncbi.nlm.nih.gov/pubmed/37573514
https://doi.org/10.1111/j.1467-9574.2009.00445.x
https://doi.org/10.1027/1614-2241.1.3.86
https://doi.org/10.1016/j.chiabu.2013.04.001
https://www.ncbi.nlm.nih.gov/pubmed/23643387
https://doi.org/10.1097/01.nmd.0000224946.93376.51
https://www.ncbi.nlm.nih.gov/pubmed/16840851

	Introduction 
	Materials and Methods 
	The Treatment Program and Its Components 
	Therapists and Training 
	Procedures 
	Participants 
	Assessment Instruments 
	Statistical Analyses 

	Results 
	Sample Characteristics 
	Effectiveness of Treatment before and after NMT Implementation 
	Effect Sizes 

	Discussion 
	Summary of Main Findings 
	Why NMT May Perform Better? 
	Clinical Implications 
	Study Strengths and Limitations 
	Recommendations for Future Research 

	Conclusions 
	References

