
Vol:.(1234567890)

Indian Journal of Orthopaedics (2023) 57:1968–1983
https://doi.org/10.1007/s43465-023-01018-x

1 3

REVIEW ARTICLE

Evolving Role of Negative Pressure Wound Therapy with Instillation 
and Dwell Time (NPWTi‑d‑) in Management of Trauma 
and Orthopaedic Wounds: Mechanism, Applications and Future 
Perspectives

Ravi Saini1 · Madhan Jeyaraman2  · Tarun Jayakumar3  · Karthikeyan P. Iyengar4  · Naveen Jeyaraman2  · 
Vijay Kumar Jain1 

Received: 22 August 2023 / Accepted: 7 October 2023 / Published online: 1 November 2023 
© Indian Orthopaedics Association 2023

Abstract
Introduction Negative Pressure Wound Therapy (NPWT) is a well-established method to promote wound healing by deliv-
ering negative pressure (a vacuum) at the wound site. Enhancement of NPWT techniques may allow an innovative way of 
treating trauma and orthopaedic wounds which provide unique challenges. We explore the role of negative pressure wound 
therapy with instillation and dwell time (NPWTi-d-) in the management of trauma and orthopaedic wounds.
Materials and Methods A comprehensive search strategy was conducted using databases of PubMed, Web of Science, Google 
Scholar, and Cochrane Library with the search words of 'NPWTid' or ‘NPWTi-d-’ or ‘NPWT with instillation’ or ‘Negative 
pressure wound treatment with instillation’ to generate this narrative review. The mechanism of action of NPWTi-d-, instal-
lation solutions and current applications in the trauma and orthopaedic wounds is evaluated.
Results NPWTi-d- provides additional mechanism to promote wound healing in a spectrum of acute and chronic orthopaedic 
wounds. The technique allows local delivery of hydration and elution of antibiotics to support growth of healthy granulation 
tissue. Various mechanism of actions contribute in drawing the wound edges together, reduce oedema, help decontamination, 
deliver local antibiotic and promote healing.
Conclusion NPWTi-d- permits an enhanced, supplementary technique to encourage wound healing in challenging traumatic 
and orthopaedic wounds. Future applications of NPWTi-d- will depend on cost-effectiveness analysis and development of 
its application guidelines based on longitudinal, randomized controlled research trials.

Keywords Negative pressure wound therapy · Granulation tissue · Wound healing · NPWT · NPWTi-d- · Instillation

Introduction

Trauma and orthopaedic wounds pose unique challenges in 
terms of their complex nature and potential complications, 
often requiring innovative and advanced treatment modali-
ties for optimal healing. Among the emerging techniques, 
negative pressure wound therapy with instillation and dwell 
time (NPWTi-d-) has gained significant attention as a prom-
ising approach to address the complex wound management 
needs in orthopaedic practice [1–3]. NPWTi-d- combines 
the proven benefits of negative pressure wound therapy 
(NPWT) with the targeted delivery of topical solutions, 
offering a multifaceted approach to wound healing [4, 5].

The treatment of orthopaedic wounds necessitates a holis-
tic approach that addresses not only the wound bed but also 
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factors such as bone and soft tissue health, infection control, 
and overall patient well-being. NPWTi-d- encompasses the 
use of a specialized wound dressing coupled with nega-
tive pressure to create an environment conducive to wound 
healing [6–8]. Additionally, it introduces the instillation of 
topical solutions into the wound bed, allowing for targeted 
wound cleansing, removal of debris, and delivery of thera-
peutics, such as antimicrobial agents and wound healing-
promoting substances [9, 10].

This review article aims to provide a comprehensive over-
view of the application of NPWTi-d- in the treatment of 
orthopaedic wounds. The underlying principles of NPWTi-
d-, its mechanisms of action, and the scientific evidence 
supporting its efficacy and safety in the orthopaedic setting 
will be discussed. Furthermore, we will examine the vari-
ous clinical scenarios in which NPWTi-d- has demonstrated 
beneficial outcomes, including open fractures, surgical site 
infections, complex soft tissue injuries, and non-healing 
wounds related to orthopaedic procedures. By delving into 
the current literature and clinical studies, this review seeks to 
elucidate the specific advantages and limitations of NPWTi-
d- compared to traditional orthopaedic wound management 
approaches. Additionally, we will discuss practical consid-
erations for the successful implementation of NPWTi-d-, 
including appropriate patient selection, wound preparation, 
instillation solutions, and monitoring parameters.

Ultimately, this comprehensive review aims to provide 
orthopaedic surgeons, wound care specialists, and health-
care professionals involved in managing orthopaedic wounds 
with an up-to-date understanding of the role of NPWTi-d- 
in optimizing wound healing outcomes. Through a critical 
evaluation of the available evidence, we aim to shed light 
on the potential benefits, challenges, and future directions 
of NPWTi-d- in the orthopaedic field, ultimately guiding 
clinical decision-making in the field of orthopaedic surgery.

Materials and Methods

Search strategy and design: This narrative review was con-
ducted after a comprehensive search of PubMed, Science-
Direct, Web of Science, and Embase on 01.06.2023. The 
following search terms were used: ‘NPWTid’ or ‘NPWTi-
d-’ or ‘NPWT with instillation’ or ‘Negative pressure wound 
treatment with instillation’. Figure 1 depicts the articles 
included in this survey.

RCTs, case–control studies, prospective and retrospective 
cohort studies, and case series with at least five patients were 
all included. There were no restrictions on the follow-up 
period. Exclusion criteria included pre-clinical investiga-
tions, ex vivo studies, and studies conducted in languages 
other than English. All titles and abstracts were evaluated by 
two independent reviewers. Following this first screening, 

the papers that matched the selection criteria were examined 
for full-text eligibility. In the event of a dispute between the 
two reviewers, a third reviewer was consulted to achieve a 
consensus.

Research Objectives are as follows.

(a) RO 1: Elaborate mechanism of action of NPWTi-d-
(b) RO 2: Current applications in the management of 

trauma and orthopaedic wounds
(c) RO 3: To study significant benefits and challenges of 

NPWTi-d- in treatment of orthopaedic wounds
(d) RO 4: To analyse future perspectives of NPWTi-d-

Results

A comprehensive search strategy was conducted using data-
bases of PubMed, Web of Science, Google Scholar, and 
Cochrane Library with the search words of 'NPWTid' or 
‘NPWTi-d-’ or ‘NPWT with instillation’ or ‘Negative pres-
sure wound treatment with instillation’ to generate this nar-
rative review. Initially, a total of 251 studies met our selec-
tion criteria and after screening of abstracts and removing 
duplicates, 17 articles were eligible for final evaluation. The 
working model of NPWTi-d- is depicted in Fig. 2. The sum-
mary of 17 studies of NPWTi-d- is tabulated in Table 1.

Mechanism of Action of NPWTi‑d‑

1. Negative pressure setting: The innermost dressing layer 
is accessible to the irrigation solution and the wound bed 
when the proper negative pressure setting is used during 
the NPWTi phase. The majority of investigations have 
demonstrated that 125psi of negative pressure has ben-
eficial and encouraging effects. Therefore, according to 
international consensus and following the findings of the 
majority of experimental research, the proper negative 
pressure setting for NPWTi should be between 125 and 
150 mmHg [11, 12].

2. Installation mode: Persistent and intermittent instil-
lation modes are typically included in the instillation 
mode. The NPWTi-d- intermittent instillation mode, 
which allows the solution to freely infiltrate the whole 
wound, has cycles made up of two phases: the negative 
pressure phase and the instillation and dwell phase. As 
a result, the intermittent instillation mode of NPWTi-d- 
is the advised therapeutic mode, and a 2- to 3-h nega-
tive pressure phase is advised [6, 13, 14]. The nega-
tive pressure is halted or lessened when the solution is 
infused into the dressing and wound bed, allowing it to 
thoroughly penetrate the wound tissue and exudate. The 
solution’s capacity and dwell time, however, continue 
to be debatable. The amount of solution needed when 
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the dressing foam is completely absorbed and saturated 
is referred to as the “suitable volume”. A volume that 
is too high will result in skin tissue infiltration at the 
margin of the incision, whereas a volume that is too 
low would compromise the irrigation effect. Longer 
dwell durations could have a harmful effect, so they are 
also crucial. It is currently uncertain how the installa-
tion solution will affect the dressing foam’s ability to 
last. The ideal dwell period is typically 10 min, and the 
best volume is thought to guarantee that the solution 
can completely penetrate the dressing foam up until the 
sealing film starts to bulge [15]. However, in clinical 
practice, these conditions are typically challenging to 
implement, and the sealing film is readily harmed due 
to the high likelihood of an excessive solution level or 
prolonged dwell time.

3. NPWTi duration time: The type of wound and the goal 
of treatment will determine how long NPWTi-d- will 
be administered. Acute non-infectious wounds require 
NPWTi-d- treatment for 3–14 days, and chronically 

infected wounds require treatment for 7–60 days, accord-
ing to studies [7]. It is generally accepted that NPWTi-
d- termination should be taken into consideration once 
clinical objectives have been met, which include satis-
factory wound bed cleaning, stimulation of granulation 
tissue, preparation for skin grafting or skin flap surgery, 
and dressing replacement.

Installation Solutions

1. Normal saline: Commonly used, safe, and non-toxic, 
normal saline is well tolerated. It works well to improve 
the formation of granulation tissue and to remove 
necrotic tissue from all kinds of wounds. Leung et al. 
discovered that NPWTi with regular saline may effec-
tively stimulate the production of granulation tissue in a 
pig acute trauma model [16]. Kim et al. discovered that 
the effects of NPWTi when coupled with ordinary saline 
were similar to those of NPWTi with an antimicrobial 
solution (0.1% PHMB) following surgical debridement 

Fig. 1  Flowchart of included 
literature in the study
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[17]. Therefore, the first implanted fluid for NPWTi is 
advised to be normal saline, according to the global 
community.

2. Antimicrobial solutions: A range of chemical anti-
septics, such as hypochlorous acid solution, sodium 
hypochlorite solution, silver ion solution, and polyhexa-
methylene biguanide (PHMB) solution, have been cho-
sen as instillation solutions with NPWTi in the clinical 
setting. As compatible NPWTi instillation solutions, the 
international community often suggests antimicrobial 
solutions such as hypochlorous acid solution, sodium 
hypochlorite solution, acetic acid solution (0.25–1.0%), 
and polyhexamethylene biguanide (0.1%) + betaine 
(0.1%). PHMB (0.1%) and betaine (0.1%), which exhibit 
wide-ranging antibacterial activity, are the two main 
ingredients in the Prontosan solution [18]. Both bacterial 
growth and biofilm activity can be considerably inhib-
ited by it. It is frequently used in chronic wound infec-
tions where bacterial biofilm development is strongly 
expected. Strong oxidizer solutions like Microcyn and 
Dermacyn are primarily made of sodium hypochlorite 
and hypochlorous acid. According to Landsman et al., 
irrigating diabetic foot sores with Microcyn solution 
effectively treats infections. Microcyn/Dermacyn instil-
lation treatments for NPWTi are secure and efficient 
[19]. Sodium hypochlorite is the substance that makes 
Dakin’s solution effective. It has already been proven 
that Dakin’s solution has an antibacterial impact on 
Enterococcus, Pseudomonas aeruginosa, and MRSA. 
Additionally, publications have recognized the therapeu-

tic benefits of additional antimicrobial solutions, such 
as iodine solution, oxygen-loaded solution, peroxy acid 
solution, and chlorhexidine solution, which are utilized 
for NPWTi.

3. Antibiotics: Although vancomycin, polymyxomycin B, 
and gentamicin have been documented, the use of antibi-
otics as a solution for instillation remains controversial.

Discussion

Negative pressure wound therapy, also known as vacuum-
aided wound therapy, is a form of wound dressing that con-
stantly or intermittently applies sub-atmospheric pressure to 
the surface of a wound to help in healing [20]. It was created 
in the 1990s and includes semipermeable foils, wound dress-
ings, drainage tubes, and vacuum sources [7]. Despite the 
existence of numerous studies comparing the outcomes of 
NPWTi-d- with NPWT alone, there is a lack of evidence to 
support its benefits in the context of orthopaedic and plastic 
surgery, particularly in several complex wound types where 
advanced wound dressings or wet-to-moist dressing changes 
are used [20].

How NPWTi‑d‑ Differs from Conventional NPWT

In 1998, Fleischmann proposed the extension of the NPWT 
technology by introducing the concept of instillation and 
dwell time (NPWTi-d-). The procedure was divided into 
three stages: irrigation, dwell, and drainage [7]. In addition 

Fig. 2  Working model of nega-
tive pressure wound therapy 
with instillation and dwell time 
(NPWTi-d-)
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to the effects of standard NPWT, which promote healing by 
increasing local blood flow, reducing tissue edema, reduc-
ing bacterial concentration in the area, and increasing tissue 
granulation, NPWTi-d- may provide additional benefits in 
terms of wound cleansing [20]. The treatment outcomes in 
animal studies have shown that NPWTi-d- generated more 
granulation tissue and lesser bacterial growth than conven-
tional NPWT [8, 21–23]. Additionally, it can promote exu-
date and necrosis removal both before and following surgical 
debridement [7]. NPWTi-d- allows for the intermittent instil-
lation of liquids into wounds while maintaining negative 
pressure in a sealed environment [15, 24]. The application 
of NPWTi-d- in orthopaedics is depicted in Fig. 3.

Advantages of NPWTi‑d‑

De Pellegrin et al. stated that NPWTi-d- offers superior 
wound closure rates and fewer problems than NPTW or 
traditional dressings for the management of orthoplastic 
wounds (P < 0.05) [20]. Several comparison studies have 
shown that using NPWTi-d- and saline injection results in 
increased granulation tissue formation as compared to stand-
ard NPWT [25]. NPWTi-d- with polyhexanide instillation 
compared to NPWT, according to Kim et al. [3] there were 
fewer surgical visits, hospital stay was reduced, a shorter 
duration to the final surgical operation, and an increased pro-
portion of wounds that are healed before discharge. NPWTi-
d- has also been associated with fewer difficult and unpleas-
ant dressing changes than NPWT. According to Gupta et al., 
the demonstrated clinical improvements make NPWTi-d- a 
potentially cost-effective supplementary technique of treat-
ing big, complex, and infected wounds in inpatient settings 
[22].

Disadvantages of NPWTi‑d‑

NPWTi-d- does not complement surgery or debridement. 
If the predetermined treatment plan and timeframe are not 
feasible, alternative treatment options should be considered. 
NPWTi-d- is advised not to use over split-thickness skin 
grafts, dermal replacements, wounds with organs and veins 
that are vulnerable and exposed, lesions covered in untreated 
abscesses, and critically ischemic wounds. NPWTi-d- 
should not be used as a bolster dressing, in contrast to nor-
mal NPWT. When hemostatic agents have been utilized in 
the wound bed, NPWTi-d- should not be started [26]. A case 
of tension pneuomocephalous has been report after the use 
of NPWTi-d- in post-surgical spinal infection [27].
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Applications of NPWTi‑d‑ in Orthopaedics

(a) Acute Wounds
In Orthopaedics, open fractures, necrotizing fasciitis, and 

soft tissue injuries are typical acute wounds. The basics of 
treating open fractures are to prevent and limit wound infec-
tion and to cover the wound as quickly as feasible. Active 
wound drainage is provided by NPWTi-d- and continuous 
wound irrigation guarantees that the wound is continuously 
cleaned, preventing secondary infection and cutting treat-
ment time. Ali et al. described a case of an open tibia frac-
ture that was successfully treated with NPWTi-d- and skin 
grafts [28]. The case's primary goals preserving the leg's 
structural integrity, achieving bone union, and preventing 
infection were all met.

Numerous issues, including inadequate blood flow and 
wound infection, are frequently present in severe soft tis-
sue injuries. Because of infection or oedema, primary clo-
sure cannot be established, and tissue with low vitality may 
continue to necrose and discharge. In addition to covering 
and protecting the wound, NPWTi-d- may efficiently drain 
wound exudate, necrotic tissue, and toxins [29, 30]. This 
promotes the formation of granulation tissue, which in turn 
produces the ideal environment for secondary wound repair 
[31].

When Ali et al. used NPWT and NPWTi-d- to treat a 
soft tissue injury to the lower extremity, even when there is 
fibrous and non-viable tissue, granulation tissue immediately 
developed over the exposed bone and a skin graft was used 
to successfully seal the wound [28]. In contrast to NPWT 

alone, Omar used NPWTi-d- with normal saline solution 
to treat acute lower extremity soft tissue injuries [32]. The 
findings demonstrated that NPWTi-d- could greatly shorten 
hospital stays and speed up wound healing, but there was no 
discernible difference between the two therapies in terms of 
the therapeutic result.

(b) Chronic Wounds
Chronic refractory and complex orthopaedic wounds 

[chronic infected wounds, chronic osteomyelitis, and 
wounds with bone, tendon, or internal fixation exposure] are 
extremely prevalent and untreatable. In addition to success-
fully removing damaging inflammatory cytokines, enhanc-
ing the wound microenvironment, reducing wound infection, 
encouraging the development of granulation tissue, and set-
ting the stage for secondary repair, NPWTi-d- is an excellent 
approach for treating chronic wounds [33–35].

Gabriel found that when treating a variety of complex 
infected wounds, NPWTi-d- dramatically reduced the 
wound microbial load, length of stay in the hospital, and 
wound healing when compared to traditional wound care 
[26]. Hu discovered that using NPWTi-d- with a silver ion 
solution effectively controlled wound infection and greatly 
decreased hospital stay, complication occurrence, and blood 
inflammation [36]. Goss et al. emphasized that the use of 
NPWTi-d- after surgical debridement in chronically infected 
lower extremity wounds can significantly reduce the wound 
microbial burden when compared to NPWT alone. These 
advantages are favorable for future wound restoration [34].

Delapena et  al. found that in patients with SCJI, the 
NPWT in conjunction with instillation and dwell time 

Fig. 3  Application of NPWTi-
d- in orthopaedics
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appears to be an effective therapy, resulting in a higher inci-
dence of bacterial eradication and shorter wound care [37]. 
Sung et al. [38] and Rupert et al. [39] discovered that follow-
ing wound debridement, the use of NPWTi-d- dramatically 
reduced the risk of infection returning, the length of stay in 
the hospital, and the number of operations when compared 
to conventional treatments (conventional surgical debride-
ment, placement of gentamicin with sustained release, and 
long-term intravenous antibiotic infusion) [38, 39]. Jukema 
et al. demonstrated a decrease in the length of the infection's 
therapy, the quantity of surgeries performed, the length of 
hospitalization, and the recurrence rate in a group of patients 
with post-traumatic osteomyelitis [40].

Diabetes-related foot ulcers, which are brought on by a 
confluence of vascular conditions, neuropathy, and impeded 
wound healing, are among the leading causes of morbid-
ity and mortality in diabetes patients. The application of 
NPWTi-d- in treating diabetic foot infections is promis-
ing, because it may provide additional benefits over NPWT 
alone, such as a reduction in bacterial count in wound bed, 
promotion of the growth of granulation tissue, and offering 
wound irrigation in a secure setting [30, 41]. Enodien et al. 
found that NPWTi-d- with the instillation of a superoxidized 
solution assisted in wound healing, the removal of infec-
tious material, and the prevention of infection transmission 
[42]. Additionally to antibiotics, with diabetic foot syndrome 
comorbidities, and heavily infected wounds, this approach 
may still be beneficial for certain individuals.

Comparing NPWTi-d- to conventional NPWT alone in 
the treatment of ischial and sacral pressure sores, it has been 
demonstrated that NPWTi-d- aids in irrigating the wound, 
removing fibrinous exudates, and encouraging the growth 
of granulation tissue, all of which are associated with a 
decrease in surgical debridements and a reduction in hospi-
tal stays [43]. After operative debridement, wound closure 
using various local flaps, and treatment with NPWTi-d-, 
patients with pressure ulcers in various locations showed 
improvements in terms of aiding preparing the wound bed 
for subsequent healing [7, 31, 44]. Instillation and dwell 
time as an adjunct to NPWT was used in colonised wounds 
showed significant decontamination, reduction in bacterial 
count and improved granulation tissue to provide successful 
reconstruction [45].

 (c) Salvage Orthopedic Fixation Hardware
NPWTi-d- has been tried in patients with post-fracture 

fixation surgical site infection with good success. The 
patients were manged with intramedullary and subcutane-
ous antibiotics and NPWT without removal of implants [46].

Newer Advances in NPWTi‑d‑

Newer modifications to NPWTi-d- include a Reticulated 
open cell foam dressing with through holes (ROCF-CC) 

which has been shown to be effective in accelerating wound 
healing. ROCF-CC is made of a highly porous foam with 
through holes that allow for increased drainage of wound 
exudate and better oxygenation of the wound bed. A recent 
study found that ROCF-CC was more effective than tra-
ditional NPWTi dressings in promoting wound healing 
in patients with diabetic foot ulcers. The study found that 
ROCF-CC dressings led to a significantly faster reduction in 
wound area and a higher percentage of wounds that healed 
completely. Another recent study found that ROCF-CC 
dressings were effective in reducing pain and improving 
quality of life in patients with chronic wounds. The study 
found that ROCF-CC dressings led to a significant reduc-
tion in pain scores and an improvement in quality of life 
measures, such as sleep quality and ability to perform daily 
activities [47].

Smart NPWTi-d-: Smart NPWTi-d- dressings are made 
with materials that can respond to changes in the wound 
environment. For example, some smart NPWTi-d- dressings 
can change color when they are exposed to bacteria, which 
can help clinicians to identify infected wounds. Other smart 
NPWTi-d- dressings can release drugs or other therapeutic 
agents in response to changes in the wound pH or tempera-
ture [45].

NPWTi-d- with nanomaterials: Nanomaterials have the 
potential to improve the performance of NPWTi-d- dress-
ings in a number of ways. For example, nanomaterials can 
be used to create NPWTi-d- dressings that are more porous, 
have a higher surface area, and are more resistant to bacterial 
colonization [48].

3D-printed NPWTi-d-: 3D printing can be used to cre-
ate custom-made NPWTi-d- dressings that are specifically 
tailored to the needs of each individual patient. This can be 
particularly beneficial for patients with complex wounds or 
wounds that are difficult to dress with traditional methods 
[49].

Future of NPWTi‑d‑

NPWTi-d- is a promising new treatment for difficult wounds. 
It combines the benefits of drainage and irrigation to suc-
cessfully control local infection, improve wound healing, 
and eliminate exudate and necrotic tissue. Numerous studies 
and applications of NPWTi-d- have produced encouraging 
results. It is anticipated that NPWTi-d- will be used to treat 
a wide range of difficult wounds in the future.

Limitations must be understood, though, as the effective-
ness of NPWTi-d- is influenced by a variety of variables, 
including the patient’s overall health status, the wound 
characteristics and anatomical location and the treatment 
parameters. In addition, the majority of the current guide-
lines for the use of NPWTi-d- and its indications make refer-
ence to the conclusions of case review research and expert 
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consensus. Therefore, additional randomized and controlled 
trial research are necessary to assure optimal treatment by 
choosing the right patient, treating the wound consistently, 
and creating an environment that addresses various wound 
types, as well as the customization, standardization, and 
improvement of therapy settings.

Another crucial topic of discussion is cost-effectiveness 
analysis, which enables comprehension of a medical or sur-
gical procedure’s viability. NPTWi-d-’s cost-effectiveness 
in comparison to other methods of wound management in 
various fields has not yet been demonstrated in the literature. 
This is also consistent with the current review, which only 
uses data from one trial to determine if NPWTi-d- is cost-
effective. The enhanced efficiency in achieving complete 
wound closure may justify the costs associated with its con-
sumables, and it may also assist alleviate the costs associated 
with delayed healing, therefore, future research should pay 
particular attention to this important feature.

This review is limited by the lack of large-scale rand-
omized controlled trials, which precludes definitive conclu-
sions about the efficacy and safety of NPWTi-d-. Addition-
ally, there is no consensus on several important aspects of 
NPWTi-d-, including its impact on patient pain and comfort, 
ideal patient profile selection, efficacy against Gram-positive 
and Gram-negative bacteria, optimal instillation solution and 
volume, and cost-effectiveness compared to standard treat-
ments. Further clinical trials are needed to establish defini-
tive guidelines for the use of NPWTi-d- in clinical practice. 
Despite these limitations, NPWTi-d- remains a promising 
candidate for the management of complex wounds.

Conclusions

NPWTi-d- emerges as a groundbreaking approach for 
addressing a wide spectrum of wounds encountered in 
trauma and orthopaedic clinical settings. Its multifaceted 
mechanism of action introduces an additional dimension to 
the management protocol for acute, chronic, and stubborn 
wounds. NPWTi-d- offers the valuable advantages of pro-
moting wound hydration and facilitating localized antibiotic 
delivery. The future utilization of this technique in clinical 
practice will be further refined through the establishment of 
application guidelines, rigorous cost–benefit assessments, 
and the outcomes derived from longitudinal, randomized 
trials.
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