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Abstract 

Purpose: The purpose of this investigation was to identify clinical practice patterns of speech 

language pathologists who use NMES with the neonate and young infant population, 

specifically, the modality treatment parameters and physiological rationale. 

Method: An online survey was disseminated to query use of NMES by licensed speech language 

pathologists who routinely address swallowing habilitation in neonatal intensive care units 

(NICUs). 

Results: Eleven of the forty practicing speech language pathologists who completed the survey 

indicated they have used NMES on neonates and infants in the NICU, indicating that most 

speech language pathologists do not use this modality with infants. Of the speech language 

pathologists who used this modality, primary reliance on clinical judgement for determination of 

NMES dose, frequency of treatments, electrode placement, and discharge determination was 

identified. While SLPs acknowledged that little empirical evidence is available, those who used 

this modality indicated that ASHA should support this modality in infants. 

Conclusions: Reliance on clinical judgement, as indicated by SLPs who use NMES on neonates 

and young infants, is not consistent with the evidence-based practice triad which encourages the 

use of high-quality peer reviewed published evidence to inform clinical decision-making. 

Additional basic and applied research is needed to support use of NMES as a therapeutic 

modality in infants. 
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Chapter 1 

Introduction 

Neuromuscular electrical stimulation (NMES) is a method of treatment for muscle 

rehabilitation that involves the use of electrical stimulation to mimic voluntary muscle movement 

by activating the recruitment of motor units and inducing movement of the muscle, nerves or 

joints via electrodes positioned on the skin. This method of treatment involves application of 

high intensity electrical stimuli to generate muscle contractions. This treatment can be 

administered either transcutaneously or percutaneously. In both methods, an electrical current 

flows from the source and comes in direct contact with the body via the electrodes. The electrical 

current then creates a contraction by depolarizing the nerves that are responsible for motor 

innervation to a particular muscle (Humbert 2012). The use of NMES for dysphagia 

rehabilitation, involves small amounts of electrical currents that are administered in order to 

stimulate the muscles responsible for swallowing (Marcus et al. 2019).  

Current dysphagia therapy treatment includes diet modifications, targeted exercises, and 

modification of positioning to enhance airway protection during swallowing (Ludlow 2010). 

NMES has been adopted in both research and clinical settings as a method of rehabilitation of 

muscle function following prolonged periods of disuse, for the improvement of muscle function, 

and as a preoperative strengthening modality (Maffiuletti, 2010). NMES is used by some 

occupational therapists (OTs) and speech language pathologists (SLPs) as a method for 

neuromuscular rehabilitation of dysphagia in adults (Rice 2012, Epperson & Sandage 2019). 
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Before new therapy methods are typically used on human participants, animal and human trials 

are conducted to support or contradict its use. Vulnerable populations such as neonates and 

infants cannot be willing participants of research studies, so careful measures are taken when 

taking these fragile populations into consideration for new therapy methods. Although some 

studies have explored the use of electrical stimulation on laryngeal muscles, they have been 

primarily on large animal models or mature adults. Currently, there is little research describing 

the use of NMES in fetal or juvenile animal models (Cheetham 2015) despite anecdotal evidence 

of the use of NMES for infant swallowing rehabilitation.  

Proposed Physiologic Benefit of NMES 

Multiple studies have investigated the overall effect of NMES as a method of therapy and 

have presented some benefits for its use. NMES has been used clinically as a method for 

rehabilitation, muscle preservation during immobilization and to improve muscle function 

(Maffiuletti 2010). The use of NMES has been implemented in many different fields, such as 

cardiovascular medicine, orthopedic medicine, neurological medicine, geriatric medicine and 

general medicine (Maffiuletti 2010). NMES is most commonly used as a rehabilitative method of 

therapy on the quadriceps femoris on adult, geriatric and competitive athlete populations 

(Maffiuletti 2018). For swallowing rehabilitation, the proposed benefits of NMES include 

improvements in swallowing function (Frost et al. 2018; Marcus et al. 2019; Poorjavaad et al. 

2014;  Rice 2012), improvements in sensory and muscle function (Carnaby-Mann et al. 2007), 

and improved feeding (Andreoli et al. 2019; Song et al. 2015).  

The benefits for use of NMES in the pediatric population have not been well described. 

In the few studies done on medically complex children with dysphagia and acquired dysphagia, 

the use of NMES concurrently with traditional methods of therapy was not superior to traditional 
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methods of therapy alone (Rice 2012, Wright 2011, Song 2015, Christianeese 2011, Marcus 

2019).  

Proposed Limitation of NMES  

Many of the studies that have explored the effect of NMES on patients with dysphagia, 

have studied well established methods of dysphagia treatment concurrently with NMES in a 

rehabilitation and retraining context (Maffiuletti 2010). In a series of five case studies on NMES 

in the young infant population, NMES was combined with conventional rehabilitation treatments 

(Rice 2012). The series presented a positive outcome of the use of NMES; however, given the 

combined use of oral stimulation, conventional swallowing habilitation treatment, and natural 

maturation factors along with the use of NMES, determination of the effectiveness of NMES 

specifically was unclear.   

Similarly, in many of the adult dysphagia model studies, NMES was used concurrently with 

traditional rehabilitation therapy methods (Andreoli et al 2019; Frost 2018; Epperson & Sandage 

2019; Ludlow 2010; Rice 2012; Song et al 2015; Wright et al, 2012; Vanderthommen and 

Duchateau 2007). In both adult and the limited pediatric research, the unique benefits of NMES 

are unclear.  NMES used in conjunction with traditional methods of therapy demonstrated 

improvement in functional swallowing in patients, but did not prove beneficial when used in 

isolation (Frost 2018). Studies done on healthy subjects have also presented evidence that NMES 

is no more effective than traditional rehabilitative therapy methods (Maffiuletti 2010, 

Christianeese 2011). Although there have been multiple studies proposing the benefits of NMES 

as a method of therapy for muscle rehabilitation, they have only explored NMES in the context 

of rehabilitation and as a re-training modality. However, no research has presented evidence for 

the benefits of NMES in neonate and young infants with dysphagia since birth. Some authors 



13 
 

have suggested that the use of NMES in all populations with dysphagia, should be considered 

experimental and should not be used in clinical settings until more conclusive evidence and 

standardization of its use is established (Poorjavad 2014). The effectiveness of NMES in the 

pediatric population lacks sufficient empirical support to justify its use in vulnerable infants 

given the painful experience that is a feature of this modality.  

 

NMES Parameters 

NMES imposes a great muscular demand and naturally hastens the onset of muscle 

fatigue since there is repeated contractile activity within the same muscle fibers. These 

contractions produced by NMES may strengthen innervated muscles as well as protect muscles 

from atrophy. However, there is a difference in the pattern of motor unit recruitment in voluntary 

contraction and the contraction stimulated by NMES (Poorjavaad et al. 2014). In voluntary 

contractions, as force is increased, larger axons are recruited, and larger units are recruited 

increasing the strength of the muscle contraction (Lieber 1992); however, in NMES contractions, 

there is also a difference in the recruitment of motor units depending on the activity of muscles. 

For multifunctional muscles, motor units are recruited based on the task specific activation (Sale 

1988). However, this motor unit recruitment may prevent the results from transferring over into 

the patient’s everyday functional activities. This artificial contraction of the muscle may also 

interfere with typical neuromuscular development for swallowing habilitation in developing 

infants (Epperson & Sandage 2019). Despite the lack of evidence to support a physiological 

rationale for use of NMES on the pediatric population, occupational therapists and speech 

language pathologists use NMES as method of therapy for dysphagia. 
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Tolerance 

Although researchers and clinicians have tried to minimize discomfort and maximize 

recruitment, the lack of homogeneity in the reported measures and the strong discomfort 

associated with the surrounding stimulation, greatly limits NMES as an effective and valid 

treatment intervention (Maffiuletti 2010). In Maffiuletti’s (2018) review of the clinical use of 

NMES in neuromuscular rehabilitation, the main drawbacks stated for NMES are the excessive 

discomfort for the patient, limited muscle recruitment, premature muscle fatigue and the lack of 

standardization of treatment and use protocol. In a study by Frost et al. (2018), they found that 

subjects who received NMES and traditional therapy, experienced an increase in neck pain, skin 

irritation and expectoration. These drawbacks may be related to the limited standardization of 

dose of stimuli and the limited effectiveness of NMES due to subject frailty in research.  

All these drawbacks are problematic for the neonate and infant population as they are a 

vulnerable population that cannot willingly communicate discomfort levels and are still 

developing a neuromuscular system postnatally. The Institutional Review Board (IRB) states that 

under the Protection of Human Subjects (45 CFR 46, Subpart D), research must present no more 

than minimal risk to a subject (Gordon 2003).  Minimal risk is defined by The Collaborative 

Institutional Training Initiative (CITI Program) program, that the probability and extent of harm 

or discomfort anticipated in the research is not greater than that ordinarily experienced in daily 

life or during the performance of routine tests (Gordon 2003). In addition, the neonate and young 

infant population can only receive NMES therapy passively as opposed to adult rehabilitation 

where individuals pair already functioning swallowing with electrical stimulation (Epperson & 

Sandage 2019).  
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Dosage 

Dosage is another aspect of NMES therapy that is highly controversial in both adult and 

pediatric population. The parameters for NMES should clearly differentiate the characteristics of 

the dose, dose response and intensity factors for dose. Currently, dosage levels are set by 

clinician judgement and patient tolerance (Bosques 2016; Humbert 2012; Maffiuletti 2010). Due 

to the limited research and the poorly reported parameters established in the research of the use 

of NMES in the pediatric population, the protocols for effective instrumentation and 

administration are not well defined. This lack of standardization in protocol and treatment led 

many of the studies to recognize the limitation of being able to set reliable physiological 

parameters for the subjects and there were insufficient trials to guide clinical practice around the 

use of NMES (Gobbo et al. 2014; Humbert et al. 2012; Maffiuletti 2010; Rice 2012; Song et al. 

2015; Vanderthommen and Duchateau 2007; Wright 2010). In the few pediatric studies that were 

conducted, there was limited information on professional training of the occupational therapists 

and speech language pathologists who administered the NMES on the infant subjects. In one of 

the studies, data regarding swallowing function pre and post NMES taken by the speech 

language pathologist and radiologist were inconsistent and conflicted with one another (Rice 

2012).  

Placement 

Electrode placement with regard to muscle-specific stimulation has not been established 

in NMES parameters. In adult models, NMES tolerance to the stimuli is extremely individual 

specific and certain studies have presented that a large percentage of both vulnerable people with 

chronic diseases and able-bodied elderly adults do not tolerate NMES well (Maffiuletti 2018). 

During the use of NMES, surface electrodes are placed on the neck depending on which muscle 
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group will be stimulated. Due to the lack of standardization of NMES parameters for dysphagia 

treatment, there is an inconsistency in electrode placements within the limited literature on 

infants and children with dysphagia. In a study conducted by Christianeese et al. (2011) only one 

pair of electrodes was used, as opposed to the 2 pairs normally used on adults, as they recognized 

that the standard 2 pairs of electrodes would cover a larger area than that of the infant’s larynx 

size. Placement recommendations have been developed, despite lack of evidence to support the 

muscle specificity claims made for placement directions (Rice, 2012).  

This lack of description of electrode placement protocol in the literature presents a 

limitation as the muscles of the infant face and neck are short and in close proximity of one 

another and have different functions compared to larger muscle groups that NMES is normally 

used for, like quadriceps muscle rehabilitation. In NMES, the electrical current creates a 

contraction by depolarizing the nerves responsible for motor innervation in a particular muscle or 

muscle fiber. If the stimulation is increased, then deeper muscles and structures in the body are 

stimulated while muscles closest to the surface receive a stronger current. Thus, muscles tissues 

within the range of the electrical current are stimulated at various degrees depending on the 

intensity of the stimulation and the distance of the muscle from the surface electrode. In a study 

done by Ludlow et al. (2007) comparing the effect of electrical stimulation at rest and during 

swallowing in chronic pharyngeal dysphagia, they found that surface stimulation was either too 

weak or not deep enough to stimulate axons innervating the muscles that produce hyoid and 

laryngeal elevation. The different positioning of the electrodes stimulates different muscles 

groups and will change the swallowing physiology in different ways. Thus, it is unclear which 

muscle groups are strengthened and lead to the reported improvement (Lee et al. 2015). 
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 The current that flows from the electrodes and stimulates muscles at varying degrees, so 

that tissues closes to the surface electrodes receive the strongest current while the deeper muscles 

receive weaker currents; thus NMES does not offer specificity for muscle stimulation (Humbert 

et al. 2012). Since the muscle of the neck and face are small, short, in close proximity to each 

other and have different functions, this lack of specificity poses concern when attempting to 

target certain muscles for swallowing rehabilitation (Humbert, 2012).  

As described by Epperson and Sandage (2019), the lack of standardization of protocol 

and the artificially electrical induced muscular activity could potentially interfere with typical 

and optimal development of the neonate and infant neuromuscular system. For the young infant, 

polyneuronal innervation of the laryngeal muscles begins at 7 weeks and continues to develop 

postnatally. NMES could potentially interfere with development of neuromuscular junctions and 

the process of synapse pruning, both of which are still in process in the neonate and young 

infant. This population is particularly vulnerable group in that they cannot willingly participate in 

research and are unable to communicate the maximum tolerable level of stimulation. 

The neonate condition in the NICU and allostatic load 

Premature infants are exposed to multiple stressors in the neonatal intensive care unit 

(NICU) including, excessive noise and lights as well as the procedures they endure due to their 

vulnerable state. In an article published by Jadcherla (2016), the prevalence of feeding problems 

in premature infants born less than 37 weeks of gestation was about 10.5%, and this frequency 

increased to about 24.5% among those born with a very low birth weight. The article also stated 

that approximately 26% of prematurely born infants showed dysphagia and the underlying 

condition of bronchopulmonary dysplasia and in about 31% of those with persistent feeding 
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difficulties. In infants born at less than 28 weeks of gestation, oral feeding was significantly 

delayed, and the period of hospitalization was prolonged (Jadcherla 2016).  

Premature birth interrupts critical neurodevelopment in the young infant as many 

neurological structures and processes are still undergoing differentiation at birth. The course and 

length of stay in the NICU, is a crucial factor that influences the health of the neonate as many of 

the neurological systems of the infant are still developing (Cong 2017). However, at premature 

birth, neonates are exposed to constant noise, lights and handling procedures from the 

surrounding environment and interactions with staff and caregivers in the NICU. It is possible 

that the neurodevelopment observed in premature infants is due to the alterations in the 

developing brain that results from repeated stressors from the NICU (Weber et al. 2012). 

Neonates living outside of the intrauterine environment are subjected to intensive treatment 

procedures, stressful diagnostics and interventions, and are isolated from parental contact (Cong 

2017). Early life stressors in the fetal and neonatal stages have been associated with long term 

neurological morbidities, decreased head growth and brain function (Smith et al, 2011).  

Repeated pain and stress signals may lower their tactile threshold and immature inhibitory 

pathways (Cong et al. 2017). Neonates possess the anatomical and the neurochemical 

perceptions of pain and are more sensitive to prolonged pain and stress stimulation (Cong et al. 

2017).  

Weber et al. (2012) presents allostasis as a healthy process of maintaining homeostasis or 

stability through change in integrated physiological systems that mediates short term adaptations 

to environmental challenges or stressors. However, when the allostatic process is repeatedly 

disturbed and prolonged it no longer mediates a healthy adaptation to stress and can alter the 

brain structure of the premature infant. This overload of stressors creates a dysregulation in the 
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allostatic process, and it creates a change in the physiologic development of the young infant 

creating an allostatic load.  

Preterm infants are more susceptible to allostatic load than infants born full term and are 

more susceptible to problems with poor oromotor function and are more likely to exhibit delays 

in engagement during the feeding process (Weber et al. 2014, Casavant et al. 2019). One of the 

main limitations of the use of NMES is its considerable discomfort on the patient. It is known 

that preterm infants exhibit dampened responses to physical pain, but this absence of response, is 

not an indicator of absence of pain (Casavant et al. 2019). Since premature birth results in the 

disruption of development at a critical time, the painful and stressful sensation of the muscle 

stimulation produced by NMES on the neonate infant, could only be an added stressor to the 

already stressed infant and adding to the allostatic load process.  

Justification 

  The purpose of this investigation is to examine the prevalence for the use of NMES and the 

physiological rationale of speech language pathologists for their use of NMES in the neonate and 

young infant population with dysphagia. The lack of published standards for specificity and 

dosage of the NMES modality in infants requires further study of current clinical practice. 

Further, the heterogeneity of the research methodology and the lack of juvenile animal and 

human infant models make it difficult to compare the data described for adult dysphagia 

rehabilitation. Clinical use of NMES in this population has been reported; however, there is a 

lack of empirical evidence to support the physiological rationale for its use on such a vulnerable 

population. It is hypothesized that SLPs who report use of NMES for the habilitation of 

swallowing in neonates and young infants will report the following: 1) belief that NMES is 

effective, 2) lack of clear physiologic rationale for use of NMES, 3) lack of training specifically 
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targeted for the infant population, and 4) lack of specificity of modality with regard to dosage 

(frequency and intensity) of NMES intervention. The results of this survey will contribute to the 

limited research in the use of NMES in the neonate and young infant population and clarify 

current clinical practice for its use on the neonate and young infant population. 
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Chapter 2 

Manuscript 

Use of NMES for Swallowing Habilitation in Neonatal Intensive Care Units: A Survey of 

Clinical Practice 

Introduction 

The prevalence of feeding problems in premature infants born less than 37 weeks of 

gestation has been reported to be about 10.5%, and this frequency increased to about 24.5% 

among those born with a very low birth weight (Jadcherla, 2016). Approximately 26% of 

prematurely born infants demonstrated swallowing impairment at birth, with about 31% of those 

with persistent feeding difficulties. In infants born less than 28 weeks of gestation, oral feeding 

was significantly delayed, and the period of hospitalization was prolonged (Jadcherla 2016). 

Speech language pathologists (SLPs) play a vital role as team members in the neonatal intensive 

care unit (NICU) who implement medical and behavioral strategies to habilitate feeding and safe 

swallowing function. Neuromuscular electrical stimulation (NMES), used in both research and 

clinical settings as a method for neuromuscular rehabilitation of dysphagia in adults, has been 

adopted in recent years for infant swallowing habilitation, despite the lack of evidence to support 

a physiological rationale for use of NMES in the pediatric population (Cheetham 2015; Rice 

2012; Epperson & Sandage 2019). Given that little is understood about clinical practice patterns 

for use of NMES with neonates and young infants, this investigation aimed to better understand 
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the manner in which SLPs who use NMES with young infants determine tolerance, dose, probe 

placement, and physiological rationale for clinical application.  

NMES Evidence for Pediatric Patients 

For swallowing rehabilitation, the proposed benefits of NMES include improvements in 

swallowing function (Frost et al. 2018; Marcus et al. 2019; Poorjavaad et al. 2014;  Rice 2012) 

improvements in sensory and muscle function (Carnaby-Mann et al. 2007) and improved feeding 

(Andreoli et al. 2019; Song et al. 2015). In the few studies done on medically complex children 

with dysphagia and acquired dysphagia, the use of NMES concurrently with traditional methods 

of therapy was not superior to traditional methods of therapy alone (Rice 2012; Wright 2011; 

Song 2015; Christianeese 2011; Marcus 2019; Maffiuletti 2010). In a series of five case studies 

on NMES in young infant population, NMES was combined with conventional rehabilitation 

treatments (Rice 2012). The series presented a positive outcome of the use of NMES; however, 

the combined use of oral stimulation, conventional swallowing habilitation treatment, and natural 

maturation factors along with the use of NMES, made it difficult to discern the extent to which 

NMES added, if anything, to the clinical outcome.    

Similarly, in many adult dysphagia model studies, NMES was used concurrently with 

traditional rehabilitation therapy methods but did not realize superior outcomes to use of the 

traditional swallowing therapy strategies without concurrent NMES (Andreoli et al 2019; Frost 

2018; Ludlow 2010; Rice 2012; Song et al 2015; Wright et al, 2012; Vanderthommen and 

Duchateau 2007). In another study, that compared NMES use in conjunction with traditional 

methods of therapy against use of NMES in isolation, the use of NMES in isolation was not 

beneficial (Frost 2018). Studies done on healthy subjects have also presented evidence that 
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NMES is no more effective than traditional rehabilitative therapy methods (Maffiuletti 2010, 

Christianeese 2011).  

From the limited pediatric swallowing habilitation research available, the unique benefits 

of NMES are unclear. Although there have been multiple studies proposing the benefits of 

NMES as a method of therapy for muscle rehabilitation, they have only explored NMES in the 

context of rehabilitation and as a re-training modality. The effectiveness of NMES in the 

pediatric population lacks sufficient empirical support to justify its use in vulnerable infants for 

two primary reasons; 1)  pain and discomfort is a feature of this modality, and 2) there is little 

empirical evidence for the benefits of NMES for swallowing habilitation in neonates and young 

infants. 

NMES Parameters 

There are several aspects of NMES for improving swallowing function that are difficult 

to empirically study in an infant model: concurrent use of NMES with targeted swallowing 

exercises (i.e., supraglottic swallow), pain tolerance, dose determination, and muscle specific 

placement of electrodes. The use of swallowing-specific exercises for swallowing rehabilitation 

is an important acknowledgment that there is a difference in the pattern of motor unit recruitment 

in voluntary contraction versus the passive electrically stimulated muscle contraction of NMES 

(Poorjavaad et al. 2014). The neonate and young infant population can only receive NMES 

therapy passively as opposed to adult rehabilitation where individuals pair already functioning 

swallowing with electrical stimulation (Epperson & Sandage 2019). There is also a difference in 

the recruitment of motor units depending on the activity of muscles. For voluntary activation of 

multifunctional muscles, motor units are recruited based on the task specific activation (Sale, 

1988). For example, we use the muscles of the velum differently for swallowing than for 
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articulation of speech sounds. As force is increased, larger axons are recruited, and larger units 

are recruited increasing the strength of the muscle contraction (Lieber 1992). However, in the 

involuntary activation in NMES, the motor unit recruitment pattern triggered by NMES may not 

transfer to the patient’s everyday functional activities. This artificial contraction of the muscle 

may also interfere with typical neuromuscular development for swallowing habilitation in 

developing infants (Epperson & Sandage 2019).  

Tolerance 

Although researchers and clinicians have tried to minimize discomfort and maximize 

muscle fiber recruitment, the lack of homogeneity in the reported measures and the strong 

discomfort associated with the surrounding stimulation, greatly limits NMES as an effective and 

valid treatment intervention (Maffiuletti 2010). In Maffiuletti’s (2018) review of the clinical use 

of NMES in neuromuscular rehabilitation, the main drawbacks stated for NMES are the 

excessive discomfort for the patient, limited muscle recruitment, premature muscle fatigue and 

the lack of standardization of treatment and use protocol. In a study by Frost et al. (2018), they 

found that subjects who received NMES and traditional therapy, experienced an increase in neck 

pain, skin irritation and expectoration. These drawbacks may be related to the limited 

standardization of dose of stimuli and the limited effectiveness of NMES due to subject frailty in 

research.  

All these drawbacks are problematic for the neonate and infant population as they are a 

vulnerable population that cannot willingly communicate discomfort levels and are still 

developing a neuromuscular system postnatally (Epperson & Sandage, 2019). U.S. Department 

of Health & Human Services states that under the Protection of Human Subjects (45 CFR 46, 

Subpart D), research must present no more than minimal risk to a subject (Gordon 2003).  

https://www.hhs.gov/ohrp/regulations-and-policy/regulations/45-cfr-46/index.html
https://www.hhs.gov/ohrp/regulations-and-policy/regulations/45-cfr-46/index.html
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Minimal risk, as defined by The Collaborative Institutional Training Initiative (CITI Program) 

program, indicates that the probability and extent of harm or discomfort anticipated in the 

research is not greater than that ordinarily experienced in daily life or during the performance of 

routine tests (Gordon 2003).  

In adult models, NMES tolerance to the stimuli is extremely individual specific and 

certain studies have presented that a large percentage of vulnerable people with chronic diseases 

and able-bodied elderly adults do not tolerate NMES well (Maffiuletti 2018). Premature infants 

are even more vulnerable. The course and length of stay in the NICU, is a crucial factor that 

influences the health of the neonate as many of the neurological systems of the infant are still 

developing (Cong 2017). Neonates are exposed to constant noise, lights, and handling 

procedures from the surrounding environment and interactions with staff and caregivers in the 

NICU. It is possible that the neurodevelopment observed in premature infants is due in large part 

to the alterations in the developing brain that results from repeated stressors from the NICU 

(Weber et al. 2012). Neonates living outside of the intrauterine environment are subjected to 

intensive treatment procedures, stressful diagnostics and interventions, and are isolated from 

parental contact (Cong 2017). Early life stressors in the fetal and neonatal stages have been 

associated with long term neurological morbidities, decreased head growth and brain function 

(Smith et al, 2011). These repeated pain and stress signals, lower their tactile threshold and their 

immature inhibitory pathways (Cong et al. 2017). Neonates possess the anatomical and the 

neurochemical perceptions of pain and are more sensitive to prolonged pain and stress 

stimulation (Cong et al. 2017).  

Weber et al. (2012) presents allostasis as a healthy process of maintaining homeostasis or 

stability through change in integrated physiological systems that mediates short term adaptations 
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to environmental challenges or stressors. However, when the allostatic process is repeatedly 

disturbed and prolonged it no longer mediates a healthy adaptation to stress and can alter the 

brain structure of the premature infant. This overload of stressors, which could include painful 

NMES, creates a dysregulation in the allostatic process, and it creates a change in the 

physiologic development of the young infant creating an allostatic load.  

Preterm infants are more susceptible to allostatic load than infants born full term and are 

more susceptible to problems with poor oromotor function and are more likely to exhibit delays 

in engagement during the feeding process (Weber et al. 2014, Casavant et al. 2019). One of the 

main limitations of the use of NMES is its considerable discomfort on the patient. It is known 

that preterm infants exhibit dampened responses to physical pain, but this absence of response, is 

not an indicator of absence of pain (Casavant et al. 2019). Since premature birth results in the 

disruption of development at a critical time, the painful and stressful sensation of the muscle 

stimulation produced by NMES on the neonate infant, could only be an added stressor to the 

already stressed infant and adding to the allostatic load process.    

Dosage 

Dosage is another aspect of NMES therapy that is highly controversial in both adult and 

pediatric populations. The parameters for NMES should clearly differentiate the characteristics 

of the dose, dose response and intensity factors for dose. Currently, dosage levels are set by 

clinician judgement and patient tolerance (Bosques 2016; Humbert 2012; Maffiuletti 2010). Due 

to the limited research and the poorly reported parameters established in the research of the use 

of NMES in the pediatric population, the protocols for effective instrumentation and 

administration are not well defined. This lack of standardization in protocol and treatment led 

many of the studies to recognize the limitation of being able to set reliable physiological 
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parameters for the subjects and there were insufficient trials to guide clinical practice around the 

use of NMES (Gobbo et al. 2014; Humbert et al. 2012; Maffiuletti 2010; Rice 2012; Song et al. 

2015; Vanderthommen and Duchateau 2007; Wright 2010). In the few pediatric studies that were 

conducted, there was limited information on professional training of the OTs and SLPs who 

administered the NMES on the infant subjects.  

Placement 

When taking into consideration the anatomy of the face and neck, NMES does not offer 

specificity for muscle stimulation (Humbert et al. 2012). Since the muscles of the neck and face 

are small, short, in close proximity to each other, and have different functions it is unclear which 

muscle groups are strengthened and led to the improvement, and this lack of specificity poses 

concern when attempting to target certain muscles for swallowing rehabilitation (Humbert 2012; 

Lee et al. 2015). The lack of muscle-specific NMES motor unit recruitment would be even more 

problematic for an neonate or young infant, yet , there is inconsistency in electrode placements 

within the limited literature on infants and children with dysphagia. In a study conducted by 

Christianeese et al. (2011) only one pair of electrodes was used, as opposed the 2 pairs normally 

used on adults, as they recognized that the standard 2 pairs of electrodes would cover a larger 

area than that of the infant’s larynx size. Any placement recommendations developed were not 

based on empirical study of muscle-specific probe positioning in infants (Rice, 2012).  

The purpose of this investigation was to examine the prevalence for the use of NMES and 

the physiological rationale of SLPs for their use of NMES in the neonate and young infant 

population with dysphagia. The lack of published standards for specificity and dosage of the 

NMES modality in infants requires further study of current clinical practice. Further, the 

heterogeneity of the research methodology and the lack of juvenile animal and human infant 
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models make it difficult to compare the data described for adult dysphagia rehabilitation. Clinical 

use of NMES in this population has been reported; however, there is a lack of empirical evidence 

to support the physiological rationale for its use on such a vulnerable population. It is 

hypothesized that SLPs who report use of NMES for the habilitation of swallowing in neonates 

and young infants will report the following: 1) belief that NMES is effective, 2) lack of clear 

physiologic rationale for use of NMES, 3) lack of training specifically targeted for the infant 

population, and 4) lack of specificity of modality with regard to dosage (frequency and intensity) 

of NMES intervention. The results of this survey will contribute to the limited research in the use 

of NMES in the neonate and young infant population and clarify current clinical practice for its 

use on the neonate and young infant population. 

Methods 

Participants 

A total of 59 speech language pathologists consented and initiated participation in the 

survey. Two of the participants reported that they were not currently working as a certified 

speech language pathologist, and six participants reported that they did not currently treat 

pediatric dysphagia; thus, these participants did not meet inclusion criteria and were excluded 

from the data analyses. Eleven additional participants abandoned the survey before completing it, 

leaving a total of 40 speech language pathologists who met participant criteria completed the 

survey. 

Inclusion criteria for participation were as follows: certified speech language pathologists 

with a master’s degree or higher who are currently practicing as speech language pathologists in 

neonatal intensive care units. Participants who did not meet the criteria of certification and 
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education were directed to the end of the survey. Exclusion criteria include the following: not 

currently practicing as a SLP and/or not working in a NICU.  

Materials 

 A questionnaire was designed to survey the clinical practice of certified speech language 

pathologists who use NMES as a treatment modality for swallowing habilitation in the neonatal 

and young infant population (see Appendix A). The format of the survey consisted of a mixture 

of multiple-choice answers, multi-select answers, and open text input responses. The survey 

contained a total of 34 questions divided into three main areas:  

1) Background:  Questions inquired as to general demographic questions including 

participant licensure, employment setting, population experience and length of 

employment. Questions with regard to whether or not the SLPs used NMES were 

organized with skip logic to allow only those clinicians indicating that they used 

NMES to proceed with questions pertaining to the clinical practice patterns for 

NMES use with infants. Participants who indicated they had not used NMES with 

infants were directed to the end of the survey. 

2) Use of NMES in the NICU setting: Questions were used to obtain information about 

the determination of NMES parameters (tolerance, dose and specificity) and its use 

with neonatal and young infant population. The purpose of this section was to gather 

information regarding the parameters clinicians use when administering NMES 

therapy and whether other methods of therapy were used concurrently with NMES 

3) Perception of the appropriate age range for the use of NMES on the pediatric 

population: This section included clinician agreement on ASHA’s stance regarding 

the use of NMES on the neonate and young infant populations. 
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Survey Dissemination 

Following approval from Auburn Universities Institutional Review Board, several 

strategies were implemented to reach the target population meant for this questionnaire. The 

information letter and link to the survey were posted to member communities of the following 

ASHA Special Interest Groups: Neurogenic Communication Disorders (2), Voice and Upper 

Airway Disorders (3), Craniofacial and Velopharyngeal Disorders (5), Swallowing and 

Swallowing Disorders (13). Access to the survey was also posted on the following ASHA 

community groups: Early Intervention, Early-Career Professionals, and SLP Health Care. The 

information letter and link to the survey were posted on the following  speech language 

pathology Facebook community groups: Medical SLP Forum, Pediatric Therapy Discussion 

Board, Speech Pathologists and Feeding Therapy (Professionals Only), Medical Speech-

Language Pathologist Professional Learning Community, Pediatric SLPs, NICU Lactation 

Support: Professionals Network, Pediatric Medical SLPs, Clinical Dysphagia News, Resources 

& Information, Dysphagia Journal Club, SLPs for Evidence Based Practice, Swallowing and 

Swallowing Disorders Journal Club, NICU Professionals, Acute Care SLPs. Participants were 

also recruited directly via email contact from various hospitals with Neonatal Intensive Care 

Units across the United States via electronic information letters. 

Data Analyses 

 Descriptive statistics were used to characterize participant demographics. Participant 

responses to survey questions were manually quantified after cleaning up the Qualtrics data for 

pilot testing and “other” responses provided by participants.  
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Results 

Participant Demographics 

Of the 40 participants who completed the survey, participants represented all age ranges 

listed from the 20-29 and 60-69 years, with the mean age range of 30-39 selected.  The 

participant pool was comprised of 92.50% female participants (n=37) and 7.50% male 

participants. (n=3).  

Participants were prompted to identify their race and/or ethnicity via multiple-choice 

answers and a majority of respondents indicated their race to be White and two others indicated 

“Anglo” and “Euro-American” which were categorized as White (85%, n=34). Smaller numbers 

were recorded across the Latino/a (5%, n=2). Four participants selected “Other” (10%) as their 

choice of race/ethnicity, but either did not provide any additional information when prompted by 

a text box or indicated they did not wish to disclose their race/ethnicity.  

Demographic data revealed that 20 of the 50 States in the United States were represented 

by speech language pathologists that participated in the survey. Degrees and credentials were 

gathered via multiple-select answers and length of clinical practice was gathered via multiple 

choice answers. The majority of participants indicated that they had a Master’s CCC-SLP only 

(82.50%, n=33), while 7.50% (n=3) indicated they held a PhD. CCC-SLP only. Participants 

could also report that they held a BCS-S and/or a certification as a Swallowing Specialist. Of the 

remaining 4 respondents, 7.50% (n=3) indicated that they held both a Master’s CCC-SLP and a 

BCS-S, 2.50% (n=1) indicated they held a Master’s CCC-SLP, BCS-S and a certification as a 

Swallowing Specialist. The largest group of respondents reported that they had more than 20 

years of experience (30%, n=12), 22.50% had 6-10 years of experience (n=9), 19.57% reported 
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11-15 years of experience (n=9), 22.50% reported 1-5 years of experience (n=7) and 7.50% 

reported 16-20 years of experience (n=3).  

Employment setting data was collected via multiple-select answers to account for 

clinicians who work in more than one setting, thus responses will not total 100%. The majority 

of participants reported working in a NICU (52.50%, n=21), Acute care (35%, n=14), University 

Hospital (27.50%, n=11), Outpatient clinics (30% n=12) and PICU (25%, n=10). Lesser reported 

setting included Pediatric Hospitals (10%, n=4), University clinics (2.5%, n=1), Acute inpatient 

rehab (5%, n=2), Home care-Birth to 3 years old (5%, n=2) and chose not to report (2.5%, n=1). 

Participants then responded the amount of dysphagia or pediatric feeding related Continuing 

Education Credits they have currently taken, with the majority indicating More than 5 courses 

(82.50%, n=33), 10% (n=4) indicating 2-3 courses, 5% (n=2) indicating 4-5 courses, and 2.50% 

(n=1) indicating one course or less 

Most participants reported treating dysphagia on more than 20 pediatric patients weekly 

(37.50%, n=15), while other participants reported treating dysphagia on 6-10 (15%, n=6) 

pediatric patients weekly, 11-15 (17.50%, n=7) pediatric patients weekly, 1-5 pediatric patients 

weekly (12.50%, n=5), 16-20 (12.50%, n=5) pediatric patients weekly, and 5% reported treating 

no pediatric patients (n=2). Respondents were then asked if their workplace provided a 

multidisciplinary team when assessing and treating pediatric patients with dysphagia. The 

majority of participants (82.92%, n=34) reported that their workplace did provide a 

multidisciplinary team when assessing and treating pediatric patients with dysphagia, while 

14.63% (n=6) reported that their workplace did not and 7.31% (n=3) reported “Sometimes” and 

were prompted to provide a brief explanation for their answer. Answers under the “Sometimes” 

category, included conditional circumstances for multidisciplinary team involvement. Some 



33 
 

answers given under the “Sometimes” category were counted under the “Yes” category if the 

participant explanation answered the question of whether the participant workplace provided a 

multidisciplinary approach to therapy. Refer to Table I. for details regarding participant 

demographics. 

Table 1. Participant Demographics  
  

 Response Count (N = 40) Percentage (%) 

Sex 

     Male  

     Female  

Race/Ethnicity 

     White 

 

3 

37 

 

34 

 

7.50% 

92.50% 

 

85.00% 

     Latino/a 2 5.00% 

     Other 

Age 

     20-29 

     30-39 

     40-49 

     50-59 

     60-69 

Location 

     Alabama 

     California 

     Florida 

     Georgia 

     Idaho 

     Indiana 

     Iowa 

     Maryland 

     Massachusetts  

     Minnesota 

     New Jersey 

     North Carolina 

     Ohio 

     Pennsylvania 

     Tennessee 

     Texas 

     Washington 

     Wisconsin 

     Not in U.S. 

4 

 

5 

18 

7 

9 

1 

 

4 

4 

1 

1 

1 

1 

1 

1 

2 

1 

1 

2 

1 

1 

2 

8 

1 

6 

1 

10.00% 

 

12.50% 

45.00% 

17.50% 

22.50% 

2.50% 

 

10.00% 

10.00% 

2.50% 

2.50% 

2.50% 

2.50% 

2.50% 

2.50% 

5.00% 

2.50% 

2.50% 

5.00% 

2.50% 

2.50% 

5.00% 

20.00% 

2.50% 

15.00% 

2.50% 

Credentials   

     Master's, CCC-SLP only 33 82.50% 

     PhD, CCC- SLP only 3 7.50% 

     Master’s CCC-SLP and BCS-S 3 7.50% 

     Master’s CCC-SLP, BCS-S,             

     certified Swallowing Specialist 

1 2.50% 
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Experience   
     1-5 Years 7 17.50% 

     6-10 Years 9 22.50% 

     11-15 Years 9 22.50% 

     16-20 Years 3 7.50% 

     More than 20 Years 12 30.00% 

Setting of Employment*   

     NICU 21 52.50% 

     Acute Care 14 35.00% 

     Outpatient Clinic 12 30.00% 

     University Hospital 11 27.50% 

     PICU 10 25.00% 

     Pediatric Hospital 4 10.00% 

     Acute inpatient rehab 2 5.00% 

     Home care- Birth to 3 years old 2 5.00% 

     Chose not to report 1 2.50% 

     University Clinics 1 2.50% 

Patients treated weekly   

      1-5 patients 5 12.50% 

      6-10 patients 6 15.00% 

      11-15 patients 7 17.50% 

      16-20 patients 5 12.50% 

      More than 20 15 37.50% 

Multidisciplinary Team   

      Yes  34 85.00% 

      No 6 15.00% 

      Sometimes 3 7.50% 

CEU’s Taken   

      More than 5 33 82.50% 

      One course or less 1 2.50% 

      2-3 courses 4 10.00% 

      4-5 courses 2 5.00% 

N = total number of respondents. n = 

number of respondents per treatment 

method. % = percentage of respondents 

based on 40 respondents. 

*Legend will exceed 100%  

 

Use of NMES 

Participants were asked if they were familiar with the use of NMES as a method of 

dysphagia treatment and if they currently use NMES on neonate and young infant populations. 

All participants indicated that they were familiar with the modality (100%, n=40). Of the 40 

participants, 27.50% (n=11) speech language pathologists indicated that they currently use 

NMES as a method of therapy for dysphagia on neonate and young infant populations (3 years 

and younger), while 72.50% (n=29) indicated that they did not. Participants that indicated that 
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they did not currently use NMES as a method of therapy for dysphagia on neonate and young 

infant populations (3 years and younger) ended the survey and the remaining participants (N=11) 

answered additional questions regarding NMES and determining dose, tolerance, repetitions, 

muscle specificity, length of treatment, discharge criteria and the use of concurrent treatment 

methods. 

The remaining 11 participants were prompted with a variety of questions regarding their 

rationale for determining NMES parameters such as dose, tolerance, repetitions, specificity, 

number of sessions and discharge criteria from a variety of multi-select answers. Respondents 

were first asked to indicate, how they determine dose when administering NMES. With a prompt 

to “select all that apply,” the majority of participants indicated that they determine dose through 

client tolerance (81.81%, n=9). Participants also selected clinical judgment (63.63% n=7), 

literature/research recommendation (45.45%, n=5), v-stim recommendations (18.18%, n=2), 

hospital recommendation (9.9%, n=1), other SLP/Peer recommendations (9.9%, n=1), and 

clinician and family judgement (9.9%, n=1). 
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Figure 1. Rationale for Determining Dose. 

 

Participants were then prompted to indicate how they determined client tolerance when 

administering NMES during dysphagia treatment from the following choices, with direction to 

select all that applied: clinical judgement (81.81%, n=9), client cueing (81.81%, n=9), SLP and 

client's family judgement (36.36%, n=4), V-Stim Recommendation (18.18%, n=2), 

Literature/Research Recommendation (18.18%, n=2), and other SLP's/Peer recommendation 

(9.9%, n=1). When selecting “Client Cueing” respondents were prompted to describe the type of 

cueing they look for. Responses included consolability, facial expressions, vocalization, motor 

activity, body language, vital signs, physiological stability, and the child’s overall response. 
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Figure 2. Rationale for Determining Tolerance. 

 

Participants indicated that they determined repetitions per session as follows: hospital 

recommendations (9.9% n=1), literature/research recommendations (45.45%, n=5) , V-Stim 

recommendations (27.27%, n=3), clinical judgement (100%, n=11), SLP and client’s family 

judgment (9%, n=1). “Other” answer was included in V-stim recommendation as the participant 

indicated that they determined repetitions per session depending on the NMES unit or brand. 
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Participants were asked to indicate how they determine muscle specificity when placing 

electrodes for NMES therapy with the following responses: literature/research recommendations 

(45.45%, n=4) , V-Stim recommendations (63.63%, n=7) , clinical judgement (36.36%, n=4), 

other SLP/peer recommendation (9%, n=1). The selection of “Other” (45.45%, n=5) prompted a 

short text response. Answers included, MBSS and swallow study results, and the break down in 

function and evaluation results. 

  

1

3

3

5

11

SLP and Client's Family Judgement

Hospital Recommendation

V-Stim Recommendation

Literature/Research Recommendation

Clinical Judgement

Figure 3. Rationale for Determining Repetitions Per Session. 
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Figure 4. Rationale for Determining Muscle Specificity. 

 

Participants were asked to select their rationale for determining the number of sessions 

they deemed appropriate for NMES dysphagia therapy from the following options: client diet 

upgrade (27.3%, n=3), clinical judgement (72.7%, n=8), SLP and client family judgement 

(45.5%, n=5), hospital/doctor recommendation (9%, n=1), Literature/Research recommendation 

(27.3%, n=3) and “Other” (27.3%, n=3) which consisted of answers regarding hospital protocols. 

Figure 5. Rationale for Determining Number of Sessions. 
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Participants then indicated their criteria for patient discharge as follows: diet upgrade 

(36.4%, n=4), clinical judgement (81.8%, n=9), physician recommendation (18.2%, n=2), 

improved swallow function (100%, n=11), SLP and client’s family judgment (45.5%, n=5), 

literature/research (27.3%, n=3), decline health statues of patient (45.5%, n=5). The selection of 

“Other” (18.2%, n=2)  prompted a short text response which included answers regarding seeing 

no improvement in client. 

Figure 6. Discharge Criteria. 

 

All respondents (100%, n=11) indicated that they used NMES concurrently with other 

methods of treatment for dysphagia and were then directed to provide a short description of the 

concurrent method of treatment via open text entry. Answer included: sensory modifications, 

elastic therapeutic taping; elicit oral reflexes with oral motor exercises, pacing, oral placement, 

cold bolts, traditional oral motor exercises, and diet modifications. One participants did not 

2
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specify on the methods used and two participants did not specify on the methods they used but 

only indicated that they used a wide variety of methods depending on patient needs and goals. 

 Participants were then prompted to indicate from a variety of multiselect answers, the age 

range they deemed appropriate to use NMES as a method of treatment for dysphagia. Answers 

included: Neonate/born prior to 37 weeks (27.3%, n=3), Birth-3 months (54.5%, N=6), 4 

months-6 months (54.5%, N=6), 7 months-11 months (63.6%, N=7), 1-3 years (72.7%, n=8). 

Participants who selected “other” (36.4%, n=4) were prompted to provide an answer via open 

text box. Answers provided included if an infant were 38 weeks gestational age and that children 

younger than 37 weeks would be deferred. 

Figure 7. Age in Which Use of NMES is Appropriate. 

 

 The last 3 questions of the survey were constructed as visual analog scales with the left 

side of the scale (zero) anchored with “strongly disagree” and the right end of the scale (100) 

anchored with “strongly agree”. Participants were first asked whether they thought that current 

research supports the use of NMES for the treatment of neonates/young infants (3 years and 
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under) with dysphagia. Participants indicated a range of 25% - 100%, with a median score of 

60% and mean score of 63.09% participant agreement for the statement that the current research 

supports the use of NMES for the treatment of neonates/young infants with dysphagia.   

Participants were then asked to rate the current ASHA statement regarding the use of  

neuromuscular electrical stimulation on neonates and pediatric. The reported answers revealed a 

range of 0% - 82%, with a median score of 50% and mean score of 51.90% participant 

agreement on the current ASHA statement regarding the use of neuromuscular electrical 

stimulation on neonate and pediatric patients.  

Finally, participants were asked to rate their opinion on whether ASHA should support 

the use of NMES for the treatment of neonate/young infant patients with dysphagia. The reported 

answers revealed a range of 50% - 100%, with a median score of 73% and mean score of 71.45% 

participant agreement on the stance that ASHA should support the use of NMES for the 

treatment of neonate/young infant patients with dysphagia 

Discussion 

The purpose of this investigation was to identify clinical practice patterns for use of 

NMES in the NICU for swallowing rehabilitation. It was hypothesized that SLPs who reported 

use of NMES for the habilitation of swallowing in neonates and young infants would report the 

following: 1) belief that NMES is effective, 2) lack of clear physiologic rationale for use of 

NMES, 3) lack of training specifically targeted for the infant population, and 4) lack of 

specificity of modality with regard to dosage (frequency and intensity) of NMES intervention.  

Of the speech language pathologists who indicated that they were familiar with NMES as 

a method of dysphagia treatment, only 11 indicated that they currently used NMES as a method 

of dysphagia treatment on the neonate and young infant population. This indicated that although 
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some SLPs use NMES for treating dysphagia in neonates and young infants, most speech 

language pathologists are not likely to use this modality with infants.  

The first study hypothesis, that SLPs who use NMES with infants will believe it is 

effective, was evidence-supported. When asked to rate their perception of whether the current 

research supports the use of NMES for the treatment of neonates/young infants (3 years and 

under) with dysphagia, the results indicated that most speech language pathologists who use 

NMES with infants, believe that NMES is effective and believe that the current literature and 

research supports the use of NMES on the neonate and young infant population. The results of 

the survey also indicated that the majority of SLPs who use NMES as a therapy modality with 

infants believe that the American Speech and Hearing Association should support the use of 

NMES on the neonate and young infant population.  

 The second hypothesis that there would be a lack of clear physiologic rationale for use of 

NMES in infants for swallowing habilitation was also evidence supported. Most participants who 

reported use of NMES with infants indicated that they relied on their own clinical judgement 

when making decisions regarding dosage, client tolerance, repetitions per session, number of 

sessions, muscle specificity and discharge criteria. Another common answer chosen by 

participants who use NMES with infants, was the use of literature and research recommendations 

when making decisions when making clinical decisions such as dosage, muscle specificity and 

discharge criteria. These findings are problematic for three primary reasons: 1) there is limited 

applied research available that describes benefits of the use of NMES for dysphagia on neonates 

and young infants; 2) there is a lack of basic research using juvenile animal models to support or 

contradict the efficacy of its use; and 3) there is a lack of evidence-based specifications for 

NMES dosage parameters for neonates and young infants.  
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The majority of SLPs who use NMES with infants also reported reliance on clinical 

judgment and patient cueing when making decisions about client tolerance despite evidence that 

preterm infants are more susceptible to allostatic load and that they exhibit dampened responses 

to physical pain (Cong et al, 2017). This absence of response is not an indicator of absence of 

pain (Casavant et al. 2019), indicating that a reliance on patient cueing may not be clinical best 

practice, particularly for this population. 

The third study hypothesis, that SLPs who use NMES for the habilitation of infant 

swallowing will lack infant-specific training for use of this modality, was also evidence-

supported. Participants were asked to describe the nature of the continuing education units (CE) 

related to pediatric dysphagia that they have taken throughout their career. The majority of 

respondents described the nature of their CE training to be courses related to infant feeding, 

instrumentation, diagnostics, and infants in the NICU.  Of the 40 participants who described their 

CEs, only 5 participants noted that they had taken NMES specific training in their career. Of 

those 5 respondents, only 1 participant indicated they had taken an infant specific NMES training 

course. This indicates that although most SLPs gain knowledge about infant feeding, 

swallowing, and special considerations for infants in the NICU, few SLPs likely take NMES 

courses for use of NMES with neonates and infant. Respondent description of their courses 

taken, also indicated that a majority of SLP’s gain knowledge of methods such as NMES from 

continuing education and heavily rely on continuing education after formative training is 

completed.  

Given the likelihood that training in neuromuscular development and constructs of 

homeostasis and allostatic load are limited in most graduate training programs and CE courses, 

SLPs may not be able to discern the quality of the CEU courses related to NMES and infant 
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dysphagia. For the SLPs that reported using this modality, it is apparent that they are applying 

this modality absent the requisite basic and clinical research to warrant use of a painful 

intervention with infants who are still developing their neural pathways for pain perception and 

response as well as neuromuscular development.  The lack of research for use of NMES on the 

neonate and young infant population, as well as the lack of juvenile animal trials, contradict SLP 

rationale for the use of NMES based on clinical judgement, current published research on the use 

of NMES on the neonate and young infant populations, and V-Stim® recommendations. 

 The final hypothesis, that SLPs who use NMES for infant swallowing habilitation will 

lack training in the specificity of the modality with regard to dosage (frequency and intensity), 

was also evidence-supported. Regarding  the parameters of dosage, tolerance, specificity of 

electrode placement, and repetitions per session, most SLPs for all survey questions that they 

relied on clinical judgement when making clinical decisions regarding NMES parameters. 

Another frequently reported answer when asked to indicate the determination of specificity of 

the modality, was literature and research recommendation and V-Stim® recommendations. 

Given the paucity of literature on use of NMES in an infant model, including juvenile animal 

models, it is unclear where this evidence that the SLPs refer to is sourced. This suggests that 

clinicians with strong belief in the benefits of the NMES modality for infant use, are not basing 

their clinical application of this modality from the perspective of targeted physiological 

improvement.  

The primary reliance on clinical judgement reported by SLPs who use NMES on 

neonates and young infants, is not consistent with an holistic, evidence-based practice approach 

that should include high-quality peer reviewed published evidence to inform clinical decision-

making (Campbell & Douglas  2017; Finn & Bramlett 2005; Reilley 2011). The absence of 
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empirical evidence for the use of a potentially harmful and painful modality on vulnerable 

populations should serve as caution against use of a modality about which too little is understood 

for a developing neuromuscular system. Since the use of NMES is reliant on patient feedback 

regarding pain tolerance, which infants are unable to provide, and pain response is difficult to 

discern in the neonate, the use of NMES with infants is developmentally inappropriate and the 

literature and research about infant pain response is at odds with the rationale for its use 

(Casavant et al. 2019, Cong et al. 2017, Smith et al, 2011, Weber et al. 2014,) 

Participants were also asked to describe some of the additional therapy methods they use 

concurrently with NMES when treating vulnerable infants with dysphagia, responses included: 

traditional oral motor exercises, paced feeding, oral stimulation, temperature stimulation and 

elastic therapeutic taping. Of the pediatric studies done on the effectiveness of NMES on 

pediatric dysphagia, many studies report using other methods of therapy concurrently with 

NMES (Kelvin and Radika 2015,  Rice 2012, Wright 2011, Song 2015, Christianeese 2011, 

Marcus 2019). Of the studies that used only NMES as a treatment modality, gains observed 

could not be attributed to use of NMES or no gains were observed (Maffiuletti 2010, 

Christianeese 2011, Frost 2018). It may be that the clinicians who use NMES would realize 

similar clinical outcomes without use of NMES. Also, of the limited studies that looked at the 

effectiveness of NMES on infants with dysphagia, no studies had control groups for comparison, 

so swallowing improvement could not be definitively attributed to NMES. All participants who 

indicated use of NMES with preterm infants indicated they determined discharge criteria by the 

improved swallow function of the patient. However, improvement in swallow function could be 

due to the natural maturation of the patient and not due to the NMES specifically. Due to the 

combined use of treatments methods such as oral stimulation, conventional swallowing 
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habilitation treatment, and natural maturation factors along with the use of NMES, determination 

of the effectiveness of NMES is unclear.   

Clinical Implications 

Clinical implications that can be made from this study suggest that there is currently an 

over reliance on infant cues and clinician judgment and an absence of quality evidence-based 

research, physiological rationale, and basic juvenile animal model research to support the use of 

these clinical approaches. According to ASHA, evidence based practice (EBP) is the integration 

of 1) clinical expertise: the knowledge, acquired through formal training and professional 

experience; 2) the best available information gathered from high-quality peer reviewed published 

evidence to inform clinical decision-making and from data and observations collected during 

clinicians’ personal experience; and 3) the unique set of personal and cultural values, priorities, 

and expectations identified by the client (Evidence-Based Practice, n.d).  The overreliance on 

clinical judgment may be due to the lack of basic and applied evidence available. The motivation 

for SLPs to pursue this modality given the absence of empirical support for NMES in neonates 

remains unclear.  

When asked whether the current literature and research supports the use of NMES for the 

treatment of dysphagia on vulnerable infants, no agreement among the SLPs who use NMES was 

observed in the responses that ranged from strongly agree to strongly disagree. However, when 

asked whether ASHA should support the use of NMES for the treatment of neonate/young infant 

patients with dysphagia, those who indicated strong disagreement regarding availability of 

published evidence, indicated a higher level of agreement that ASHA should support the use of 

NMES. This indicates that although the participating SLPs were unsure whether the current 

research supported the use of NMES on infants, they believed that ASHA should still support its 

https://www.asha.org/research/ebp/
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use as a treatment modality. This mismatch between acknowledgment that published evidence is 

lacking and belief that ASHA should support the use of NMES with infants may be in part due to 

the vague wording of the ASHA statement. Given that the statement does not explicitly state a 

position on use of NMES with infants, clinicians are free to interpret the statement as indicating 

either caution or support. This mismatch in responses may also be due to a longstanding reliance 

on use of clinical judgment for clinical decision making, as evidenced by the survey findings.  

Pressures from hospital administration, recommendations from other team members and 

the desire from parents to discharge infants from the NICU may also be driving clinicians to 

make clinical decisions without fully considering the potential long-term effects. Past 

conceptions of volume-driven standards for proper feeding development or meeting a certain 

discharge date set by hospital policies may lead clinicians to make feeding therapy modality 

decisions when the infant lacks readiness. However, evidence indicates that the concepts of an 

infant being able to eat a certain volume in the NICU does not always equate to safe or 

neuroadaptive feeding (Ferrara et al., 2015, Dumpa et al., 2020). Research has shown that 

preterm infants discharged home, frequently have not achieved fully organized and mature eating 

skills and that gestational age at birth influences the development of oral feeding skill more than 

the post-natal age of the infants (Amaizu 2008; Ross & Browne 2013). Establishing optimal 

feeding and education about feeding in the NICU should not only be a matter of how much 

volume the infant is able to ingest but should be seen as a foundation for a lifelong 

developmental skill (Ross & Browne 2013). Pressure to discharge infants may be one reason that 

clinicians choose to use modalities, such as NMES, that have not been fully vetted.  

Physiologic, evidence-based clinical considerations regarding infant physiological stress 

while feeding and presence of comorbid conditions are vital components to determine infant 
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readiness for feeding. In a recent study of NMES use in young infants  (Marcus, 2018), with a 

cohort of 10 infants and young children with severe dysphagia secondary to neurological 

impairment, three babies were unable to complete the treatment due to complications, decline in 

function, or death. Given the lack of empirical support for use of NMES in neurologically 

impaired infants, it is not clear what the physiological rationale was for use of NMES with such 

medically fragile patients.  

There is also little knowledge for the long-term implications of the clinical use of NMES 

on developing infants. NMES introduces a non-physiological stimulation to the infant’s still 

developing neuromuscular system and the long-term effects of NMES on developing muscles 

used for feeding and speech are currently not known (Epperson & Sandage, 2019). The painful 

pairing of NMES with the experience of feeding may not just interrupt optimal neuromuscular 

development and motor planning but may also create operant conditioning implications from the 

pairing of a painful stimulus with swallowing behavior (Staddon & Cerutti 2003). The painful 

experience of NMES while trying to coordinate feeding and breathing, may condition the infant 

to develop maladaptive feeding behaviors. Additionally, any short-term gains perceived to be 

attributed to NMES may contribute to later issues in child development that have not yet been 

identified. Preterm infants who are discharged from the NICU are already at risk of potential 

delays in feeding along with other delays in crucial milestones. The extent of prematurity and the 

number of medical interventions have been correlated with a delay in acquisition of eating skills 

(Ross & Browne 2013). It would be reasonable to postulate that the painful experience of NMES 

while feeding may negatively impact feeding in the child’s later development. 

The third aspect of EBP is patient perspective and the unique set of values and priorities 

set by the client. In the NICU setting, parents and caregivers are the decision makers when it 
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comes to the implementation of modalities such as NMES and it is the role of SLP to inform and 

educate the parent or caregiver of the risks and benefits of the treatment. Given the lack of 

empirical evidence for the risks and benefits of NMES in neonates and young infants, it is not 

clear how SLPs would be able to counsel caregiver decision making from an informed 

perspective. ASHA states in their practice policy regarding the role of SLPs in the NICU 

(American Speech-Language-Hearing Association, 2004), that SLPs need to, “Provide 

education, counseling, and support to families, other caregivers, and staff regarding preferred 

practices in the NICU to support current and future communication, cognition, feeding, and 

swallowing skills.” Due to the limited studies done on pediatric patients and the use of NMES as 

a treatment for dysphagia, more evidence is needed for SLPs to be able to confidently adhere to 

practice policy regarding preferred practice. This is further complicated by caregivers who may 

be overwhelmed by the NICU environment. Research has shown that symptoms of post-

traumatic stress are common in parents of infants who were admitted and discharged from the 

NICU (Lefkowitz et al. 2010), yet clinicians ask overwhelmed caregivers with variable levels of 

healthcare literacy to make complicated medical decisions regarding their infant’s care.   

There are many perceived barriers to attaining the ideal balance of EBP for SLPs who use 

NMES in the NICU, some of which may reside at the level of the individual clinician and others 

at the level of the health care system (Campbell & Douglas  2017). Modalities, like NMES, can 

only be evaluated for their benefits and limitations after an excellent foundation of 

comprehensive physiologic development has been established and both basic and applied 

research conducted and peer-reviewed. A solution-oriented approach to improving swallowing 

habilitation clinical service provision to neonates would be to include more basic physiologic 

training in the areas of neuromuscular development and pain response development in graduate 

https://www.asha.org/policy/KS2004-00080/
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training programs. Given the small body of literature that indicates no significant contribution 

from NMES for swallowing improvement in young children, the painful experience of NMES, 

and the still developing neuromuscular and pain perception pathways, this modality should never 

be applied in the medically-fragile, developing infant until more basic research has been 

completed and peer-reviewed. 

Strengths, Limitation, and Future Directions 

This is the first survey of its kind to query clinical practitioners about their use of NMES 

with infants. While the majority of respondents indicated that they do not use NMES with 

infants, it is imperative that we understand why some clinicians do. A primary strength of this 

investigation was the identification of the degree to which SLPs who use NMES with infants rely 

on clinical judgment to determine electrode placement, dose, specificity of the modality, and 

discharge criteria. Clinical judgment remains an important pillar of the evidence-based practice 

approach to patient care; however, optimal patient care should include all three parameters when 

possible, as illustrated in Figure 1. 
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The primary limitation of this study was the small number of participants who met 

inclusion criteria. While the small sample size limits the generalization of the findings, the 

limitation is mitigated by the evidence that few SLPs have the privilege of employment in the 

NICU despite a high level of interest in this work (Leonard et al. 2016). Limitations for survey 

dissemination are acknowledged. Due to the narrow inclusion criteria, efforts were made to reach 

out to SLPs practicing in the NICU through posts to relevant ASHA Communities and personal 

contact; however, NICU clinicians were likely missed. Future efforts should be made to reach 

out to specific NICUs and pursue SLP qualitative interviews to further query the motivations and 

clinical decision of NMES use in neonates. 

Findings indicate the need for further basic research in the areas of SLP use of NMES on 

neonate and young infant populations, caregiver education regarding this modality and its long-

term implication on feeding and speech. The need for additional clinical research in the areas of 

Figure 8. Major Components of Evidence Based Clinical Decision Making. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Evidence 

Based 

Practice 

Evidence: 

External and 

Internal 

 

Clinical 

Expertise 

Client 

Perspectives 

Clinical 
Expertise 

Client 

Perspectives 

Evidence: 

External 

and 

Internal 



53 
 

foundational physiologic constructs such as homeostasis, allostasis and allostatic load is also 

apparent. It is not currently well understood whether graduate education programs provide 

training in neuromuscular or pain development in the infant.  

Conclusions 

 NMES is a method of treatment for muscle rehabilitation that is currently being used by 

some SLPs to treat dysphagia in the neonate and young infant population. The findings of this 

study indicate that, for SLPs who use NMES with young infants, there is a heavy reliance on 

clinical judgement when making clinical decision regarding NMES for dysphagia treatment and 

they are not fully aware of the lack of research and literature to make informed decisions. 

However, the lack of standardized parameters of its implementation, and the absence of quality 

evidence-based research, physiological rationale, and basic juvenile animal model research calls 

into question the motivation for SLPs to use this modality with neonates and young infants.  
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Appendix A 

Survey Questions 

You are invited to participate in a research study to examine the prevalence for the use of 

Neuromuscular Electrical Stimulation (NMES) and the physiological rationale of speech 

language pathologists for their use of NMES in the neonate and young infant population with 

dysphagia. The study is being conducted by Deborah Acevedo Bustamente, Graduate Student, 

under the direction of Dr. Mary Sandage, Associate Professor at Auburn University in the 

Auburn University Department of Speech, Language, and Hearing Sciences.  

You are invited to participate because you are a speech-language pathologist (SLP) 

practicing in the United States who obtains the following: a degree in speech-language 

pathology, a state license to practice, and current CCC’s and are currently treating neonate and 

young infant swallowing disorders. 

Your participation is completely voluntary.   If you decide to participate in this research 

study, you will be asked to complete a confidential survey. Your total time commitment will be 

approximately 10 minutes.    
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The risks associated with participating in this study are risk of loss of confidentiality. To 

minimize these risks, we will analyze and report data anonymously, using Qualtrics security 

protection and measures.   

If you change your mind about participating, you can withdraw at any time by closing 

your browser window. Once you’ve submitted data, it cannot be withdrawn since it will be 

unidentifiable.   Your decision about whether or not to participate or to stop participating will not 

jeopardize your future relations with Auburn University or the Department of Speech, Language, 

and Hearing Sciences at Auburn University 

Any data obtained in connection with this study will remain anonymous. We will protect 

your privacy and the data you provide by using Qualtrics, a  password protected survey software 

that features the following: firewall system protection, regular security scans, usage of transport 

layer security (TLS) encryption, and backups saved daily. Information collected through your 

participation will be used to complete a graduate thesis project and be submitted for publication 

in a professional journal.   

If you have questions about this study, please contact Deborah Acevedo Bustamante at 

dra0023@auburn.edu   

If you have questions about your rights as a research participant, you may contact the Auburn 

University Office of Research Compliance or the Institutional Review Board by phone (334) 

844-5966 or e-mail at IRBadmin@auburn.edu or IRBChair@auburn.edu. 

o Yes, I consent to participate in this survey.  (1)  

o No, I do not consent to participate in this survey.  (2)  
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Q38 What is your gender? 

o Male  (1)  

o Female  (2)  

o Prefer to self-describe  (3) ________________________________________________ 

o Prefer not to say  (4)  

Q40 What is your age? 

o Less than 20   

o 20-29   

o 30-39   

o 40-49    

o 50-59    

o 60-69    

o 70-79    

o 80+    

Q37 What is your Race/Ethnicity? 

o African American  

o White   

o Latino/a   
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o American Indian and Alaska Native   

o Native Hawaiian and Other Pacific Islander   

o Asian   

o Other   ________________________________________________ 

Q13 In which U.S state are you currently employed? 

▼ Alabama (1) ... Not in U.S (50) 

Q1 Are you currently a working certified Speech Language Pathologist? 

o No   

o Yes    

Q34 Do you currently treat pediatric dysphagia? 

o Yes   

o No    

Q2 What is your current degrees/credentials? 

▢ Master's, CCC-SLP    

▢ PhD, CCC- SLP   

▢ Specialist with Swallowing Degree   

▢ BCS-S    

▢ None of the above   
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Q3 How long have you been employed as a Speech Language Pathologist?  

o Less than 1 year   

o 1-5 years   

o 6-10   

o 11-15   

o 16-20   

o +20   

Q5 Which setting best describes your place of employment? 

▢ University Hospital   

▢ University Clinic   

▢ PICU   

▢ Home Care- Birth to 3   

▢ Home Health-Hospice    

▢ Skilled Nursing Facility   

▢ Outpatient Clinic   

▢ NICU   

▢ Acute care   

▢ Acute Inpatient Rehab   
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▢ Other  _______________________________________________ 

Q6 Have you taken any CEUs for pediatric dysphagia or related content? 

o One course or less   

o 2-3 Courses    

o 4-5 Courses   

o More than 5 Courses   

o None   

Q7 If so, which courses or additional content related to pediatric dysphagia have you taken? (A 

general and brief description) 

Q41 Approximately how many pediatric patients do you treat for dysphagia weekly? 

o None   

o 1-5    

o 6-10    

o 11-15    

o 16-20   

o +20  ________________________________________________ 

Q42 Does your place of employment use a multidisciplinary team when assessing and treating 

pediatric patients with dysphagia?  

o Yes   
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o No   

o Sometimes (Explain)  ________________________________________________ 

o Other  ________________________________________________ 

Q44 Are you familiar with physiological construct of homeostasis? 

o Yes   

o No   

Q45 Where did you gain knowledge about homeostasis? 

o High School   

o College   

o Graduate School   

o Other  ______________________________________________ 

Q46 Are you familiar with the physiological construct of allostasis? 

o Yes   

o No   

o Probably not   

Q47 Where did you gain knowledge about allostasis? 

o High School   

o College   
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o Graduate School   

o Other  ________________________________________________ 

Q48 Are you familiar with the physiological construct of allostatic load? 

o Yes  

o No   

Q49 Where did you gain knowledge about allostatic load? 

o High School   

o College   

o Graduate School   

o Other   ________________________________________________ 

Q43 Are you familiar with Neuromuscular Electrical Stimulation (NMES) as a method of 

dysphagia treatment? 

o Yes   

o No   

Q15 Do you currently use NMES as a method of therapy for dysphagia on the neonate and 

young infant population (3 years and under)? 

o Yes   

o No    

o Other  ________________________________________________ 
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Q18 How do you determine dose in the use of NMES? 

▢ Hospital Recommendation    

▢ V-Stim Recommendation   

▢ Literature/Research Recommendation   

▢ Other SLP's/Peer Recommendation   

▢ Clinical Judgement   

▢ SLP and Client's Family Judgement   

▢ Client tolerance   

▢ Other  ________________________________________________ 

Q20 How do you determine tolerance the use of NMES? 

▢ Hospital Recommendation   

▢ V-Stim Recommendation  

▢ Literature/Research Recommendation   

▢ Other SLP's/Peer Recommendation   

▢ Clinical Judgement   

▢ SLP and Client's Family Judgement   

▢ Client Cueing (Explain)  ________________________________________________ 

▢ Other  ________________________________________________ 
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Q22 How do you determine repetitions per session? 

▢ Hospital Recommendation   

▢ V-Stim Recommendation   

▢ Literature/Research Recommendation   

▢ Other SLP's/Peer Recommendation   

▢ Clinical Judgement   

▢ SLP and Client's Family Judgement   

▢ Other   ________________________________________________ 

Q24 How do you determine which muscles to target? 

▢ V-Stim Recommendation   

▢ Literature/Research Recommendation    

▢ Other SLP's/Peer Recommendation    

▢ Clinical Judgement    

▢ Other  ________________________________________________ 

How do you determine number of sessions? 

▢ Client Diet Upgrade    

▢ Clinical Judgement  

▢ SLP and Client's Family Judgement    



70 
 

▢ Hospital/Doctor Recommendation    

▢ SLP and Client's Family Judgement   

▢ Literature/Research Recommendation   

▢ Other  ________________________________________________ 

Q27 How do you determine discharge criteria? 

▢ Client Diet upgrade   

▢ Clinician Judgement   

▢ Physician Recommendation    

▢ Improved Swallow Function   

▢ SLPs and Client Family Judgement 

▢ Literature/Research Recommendation   

▢ Declined health status of client   

▢ Other  ________________________________________________ 

Q30 Do you use any other treatment concurrently with NMES? 

o Yes   

o No; I use NMES alone    

o Sometimes   

o Other  ________________________________________________ 
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Q32 What methods of treatment do you use concurrently with NMES?  

Q35 At which age range do you think it is appropriate to use NMES on an infant?  

▢ Neonate/born prior to 37 weeks   

▢ Birth-3 months   

▢ 4 months-6 months   

▢ 7 months-11months  

▢ 1-3 years   

▢ Other  ________________________________________________ 

Q36 Do you think that the current research supports the use of NMES for the treatment of 

neonates/young infants (3 years and under) with dysphagia? 

Strongly Disagree Disagree Somewhat disagree Neither agree nor disagree

 Somewhat agree Agree Strongly agree 

 

 0 10 20 30 40 50 60 70 80 90 100 

Q35 ASHA statement on neuromuscular electrical stimulation on neonate and pediatric 

populations is as follows: "Questions as to whether pediatric patients (defined broadly as preterm 

infants to children) with swallowing dysfunction as a result of neurological insult or other 

conditions may benefit from surface electrical stimulation remain unanswered.  

Empirical data regarding the effect of electrical stimulation specific to swallowing function 

primarily in adults are beginning to appear in peer-reviewed publications. Some of the results are 
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conflicting, and there appears to be mixed evidence in regard to electrical stimulation’s 

rehabilitative effects on swallowing recovery...ASHA does not endorse any products, 

procedures, or programs, and therefore does not have an official position on the use of electrical 

stimulation or specific workshops or products associated with electrical stimulation" 

Do you agree with this stance? 

Strongly Disagree Disagree Somewhat disagree Neither agree nor disagree

 Somewhat agree Agree Strongly agree 

 0 10 20 30 40 50 60 70 80 90 100 

Q39 Do you think ASHA should support the use of NMES for the treatment of neonate/young 

infant patients with dysphagia? 

Strongly Disagree Disagree Somewhat disagree Neither agree nor disagree

 Somewhat agree Agree Strongly agree 

 0 10 20 30 40 50 60 70 80 90 100 
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Appendix B 

Scripts 

Hello, 

You are invited to participate in a research study to examine the prevalence for the use of 

Neuromuscular Electrical Stimulation (NMES) and the physiological rationale of speech 

language pathologists for their use of NMES in the neonate and young infant population with 

dysphagia.The study is being conducted by Deborah Acevedo Bustamante, Graduate Student, 

under the direction of Dr. Mary Sandage, Associate Professor at Auburn University in the 

Auburn University Department of Speech, Language, and Hearing Sciences, 

You are invited to participate if you are a speech-language pathologist (SLP) practicing 

in the United States who obtains the following: a degree in speech-language pathology, a state 

license to practice, and current CCC’s and are currently treating neonate and young infant 

swallowing disorders.Your participation is completely voluntary. If you decide to participate in 

this research study, you will be asked to complete a confidential survey. Your total time 

commitment will be approximately 10 minutes. You can also find this post/survey in relevant 

ASHA community groups. 

The study information letter is attached following the link. 
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Thank you for your consideration!  
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