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Abstract
Pharyngeal high-resolution manometry (HRM) is at a point of entry into speech-language pathologist (SLP) clinical

practice. However, the demographic characteristics of SLPs who are early adopters of HRM are unclear; perspectives of

early adopters may shape how the technology is received by the field at large. We hypothesized that younger SLPs, those

working in outpatient settings, those with a strong knowledge base in HRM, and those with experience in other types of

instrumentation are more likely to have interest in adopting HRM. We surveyed the population of board-certified SLPs

(BCS-S; n = 262) with a 33% response rate (n = 78). Firth logistic regression was used to determine differences in those

expressing interest in adopting HRM into future practice (n = 28) and those who did not (n = 45) from the analytic sample

of 73 respondents. The best fitting model predicted that SLPs: (1) with training in more types of instrumentation; and (2)

believing they could explain the HRM procedure to a patient were more likely to plan to adopt pharyngeal HRM into

regular clinical practice. Experience with a variety of instrumentation techniques may encourage SLPs to use new forms of

technology. Knowledge of early adopter demographics will allow for development of targeted trainings and determination

of HRM implementation barriers. Identification of a clinician sub-group more likely to adopt other new technologies in the

future may also be possible.
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Introduction

High-resolution manometry (HRM) is a technique that

objectively measures pressures in the pharynx and esoph-

agus during swallowing with a pressure-sensing catheter

placed through the nasopharynx and oropharynx, into the

esophagus. This procedure is most commonly used to

evaluate pressures in the esophagus [1]. However, in the

past decade, researchers and clinicians have used this

technology to specifically evaluate pharyngeal swallowing

pressures. These pressure data can describe changes to

swallowing with age [2, 3], bolus characteristics [4–7], and

compensatory maneuvers [8–13] in healthy individuals.

Swallowing pressures can also identify dysphagia pheno-

types [14–18] and predict risk for negative sequelae of
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dysphagia, such as residue or penetration/aspiration

[14, 19, 20]. Such technology has the potential to improve

diagnostic accuracy, guide more specific treatments, and

result in better patient outcomes.

While only a handful of centers worldwide regularly use

pharyngeal HRM for clinical purposes, speech-language

pathologists (SLP) are typically involved in these clinics

due to their expertise in evaluating swallowing function

and managing dysphagia [21]. Historically, SLPs have

adapted tools from other medical fields for diagnosis and

treatment of dysphagia, for example flexible nasendoscopy

[22]. Pharyngeal HRM is in the scope of practice for SLPs

in the United States [23], and the technology is at a point of

entry into SLP clinical practice, as commercially available

esophageal HRM systems are easily adapted to evaluate

pressures in the pharynx. However, the characteristics of

those SLPs who have chosen to adopt pharyngeal HRM

into their regular practice versus those who do not remain

unclear. SLPs who adopt innovative technologies may

shape how the technologies are both regarded and used by

the larger field of clinicians, and an understanding of these

SLPs’ characteristics may help guide targeted trainings,

technology needs assessments, and general trend-tracking.

The purpose of the present study was to determine

characteristics of expert SLPs interested in adopting pha-

ryngeal HRM into their routine clinical practice. We

hypothesized that younger clinicians, those working in

outpatient settings, those with a strong knowledge base in

HRM, and those with experience in a variety of instru-

mental evaluation techniques, would be more likely to

show an interest in adopting pharyngeal HRM.

Materials and Methods

Population

A link to the online survey was distributed to the popula-

tion of SLPs with Board Certified Specialist-Swallowing

(BCS-S) distinction (n = 262 as of September 2015), via

the messaging service in the member center of American

Speech-Language-Hearing Society (ASHA) website. A

survey reminder was sent out to each SLP within 2 weeks

of the original notice.

Survey

The survey consisted of 24 yes/no, true/false, single and

multiple-answer multiple choice, and demographic items,

and was hosted through University of Wisconsin-Madi-

son’s Qualtrics license (Qualtrics�, Provo, UT). Survey

items probed demographic information, experiences with

pharyngeal HRM, and attitudes towards pharyngeal HRM.

The authors created survey items specifically focused

around themes of knowledge, access, interest, and use. The

final two items were questions regarding the respondents’

planned attendance at the 2015 ASHA Convention and the

2016 Dysphagia Research Society Meeting, for which a

positive response lead to an invitation to participate in a

focus group at one of both of those events. The survey was

pre-tested on a group of four SLPs and three non-SLP

sample respondents and timed at 4 min. The full survey

transcript is included as an electronic supplement. The

survey was approved by the Health Sciences Institutional

Review Board at University of Wisconsin-Madison and

informed consent was provided by each respondent.

Analysis

Respondents were separated into adopters and non-adop-

ters based on response to the survey item ‘‘I plan to

implement pharyngeal high-resolution manometry into my

regular clinical practice’’ (Adopters: Strongly Agree ?

Agree; Non-adopters: Disagree ? Strongly Disagree).

Survey items were selected a priori for statistical analysis

to examine differences in demographics, exposure to pha-

ryngeal HRM and other instrumented techniques, and

beliefs about knowledge of, confidence in knowledge of,

reimbursement for, and benefits of pharyngeal HRM

(Table 1).

Firth logistic regression [24] was used to determine

which predictor variables (Table 1) or combination thereof

most saliently differentiated adopters from non-adopters.

Firth logistic regression was chosen given the relatively

limited sample size (n = 73) compared to the large number

of potential predictor variables (Table 1) [25]. Omnibus

p value of 0.05 was considered to be significant. Forward

model selection was performed using the Akaike Infor-

mation Criterion (AIC); a low AIC signifies a better fit with

fewer parameters in the model. Other criteria for model

selection were that all predictor variables were significant

via Type I Analysis of Variance (ANOVA) and that no

multicollinearity of predictor variables was present,

assessed with Spearman’s rank-order correlation. All sta-

tistical analysis was completed in R (R Foundation,

Austria).

Results

A total of 78 of the 262 SLPs completed the survey (78/

262 = 33%); 73 responded to the survey item ‘‘I plan to

implement pharyngeal high-resolution manometry into my

regular clinical practice’’ (73/262 = 28%) and were inclu-

ded in our analytic sample. Demographic information of

the respondents is in Table 2.
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Twenty-eight respondents (28/73 = 38.4%) indicated

they were interested in adopting pharyngeal HRM into

their regular clinical practice, whereas 45 respondents (45/

73 = 61.6%) indicated that they were not interested. The

model that most saliently differentiated adopters from non-

adopters included (1) the total number of instruments the

SLP trained on; plus (2) their response to the survey item

‘‘I could explain the procedure and information extracted

from pharyngeal high-resolution manometry to a patient of

mine’’ (Likelihood Ratio: 20.32; p\ 0.001; AIC:

- 16.32). Models with each single predictor variable are in

Table 3. Single-predictor models that were also significant

included: (1) the total number of instruments the SLP

trained on; (2) confidence in explaining the procedure to a

patient; (3) education in pharyngeal HRM; (4) belief that

the benefits of HRM outweigh the costs; (5) feeling

knowledgeable about pharyngeal HRM; and (6) training in

FEES, manometry, insufflation, TEP, or nasometry. Other

models that significantly differentiated adopters from non-

adopters are listed provided as an electronic supplement.

The distribution of responses to all survey items between

adopters and non-adopters is in Fig. 1.

Discussion

The majority of expert SLPs surveyed (61.6%) do not plan

to adopt pharyngeal HRM into their regular clinical prac-

tice. Of those who do plan to adopt pharyngeal HRM, 75%

felt confident in his or her own ability to explain the pha-

ryngeal HRM procedure to a patient (compared to 45% of

non-adopters), and these individuals were trained on almost

2 more instrumentation modalities.

Experience with instrumentation may encourage SLPs

to employ other new forms of instrumentation in their

practice. Prior experience with most of the other invasive

Table 1 Survey items included in the regression analysis

Grouping item

I plan to implement pharyngeal high-resolution manometry into my regular clinical practice

Predictor items

Years of practice with dysphagia, not including fellowship year(s)

Clinical setting (Hospital or university vs. not hospital or university)

Instruments trained on

Videofluoroscopya

Nasal endoscopy/FEES

Oral/Rigid endoscopy

Pharyngeal or esophageal manometry

Insufflation

Tracheoesophageal voice prosthesis placement

Speaking valve placement with tracheostomies or ventilators

Nasometry

Ultrasonography

Scintigraphyb

Electromyography

Total: sum of number of above instruments trained on

Education in pharyngeal HRM

Seen a presentation/webinar AND read an article using HRM

Seen a presentation/webinar OR read an article using HRM

Neither seen a presentation/webinar NOR read an article using HRM

Knowledge of HRM: I do NOT consider myself knowledgeable about pharyngeal HRM

Confidence in knowledge: I could explain the procedure and information extracted from pharyngeal HRM to a patient of mine

Reimbursement: I would have difficulty getting reimbursed for a pharyngeal HRM study

Benefits: The benefits of pharyngeal HRM outweigh the costs

Items in italics were answered with a 4-point Likert-type scale (Strongly Disagree; Disagree; Agree; Strongly Agree). The full survey transcript is

included as an electronic supplement

FEES fiberoptic endoscopic evaluation of swallowing, HRM high-resolution manometry
aVideofluoroscopy was not included in statistical analysis due to[ 98% positive responses
bScintigraphy was not included in statistical analysis due to zero positive responses
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instrumental modalities was associated with plans to adopt

pharyngeal HRM, such as FEES, insufflation, and TEP.

Additionally, having been trained in nasometry, a non-in-

vasive technique, was independently associated with plans

to adopt pharyngeal HRM. It may be that institutions with

more instrumental resources may attract clinicians with a

greater interest in and comfort level with adopting new

technologies.

Confidence in explaining the procedure of pharyngeal

HRM to a patient may be related to interest in adoption of

Table 2 Respondents’

demographic information.

Information presented is from

entire sample of respondents,

including those that did not

respond to the survey item

which classified them as

adopters or non-adopters

Total (n) 78

Years of practice 18.49 ± 10.32

Average number of patients seen per week 23.94 ± 12.66

Average hours per week seeing patients 24.76 ± 11.22

Practice settinga (n)

University or research hospital 42

Community hospital 25

VA hospital 7

All other hospitals 5

Outpatient rehabilitation center 10

Skilled nursing facility 4

Assisted living 3

Home health agency/patient’s home 3

Private practice 10

College/University 13

Research/scientific organization, foundation, lab 4

Other 10

Care levela (n)

Outpatient 53

Acute 59

Long-term acute 11

Inpatient rehabilitation 29

Subacute/transitional care 13

Hospice/palliative care 13

Research participants 24

Other 1

Dysphagia caseload (n)

0–24% 3

25–49% 8

50–74% 22

75–100% 45

Instrumentation traininga (n)

Videofluoroscopy/MBSS 77

Nasal endoscopy/FEES 70

Oral/rigid endoscopy 35

Pharyngeal or esophageal manometry 15

Insufflation 24

Tracheoesophageal voice prosthesis placement 42

Speaking valve placement with tracheostomies or ventilators 73

Nasometry 9

Ultrasonography 3

Electromyography (EMG) 23

Continuous data are presented as mean ± standard deviation
aCategories are not mutually exclusive
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the technology in a few ways. It may reflect knowledge of

the technology and its potential benefits to patient care, as

well as experience in other similar instrument modalities

[26]. On the other hand, lack of confidence in explaining

the procedure may be a barrier to adoption of this tech-

nology. Fortunately, confidence can be addressed with

increased education, exposure, and training [27].

Other SLP beliefs and traits were predictive of intention

to adopt pharyngeal HRM, although they were not the most

significant predictors. A clinician with less exposure to

pharyngeal HRM through research articles and presenta-

tions may be less aware of its potential benefits and thus

may be less likely to adopt the technology. Given that this

education component, along with the feeling of being

knowledgeable about HRM and believing that the benefits

outweigh the costs, are significant predictors of plans for

adoption, increased awareness of the technology may lead

to increased adoption in the future.

Some predictors that we hypothesized would influence

adoption of pharyngeal HRM were not statistically related.

Years of practice were similar in both groups of expert

SLPs. We had hypothesized that younger SLPs (with fewer

years of practice) were more likely to adopt this new

technology than older SLPs. However, in order to obtain

the BCS-S distinction, one must have practiced for a

minimum of 3 years post-ASHA certification, performed

work that has a clinical focus in dysphagia, received dys-

phagia-specific continuing education, and passed a rigorous

written examination. This devotion to dysphagia clinical

care likely outweighs any hesitations to new technologies

that come with age [28, 29]. Additionally, we had predicted

that clinicians practicing in an outpatient setting would be

more inclined to adopt pharyngeal HRM. While more

adopters practiced in an outpatient setting compared to

other settings (Fig. 1), the distribution was not significantly

different from non-adopters. Thus, working in an outpa-

tient setting does not drive interest in adopting pharyngeal

HRM. Finally, we hypothesized that beliefs of reimburse-

ment and would differ between adopters and non-adopters.

While this survey item was not an independent predictor of

Table 3 Models of each

individual predictor variable

and the model that most

saliently differentiated speech-

language pathologists who

indicated plans to adopt

pharyngeal high-resolution

manometry into their regular

clinical practice from those who

did not

Variables included in model Fit

Likelihood ratio p value AIC

Best model: instrumenta ? confidenceb 20.32 \ 0.001 - 16.32

Years of practice 0.26 0.61 1.74

Practice setting 1.32 0.26 0.67

Instrumenta 14.75 \ 0.001 - 12.75

Confidenceb 13.97 \ 0.001 - 11.97

Educationc 6.86 0.009 - 4.90

Benefitsd 4.19 0.04 - 2.19

Knowledgeablee 12.00 \ 0.001 - 10.00

Reimbursementf 3.3 0.067 - 1.36

FEES 5.95 0.014 - 3.96

Oral endoscopy 3.73 0.053 - 1.73

Manometry 15.46 \ 0.001 - 13.46

Insufflation 8.23 0.004 - 6.23

TEP 10.76 0.001 - 8.76

Speaking valve 0.18 0.68 1.82

Nasometry 4.75 0.029 - 2.75

Ultrasonography 0.002 0.96 2.00

EMG 1.06 0.30 0.94

AIC, Akaike Information Criterion, HRM high-resolution manometry, FEES fiberoptic endoscopy evalu-

ation of swallowing, TEP tracheoesophageal prosthesis, EMG electromyography
aTotal number of instruments trained on
bResponse to ‘‘I could explain the procedure and information extracted from pharyngeal HRM to a patient

of mine’’
cEducation in pharyngeal HRM (presentation/webinar, article, both, or none)
dResponse to ‘‘The benefits of pharyngeal HRM outweigh the costs’’
eResponse to ‘‘I do NOT consider myself knowledgeable about pharyngeal HRM’’
fResponse to ‘‘I would have difficulty getting reimbursed for a pharyngeal HRM study’’
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plans to adopt pharyngeal HRM, the belief that the costs of

pharyngeal HRM are outweighed by the benefits approa-

ched significance (Table 3). It may be that SLPs who are at

institutions that can bear the cost of the device are more

likely to adopt it into clinical practice. While not directly

addressed in the present study, the relationships between

healthcare system and institutional factors on opinions

regarding new technologies can be examined in a larger

population of international SLPs.

Practices of adopting new technologies have been

explored in other areas of healthcare [30–33]. Behavioral

intention to adopt a new form of technology has been

described by the Unified Theory of Acceptance and Use of

Technology (UTAUT). This model consists of four core

factors that determine intention to adopt a new technology:

(1) Performance Expectancy, belief that use of the tech-

nology will improve job performance; (2) Effort Expec-

tancy, the degree of ease using the system; (3) Social

Influence, how the individual perceives that experts in the

field believe the new technology should be used; and 4)

Facilitating Conditions, the degree to which the environ-

ment will support the use of the new technology [34]. The

UTAUT also addresses four mediators of the core factors:

(1) gender; (2) age; (3) experience; and 4) voluntariness of

use. Data from the present study somewhat support the

UTAUT framework. Belief that the benefits outweigh the

costs (performance expectancy), confidence in knowledge

of the technique (effort expectancy), education in HRM

(experience), and training in other types of instrumentation

(experience). However, more important will be considera-

tion of this model as implementation of new technologies

spreads to the general SLP population, outside of experts

with the BCS-S distinction.

There are some limitations associated with this project.

While expert SLPs are thought-leaders in the field, their

experience and proficiency may be different from the entire

population of SLPs who evaluate and treat dysphagia.

However, we chose to focus on this population, as they are

likely to be among the first practitioners to adopt new

practices. SLPs are not the only profession who will

implement pharyngeal HRM for dysphagia management.

Future work should focus on how different disciplines

decide on use of HRM. While it may appear that this study

had a relatively low response rate (33%), this is a standard

response rate for a web-based survey with a brief window

[35]. A secondary goal of this survey was to recruit for a

series of focus groups at an upcoming academic conference,

and a relatively quick turnaround time was required. More

time to acquire responses and more opportunities to send out

reminders may have yielded a higher response rate. Finally,

this survey aimed to address experiences with and attitudes

towards use of pharyngeal HRM without addressing opin-

ions on the current state of data acquisition and analysis in

the field. As these issues get resolved with additional

research and clinical work, expert clinicians may adjust

plans to adopt such technology.

Results from this survey highlight traits of expert SLPs

with interest in adopting a new technique of dysphagia

evaluation. Although the adopters in the present study did

not have more years of practice than non-adopters, increases

in training on other technologies and confidence in their

ability to explain such technology were key in planning to

use pharyngeal HRM in their regular clinical practice.

Knowledge of early-adopter demographics among expert

clinicians can allow for development of targeted trainings

and determination of barriers to adoption of pharyngeal

HRM and other new technologies. While the questions in

the present survey were focused on adopting pharyngeal

HRM, the results may inform on a clinician sub-group that

are more likely to adopt other new technologies in the future.
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