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Stupy OBJECTIVES: This is a descriptive retrospective study about the efficacy of combination therapy using the TAP-PAP custom
face mask (CFM) interface, with a literature review of combination therapy. The purpose of this study is to determine which group of
failed obstructive sleep apnea (OSA) therapies would benefit from combination therapy with the CFM. The three failed therapies are
mandibular advancement splint (MAS) monotherapy, continuous positive airway pressure (CPAP) monotherapy, and TAP-PAP CS
(nasal pillows) combination therapy. Clinically, this will assist the clinician to understand the benefit of the CFM when the patient’s
current therapy fails.

METHODS: There was a retrospective chart review of patients on combination therapy from 2006-2012. The 75 patients who underwent
combination therapy with the CFM were categorized into the three failed groups. OSA severity was compared between groups. CPAP
and compliance were compared before and after CFM use. A 6-year follow-up was conducted.

RESULTS: A total of 220 charts of patients undergoing combination therapy were reviewed; 75 patients were in combination therapy
with a CFM. The populations of the three groups were as follows: MAS monotherapy failed in 11 (11%), TAP-PAP CS failed in 21 (27%),
and CPAP failed in 43 (57%) before the CFM was used. These patients had severe OSA with mean CPAP 14 cm H,O. At 6-year follow-
up, a 78% compliance rate and average CPAP of 13 cm H,O were reported.

Concrusions: This study suggests that patients in whom CPAP monotherapy failed would benefit the most from the CFM. The

application of the CFM is for patients with more severe OSA and is well tolerated with improved compliance. The CFM should be
considered when other therapeutic methods of treating OSA have failed or when CPAP or the CPAP mask are intolerable to the patient.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a common sleep disorder
manifested by repetitive closure or partial closure of the
upper airway causing hypoxemia, hypercapnia, and increased
sympathetic activity resulting in sleep fragmentation. The
natural history of untreated OSA has been well described,
including but not limited to daytime sleepiness, hypertension,
cognitive impairment, metabolic syndrome, and obesity. In
patients who are symptomatic (presence of excessive daytime
sleepiness, cognitive dysfunction, mood disorders, insomnia,
hypertension, ischemic heart disease, or cerebrovascular acci-
dent) the diagnosis is established if there are five or more sleep-
disordered respiratory events/h of sleep (apneas, hypopneas,
or respiratory effort related arousals). If the patient does not
exhibit the previously noted symptoms, the presence of 15 or
more events/h is sufficient to make the diagnosis.! The severity
of OSA varies from mild to severe based on a combination of
clinical and polysomnographic determinants.

Oral appliance therapy, specifically mandibular advance-
ment splint (MAS) monotherapy and continuous positive
airway pressure (CPAP), are indicated for the treatment of
mild to moderate OSA.? Oral appliance therapy and CPAP

Journal of Dental Sleep Medicine

are equally effective for mild to moderate OSA,* however for
patients with severe OSA, the use of MAS monotherapy is
generally not recommended; instead, CPAP is typically the
preferred method of treatment because of its effectiveness for
treating severe OSA.* It is generally thought that as the number
of apneas/hypopneas increase, the pressure required to main-
tain upper airway patency also typically increases. As the pres-
sure increases, so do the challenges of CPAP acceptance and/or
compliance. With increased pressure, there is increased mask
leakage, air leakage out of the mouth, and patient discomfort.
Standard off-the-shelf noncustom masks often are not effective
in these severe cases.

Combining CPAP therapy and oral appliance therapy with
MAS monotherapy has been shown to be a tolerable and effec-
tive therapeutic option. With combination therapy, many of
the challenges of CPAP intolerance can be overcome, resulting
in improved therapeutic outcomes. Combination therapy
utilizes a standard CPAP machine to deliver positive air pres-
sure through a standard nasal and/or oronasal interface in
conjunction with MAS monotherapy.®’

Combination therapy is categorized into two types. Type 1 is
CPAP therapy used with MAS monotherapy. There is no inte-
gration of the two therapies other than both are applied to the
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Figure 1—Custom face mask with completed
fabrication and ready for insertion.

Figure 2—TAP-PAP CS on face features nasal
pillows attached to mandibular advancement splint.

This photograph is used with the consent of the patient pictured.

patient at the same time. Type 2 involves connecting the CPAP
device directly to the MAS. The TAP-PAP CS (nasal pillows) is
one application of type 2 combination therapy (Figure 1); and
the TAP-PAP CM (custom face mask, CFM) is another applica-
tion of type 2 combination therapy (Figure 2).

The CFM for combination therapy was developed by W.
Keith Thornton, DDS in 1993.% Since then, there have been
limited reports (case reports and small proof-of-concept
studies) that have utilized combination therapy for the treat-
ment of OSA.

As an interesting historical side note, the CFM for combina-
tion therapy was developed by a dentist in response to a critical
need of postpolio patients. In 1993, Sue Sorter, a respiratory
therapist, under the direction of Dr. Joseph Viraslav of the
Dallas Rehabilitation Institute, was using a modification of a
mask developed in Lyon, France called the “Lyon mask” on
postpolio patients with severe OSA. She constructed an oral
appliance along with an acrylic mask for her patient. She then
used an acrylic post to attach the separate components together
(personal communication, Dr. Keith Thornton, January 14,
2011). Dr. Thornton perfected this idea with a custom oral
device from dental impressions, and a CFM from an impres-
sion of the face, connected by a stainless steel post.

In 2002 Dr. Thornton reported the successful use of combi-
nation therapy in a patient who was intolerant of auto-set posi-
tive airway pressure (APAP).’

In 2015, Upadhyay et al.' reported on the use of a custom-
made mandibular advancement device with concomitant use
of APAP (the devices were separate without structural integra-
tion) in a patient who could not tolerate CPAP at 12.7 cm H,0
and was deemed to be “unfit” for palatal surgery. The initial
use of MAS monotherapy elicited complaints of excessive sali-
vation and jaw pain, which were temporary. The APAP was
applied and on day 1 of combined treatment the pressure was
reduced to 8.5 cm H,O and at day 90 it was 6.5 cm H,0."

In 2011 El-Solh et al” performed a multipatient study that
assessed the efficacy and tolerability of using a custom-made
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MAS in combination with a standard positive airway pressure
(APAP) system compared to CPAP alone. Of note was that the
MAS lacked mechanical integration of the intraoral device with
the nasal mask. The MAS device was fabricated using the Herbst
attachment to bring the mandible to at least 65% of the patient’s
maximal protrusion in combination with a standard nasal CPAP
mask. After 3 days of treatment the combination approach
allowed for a significant reduction in the pressure necessary to
maintain upper airway patency as well as reduction of residual
apnea-hypopnea index (AHI). CPAP pressures were reduced
from 9.4 +2.3cm H,0 to 7.3 + 1.4 cm H,O, and residual AHI was
reduced from 11.2 + 3.9 to 3.4 + 1.5 respiratory events/h of sleep.”

In another study that assessed patient comfort, compliance,
and preference between standard CPAP and “hybrid therapy,”
de Vries et al."! chose seven patients with moderate to severe
OSA who tolerated their “high” CPAP pressures (> 10 cm H,O)
who were then fitted with the TAP 3 type MAS with an inte-
grated set of nasal pillows. The mandible was set at 70% of
the patient’s maximum protrusion and CPAP was set at 6 cm
H,O. If OSA symptoms persisted or worsened the pressure was
increased. Patients filled out questionnaires at baseline (CPAP
treatment alone) assessing comfort, compliance, and satisfac-
tion with treatment and again after 3 months of treatment
with the hybrid system. After 3 months a polysomnographic
study was performed. Four of seven patients reported hybrid
therapy to be more comfortable and effective and preferred it
over conventional CPAP. There were no differences between
baseline (conventional CPAP) and follow-up (hybrid therapy)
scores in compliance, satisfaction, daytime sleepiness, and
quality of life. Effectiveness of hybrid therapy was good as AHI
significantly decreased from median AHI at diagnosis (64.6
events/h; range, 31.0-81.0) to median AHI with hybrid therapy
(1.5 events/h). There was no statistical difference in effectiveness
between conventional CPAP and hybrid therapy (median AHI
with conventional CPAP was 2.4 events/h. It was concluded
that although pressure could be lowered, hybrid therapy was
perceived as a comfortable alternative to conventional CPAP.
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Figure 3—TAP-PAP CM on face features custom face
mask attached to mandibular advancement splint.

This photograph is used with the consent of the patient pictured.

There were no differences between both therapies regarding
compliance, satisfaction, and effectiveness."

The purpose of this study was to review and summarize
the characteristics of patients who had undergone combina-
tion therapy with a MAS secured to a CFM. Failure of three
common therapeutic options, MAS monotherapy, CPAP
monotherapy, and TAP-PAP CS (nasal pillows) combination
therapy, were considered for this study. The application of the
results of this study in a clinical setting would help the clini-
cian to understand the benefit of the CFM when the patient’s
current therapy fails. The decision to move into type 2 combi-
nation therapy with the CFM will depend on which current
therapy is failing. This study will help clarify that decision
process for the clinician. This study will also determine the
efficacy and tolerability of type 2 combination therapy with
the CFM as a therapeutic option in patients with all degrees of
OSA who presented to a dental sleep center.

METHODS

A retrospective chart review (evaluation of quality of care) of all
the combination therapy patients was conducted to determine
who had underwent CFM treatment and what therapies had
been attempted prior to the CFM. All patients who had been
provided combination therapy from 2008 to 2012 at the Center
for Facial Pain and Dental Sleep Medicine in The Woodlands,
Texas were included in the review.

The CFM (Figure 1) fabrication process has been well
described.'? It should be noted that every patient fitted with a
CFM underwent an in-laboratory titration to determine the
therapeutic pressure for the CPAP aspect of the therapy.

Patient Selection

CPAP monotherapy and MAS monotherapy typically failed in
patients in this study before they were considered for combi-
nation therapy. All patients underwent a diagnostic nocturnal
polysomnogram and all underwent a CPAP titration study
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Table 1—Diagnostic nocturnal polysomnography
results of patients with a custom face mask.

PSG Results

Diagnostic AHI, events/h 39+27
Diagnostic RDI, events/h 45 + 26
Diagnostic PSO., % 82+9
CPAP pressure, cm H,O 14+4
Diagnostic PES (9 patients), cm H.,O  -35+ 19*

Values presented as mean + standard deviation. *normal is

-5 cm H20. AHI = apnea-hypopnea index, CPAP = continuous
positive airway pressure, PES = lowest esophageal pressure,
PSG = polysomnography, PSO, = lowest blood oxygen
desaturation during period tested, RDI = respiratory disturbance
index.

prior to institution of combination therapy. The dental sleep
center used two types of combination therapy; both utilize the
basic TAP3 MAS (Airway Management, Inc., Dallas, Texas).
The first type 2 device is the TAP-PAP CS (chair side TAP3 with
post and nasal pillows) (Figure 2). The second type 2 device is
the TAP-PAP CM (TAP3 with post and CFM) (Figure 3).

Two hundred twenty consecutive charts of patients who
underwent type 2 combination therapy were analyzed for this
study. Of these 220 patients, 145 were excluded because they
had a successful outcome utilizing the TAP-PAP CS (nasal
pillows) device. This left 75 patients who were prescribed the
TAP-PAP CM (CFM).

Patients who were included in this study were those for
whom a sequence of previous treatments failed. There were
three groups comprising failed therapy. Group 1 included
those for whom MAS monotherapy failed; group 2 included
those for whom combination therapy with the MAS attached to
nasal pillows (TAP-PAP CS) failed; and group 3 included those
for whom CPAP monotherapy failed. Charts were reviewed
and patients were placed into one of these three groups based
on the type of failed therapy used before the CFM was used.
Original diagnostic nocturnal polysomnography and CPAP
titration results were recorded. Many patients had undergone
esophageal pressure monitoring (PES studies) as part of their
nocturnal polysomnography; as a result, those pressures were
recorded as well.

RESULTS

The charts of the 75 patients who were prescribed the TAP-PAP
CM (CEM) were surveyed and the type of previously failed
therapies were determined. The nocturnal polysomnography
results of the 75 CFM patients were determined along with the
results of the previous CPAP titration studies that were accom-
plished with a stock non-custom CPAP mask (Table 1).

The level of severity of this group (Table 1) reflects the type
of patient who would benefit from combination therapy with
the CFM. These patients represent individuals on the moderate
to severe end of the spectrum of OSA.

These patients were then grouped into three categories: the
first group involved failed MAS monotherapy; the second,
failed combination therapy with the TAP-PAP CS (nasal
pillows), and the third, failed CPAP monotherapy (Table 2).
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Table 2—Number of patients for whom therapy failed
before starting custom mask.

Failed Therapy Group n (%)
MAS monotherapy 11 (15)
TAP-PAP CS (type 2 combination therapy) 21 (28)
CPAP monotherapy 43 (57)

CPAP = continuous positive airway pressure, MAS = mandibular
advancement splint.

Table 4—Follow-up 2008-2015 (n = 44).

Years with CFM n (%)

10 1(2)

3(7)
6 (14)
12 (27)
5 (11)
8 (18)
9 (21)

A OO N 0 ©

CFM = custom face mask.

Previous MAS Monotherapy Failures

In 15% of patients using a CFM, MAS monotherapy failed
(Table 2). The most frequent reason for MAS monotherapy
failure was the inability to tolerate advancement of the
mandible. These patients all had a history of recent temporo-
mandibular joint (TM]) therapy and the forward movement of
the mandible resulted in pain. The most cited reason for the
desire to discontinue MAS monotherapy in this group was
continued daytime fatigue. Because CPAP in many of these
patients had previously failed, they were willing to abandon
all types of therapy at this point. However, when presented
with the description of combination therapy, they were willing
to try the CFM. The acceptance rate of this group of patients
for combination therapy was 98%. There was one patient who
could not tolerate the CPAP even with the CFM.

Previous TAP-PAP CS (Nasal Pillow) Failures

In 28% of patients, type 2 combination therapy using the
TAP-PAP CS failed (Table 2). The TAP-PAP CS device utilizes
the MAS as its foundation with a blue swivel nut secured to
the post to allow direct integration of the nasal pillows into
the MAS (Figure 1). The main reason given for failure of this
therapy was discomfort due to the flow of air directly into the
nares; this in turn led to mouth leakage and fluttering of the
cheeks. The net result, as in the MAS monotherapy failure
group, was persistent daytime fatigue. There were also some
mouth breathers in this group. These patients required a CFM
in order to seal the mouth.

Previous CPAP Monotherapy Failures

In 57% of patients undergoing combination therapy with
the CFM, CPAP monotherapy failed (Table 2). The reason
for failure of CPAP was mask and/or headgear discomfort.
Leakage around the mask was also cited as an unacceptable
side effect. These patients were willing to abandon therapy
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Table 3—Subgroup failed continuous positive airway
pressure (monotherapy) nocturnal polysomnography
results showing severity of obstructive sleep apnea.

Subgroup  Total CFM
PSG Results CPAP Failure Patients
AHI, events/h 41+ 25 39+27
RDI, events/h 50 £ 25 45 + 26
PSO2, % 80+ 10 82+9
Average PES level, cm H.O -41+19 -35+19
Average CPAP pressure, cm H,O 15+4 14 +4

Values presented as mean + standard deviation. AHI = apnea-
hypopnea index, CFM = custom face mask, CPAP = continuous
positive airway pressure, PES = lowest esophageal pressure,
PSG = polysomnography, PSO, = lowest blood oxygen
desaturation during period tested, RDI = respiratory disturbance
index.

Table 5—Follow-up after 3 to 6 years (n = 56).

Current Status (2014) n (% contacted patients)

Still wearing custom mask 44 (78)
Went back to stock CPAP 5(10)
Lost weight/OSA resolved 3(4)
Surgery/OSA resolved 2 (4)
Bad CPAP side effect 1(2)
Deceased 1(2)

CPAP = continuous positive airway pressure, OSA = obstructive
sleep apnea.

despite the severity of their OSA. Although the nocturnal
polysomnography results for all groups have been outlined
(Table 1), a subgroup analysis was determined to understand
the severity of this CPAP monotherapy failure group, when
compared to the entire CFM group (Table 3). The largest group
of CFM patients experienced CPAP monotherapy failure (57%,
95% confidence interval: 46% to 69%).

The severity of OSA in the subgroup of CPAP monotherapy
failure reflects a group of patients on the more severe end of the
spectrum of OSA (Table 3). For each indicator of severity, the
patients for whom CPAP monotherapy failed had more severe
OSA than the average of the entire group.

Follow-Up Survey

All patients included in this follow-up survey (seen in the Dental
Sleep Clinic from 2006-2012) were followed up with a phone call
in June 2015 to determine if they were still wearing the CFM
(Table 4). Of the original 75 patients, only 56 were able to be
contacted. Of those 56 patients, 44 were still wearing the CFM.

Table 4 demonstrates the longevity of the CEM. Approxi-
mately 61% of patients who received the CFM had it for more
than 6 years.

Included in the telephone survey was a question concerning
patients” current status with the CFM regarding combination
therapy for OSA (Table 5).

Table 5 demonstrates that 78% of the patients contacted
were still wearing the CFM in 2015. After attempts were made
to contact all patients in the study, 19 patients were unable to be
contacted, which left 56 participating in the telephone survey.
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Table 6—Comparison of continuous positive airway
pressures before and after custom face mask use.
Average CPAP Pressures for CFM Patients (n = 35)
Before CFM With CFM in situ
14 + 4 cm H,O 13 £ 3 cm H.O

Values presented as mean + standard deviation. CFM = custom
face mask, CPAP = continuous positive airway pressure.

As a part of this follow-up, records were reviewed to deter-
mine the CPAP pressures before and after CFM fabrication
(Table 6).

Table 6 revealed that the average CPAP pressures were
reduced after the fabrication of the CFM. Post-CFM fabrication
CPAP titrations of 35 patients were obtained. Most patients
(n = 23) in this follow-up survey who had any post-CFM inser-
tion reduction of CPAP pressures had significant reduction of
pressures. Twelve patients had increased CPAP after the fabri-
cation of the CFM. These pressures were mostly raised by just
a few points. These patients had an increased body mass index.

A subgroup analysis (Table 7) by separate telephone survey
of the CPAP monotherapy failure group was performed (n = 20)
to determine compliance and satisfaction with the CFM. These
patients presented to the dental sleep center and were ready to
abandon CPAP monotherapy.

Table 7 demonstrates that this population represented those
on the severe end of the CPAP failure subgroup. The average
respiratory disturbance index of 48, AHI of 42, PSO, of 77%
and average CPAP pressures was 15 cm H,O (compare Table 3).
The top two noncustom stock mask complaints were leakage
(80%) and strap discomfort (40%). With the CEM there was
100% compliance. The top features of the CFM revealed by the
patients were comfort (40%) and absence of straps (20%).

These results demonstrate the significant increase in compli-
ance to the CPAP interface with the CFM. The number of
patients wearing the stock mask 4 hours or more was 13 (65%);
whereas the number of patients wearing the CFM 4 hours or
more was 16 (80%).

DISCUSSION

The MAS is clinically accepted as a safe and effective treatment
for mild to moderate OSA. From a historical clinical stand-
point, they have been used primarily as second-line treatment
for patients who are CPAP intolerant for many reasons (mask
discomfort, leakage, claustrophobia, skin irritation) in patients
with mild to moderate OSA. This retrospective review of patients
seen in a single dental sleep clinic is important in demonstrating
that combination therapy can be used successfully in patients
who have failed the more traditional forms of therapy (MAS or
CPAP as monotherapy) in all ranges of OSA severity.

In patients for whom CPAP monotherapy has failed and who
subsequently used MAS monotherapy, combination therapy
provides a therapeutic option for those who cannot tolerate
MAS monotherapy. The most common reason for failure of
MAS monotherapy for patients in this study were TM]J symp-
toms. The next most common side effect of MAS monotherapy
for patients in this study was a change in the alignment of the
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Table 7—Compliance of the noncustom mask
compared with the custom face mask.

Hours Worn Noncustom Mask Custom Face Mask

<1 3 1

1-2 1 0

2-4 3 3

4-6 4 5

7-8 9 11

Total patients 20 20

teeth. Both of these side effects increase in frequency, as the
mandible is advanced to stabilize the airway."*'* In utilizing
combination therapy, the oral aspect of the device can be set to
minimize the advancement of the mandible, thereby reducing
these side effects. The chief clinical advantage of combination
therapy is its ability to reduce the pressure from the CPAP
machine necessary to maintain upper airway patency (particu-
larly in those patients with moderate to severe OSA) as well as
the reduction in the degree of advancement of the mandible to
lessen the TMJ discomfort and tooth movement that typically
accompanies the use of MAS monotherapy. Some of the failures
involved the inability of MAS monotherapy to resolve daytime
sleepiness. Even if the patients in the MAS monotherapy group
showed resolution of OSA on a polysomnogram, respiratory
effort related arousals may still be present, resulting in frag-
mented sleep and continued daytime sleepiness."

Along with the development of the TAP-PAP CM (CFM)
(Figure 3), the TAP-PAP CS with nasal pillows (Figure 2) was
available. However, many patients who elected to use CFM
either knew they did not want the nasal pillows, or were at the
“end of their rope” and just wanted to try one more therapy. In
the patients for whom TAP-PAP CS failed, the most common
residual sleep symptom was fatigue. The failures of the
TAP-PAP CS (nasal pillows) were most often due to intoler-
ance of the high pressures applied through the nasal pillows.
The clinical experience of the authors and others who provide
this combination therapy with the TAP-PAP CS have observed
that the combination system is effective with CPAP less than
15 cm H,0." Leakage from or around the mouth was the most
common side effect. Even though the intraoral component
of the device was the same as the CFM, the leakage occurred
between the MAS and the cheeks, resulting in a fluttering or
leakage out the mouth that resulted in a loss of effectiveness. In
our series, two patients reported discomfort that they attrib-
uted to the nasal pillows. The most common negative issue
reported was fatigue. Fragmented sleep may have resulted
from persistence of the OSA, discomfort of the nasal pillows,
the noise of leakage or other factors including residual exces-
sive daytime sleepiness in patients in whom OSA is adequately
treated. CFM appears to have resolved many of these issues for
those who could not tolerate TAP-PAP CS (nasal pillows).

The noncompliance rate with the CPAP machine (35% to
85%) as defined by nightly use of fewer than 4 h/night and
less than 70% of all nights is well documented in the litera-
ture.”? In our study, the most common reasons for patients
to seek alternative treatment options for CPAP machine
usage were mask leakage and discomfort related to the elastic
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Figure 4—Impression of the face in preparation of
the fabrication of the custom face mask.

This photograph is used with the consent of the patient pictured.

headgear (mask straps) (Table 7). The patients electing to use
a CFM generally had more severe OSA. The patients in this
group required pressure from the CPAP mask (on average) of
15 cm H,O (Table 3), and exhibited greater breathing effort as
demonstrated by esophageal pressures of less than —35 cm H,O
(Table 1). One of the significant problems with stock noncustom
CPAP masks is their inability to work well under high pressures
with high amounts of leakage. This has led to the empirical use
of full-face masks. However, there is literature to suggest that
full-face masks have a higher noncompliance rate compared
with nasal masks and can increase the AHIT just by the use of an
oronasal interface.?>** If air leakage occurs, then a chin strap is
commonly prescribed with or without tightening the headgear/
mask straps. Unfortunately, addition of a chin strap tends to
have significant negative effects on the size of the oropharyn-
geal airway because of the vector force placed on the mandible
causing distalization (posterior movement of the mandible back
toward the airway), which results in a greater degree of airway
obstruction.”® Combination therapy addresses these issues by
increasing the retrolingual space by moving the mandible (and
the tongue base) anteriorly while stabilizing the mandible. It
eliminates the straps by connecting the CPAP airflow interface
directly to the oral device and it decreases leakage by means of
a customized fit of the facial/nasal interface.

There are circumstances where the delivery of airway pres-
sure through the nose is not effective because of nasal pathology
(mouth breathers) and it is desirable to have CPAP delivered
orally. Both are effective in therapeutic outcomes.* With this
in mind, the CFM can be modified to create a communication
port between the nasal vestibule and the mouth vestibule to
allow airflow from the CPAP mask to enter the mouth and nose
simultaneously. This was done in four patients in this study.
One patient had Graves disease and had undergone an infra-
orbital decompression that caused her to be intolerant of nasal
pressure as it put outward stress on her eyes. The CFM was
further customized by adding a communication between the
nasal vestibule and the oral vestibule to resolve these issues.
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The follow-up telephone survey (Table 5) revealed another
aspect of combination therapy with the CFM that has not been
considered until now. This survey suggests that the CFM has a
longer clinical shelf life when compared to a stock noncustom
CPAP mask, raising the possibility that this is a cost-effective
therapeutic option. The longevity of this device affects its cost-
effectiveness. Sixty-one percent of patients were still wearing
their CFM after more than 6 years.

In the analysis of the average CPAP pressure before and after
CEM use (Table 6), it was shown that the average pressure was
reduced by 1 cm H,0. When there was a reduction in CPAP
pressure (for 23 patients) the reduction was significant. This
speaks to the efficacy of the seal of the mask and the efficiency
of the interface as a whole. The other 12 had an increase in
CPAP pressures after the fabrication of the CFM. The reason is
probably because the OSA disorder may have actually become
worse (nothing to do with the CFM) and the CFM is helping
to keep these patients in effective therapy with the higher pres-
sures; or perhaps these patients were undertitrated to begin
with (intolerance of high pressures) and now they are able to
tolerate these higher pressures with the CFM. A unique aspect
of the CFM is that leakage around the mask is significantly
reduced by providing an improved seal of the mask against the
face. The design of the mask by virtue of the way it is fabricated
from an accurate impression of the face (Figure 4), specifically
in line with facial and nasal contours, enables the pressure of
the PAP to expand the facial skin outward towards the mask,
creating a more secure seal.

A subgroup analysis of the failed CPAP monotherapy
group (Group 3) regarding compliance and comfort (Table 7)
revealed that the CFM had a higher compliance and satisfac-
tion when compared to the stock CPAP mask. We hypothesize
the reasons for increased compliance and comfort are the elim-
ination of the headgear straps and the stability of the mask. In
a study by Prehn,” there was an unanticipated benefit accorded
to the bed partner, with greater satisfaction of the bedroom
ambiance with this far quieter therapeutic option.

This is a new therapy for OSA that integrates MAS mono-
therapy and CPAP. The success of this therapy involves the
collaboration of a qualified sleep physician and a quali-
fied sleep dentist. As the technology of combination therapy
improves, so will the need for further research. With the modi-
fications available to this mask system, the applications will be
expanded as well.

As noted previously, the ability of this combination therapy
system to improve treatment effectiveness is accomplished via
two mechanisms. The first is the protrusion of the mandible.
This physical advancement allows the physical space of airway
to increase the lateral dimension of the velopharynx region
of the oropharynx.?** There is also an increase in tone of the
genioglossus muscle.”** Both of these mechanisms provide
the foundation of the mechanism of action of MAS mono-
therapy for the treatment of OSA.* In addition, the combina-
tion of effective airflow through the nasal passage®? along with
mandibular stabilization offers a potentially superior method
of treating OSA.

As more qualified dentists are trained in utilizing the CFM
as a therapeutic option in their practice to treat OSA, the data
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for its application will also expand. It is difficult to deny that
for those with severe OSA, this retrospective study of the CFM
suggests there may be increased therapeutic success.

Terminology

As we carried out this study and as we prepared the manu-
script for publication, we have been engaged in an ongoing
discussion about the terminology used to describe the types
of combination therapy that are the focus of this study. There
is no consistency in the literature to date, and even in discus-
sions with medical/dental professionals there is little clarity
about the preferred nomenclature. Since this is an emerging
therapeutic option, we suggest that consistent terminology be
used going forward. In this study, the term “type 1 combina-
tion therapy” refers to therapy that combines MAS and CPAP.
We suggest that the term “dual therapy” be used henceforth
since it describes two distinct monotherapies that are applied
to the patient at the same time. We suggest that the term “type
2 combination therapy,” as used in this study, should instead be
“integrated therapy” because it describes two therapies that are
integrated into one therapy. Following this terminology, treat-
ment using the CEM would be called integrated therapy.

CONCLUSIONS

This retrospective study suggests that patients for whom CPAP
monotherapy fails comprise the group that would benefit the
most from type 2 combination therapy with the CFM. Although
the patients who experienced failure of the other two types of
OSA therapy (MAS monotherapy and TAP-PAP CS nasal pillows
combination therapy) did benefit from the CEM, the majority of
patients (57%) who underwent type 2 combination therapy with
the CFM were from the CPAP monotherapy group. This suggests
that the CFM should be high on the therapeutic options consid-
ered by the clinician when CPAP monotherapy fails.

This study suggests that the application of the integrated
TAP-PAP CM (CFM) in type 2 combination therapy for
patients with more severe OSA is well tolerated with improved
compliance. The CFM appears to enable patients to tolerate
higher CPAP pressures. The CFM should be considered when
other therapeutic methods of treating OSA have failed or when
pressures or the CPAP mask are intolerable to the patient.

Because of the cost of the mask (including the hours of labor
involved in fabricating and fitting), it is currently not well
suited as a first-line therapeutic option. However, we think the
cost should decrease over time as more cost-efficient systems
to create custom hardware (for example, face scanners, three-
dimensional printers) become available. Furthermore, the
longevity of the CFM may prove that it is a cost-effective option
in the long-term.
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