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Palatal implants: A new approach for the treatment

of obstructive sleep apnea

Regina P. Walker, MD, Howard L. Levine, MD, Martin L. Hopp, MD,
David Greene, MD, and Kenny Pang, MD, Maywood and Hinsdale, Illinois;
Cleveland, Ohio; Los Angeles, California; Naples, Florida; Augusta, Georgia; and

Singapore
OBJECTIVE: To evaluate the short-term safety and efficacy
of palatal implants in patients with mild and moderate obstruc-
tive sleep apnea (OSA).

STUDY DESIGN AND SETTING: A prospective, non-ran-
domized study conducted at 5 clinical sites. Three polyester
implants were placed in the soft palate under local anesthesia
during a single-stage office procedure. Polysomnography was
conducted at baseline and 90 days post-procedure. Subjective
quality of life data were collected.

RESULTS: Fifty-three patients were evaluated; the apnea hy-
popnea index (AHI) decreased from 25.0 � 13.9 to 22.0 � 14.8
events/hour (P � 0.05). The Epworth Sleepiness Scale (ESS)
decreased from 11.0 � 5.1 to 6.9 � 4.5 (P � 0.001), and the
snore score decreased from 7.9 � 2.1 to 4.0 � 3.0 (P � 0.001).
No serious complications occurred during the study.

CONCLUSION: Palatal implants can be an effective initial
low morbidity treatment option for patients diagnosed with mild
to moderate OSA.
© 2006 American Academy of Otolaryngology–Head and Neck
Surgery Foundation. All rights reserved.

Surgical procedures of the soft palate to treat obstructive
sleep apnea (OSA) have focused on soft tissue volume

reduction. The success rates with this approach have been
considered unsatisfactory to many surgeons, especially
when the morbidity is taken into account. In response to
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these challenges, the search has continued for new treatment
devices or techniques.

This study focuses on a truly new and innovative ap-
proach for treating the soft palate in those patients diag-
nosed with mild to moderate OSA. Palatal implants (Pillar
System, Restore Medical, St. Paul, MN) are made of poly-
ethylene terephthalate (PET), a linear, aromatic polyester
that was first manufactured in the late 1940s. Current med-
ical applications for PET include sutures, surgical mesh,
vascular grafts, and cuffs for heart valves.1,2 A tremendous
volume of research on PET has shown the following char-
acteristics: biostability,3 promotion of tissue in-growth,4

and a well-characterized fibrotic response.5,6 Each soft pal-
ate implant is cylindrical in shape, measures 18 mm �
1.8 mm, and is made of porous and braided PET. Three
palatal implants are placed in the upper portion of the soft
palate under local anesthesia in a single office visit. Place-
ment of the implants increases the rigidity of the soft palate.
Bench research models of the upper airway have shown that
increased rigidity has a substantial impact on pharyngeal
closing pressure.7 The pharyngeal closing pressure is a
well-established physiological outcome measurement. A
more negative value implies a less collapsible airway. In
other words, more suction is required to collapse a pharynx
that is more rigid. This encouraging research led to animal
models followed by human pilot studies in snoring patients.
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The effects of palatal implants in the treatment of simple
snoring have been well documented in previous reports.8-11

In expanding on these results, it was decided to apply this
new technology to a population of patients suffering from
mild to moderate OSA. This is the first United States based
multicenter study utilizing palatal implants in the treatment
of obstructive sleep apnea.

METHODS

Research Design
A prospective, non-randomized case series conducted at 5
clinical centers in the United States. The purpose of the
study was to characterize the safety and effectiveness of
palatal implants for the treatment of mild to moderate OSA.

Inclusion/Exclusion Criteria for

Palatal Implants
All subjects in this study were recruited from each investi-
gator’s general patient population after undergoing an initial
Level I polysomnogram (PSG). The primary inclusion cri-
teria were: 1) primary palatal contribution to OSA as deter-
mined by the investigator, 2) an AHI of 10 to 30 events per
hour, 3) a body mass index (BMI) �32 kg/m2, 4) age of 18
or greater, and 5) soft palate length adequate to accommo-
date an 18-mm implant. The main exclusion criteria of the
study were: 1) significant nasal obstruction, 2) no bed part-
ner, 3) a previous history of palatal surgery (other than a
tonsillectomy), 4) surgical treatment other than palatal im-
plants between baseline and post-treatment evaluation (ie,
uvulopalatopharyngoplasty, septoplasty), 5) an AHI �10,
and 6) no post-treatment PSG, in the study window or at all,
despite repeated attempts to have the patient complete the
study. All subjects provided informed consent; the study
was approved by the local institutional review board, and
was carried out in compliance to the Health Insurance Port-
ability and Accountability Act.

Intervention
Palatal implants were carried out with the Pillar Palatal
Implant System (Restore Medical, Inc., St. Paul, MN). Each
patient had 3 implants placed in the soft palate in a single-
stage office procedure under local anesthesia. In general, the
local anesthesia consisted of topical spray followed by injec-
tion of 1% lidocaine with epinephrine 1:100,000. Preopera-
tively, patients gargled for 1 minute with a chlorhexidine an-
tiseptic rinse. Three of the five centers used a preoperative dose
of antibiotics and all five centers used a postoperative antibiotic
(one site started the postoperative antibiotics midway through
the study). After adequate anesthesia was obtained, 3 im-
plants were placed in the soft palate while the patient was in
a sitting position. Typically, the midline implant was placed
first followed by 2 more implants that were placed approx-
imately 2 mm to either side of the midline implant. Each

palatal implant comes pre-loaded in the needle of a dispos-
able delivery tool that inserts the implant into the soft palate.
Ideally, the insertion site was set as close to the hard and
soft palate junction as possible. Pain medication was typi-
cally an anti-inflammatory agent given preoperatively and
postoperatively; some patients were given narcotics.

Outcome Measures
The primary outcome measure for this study was AHI. This
measure provides objective evidence of changes in sleep
related apneas and hypopneas. Secondary outcomes in-
cluded the Epworth Sleepiness Scale (ESS), a measure of
daytime sleepiness, and a Visual Analog Scale (VAS) to
measure the degree of snoring intensity. The ESS is a series
of 8 questions that determine the level of sleepiness encoun-
tered in various activities (watching TV, reading, etc) on a
scale of 0 to 3, with 3 being a high likelihood of falling
asleep. The total score range is from 0 to 24; excessive
sleepiness is defined as an ESS value of 10 or more. For
snoring intensity, the bed partner of patients was asked to
mark on a 10-cm line indicating their level of snoring, with
zero indicating, “no snoring” and 10 indicating, “extreme
snoring causing the bed partner to leave the room.” The
lowest oxygen saturation (LSAT) was also examined. Any
changes in pain, speech, swallowing, or taste were moni-
tored and are described subsequently.

Analyses
All scale data will be reported as a mean � standard devi-
ation. The Wilcoxon signed-rank test was utilized to deter-
mine significance for the primary objective, AHI, consider-
ing the non-parametric nature of AHI distribution. The
Wilcoxon signed-rank test was also used to determine sig-
nificance for the secondary objectives of ESS and snoring
intensity. Significance for other parametric data listed was
determined with the Student’s t test.

RESULTS

The initial cohort consisted of 63 patients studied in a
prospective manner. There were 7 patients that were ex-
cluded based on the 90-day follow-up PSG: 3 patients
never obtained the study, 3 patients had the study carried
out outside of the follow-up window, and one patient had
a full night continuous positive airway pressure (CPAP)
titration study. Two additional patients were excluded
due to a baseline AHI of �10 events/hour, and another
patient was excluded for receiving nasal surgery during
the study period.

A total of 53 patients were analyzed. A summary of the
individual baseline data and follow-up results is listed in
Table 1. There were 44 males and 9 females in the study
with a mean age of 50.2 � 11.7 years (range � 28 to 76)
and a mean baseline BMI of 28.4 � 2.9 kg/m2. Between the
baseline and 90 day follow-up PSG, the AHI significantly

decreased from 25.0 � 13.9 to 22.0 � 14.8 (P � 0.05) events
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Table 1

Patient baseline and follow-up data summary

Patient Age Gender

Baseline 90 Days

BMI LSAT AHI ESS Snore BMI LSAT AHI ESS Snore

1 49 Male 28.0 88.0 16.9 19 7.3 28.9 77.0 25.4 16 6.5
2 43 Male 28.8 81.0 33.7 10 9.6 29.5 81.0 20.2 15 3.2
3 33 Male 25.2 88.0 12.4 10 10.0 25.2 91.0 10.7 3 3.0
4 57 Male 28.4 85.0 19.5 8 8.9 27.5 78.0 35.9 7 8.3
5 41 Male 25.8 88.0 29.1 8 6.8 25.2 87.0 28.5 2 2.2
6 43 Male 31.7 75.0 10.4 19 10.0 32.6 78.0 15.8 18 10.0
7 47 Male 32.7 85.0 28.0 8 6.2 34.0 84.0 27.4 3 3.2
8 48 Male 23.1 79.0 23.0 14 6.0 24.0 81.0 7.7 13 3.5
9 32 Male 28.8 83.0 20.8 4 10.0 28.9 86.0 17.0 3 0.5

10 46 Male 30.0 81.0 32.7 21 9.8 29.3 82.0 18.8 2 9.2
11 34 Male 33.2 90.0 18.1 6 6.2 32.6 89.0 13.4 2 —
12 76 Female 30.3 86.0 21.8 7 9.8 30.4 85.0 21.7 5 9.7
13 56 Female 28.6 87.0 20.3 12 10.0 28.6 88.0 8.6 10 2.1
14 33 Male 26.9 88.0 16.3 6 9.1 26.5 90.0 0.0 3 9.2
15 29 Male 28.2 87.0 18.8 5 8.4 29.0 86.0 15.9 2 3.6
16 40 Male 28.6 87.0 16.0 0 10.0 28.7 78.0 24.0 0 —
17 55 Male 30.2 82.0 20.9 19 8.0 29.9 76.0 17.8 9 2.8
18 39 Male 31.2 87.0 20.4 8 6.5 32.2 82.0 20.8 2 3.0
19 47 Female 29.3 83.0 15.5 9 8.0 30.2 86.0 20.1 7 2.9
20 56 Male 28.2 87.0 65.8 5 10.0 28.2 73.0 46.8 5 8.0
21 68 Male 24.4 89.0 13.2 17 10.0 24.4 87.0 8.2 7 —
22 76 Female 36.8 85.0 15.5 11 — 36.8 88.0 17.9 7 3.1
23 42 Female 26.4 90.0 13.6 11 — 26.4 86.0 8.1 3 —
24 55 Male 26.6 90.0 30.0 11 6.7 26.6 83.0 22.0 15 —
25 50 Male 27.4 81.0 70.9 11 8.5 27.4 79.0 72.1 20 4.0
26 55 Male 31.4 85.0 20.8 5 9.6 31.4 85.0 15.1 4 8.8
27 69 Male 31.4 73.0 76.8 14 10.0 31.4 87.0 28.0 3 0.6
28 73 Female 30.1 88.0 12.9 13 — 30.8 85.3 2.5 6 —
29 52 Male 28.9 74.0 24.8 9 8.2 28.9 85.0 11.7 7 7.9
30 56 Male 22.4 24.4 17.8 20 10.0 22.4 89.0 8.8 10 3.6
31 47 Male 25.0 70.0 20.1 11 — 25.0 88.0 61.2 8 —
32 41 Male 31.6 77.2 59.3 9 4.3 31.6 91.0 9.0 6 3.3
33 63 Female 23.9 86.0 19.3 18 7.8 23.9 80.0 9.5 9 0.2
34 55 Male 30.5 84.0 33.7 12 4.4 30.7 83.0 20.5 7 —
35 37 Male 28.7 79.0 30.5 17 — 28.7 81.0 16.0 9 1.0
36 53 Male 31.5 85.0 34.7 2 1.6 29.8 88.0 30.9 3 —
37 39 Male 30.3 85.0 28.0 4 7.6 30.3 84.0 19.4 6 7.2
38 61 Male 30.4 84.0 23.0 7 3.3 30.4 84.0 26.1 4 0.3
39 47 Male 27.0 89.0 26.6 14 4.7 — 88.0 35.4 8 2.8
40 46 Male 26.7 82.0 15.4 14 6.5 26.5 87.0 7.1 — 2.7
41 28 Male 26.1 88.0 18.1 17 6.7 — 93.0 0.8 11 1.7
42 50 Female 28.9 79.0 24.8 12 10.0 — 81.0 50.2 — —
43 48 Male 29.8 87.0 12.6 3 6.7 — 86.0 21.0 2 0.7
44 51 Male 27.5 89.0 24.8 15 6.9 — 85.0 37.4 13 —
45 62 Male 31.4 69.0 24.5 8 — 31.1 67.0 46.5 9 6.5
46 67 Male 25.8 85.0 21.1 7 7.2 26.4 80.0 20.1 7 3.2
47 56 Male 27.1 82.0 11.7 16 5.3 28.3 86.0 9.6 8 2.3
48 59 Male 27.5 86.0 23.1 13 8.8 28.5 73.0 49.7 5 1.3
49 45 Male 28.1 81.0 25.2 10 8.7 28.2 79.0 19.7 5 0.0
50 65 Female 26.3 82.1 18.9 5 9.2 25.2 81.0 24.5 4 5.0
51 55 Male 23.6 49.0 24.9 16 7.8 — 58.0 10.7 — —
52 52 Male 32.0 82.0 26.0 15 10.0 — 82.0 29.5 — —
53 32 Male 22.3 79.0 24.4 17 9.2 22.5 92.0 20.3 5 1.6

Count 53 44 Males 53 53 53 53 47 46 53 53 49 40
Mean 50.2 28.4 81.8 25.0 11.0 7.9 28.6 83.2 22.0 6.9 4.0
Standard deviation 11.7 2.9 10.6 13.9 5.1 2.1 3.0 6.2 14.8 4.5 3.0
Min 28 22.3 24.4 10.4 0 1.6 22.4 58.0 0.0 0.0 0.0
Max 76 36.8 90.0 76.8 21 10.0 36.8 93.0 72.1 20.0 10.0
P-value compared

to baseline data NS NS 0.050 �0.001 �0.001

AHI, apnea hypopnea index; BMI, body mass index; ESS, Epworth Sleepiness Scale; LSAT, lowest oxygen saturation; NS, not
significant.
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per hour. The ESS decreased from 11.0 � 5.1 to 6.9 � 4.5
(P � 0.001) and the snore score decreased from 7.9 � 2.1 to
4.0 � 3.0 (P � 0.001). The LSAT and the BMI did not show
a significant change.

Patients were also stratified based on the modified Mal-
lampati grade (MMP).12 This grade is based on the obser-
vation of the oropharynx with the mouth open and without
tongue protrusion (Table 2). Forty of 53 patients were clas-
sified as MMP I and II, and 13 were classified as MMP III
and IV. In MMP I and II patients, AHI decreased in 30 of
40 (75%) of the patients with a significant overall mean AHI
decrease from 25.3 � 14.8 to 20.8 � 15.1 (P � 0.003). For
MMP III and IV patients, the mean AHI difference was not
significant (P � 0.345). A summary of the follow-up AHI
results after stratification by MMP is shown in Table 3.

There were minimal increases in pain, speech, and swal-
lowing VAS scores (where 0 is none and 10 equals extreme
pain, speech, or swallowing difficulties) at 24 to 72 hours
post-procedure; those levels returned to normal within 2
weeks’ time (Fig 1). The following complication data are
reported on all 63 patients entered into the study. No serious
adverse events were reported during the study. The most
common adverse event was partial extrusion. Of 63 patients
entered in the study, 20 of 202 implants (9.9%) became
partially exposed through the mucosa of the soft palate. All
implants were removed without event, and in the majority of
cases, the implant was replaced. One of the 5 clinical sites
had the majority of the extrusions; this could be attributed to
the amount or placement of the anesthetic, the inherent
“learning curve” seen in a new technique, or differences in
the use of antibiotics in the perioperative period. If the 4
other sites were analyzed alone, the extrusion rate was 4.3%.

Table 2

Modified Mallampati grade

Grade Description

I Visualization of the entire uvula and tonsils
II Visualization of the uvula but not the tonsils
III Visualization of the soft palate but not the

uvula
IV Visualization of the hard palate only

Based on visualization of structures in the mouth with the
mouth open widely without protrusion of the tongue.

Table 3

AHI results stratified by MMP

Description

Patients with decreased postoperative AHI
Patients with decreased postoperative AHI �20

AHI, Apnea hypopnea index; MMP, modified Mallampati g
Other adverse events included mucosal irritation or ulceration
at the implant entrance site in 4 patients; 3 patients received no
treatment and 1 patient was treated with antibiotics. All 4
patients had complete resolution within 2 weeks.

According to the sleep questionnaires, 69% of bed part-
ners witnessed apneas before the procedure, and at 90 days,
only 26% of partners still witnessed apneas. As further
evidence of subjective satisfaction, 74% of bed partners,
and 77% of patients would recommend the procedure to a
friend or family member.

DISCUSSION

It is generally accepted that both pharyngeal biomechanics
and anatomical structure contribute to airway collapse in
patients suffering from OSA. To date, however, there is no
consensus as to how to measure, grade, and then apply this
information to improve nocturnal airflow. Due to continued
frustration with widely varying outcomes, otolaryngologists
have focused on forming a standardized assessment of the
upper airway size. So far, this assessment has been purely
anatomical and no system exists to measure the biomechan-
ics of the airway in a sleeping patient.

Surgical intervention has been limited to various forms
of volumetric reduction of the soft palate. Inherent in volu-
metric reduction is the creation of scar tissue. The improve-
ment after a reduction procedure results from a decrease in
the volume of tissue as well as an increase in the stiffness of
the palate secondary to scar formation. When improvement
in the airway dynamics occurs, the percentage attributable
to volume reduction versus scar formation is unknown.
What is apparent is that after a year, many patients relapse
who initially responded to a uvulopalatopharyngoplasty
(UPPP), laser-assisted uvulopalatoplasty, or temperature
controlled radiofrequency tissue ablation (TCRFTA) of the
palate.13-15 A common theory to explain the relapse is that
the scar remodels or “loosens” over time.

The mechanism by which soft palate implants work is
through alteration of the soft palate elastances. This change,
in turn, affects pharyngeal closing pressure; a greater neg-
ative pressure is needed to collapse the pharynx at the level
of the soft palate. Soft palate implants are made of a mate-
rial, polyethylene terephthalate (PET) that causes a perma-
nent alteration in the tissue in which it is implanted. The use

P I and II
ents (%)

MMP III and IV
patients (%)

All
patients (%)

/40 (75) 5/13 (38.5) 35/53 (66)
/40 (50) 4/13 (30.8) 24/53 (45.3)
MM
pati

30
20

rade.
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of this material has been extensively studied for �50 years.
The fibrous capsule formation remains intact for the life of
the biomaterial. The permanence of this material and the
alteration in the surrounding tissue suggests that patients
who initially respond to this procedure could expect a long-
term result.

A subject for debate regarding the treatment of sleep
apnea is the standard for surgical success in the treatment of
OSA. It was noted by Sher et al16 that the criteria of 50%
reduction in postoperative AI was selected arbitrarily by
Fujita when introducing UPPP as the first specialized sur-
gical procedure to treat OSA. Surgical success has also been
defined in other terms more recently by Powell,17 including
postoperative AHI reduction to �20 with at least a 50%
reduction for any baseline AHI �20. In this study, the target
population encompassed patients with a palatal component
and mild to moderate OSA. The magnitude of improvement
in AHI was restricted to a range below the baseline value,
and may not be of the same magnitude as studies of more
invasive procedures aimed at patients with severe OSA.
Although the standard for surgical success in OSA treat-
ment is open for debate, it is important to note that the
palatal implant procedure can be successful on an individual
basis for properly selected patients (Table 1).

Results of this study indicate that OSA patients with a
modified Mallampati grade of I and II respond more favor-
ably to implants than other patients. Patients with a modified
Mallampati grade of I and II had a statistically significant
mean decrease in AHI after placement of soft palate im-
plants, whereas grade III and IV patients had no response. If

Figure 1 Swall
the predominant feature on examination is obstruction at the
level of the tongue base, it would be intuitive that a palatal
procedure would be of benefit to the patient only if it was
combined with a protocol to address the base of tongue
obstruction. The role of palatal implants in the future treat-
ment of OSA will be multifaceted; palatal implants could be
combined with TCRFTA of the tongue base in a patient
with multilevel obstruction, with a UPPP in a patient with a
large uvula, or RFTA of the inferior turbinates if nasal
obstruction exists. Palatal implants could also be considered
as an initial approach for OSA treatment in properly selected
patients, especially considering the procedure is single-staged,
minimally invasive, and reversible.

The overall reduction in mean AHI for this study popu-
lation was statistically significant, despite the inclusion of
outliers contributing to large standard deviations. It should
be noted that the distribution of AHI was non-parametric,
and anchored by zero on the lower end but without bound-
aries on the upper end. Although AHI values are a useful
tool for measuring for the effectiveness of OSA treatment,
AHI improvement is restricted to a value below the baseline
value, and other existing factors should also be considered.

A recent article challenged the notion that the PSG is the
primary tool for determining surgical success with OSA,
and that quality of life factors can be as important in deter-
mining successful outcomes.18 There is considerable inter-
est in the reduced quality of life caused by sleep apnea, and
in the present study, great success was seen in quality of life
measures. Epworth Sleepiness Scale and snoring intensity
were 2 subjective quality of life measures that showed
greater effect than the PSG related parameter of AHI in this

speech, and pain.
series. Additionally, successful outcomes were also evi-
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denced by the satisfaction rates reported on the patient and
bed partner questionnaires. It is likely that the majority of
Otolaryngologists would view the patient and bed partner
satisfaction rates reported in this study of approximately
75% an extremely positive outcome for a minimally inva-
sive, one-time treatment.

This study was undertaken to provide the initial results
for the use of palatal implants in mild to moderate OSA
patients from a multi-center United States population. This
study shows that properly selected patients can experience a
clinically significant improvement in their AHI, daytime
sleepiness, and snoring score. Palatal implants could be
considered as an initial palatal procedure due to its minimal
invasiveness in patients suffering from mild to moderate
OSA. Further studies are warranted, and a particular area of
interest is extended follow-up.

CONCLUSION

From this initial, short-term, multi-center United States
trial, palatal implants are shown to be a viable option for
treatment of the soft palate in properly selected patients
diagnosed with mild to moderate sleep apnea. Objective and
subjective success was achieved in the majority of patients,
but when specific anatomic characteristics are considered,
the outcomes can improve significantly. Palatal implants
can be considered an initial, single-stage surgical option
with low morbidity, high satisfaction, and improved quality
of life for patients and bed partners.
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