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Abstract The aim of this study was to determine the
associated factors affecting the outcome of uvulophar-
yngopalatoplasty (UPPP) in patients with severe obstruc-
tive sleep apnea hypopnea syndrome (OSAHS), and to
investigate whether cephalometric measurements were
predictive of the therapeutic response to UPPP in patients
with severe OSAHS. We retrospectively studied 51 con-
secutive patients who underwent revised UPPP with uvula
preservation (H-UPPP), or Z-palatopharyngoplasty (ZPPP)
for severe OSAHS [apnea—hypopnea index (AHI) >30].
All patients were evaluated using physical examination,
Epworth Sleepiness Scale (ESS), cephalometry, and noc-
turnal polysomnography (PSG) before surgery and at
6—12 months after surgery. Based on the success criteria
defined as an AHI of <20 and a decrease >50 %, the
overall success rate was 45.1 %. The preoperative distance
from the posterior border of the uvula to the middle pha-
ryngeal wall (U-MPW) was significantly longer in the
responder group than in the nonresponder group, when
considering the whole group or the H-UPPP group alone.
Among all study subjects, U-MPW and change in body
mass index (ABMI) were the significant predictors of
surgical success. U-MPW was the key predictor for
H-UPPP surgical success, whereas mandibular plane angle
(MPA) and Friedman stage were the key predictors for
ZPPP surgical success. In conclusion, U-MPW was a
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significant predictor of UPPP surgical success. Patients
with U-MPW >10 mm who are unwilling to receive nasal
continuous positive airway pressure (CPAP) therapy might
be suitable candidates for UPPP surgery.
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Introduction

Obstructive sleep apnea hypopnea syndrome (OSAHS) is
the intermittent cessation of breathing during sleep due to
the collapse of the pharyngeal airway. Although nasal
continuous positive airway pressure (nCPAP) is the pri-
mary treatment for OSAHS, compliance is limited, varying
from 28 to 80 % [1, 2].

For decades, surgical modifications of the upper airway have
been performed as a principal treatment for OSAHS [3].
Because OSAHS is incurable, the aim of surgery is to control
the symptoms and minimize ongoing multisystem damage.
Uvulopalatopharyngoplasty (UPPP) remains the most com-
monly utilized surgical procedure for treating OSAHS.
Unfortunately, the success rate of this surgery is lower in
unselected patients with obstructive sleep apnea (OSA,
40.8 %) [4] and in patients with Friedman OSA stages II
(37.9 %) and 111 (8.1 %) [5]. Technical modifications of UPPP
include the Z-plastypharyngoplasty [6], revised UPPP with
uvula preservation (H-UPPP) [7], and palatal advancement. In
a recent study, Z-palatopharyngoplasty (ZPPP) combined the
Z-palatoplasty (ZPP) technique with concurrent tonsillectomy
and pharyngoplasty to achieve a success rate of 64.7 % in
patients who had Friedman stage II/IIl OSAHS [8]. However,
our previous study demonstrated that although the success rate
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of the ZPPP group was higher than that of the H-UPPP group,
these did not differ significantly between the two surgical
groups [9].

Multiple techniques have been employed to predict UPPP
effectiveness, but no consensus is available on whether any
of these are significantly predictive of surgical success [4].
Identification of the upper airway (UA) occlusion sites
inpatients with OSAHS may increase surgical success by
contributing information that suggests which surgical choice
is appropriate [10]. Identification of the precise UA
obstruction localization sites has been attempted by a num-
ber of techniques including nasopharyngoscopy, pressure
measurements, X-ray cephalometry, computed tomography
(CT) scanning, and magnetic resonance imaging (MRI), and
each technique has its unique advantages and disadvantages.

Over the years, cephalometric radiographic analysis has
become one of the standard diagnostic tools for patients
with OSAHS, particularly during the preoperative evalua-
tion of the craniofacial skeletal anatomy before maxillo-
mandibular advancement (MMA) surgery. However, the
predictive value of X-ray cephalometry for UPPP remains
questionable. Millman et al. [11] concluded that the dis-
tance from the hyoid to the mandibular plane (MP-H)
<20 mm, the presence of a baseline apnea hyponea index
(AHI) <38, and the absence of retrognathia were predictors
of improvement after UPPP. Conversely, Doghramji et al.
[12] reported that a preoperative cephalometry cannot be
reliably used to predict surgical success following UPPP.

Therefore, the aims of this study were to determine the
associated factors affecting the success rate of UPPP, and
to investigate whether cephalometric measurements could
predict the therapeutic response to UPPP in patients with
severe OSAHS.

Materials and methods
Study design

Between October 2009 and March 2011, we retrospectively
included 51 consecutive Chinese patients (47 men and 4
women; age range, 24-64 years; mean age, 43.0 +
9.0 years) who underwent H-UPPP [7] or ZPPP [8].
H-UPPP was performed on Friedman stage I/IIOSA
patients. ZPPP was performed on Friedman stage II/IIIOSA
patients with a posterior airway space (PAS) >11 mm. Of
the 51 patients, 31 were in the H-UPPP group, and 20 were
in the ZPPP group. All patients experienced significant
clinical symptoms of snoring and/or daytime sleepiness,
were diagnosed by polysomnography (PSG) with severe
OSAHS (AHI >30/h), were examined with Friedman
stages I-III, and could not tolerate or were unwilling to
receive lifelong nCPAP therapy. Informed written consent
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was obtained from all participants, and the study protocol
was approved by the hospital institutional review board.

A detailed physical examination of the head and neck,
such as tonsil size and Friedman palate position, was per-
formed for each patient, and each patient was assigned a
Friedman stage based on morphologic findings. The
Friedman staging system was judged by the Friedman
palate position, tonsil size, and body mass index (BMI) [5].
Of the 51 patients, 4 patients belonged to Friedman OSA
stage I, 20 to stage II, and 27 to stage III. All patients
underwent preoperative and postoperative physical exam-
ination, Epworth Sleepiness Scale (ESS) evaluation,
cephalometry, and nocturnal polysomnography (PSG)
before surgery and at 6—12 months after surgery.

Surgical procedure

All patients underwent H-UPPP or ZPPP under general
anesthesia. The H-UPPP procedure was first described by
Han et al. [7]. The characteristics of H-UPPP are as fol-
lows: bilateral tonsillectomy was performed, and the
redundant bilateral pharyngeal mucosa and submucosal
tissue were resected; the uvula was completely preserved;
larger portion of the soft palate was resected; the adipose
tissue in the space of the velum palati was removed.

The ZPPP procedure was performed as described by Yi
et al. [8]. First, a tonsillectomy was performed with a cold
instrument or radiofrequency ablation (Evac 70; Arthro-
Care, Sunnyvale, CA). Then, the ZPPP surgical technique
was employed using the following key procedures [13]:
two adjacent flaps were outlined on the palate, the mucosa
and fat tissue of the anterior aspect of the two flaps were
removed, the two flaps were separated from each other by
splitting the palatal segment down the midline, and a two-
layer closure bringing the midline all the way to the
anterolateral margin of the palate was accomplished.
Finally, a two-layer closure of the palatopharyngeal pillar
and palatoglossal pillar was performed.

Polysomnography

Polysomnographic recordings were made and scored using
the Alice four system (Philips Respironics, Murrysville,
PA, USA). Data were recorded for the stages of sleep,
oxygen saturation, and number of hypopneas and apneas
per hour. Obstructive apnea was defined as the absence of
airflow with respiratory effort for at least 10 s. Hypopnea
was defined as a greater than 50 % reduction in airflow
accompanied by oxygen desaturation of more than 4 % or
arousal from sleep. AHI was defined as the number of
apneas and hypopneas per hour. Surgical response was
defined as a decrease of AHI of 50 % or more and a
postoperative AHI below 20.
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Cephalometric analyses

Standard lateral cephalometric radiographs were obtained
in 51 patients by a senior examiner using a standardized
technique before surgery and at 6-12 months after surgery.
The patients were seated in the natural head position at the
end-expiration phase and were instructed not to swallow.
The landmarks and reference lines for the conventional
cephalometric analysis have been defined previously [14].
The preoperative and postoperative cephalograms were
digitized by a single investigator using the Nemoceph NX
2006 software (Nemotec SL, Madrid, Spain).

Variables analyzed included the angle from the sella to
nasion to subspinale (SNA); the angle from the sella to
nasion to supramentale (SNB); the angle between the max-
illa and mandible (ANB); the angle of mandibular plane to
Frankfort Horizontal (MPA); the distance from the sella to
nasion (SN); the distance from anterior nasal spine to pos-
terior nasal spine (ANS—PNS); the distance from the gonion
(Go) to gnathion (Gn) (Go-Gn); the distance from the
mandibular plane to hyoid bone (MP-H); the length of the
soft palate (SPL); the sagittal area of the soft palate (SPA);
the distance from posterior nasal spine to the posterior
nasopharyngeal wall (PNS-UPW); the distance from the
posterior border of the soft palate to the posterior nasopha-
ryngeal wall (P-MPW); and the distance between the base of
the tongue and the posterior pharyngeal wall (PAS; Fig. 1).

Data analysis

All statistical analyses were performed using SPSS, version
13 (SPSS Inc, Chicago, IL, USA). Continuous data are
expressed as the mean + SD, and a P value <0.05 was
deemed to be statistically significant. Paired r-tests were
used to compare preoperative and postoperative mean
values. Unpaired #-tests were used to determine the statis-
tical significance of relevant variables between responders
and nonresponders. The > test was used to compare the
frequency of response vs. nonresponse.

Logistic regression analysis was used to determine the
factors associated with a successful surgery. The dependent
variable was success of surgical intervention. Independent
variables with a P value <0.20 when comparing responders
and nonresponders were enrolled for logistic regression.

Results
Curative effect
A total of 23 patients met the success criteria, and the

overall success rate was 45.1 % in this series. According to
the Friedman OSA stages, the success rate was 50.0, and

40.7 % for patients with Friedman OSA stage [, II, and III,
respectively. No significant differences appeared among
the three stage groups (P = 0.80). Of the 51 patients, 31
were in the H-UPPP group, with a success rate of 35.5 %,
and 20 were in the ZPPP group, with a success rate of
60.0 %. Although the success rate of the ZPPP group was
higher than that of the H-UPPP group, no significant dif-
ferences appeared between the two surgical groups
(P =0.09). In the ZPPP group, the success rate was
85.7 % for Friedman OSA stage I and 53.8 % for stage III,
but no significant differences appeared between the two
stage groups (P = 0.32).

Comparison of relevant parameters
before and after surgery

A significant difference appeared in the BMI of patients
before and after surgery (282 £24 vs. 27.7 £ 25,
P < 0.05). The mean AHI decreased from 65.6 4+ 17.2 to
29.5 £ 22.5/h (P < 0.001). The mean lowest oxygen satu-
ration (LSAT) increased from 70.8 + 10.9t079.3 + 11.3 %
(P < 0.001). The mean ESS decreased from 12.8 £ 6.1 to
5.5 &+ 4.2 (P < 0.001). The mean length of soft palate (SPL)
shortened from 41.3 £ 5.3 to 30.4 &+ 4.4 mm (P < 0.001)
after surgery. The mean area of soft palate (SPA) decreased
from 349.3 + 73.2 to 265 0 % 58.6 mm’ (P < 0.001) after
surgery. The mean distance of PNS-UPW lengthened from
22.1 £39 to 229 £ 33 mm (P = 0.051). Although the
mean distance of U-MPW lengthened from 9.8 + 3.0 to
10.4 £+ 2.4 mm, this difference was not statistically significant
(P = 0.13). The mean distance of PAS significantly shortened
from 12.2 + 4.0 mm to 10.0 & 3.1 mm (P = 0.000), which
was an unexpected finding. No other cephalometric and
anthropometric variables differed statistically before and after
surgery (Table 1).

Comparisons between responder and nonresponder
groups

Overall, when patients were categorized as responders or
nonresponders, we found that the U-MPW was signifi-
cantly longer in the responder group than in the nonre-
sponder group (10.7 & 2.9 vs. 8.9 £ 2.8 mm, respectively;
P = 0.05). The distance of PNS-UPW was longer in the
responder group than in the nonresponder group, but
the difference was not statistically significant. Although the
MP-H distance was longer in the nonresponder group than
in the responder group (23.3 4+ 6.7 vs. 20.3 & 5.5 mm,
respectively; P = 0.12), the difference was not statistically
significant. Comparisons between responder and nonre-
sponder groups revealed no significant differences in age,
Friedman stage, preoperative AHI, LSAT, ESS,and all
other cephalometric parameters (P > 0.25; Table 2).
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Fig. 1 Diagram of cephalometric analysis: S sella, N nasion, A sub-
spinale, B supramental, ANS anterior nasal spine, PNS, posterior nasal
spine, CV cervical vertebrae, Or orbitale, Po porion, FH Frank fort
horizontal plane, Go gonion, Me menton, Ge genial tubercle, Gn
gnathion, UPW upper pharyngeal wall, MPW middle pharyngeal wall,
U uvula, H anterior hyoid, MP mandibular plane, SNA maxillary
protrusion angle, SNB mandibular protrusion angle, ANB angle

Table 1 Comparison of relevant parameters before and after surgery

Preoperative Postoperative P value
BMI (kg/m?) 282 +24 277 +£25 0.004
AHI (#/h) 65.6 + 17.2 29.5 £225 0.000
LSAT (%) 70.8 £ 10.9 793 £ 11.3 0.000
ESS 128 £ 6.1 55+42 0.000
SNA (°) 857+ 42 85.0 + 3.8 0.059
SNB (°) 79.6 £ 3.7 78.7 £ 3.7 0.080
ANB (°) 62+ 24 8.0+ 115 0.293
MPA (°) 29.1 £5.6 302 +62 0.068
SN (mm) 629 +34 63.7 £ 3.5 0.051
ANS-PNS (mm) 472 £ 3.6 473 £33 0.781
GO-GN (mm) 703 £ 4.0 70.0 £ 44 0.320
MP-H (mm) 21.8 £ 6.3 213 +£5.38 0.356
SPL (mm) 413 £53 304 £ 44 0.000
SPA (mm?) 3493 + 733 265.0 + 58.6 0.000
PNS-UPW (mm) 22.1+£39 229 +33 0.051
U-MPW (mm) 9.8 £3.0 104 £ 24 0.133
PAS (mm) 122+ 4.0 10.0 £ 3.1 0.000

In the H-UPPP group, the preoperative U-MPW distance
was significantly longer in the responder group than in the
nonresponder group (12.5 2.2 vs. 99 %+ 2.8 mm,
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between the maxilla and mandible, MPA mandibular plane angle, Go—
Gn mandibular body length, MP-H distance from the hyoid to the
mandibular plane, PNS-UPW width ofthe nasopharynx, U-MPW
width of the oropharynx, PAS posterior airway space, SN distance
from the sella to nasion, ANS—PNS length of the hard palate, SPL(P-
PNS) length of the soft palate, SPA sagittal area of the soft palate

respectively; P = 0.007). No other cephalometric and
anthropometric variables differed significantly between the
responder and nonresponder groups. In the ZPPP group,
the preoperative MPA was significantly smaller in the
responder group than in the nonresponder group
(27.0 £ 4.6° vs. 31.6 & 4.7°, respectively; P = 0.04). No
other cephalometric and anthropometric variables differed
significantly between the responder and nonresponder
groups.

All of the delta values shown in the tables were calcu-
lated by subtracting the postoperative values from the
preoperative ones. The delta value of BMI (ABMI) in
responders was significantly greater than that in nonre-
sponders after surgery (0.9 = 1.2 vs. 2 £+ 1.2 kg respec-
tively; P = 0.038). The delta values of SPA, SPL, PAS,
and U-MPW did not differ significantly between respond-
ers and nonresponders (Table 3).

Logistic regression

Variables resulting in univariate P values of <0.2 were
entered into a binary logistic regression model. Therefore,
preoperative AHI (P = 0.192), ABMI (P = 0.038),
U-MPW (P = 0.057), MP-H (P = 0.121), Friedman stage,
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Table 2 Responders and nonresponders to surgery

Responders Nonresponders P value
(n =23) (n = 28)
Age 42.0 £89 43.9 £ 10.0 0.501
BMI (kg/m?) 284 4+ 2.6 282423 0.760
AHI (#/h) 62.1 £ 18.5 68.5 £ 159 0.192
LSAT (%) 72.8 £ 104 69.1 £ 112 0.237
ESS 114 £62 140 £ 6.0 0.132
SNA (°) 86.1 = 4.2 855+ 42 0.659
SNB (°) 80.2 + 3.3 79.0 £ 4.1 0.318
ANB (°) 59+24 64 £25 0.442
MPA (°) 283 £5.38 298 £5.5 0.385
SN (mm) 62.7 £ 3.1 63.1 £ 3.6 0.685
ANS-PNS 46.6 = 3.9 477 +£32 0.335
(mm)
GO-GN (mm) 703 £24 704 £ 4.8 0.908
MP-H (mm) 203 £55 233+ 6.7 0.121
SPL (mm) 409 + 5.7 41.6 £ 49 0.669
SPA (mm”) 355.0 &+ 83.9 343.9 £ 63.0 0.624
PNS-UPW 217+ 44 224 £35 0.578
(mm)
U-MPW (mm) 10.7 £ 2.9 89 £28 0.051
PAS (mm) 128 £ 4.2 11.6 + 3.7 0.304

Table 3 Comparison of the delta values of relevant parameters

Responders Nonresponders P value
(n=23) (n = 28)
AESS 75+ 6.8 71+ 48 0.800
ABMI (kg/m®) 0.9 £ 1.2 02+12 0.038
ASPL (mm) 10.5 + 8.7 8.1+£6.38 0.276
ASPA (mm?) 89.0 £ 111.1 56.4 £ 63.2 0.194
AU-MPW —-0.6 £29 —-05+£23 0.951
(mm)
APAS (mm) 23 +35 1.5+28 0.372

and surgical method were put into a logistic regression
model to determine predictive factors.

Logistic regression revealed that U-MPW and ABMI
were the significant predictors of surgical success. Those
with preoperative U-MPW greater than 10 mm had a
higher success rate (65 %) than those with preoperative
U-MPW less than or equal to 10 mm (25 %). In the
H-UPPP group, preoperative U-MPW was the key pre-
dictor of H-UPPP surgical success. In the ZPPP group,
MPA and Friedman stage were the key predictors of ZPPP
surgical success. The success rate was 85.7 % for Friedman
OSA stage II and 53.8 % for stage III, demonstrating that
Friedman OSA stage is important for selecting candidates
for ZPPP.

Discussion
Efficacy of UPPP

In this study, we analyzed our surgical results in 51 patients
with severe OSAHS who had undergone H-UPPP or ZPPP.
The overall success rate was 45.1 %. Historically, only
patients with mild to moderate disease were considered
good candidates for UPPP based on the observation of a
significant difference in mean AHI between responders and
nonresponders [4]. However, Senior et al. [15] found that
patients with mild OSAHS did not achieve better UPPP
outcomes than patients with severe disease. Caldarelli et al.
[16] also reported that patients with severe disease obtained
UPPP outcomes superior to those with mild disease.
Moreover Li et al. [17] revealed that baseline AHI was not
a determinant factor of UPPP success rates. Our study
demonstrated that the UPPP success rate for severe disease
was 45 %. This result is similar to the 40.7 % UPPP suc-
cess rate reported by Sher et al. [4] in a systematic review
of unselected patients with OSAHS. Thus UPPP was
effective for some severe OSAHS patients, selecting
appropriate candidates for UPPP based on disease severity
(AHI) is not an effective approach.

In our study, the mean distances of preoperative P-MPW
and PNS-UPW were longer in the responder group than in
the nonresponder group. Of these, the mean distance from
the soft palate to the posterior pharyngeal wall (P-MPW)
was the single most significant predictor of surgical
success. To date, no other study in the literature has
identified P-MPW as a predictor of surgical success. These
findings are the first systematic examination of the anatomy
of the upper airways by cephalometry before and after
UPPP in patients with severe OSAHS. Shepard et al. [18]
found that the UPPP nonresponder group demonstrated a
smaller baseline proximal retropalatal area and smaller
overall retropalatal segment than responders. Additionally,
Langin et al. [19] concluded that changes in the retropalatal
area were correlated with UPPP response when evaluating
the upper airway before and after surgery by cephalometry
and pharyngeal CT scan. Responders demonstrated
increased retropalatal airway size, whereas nonresponders
demonstrated little or no change in retropalatal size. These
findings suggest that UPPP responders have a better
response if they begin with a larger and longitudinal upper
airway that narrows at the level of the free margin of the
soft palate. In a previous study [18], three-dimensional
computed tomography was used to assess the changes of
the upper airway dimension following UPPP. Thus, our
results may be not comparable with those of previous
studies due to the different evaluation methods employed.

Our results revealed a significant decrease of the
retroglossal space (PAS) despite significant enlargement at
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the retropalatal space after UPPP. This finding is consistent
with the results of several other studies. Li et al. [20]
assessed changes in the upper airway dimension using
computed tomography after extended uvulopalatal flap
surgery. They found a decrease in the retroglossal space
despite significant enlargement in the retropalatal space.
Shepard et al. [21] also reported a similar paradoxical
change. We presume that the decrease in retroglossal space
results from scarring contraction of the tonsillar wound and
may play a confounding factor in the unpredictability of
UPPP outcomes.

In the present study, we found that the MP-H distance
was not useful in predicting UPPP success, although the
MP-H distance tended to be longer in nonresponders than
in responders. This finding was similar to the results of
some other studies. Woodson et al. [22] also reported no
difference in MP-H distances between responders and
nonresponders to UPPP, although nonresponders had
longer posterior airways. Moreover, Doghramji et al. [12]
found no relationship between MP-H distance and surgical
outcome, although soft palates tended to be longer in
patients in the responder group. In contrast, Millman et al.
[11] concluded that a MP-H <20 mm, the presence of a
baseline AHI <38, and the absence of retrognathia were
significant predictors for a positive response after UPPP.
However, they used more stringent criteria for surgical
success (AHI <10 or AHI <20 with a 50 % reduction from
baseline AHI), which could have affected their findings.
Some studies [23, 24] have confirmed that the MP-H dis-
tance is positively correlated with severity of OSAHS
(AHI). All patients in our study had severe OSAHS with a
presurgical AHI >30. Thus, it is possible that there was no
difference in the MP-H distance between responders and
nonresponders to UPPP, although the MP-H distance ten-
ded to be longer in the nonresponders. Of course, the
conflicting findings might be attributed to their small
sample sizes.

Friedman et al. [5] suggested that the Friedman Staging
System based on palatal position jointed with size of pal-
atine tonsils could predict surgical outcome in OSAHS
patients and is superior to the severity of disease as a
predictor for successful UPPP. In the present study, the
ZPPP success rate of Friedman OSA stage II was higher
than that of Friedman stage III, and MPA and Friedman
stage could predict the outcome of ZPPP. This result is
consistent with previous findings that MPA and Friedman
stage are key predictors of ZPPP surgical success [8]. Our
results demonstrate that Friedman OSA stage is important
for selecting candidates for ZPPP. Additionally, the MPA
may affect the growth of the mandible and size of the
hypopharynx; the greater the angle, the steeper the man-
dibular plane. In other words, the tongue base may tend to
fall backwards and obstruct the hypopharynx, and affect
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the result of ZPPP. However, we failed to find any pre-
dictive value of Friedman stages I-III in success of UPPP.
This discrepancy can presumably be explained by the dif-
ferent patient populations studied, because all of our
patients had severe OSAHS. The majority of the patients in
our study had stage II disease (39 %) and stage III disease
(53 %), with only 8 % in stage I disease. Therefore, it was
difficult to distinguish the differences between the
responder and the nonresponder groups, and further studies
are required with larger samples.

We observed a significant reduction in BMI after UPPP.
Weight reduction is known to play an important role in
improving treatment in OSA patients [25]. Sutherland et al.
[26] found that improved sleep apnoea after weight loss was
associated with an increase in velopharyngeal airway size.
Additionally, weight loss decreases upper airway collaps-
ibility during sleep because of reduced mechanical loads
resulting from adiposity and/or subsequent improvements in
neuromuscular control.

Conclusions

Although the success rate was unsatisfactory, uvulopala-
topharyngoplasty was still an effective surgical procedure
for severe OSAHS patients. U-MPW and ABMI were the
significant predictors of surgical success. Those with pre-
operative U-MPW greater than 10 mm had a higher suc-
cess rate than those with preoperative U-MPW less than or
equal to 10 mm.
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