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Long-term follow-up after surgical treatment of obstructive
sleep apnoea by maxillomandibular advancement
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ABSTRACT: Obstructive sleep apnoea (OSA) is a common disorder with poten-
tially serious consequences. If maxillary and mandibular deficiency, often in com-
bination with a narrow posterior airway space is present, therapy of OSA by
maxillomandibular osteotomy is possible. However, long-term follow-up of patients
undergoing these procedures is lacking.

We present the results of 15 OSA patients (1 female and 14 males), who under-
went maxillomandibular advancement surgery with a follow-up of at least 2 yrs.
Polysomnography was performed before surgery, after 6–12 weeks, and 1 and 2
yrs postoperatively.

Mean apnoea/hypopnoea index (AHI) decreased from 51.4 events·h-1 before ther-
apy to 5.0 events·h-1 6 weeks postoperatively, and was 8.5 events·h-1 after 2 yrs.
Oxygen saturation significantly increased following surgery. After 2 yrs, the AHI
was <10 events·h-1 in 12 out of 15 subjects. No significant changes were found com-
paring the 6–12 weeks versus the 2 year follow-up data. The significant increase
in stage 3/4 non-rapid eye movement (NREM) sleep and decrease in stage 1 NREM
sleep, indicative of the restoration of normal physiological sleep structure, per-
sisted in 14 of the 15 subjects 2 yrs postoperatively. Three patients, however, did
not show satisfactory improvement 2 yrs postoperatively; two showed obstructive
and one central respiratory events.

This study demonstrates that maxillomandibular advancement is successful in
a high percentage of patients carefully selected by cephalometric and polysomno-
graphic investigation. Postoperative success has proved to be stable over a period
of 2 yrs. Further preoperative evaluation seems necessary in patients with pre-
dominantly mixed or central apnoeas.
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Obstructive sleep apnoea (OSA) is one of the most
common sleep disorders [1]. In patients with OSA, a
fall in muscle tone in the striated muscles of the upper
airway during sleep is critical in the development of
complete (apnoea) or partial (hypopnoea, snoring) upper
airway obstruction. However, the facial skeleton and the
attachments of the suprahyoid, lingual and velopharyn-
geal muscular systems to the bony structures of the face
are also important pathogenetic factors involved in the
aetiology of upper airway obstruction. Therefore, pha-
ryngeal obstruction is commonly found in patients with
retrognathia or a dolichofacial appearance.

In 1981, SULLIVAN et al. [2] successfully introduced
nasal continuous positive airway pressure (nCPAP) as
a therapy for upper airway obstruction during sleep. Put
simply, this form of treatment provides a constant pres-
sure of air, which acts as a pneumatic splint within the
upper airway, thus preventing its collapse during sleep.
However, to maintain successful treatment, nCPAP must
be used every night for life [3, 4], an option which does
not appeal to all patients, especially those who are youn-
ger or have milder forms of OSA. 

The first attempts at surgically treating OSA predate the
introduction of nCPAP [5, 6]. Uvulopalatopharyngoplasty

(UPPP) has been widely used and remains a common
treatment option in some centres. This surgical proce-
dure was first described by IKEMATSU [7] in 1964, exclu-
sively as a treatment to abolish the noise of snoring. In
1981, FUJITA et al. [8] described UPPP as a means of
treating OSA. Since then, the operative technique of
UPPP has been modified several times [9–11] but, despite
such modifications, UPPP often only led to a reduction
in snoring, while the pharyngeal obstruction and the
resulting sleep fragmentation of OSA remained. Further-
more, many long-term studies of UPPP treatment for
OSA have shown a fall in success rates with the pas-
sage of time [12, 13].

Craniofacial abnormalities in patients with OSA are
common. The cephalometric examination [14, 15] of 540
patients with confirmed OSA revealed craniofacial abnor-
malities (in particular retrognathia and/or dolichofacial
bony structure with accompanying pharyngeal narrow-
ing) in about 40%. Within this "subgroup" of patients with
OSA, surgical treatment by facial osteotomies may be
considered as a possible solution. In 1979, the successful
treatment of three patients with OSA and mandibular ret-
rognathia by mandibular advancement was described [16].
Simultaneous maxillary and mandibular advancement
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for the treatment of sleep-related breathing disorders
(SRBD) was reported in 1983 [17]. RILEY and co-work-
ers [18–21] then further developed the surgical treat-
ment of patients with OSA by maxillary and mandibular
osteotomy. Despite encouraging early postoperative results
in selected patients, no studies describing postsurgical
follow-up over a period of more than 1 year have been
published, thus raising important questions and concerns
regarding the long-term success of this form of treatment.

This study reports results in 15 such patients, diagnosed
as having OSA, then treated surgically with maxillo-
mandibular advancement, using the operative technique
described previously by HOCHBAN et al. [22]. These pa-
tients were followed-up with repeat polysomnographic
assessment at 6–12 weeks, and then every year post-
operatively. We report the follow-up data 6–12 weeks
and 2 years postoperatively.

Methods

Selection of patients and sleep laboratory examinations

Patients were recruited from the Marburg Sleep Labor-
atory, between 1989 and 1992. In this time, 540 patients
who were diagnosed as having OSA underwent cephalo-
metric evaluation (see below). Of these patients, 210
were offered maxillomandibular advancement surgery,
as a treatment option, because of measured craniofacial
abnormalities. Out of the 210 patients, 15 patients pre-
ferred surgical treatment over lifelong nCPAP-therapy,
and the others decided to continue receiving nCPAP.
The 15 patients (1 female and 14 males) treated by max-
illomandibular advancement surgery have now been fol-
lowed for a minimum of 2 yrs postoperatively, forming
the basis of this report. The mean age (±SD) of the sub-
jects was 44–12 yrs, and the mean body mass index (BMI
±SD) was 28.3±3.4 kg·m-2 for the group. A compre-
hensive medical history, with particular attention to
symptoms of excessive daytime sleepiness and cardiac
disease, was obtained from each patient. All patients
underwent a complete physical examination at initial
assessment. Initial investigations included detailed over-
night cardiorespiratory polysomnography, measuring the
following parameters: electroencephalogram (EEG)
(C3/A2 and Cz/O2 of the 10–20 international electrode
placement system); electrooculogram (EOG); chin (gen-
ioglossus) and leg (anterior tibialis) electromyogram
(EMG); and electrocardiogram (ECG) (modified V2 lead).
Airflow was monitored by a nasal thermistor, and an
uncalibrated inductive respiratory plethysmograph (Res-
pitrace TM; Stimotron, Wendelstein, Germany) monitor-
ed rib cage and abdominal wall movements. Respiratory
sounds were recorded via a microphone placed over the
anterior surface of the neck (Zentrales Entwicklungslabor
fur Elektronik, Marburg, Germany). Oxygen saturation
was continuously recorded by a pulse oximeter (Biox
3700TM; Ohmeda, Erlangen, Germany).

Polysomnographic data were recorded continuously
on an 8 channel polygraph (UD210; Madaus-Schwarzer,
München, Germany) at a paper speed of 10 mm·s-1.
Respiratory parameters were also recorded continuously
on a second polygraph at a paper speed of 1 mm·s-1. Sleep
stage and wakefulness were scored visually from the
polysomnographic records, in 30 s epochs, according to

the criteria of RECHTSCHAFFEN and KALES [23]. Total sleep
time (TST) in minutes, sleep efficiency (SE) in per-
centage, and the percentages of time spent in each sleep
stage (as a percentage of the TST) were determined.
Arousals were scored according to the criteria of the
American Sleep Disorders Association (ASDA) [24].
Respiratory parameters were also scored from the poly-
graph recordings, with each quantified respiratory dis-
turbance requiring a minimum duration of 10 s to be
scored. Apnoeas were scored by definition [25]. Further-
more, an apnoea was scored as obstructive if respiratory
efforts continued during the cessation of nasal airflow.
A lack of respiratory efforts characterized a central
apnoea. Obstructive hypopnoeas were scored if airflow
and/or thoracic and abdominal respiratory excursions
were reduced in comparison to normal respiration, and
if this respiratory event was associated with recording
of snoring sounds and terminated by an arousal. Hypop-
noeas were scored as central if breathing effort was
reduced, oxygen saturation dropped by more than 3%
in association with a pattern of periodic breathing, and
if an arousal took place during the hyperventilation phase
following periodic breathing. From the total number of
apnoeas and hypopnoeas, the apnoea index (AI) and
hypopnoea index (HI) (average numbers of each events
per hour of sleep time) were calculated. The apnoea -
hypopnoea index (AHI) was calculated by adding AI
and HI. When the initial polysomnographic assessment
confirmed a diagnosis of sleep apnoea, detailed cephalo-
metric measurements (see below) were made and treat-
ment options, including surgery and nCPAP, were
discussed with the patient.

Preoperotive management of SRBD

Prior to surgery, 12 of the 15 patients had undertaken
nCPAP therapy for at least 3 months, aiming to improve
some of the pathophysiological sequelae of OSA (day-
time sleepiness, upper airway oedema, etc.), thereby
lowering the operative risks faced by the patient. Prior
to commencing nCPAP, the individual nCPAP pressure
required by each patient was titrated during a further
two nights of study in the sleep laboratory. During
nCPAP pressure titration, nocturnal recording was per-
formed without EEG recordings. Additionally, instead
of nasal airflow, the nCPAP mask pressure applied to
the patient was measured. Two young patients stead-
fastly objected to any treatment attempt with nCPAP.
The remaining patient wore a dental appliance pre-
operatively as therapy for his SRBD.

Cephalometric examination

Cephalometric examination was carried out using stan-
dardized recording techniques [26], with remote radi-
ographic tracing of the viscerocranium in profile view
for the measurement of vertical and sagittal dimensions.
The lateral radiograph was performed using a 4 m dis-
tance between focal point and radiographic film. The
distance between the patient and the radiographic film
was kept as small as possible. This method minimizes
magnification of the cephalometric measuring distance
due to projection effects. Part of the cephalometric data
(fig. 1) used as indicators for surgery were the angles
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SNA (angle between sella, nasion and subspinale point-
A) and SNB (angle between sella, nasion and supramen-
tale point-B). SNA and SNB served as a measure of the
sagittal relationship of the mandible or maxilla. Facial
axis (angle between skull base of nasion and ptgerygoid
fossa to menton) served for a measure of sagittal as well
as vertical dimension. RILEY and co-workers [27, 28]
introduced the cephalometric measurement of the pos-
terior airway space (PAS), the distance between the base
of the tongue and the posterior pharyngeal wall, as a
measurement for the recognition of pharyngeal obstruc-
tion. PAS values should be determined by means of re-
mote radiographic tracings at different levels. PAS values
correlate highly with three dimensional measurements
of the pharynx obtained from computer tomograms.

Indication for surgery

A surgical treatment option as an alternative to nCPAP
was offered to all patients with subjective symptoms of
excessive daytime sleepiness, an AHI greater than 20
events·h-1 (as measured from overnight polysomnogra-
phy), and certain craniofacial characteristics. These con-
sisted in pharyngeal narrowing in the basal lingual area
with retrognathia, for instance if PAS at the level of the
mandibular base was less than 11 mm and the SNB mea-
sured less than 770. Usually, pharyngeal narrowing was
found in combination with retrognathia or a dolichofa-
cial appearance [14, 15]. Because of increased periop-
erative risks, patients over 70 yrs of age were excluded.
Other contraindications to surgery included medical
and psychiatric co-morbidity, morbid obesity (BMI >32
kg·m-2), alcohol or drug abuse. Patients had to fully
understand the surgical procedure, be aware of other
treatment avenues and provide written consent to surgery.

Surgical procedure

Patients underwent simultaneous maxillomandibular
advancement. Current indications are that an advance-
ment of 10 mm of both maxilla and mandible is con-
sidered to be adequate [22, 29]. In eugnathic patients,
the bite would remain unchanged, whilst in patients with
dysgnathias, abnormalities of bite were corrected simul-
taneously. Operative mandibular advancement is effect-
ed by a bilateral retromolar sagittal osteotomy; maxillary
advancement is achieved by osteotomy at the Le Fort-I
level. Bone interpositions were not necessary. The max-
illa was fixed in the new position using miniplates, while
bicortical miniscrews held the mandible in its new posi-
tion.

Postoperative assessment

Each of the 15 patients underwent detailed cardio-respir-
atory polysomnography (as detailed above) at 6–12 weeks
postoperatively, and then again at 2 years follow-up.

Statistical analyses

Analysis of variance (ANOVA) for repeated measures
was used for statistical analysis of dependent variables.
Multiple nonindependent testing was taken into account
by α-adjustment. Differences between variables before
treatment and after surgery were tested. Significant res-
ults from ANOVA were further assessed by the Scheffé
method. Statistical significance was assumed for a p-
value of less than 0.05. All results are shown as mean±SD.

Results

No significant change in BMI occurred during the
study period. The results of respiratory events during
sleep are summarized in tables 1 and 2. Because ther-
apeutic sleep studies using nCPAP were performed with-
out EEG measurement, respiratory events during these
studies could not be compared statistically with other
studies. Nevertheless, figure 2 shows almost complete
correction of SRBD, with the AHI decreased both dur-
ing nCPAP therapy and following surgery. Arterial oxy-
gen saturation (Sa,O2) during sleep showed a similar
marked improvement with nCPAP therapy and follow-
ing surgery. The time periods spent with an Sa,O2 less
than 90% were significantly decreased under therapy.
Because Sa,O2 values of less than 80% were not record-
ed during therapeutic studies, comparison of Sa,O2 results
using ANOVA was not possible.

Although a slight rise in AHI was observed in many
patients (12 out of 15) during the 2 year follow-up peri-
od, the increase was not statistically significant com-
pared to the immediate postoperative control. In three
patients, the number of respiratory disturbances dur-
ing sleep reached borderline values. Two of the three pa-
tients had predominantly obstructive respiratory events.
One of them showed an AHI before treatment of 57.5
events·h-1, and, after initial postsurgical reduction below
10 events·h-1, 2 yrs after surgery, the AHI rose again to
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Fig. 1.  –  Cephalometric tracing (extract) for evaluation of cranio-
facial deformities and pharyngeal dimensions in patients with obstruc-
tive sleep apnoea.  SNA: angle between sella (S), nasion (N) and
subspinale point-A;  SNB: angle between sella, nasion and supra-
mentale point-B;  Facial axis: angle Ba (skull base) - N/Pt (ptery-
goid) - Me (menton);  PAS: posterior airway space, measured at
different levels;  PhW: pharyngeal wall.



Table 3. – Pre- and postoperative polysomnographic results for all subjects

Pre-op 6–12 wks p-value 2yrs p-value 2 yrs p-value
post-op 6–12 wks post-op post-op 2 yrs post-op

post-op to pre-op to 6–12 wks
to pre-op post-op

TST  min 424.1 400.3 NS 371.8 NS NS

(54.0) (45.6) (44.0)
SE  % 89.5 89.2 NS 88.8 NS NS

(7.3) (7.0) (6.1)
NREM1  % 12.8 8.9 <0.05 8.2 <0.05 NS

(6.8) (4.4) (5.1)
NREM2  % 60.2 51.3 <0.05 56.4 <0.05 NS

(11.1) (6.2) (6.7)
NREM  3/4  % 9.3 16.1 <0.05 15.6 <0.05 NS

(5.3) (3.9) (4.8)
REM  % 16.4 20.4 <0.05 20.4 <0.05 NS

(6.1) (4.3) (4.7)

Values are presented as mean, and SD in parenthesis.  pre-op:  preoperative;  post-op:  postoperative;  TST:  total sleep time;
SE:  sleep efficiency;  NREM1 and NREM2:  stage 1 and 2 non-rapid eye movement sleep, respectively;  REM:  rapid eye
movement sleep;  NS: not significant.

12.8 events·h-1. The second patient presented with an
AHI of 67.3 events·h-1, mostly very long obstructive
apnoeas associated with significant falls in Sa,O2. In this
patient, the mandible was advanced by 14 mm, but the
maxilla was advanced by only 4 mm because of a marked
dysgnathia, otherwise a bone interposition in the mandible
would have been necessary. Approximately 3 months

after this facial skeleton osteotomy, this patient under-
went further surgical lifting of the soft palate allowing
an additional straightening of the velopharyngeal mus-
cular system. All these measures resulted in insufficient
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Table 2. – Number of obstructive and central respiratory
events during sleep

Pre-op 6–12 weeks 2 yrs nCPAP
post-op post-op

Obstructive 187.3 7.8 6.1 3.1
apnoeas  n (150.3) (20.8) (12.1) (7.4)

Mixed apnoeas 31.9 1.5 0.4 0.8
n (55.7) (3.1) (1.3) (1.6)

Obstructive 123.7 15.1 30.7 12.3
hypopnoeas  n (102.2) (16.4) (28.8) (19.0)

Central apnoeas 1.0 5.2 1.2 4.1
n (2.6) (9.9) (2.8) (13.5)

Central 0.0 2.4 15.1 4.8
hypopnoeas  n (0.0) (3.5) (50.8) (13.7)

Values are presented as mean, and SD in parenthesis.  Pre-op:
preoperative;  post-op:  post operative.
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Fig. 2.  –  Apnoea-hypopnoea index (AHI) preoperative, during nCPAP
therapy, and 6–12 weeks and 2 yrs after surgery. Values are presented
as mean and SD. Pre-op:  preoperative; post-op: postoperative;  nCPAP:
nasal continuous positive airway pressure. 

Table 1. – Pre- and postoperative respiratory data during sleep

Pre-op 6–12 p-value 2yrs p-value p-value 2 yrs nCPAP
wks 6–12 wks post-op 2 yrs post-op

post-op post-op post-op to 6–12 wks
to pre-op to pre-op post-op

AHI  events·h-1 51.4 5.0 <0.05 8.5 <0.05 NS 3.9
(16.9) (5.8) (9.4) (5.3)

AI  events·h-1 33.6 2.3 <0.05 1.3 <0.05 NS 1.0
(21.4) (4.1) (2.3) (2.9)

HI  events·h-1 17.8 2.8 <0.05 7.3 <0.05 NS 2.9
(15.0) (2.8) (8.3) (3.7)

%TST 12.6 0.4 <0.05 2.3 <0.05 NS 0.0
<90% Sa,O2 (14.6) (1.1) (4.1) (0.0)

Values are presented as mean, and SD in parenthesis.  pre-op:  preoperative;  post-op:  postoperative;  AHI:  number of apnoeas
and hypopnoeas per hour of sleep;  AI:  number of apnoeas per hour of sleep;  HI:  number of hypopnoeas per hour of sleep;
Sa,O2: arterial oxygen saturation; %TST <90% Sa,O2:  percentage of total sleep time spent with less than 90% Sa,O2.  NS: not sig-
nificant;  nCPAP:  nasal continuous positive airway pressure.



reduction in AHI to only 20 events·h-1, obviously due
to the minor advancement of the maxilla. Two years after
surgery, the AHI rose again to 29 events·h-1. The third pa-
tient showed predominantly central apnoeas, the obstruc-
tive apnoeas disappeared, the central apnoeas remained,
with an increase at the 2 year follow-up (AHI before
treatment: 65.6 events·h-1; 2 yrs after surgery: 31.5
events·h-1).

Obstructive apnoeas appeared only sporadically both
in nCPAP and postoperative studies. Persisting respira-
tory abnormalities were mostly incomplete upper air-
way obstructions (table 2). Table 2 shows that nearly
half of the persisting respiratory disturbances were
central events. The results of EEG evaluation are sum-
marized in table 3. The overall quality of sleep improved
markedly after surgery. A significant postoperative in-
crease in stage 3/4 NREM sleep, together with a decrease
in the proportion of stage 1 NREM sleep, suggested a
restoration of a more normal physiological sleep archi-
tecture in 14 of the 15 patients. Both EEG and respira-
tory parameters remained stable throughout the 2 year
postoperative follow-up period, showing no statistically
significant variations.

Discussion

Comparison of pre- and postoperative polysomnog-
raphy suggests a clear improvement in SRBD in nearly
all patients following maxillomandibular advancement
surgery. Obstructive apnoeas occurred only sporadically
postoperatively. Two patients showed a pattern of cen-
tral respiratory events 2 yrs after surgery. One of these
patients had developed such abnormal control of breath-
ing that, in retrospect, the indication for surgery must
be re-evaluated as a mistake. Preoperatively, both patients
showed mixed apnoeas during sleep, with long central
and only very short obstructive components. Whether
there is a causal connection between these events and
the postoperative outcome is still unclear.

The proportions of slow-wave sleep and percentage
of stage 1 NREM sleep best reflect sleep quality, and
are closely associated with daytime alertness [30, 31].
A severe SRBD is frequently associated with a strong
reduction of slow-wave sleep and an increase in stage
1 NREM sleep. In the patients presented here, the dis-
tribution of sleep stages was normal throughout the
whole postoperative follow-up period. The alterations
in the Sa,O2 as well as the change in quantity of slow-
wave sleep both indicate the remaining obstructive res-
piratory events to be of little if any clinical relevance.

During maxillomandibular advancement, muscles, lig-
aments and tendons attached to the jaw were not loos-
ened but equally advanced and straightened with the
advancement of their bony origins. This results in a
modification of pharyngeal and palatal muscles, as well
as the lingual and suprahyoid muscles. Within the phar-
ynx, a skeletal expansion and an enlargement of the pharyn-
geal soft tissue tube was achieved. Thus, the effectiveness
of maxillomandibular advancement is most likely to be
due to a combination of a change in tension in the
suprahyoid and velopharyngeal muscles, even if the
mechanical enlargement of the posterior airway space
contributes to that effect.

This type of surgery is not indicated for central apnoeas
or hypopnoeas, since the underlying pathophysiology is
more likely to be related to abnormalities of chemore-
ceptor function and central control mechanisms than to
obstruction of the upper airway. Therefore, prior to
surgery, nocturnal assessment of respiratory and sleep
parameters is essential for a proper evaluation of exist-
ing SRBD, prior to decisions being made regarding
further therapeutic procedures. Full cardiorespiratory
polysomnography allows a complete evaluation, to de-
termine whether nocturnal respiratory disturbances are
associated with upper airway obstruction or are central
in nature. Short periods of treatment with "conserva-
tive" forms of therapy may also unmask co-existing cen-
tral respiratory regulation disorders, the patient's periodic
breathing pattern being revealed after the removal of
pharyngeal obstruction during sleep.

In light of the present results, maxillomandibular
surgery is not indicated if sleep breathing abnormali-
ties persist after the removal of upper airway obstruc-
tion by nCPAP. In patients with purely obstructive sleep
apnoea, however, operative treatment proved to be suc-
cessful in all but one case. This exception was the pati-
ent whose maxilla was advanced by 4 mm only, because
of extreme posterior displacement of the mandible. In
this case, mandibular advancement was followed by a
UPPP and a palatal advancement to lift the velopharyn-
geal muscles. Retrospectively, further maxillary advance-
ment would probably have been a preferable option in
this case. The extreme dysgnathia was the result of an
untreated degenerative arthropathy of both the temporo-
mandibular joints, present for 20 yrs, resulting in near-
ly complete destruction of the joints and the articulating
processes. As the patient had no clinical symptoms, he
refused the initial suggestion of joint reconstruction with
osteochondral transplants. The correction of the maxil-
lomandibular bite discrepancy resulted in a maxillary
advancement of only 4 mm. Subsequently, the AHI was
reduced by approximately 50%. After the persisting
upper airway obstruction during sleep was localized
to the level of the velopharynx, further measures (UPPP
and advancement of palatal plate) resulted in a further
reduction of AHI to 20 events·h-1. This value had in-
creased to 29 events·h-1 at the 2 year control. The rem-
aining SRBD were obstructive apnoeas associated with
massive desaturations, with continuing severe sleep frag-
mentation. Because of the persisting abnormal SRBD,
this patient recommenced nCPAP therapy. 

With the exception of this one case, further surgical
intervention, such as UPPP or chin advancement, was
not necessary following primary mandibular and max-
illary advancement surgery. Therefore, we recommend
maxillomandibular advancement as the primary surgi-
cal treatment of choice in cephalometrically selected
patients. UPPP, genioplasty etc. should be performed as
secondary procedures if at all necessary. This is in con-
trast to the findings of other investigators [18–21]. 

Three patients with symptoms related to difficulty
with sleep onset and sleep maintenance felt subjective-
ly disturbed by nCPAP therapy. These patients all
benefited from maxillomandibular surgery and felt
improved during the day, despite persisting non-breath-
ing-related sleep fragmentation and a rather low sleep
efficiency. 
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Though many studies have shown that nCPAP ther-
apy is highly accepted (by 35–80% of users [32–34])
maxillomandibular advancement appears to be an effec-
tive and adequate alternative for those patients who do
not want to tolerate lifelong nCPAP therapy, or for
patients for whom nCPAP is not an optimal treatment
due to anatomical abnormalities. While the stability of
these initial postoperative results will need to be fol-
lowed for a longer period, we are encouraged by our
findings after 2 years of follow-up.
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