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Ohjertil'e: To investigate the effectiveness of early class III protraction facemask treatment in children under 10 years of age. 


Design: Multicentre. randomized controlled trial. 


Setting: Eight UK hospital orthodontic units. 


Subjeci . and method.\': Seventy-three patients werc randomly allocated, stratified for gender, into an early class III protraction 

facemask group (PFG) (1/=35) and a control/no treatment group (CG) (n=38). 


Out ville!>: Dentofacial changes from lateral cephalograms and occlusal changes using the peer assessment rating (PAR). Self

esteem was a ses ed using the Piers- Harris children's self-concept scale. and the psychosocial impact of malocclusion with an 

oral aesthetic subjective impact scores (OASIS) questionnaire. Temporomandibular joint (TMJ) signs and symptoms werc also 

recorded. The time points for data collection were at registration (DC I) and 15 months later (0 2). 


Results: The following mean skeletal and occlusal changes occurred from the class III starting point: SNA, PFG moved 

rorwards 1.4 (CG rorward 0.3 ; P=0.018); SNB, PFG moved backwards - 0.7° (CG forward O. '; P< O_OOI); ANB, PFG 

class III base improved +2.1 Q (CG worsened by -0.5' ; P< O.OOI). This contributed to an overall difference in ANB between 

PFG and CG of 2.6 ' in favour of early protraction facemask treatment. The overjet improved +4.4 mm in the PFG and 

marginally changed +n.3 mm in the CG (P< O.OO I). A 32.2% improvement in PAR was shown in the PFG and the CG 

worsened by .6%. There was no increased self-esteem (Piers- Harris score) ror treated children compared with controls 

(P= O.22). However. there was a reduced impact of malocclusion (OASIS score) ror the PFG compared with the CG 

(P=0.003), suggesting treatment resulted in slightly less concern about the tooth appearance. TMJ signs and symptoms were 

very low at DCI and DC2 and none were reported during active facemask treatment. 


Cone/llsions: Early class III orthopaedic treatment, with protraction facemask , in patients under 10 years of age, is skeletally and 

dentally effective in the short term and does not result in TMJ dysfunction. Seventy per cent of patients had successful treatment, 

defined as achieving a positive overjet. However, early treatment does not seem to confer a clinically significant p ychosocial benefit. 
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Introduction 

The prevalence of class III malocclusion in Europeans is 
J_8'Vc,,1 -4 with 42 63'Vc, exhibiting maxillary retrusion 
with or without a prognathic mandible. 5 Orthopaedic 
treatment for class III skeletal problems is aimed at 
reducing or redirecting mandibular growth and enhan
cing maxillary growth. One option is a functional 
appliance; however, retrospective studies suggest they 
have no skeletal effect. 6 

Y A second option is to use a 
chin cup, but response to this treatment is not reported 
as orthopedic per se . There is no effect on the maxilla or 
cranial base, and the reduction in chin prominence 
is primarily because of a downward and backward 
mandibular rotation. 10-12 Two studies have shown that 
when a combined chin cup and maxillary protraction 
headgear is used there is approximately 2° of maxillary 
protrusion, 10 of mandibular retrusion and an overall 
jaw relation improvement of 3°. 11 

. 
14 

Where the aetiology of the class III skeletal pattern is a 
retrusive maxilla, then protraction headgear would be 
the treatment of choice. In the UK, early protraction 
facemask treatment has not been in widespread use, 
possibly because of the Jack of long term evidence to 
convince clinicians that patients will not outgrow the 
class III correction. 

Previous studies in this area have involved prospective 
designs, but many have been retrospective investigations 
with matched controls. Overall, these studies have 
shown that protraction headgear has an orthopaedic 
effect with an increase in SNA of up to 2. ANB also 
improved in some studies to around 3", often secondary 
to a downwards and backwards mandibular rotation. 
This, as well as dental changes, resulted in an average 
6 mm improvement in positive overjet. 15- 23 In addition, 
younger children under 10 years old, are reported to 
respond more favourably as, theoretically, the circum
maxillary sutures are more amenable to orthopaedic 
protraction. 5

.
24- n However, this is not always clear cut, 

as other authors have not detected improved treatment 
29outcomes in younger patients. 28. 

Whilst there is a lack of prospective literature investi
gating early protraction facemask treatment, there have 
been two systematic reviews and meta analyses on 

. . . d . d'?1 30 TheXlstll1g retrospective an prospective stu les. - . e 
latter rcview compared orthopaedic class III treatment 
effect with control groups and suggested a mean 
forward movemen t at SNA of 104°, backward move
ment of SNB -1.3' and a combined improvement in 
ANB of 2.6°. 

The aim of this multicentre, prospective, rand omized 
clinical trial was to investigate the effectiveness of early 
class III orthopaedic treatment in children under 

10 years of age. This was in an attempt to assess the 
long term effectiveness of early class III orthopaedics, 
which, up until now, has mainly been retrospectively 
reported and may therefore have over-estimated treat
ment effectiveness. 

The working hypotheses tested were that early class III 
orthopaedic treatment with a protraction facemask 
compared with control will lead to differences in: 

• skeletal or dental relationships; 
• psychosocial well being; 
• temporomandibular joint (TMJ) pain dysfunction. 

Subjects and methods 

Study setting 

Patients were recruited through UK orthodontic depart
ments at five district general hospitals and three teaching 
hospitals. Patient recruitment was optimized by writing 
to all general dental practitioners, who referred to each 
unit, explaining the type of patient we were looking to 
recruit. Additionally, the consultant orthodontist in 
each centre screened up to five local primary schools 
for suitable children in the 8-9 years old age group. 
Multicentre and local ethical and Research and 
Development approval was obtained (MREC reference: 
03/8/2). 

Sample size caleulat ion 

Initial calculations, based on expected changes in SNA 
and ANB, derived from previous protraction facemask 
literature resulted in extremely small sample sizes (n=3 
per group). Therefore, this sample size calculation was 
based on an expected occlusal improvement as measured 
by the peer assessment rating (PAR).31 Ngan et a/. 32 

showed that a significant majority of patients treated 
with a protraction facemask, had a PAR score improve
ment of at least 30'/;,. We then estimated that our treated 
patients might be expected to achieve a mean PAR score 
improvement of 25'/"0. This was set slightly lower than 
30% because there was a possibility that previous 
retrospective data might have overestimated treatment 
success. No patient in the control group was expected to 
show any improvement in class fII skeletal pattern, so 
the improvement in PAR was set at 0%. 

It was determined tha t a sample size of 23 in each group 
(protraction and control) would have a 90% power to 
detect a differenoe in means of 0.25 (difference between a 
test group mean PAR reduction of 25% and a control 
group mean PAR reduction of 0%) assuming a common 
standard deviation of 0.25 using a two group test with a 

http:patients.28
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0.05 two sided significance level. Thus, a total sample size 
of 46 patients was needed for the trial. In order to allow 
for long-term attrition , 73 patients were recruited. 

Inclusioll criteria 

The following inclusion were applied 

• 	 seven to nine years old at the time of registration 
• 	 three or four incisors in crossbite in the intercuspal 

position 
• 	 clinical assessment of a class III skeletal problem. 

A lateral cepbalogram was not considered to be ethically 
justified to screen patients prior to the study; therefore 
inclusion was based on clinical rather than radiographic 
assessment of skeletal pattern. The initial examination 
was carried out by ensuring that the patient was in the 
retruded contact position and the emphasis was placed 
on detecting a retrusive maxilla rather than a protrusive 
mandible, since protraction facemask treatment is aimed 
at correcting a class III skeletal pattern where the 
aetiology is maxillary protrusion. 

Exclusion criteria 

The following exclusion criteria were applied: 

• 	 child of non-Caucasian origin 
• 	 cleft lip and palate andlor craniofacial syndrome 
• 	 a maxillo-mandibular planes angle greater than 35° or 

lower face height greater than 70 mm33 

• 	 previous history of TMJ signs or symptoms 
• 	 lack of consent. 

Patient assignment 

Patients eligible for inclusion were approached and 
written informed consent was obtained from the patient 
and parent. The patient was then randomly allocated to 
the protraction facemask group (PFG) or control/no 
treatment group (CG). The randomization list was 
generated in randomization blocks of 10 with stratifica
tion according to gender. Stratification meant tbat a 
separate randomization list was generated for girls and 
boys, since gender was considered to be a potential 
confounding factor. This was because girls and boys will 
grow at different times during the study and, thus, 
potentially confound class III skeletal measurements. 
The computer generated randomization sequence was 
concealed cen trally and each clinician telephoned a 
research assistant tbere Lo receive the treatment alloca
tion after each patient was registered. 

Data collection 

Data were collected at the following time points: 

• 	 DC I: baseline data at trial registration 
• 	 DC2: 15 months after baseline data collection. 

A 15 month data collection point was agreed to give 
clinicians time to carry out the protraction facemask 
treatment for 6 to 12 months, as necessary, and also 
allowing for a few weeks delay going into active 
treatment after trial registration. 

Tbe following records were collected at each time 
point: 

• 	 lateral cephalometric radiograph in intercuspal position 
• 	 study models with wax bite recorded in the intercuspal 

position 
• Piers- Harris children's self-concept scale 
• oral aesthetic subjective impact score (OASIS) 
• 	 a standardized clinical examination for TMJ dysfunction. 

Control group 

Following collection of DCI records the patients 
allocated to the control group received no clinical 
intervention. They were recalled 15 months after regis
tration for collection of De2 records. 

Clinical interventionforpatients in the active treotment 
group 

Rapid maxillary expansion (RME) ( Figure J). A 
bonded maxillary acrylic expansion device was placed as 
outlined by Baccetti el al. 24 This consisted of a metal 
framework and a midline expansion screw to which 3 mm 
acrylic was adapted. The appliance was modified, if 
needed, with acrylic extending over the upper incisor 
edges to increase appliance retention. One vestibular hook 
was located, on each side, in the upper deciduous first 
molar position, for elastic traction. The appliance was 
cemented witb glass ionomer cement, but if it later 
debonded, it was re-cemented with composite, following 
acid etching of the buccal and palatal cusps of the upper 
first permanent molars. For patients with posterior 
crossbites, the expansion screw was activated one quarter 
turn (0.25 mm) per day until the lingual cusps of the upper 
posterior teeth approximated the buccal cusps of the lower 
posterior teeth. If no transverse change was required the 
maxillary splint was still activated once a day for 7
10 days in order to disrupt the circum-maxillary sutures. 

Prolractionface mask (Figure 2 ) . A commercially avail
able adjustable facemask was used (TP Orthodontics), 
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Figure 1 RME design for protraction facemask 

which had bilateral vertical rods connected to both chin 
and forehead pads. This design is adjustable vertically to 
customize the fit. If patients experienced chin reddening, 
ventilation holes were drilled through the plastic chin pad 
or soft padding was added. Elastics were connected 
bilaterally to the adjustable midline crossbow in a down
wards and forwards direction. Patients were asked to wear 
the facemask for 14 hours per day, continuously, during 
the evening and night. A co-operation calendar was used 
in an attempt to increase treatment compliance, although 
this was not formally statistically evaluated. 

Extra oral elastics of increasing strength were used (31 
8" 8 oz elastics for 1- 2 weeks; then 1/2" 14 oz elastics; 
then 5/16" 14 oz elastics) until a force of 400 g per side 
was delivered. 24 The direction of elastic traction was 
downwards and forwards 30° from the vestibular hooks 
on the bonded maxillary expander to the adjustable 
crossbar of the facemask. Additionally, the elastics 

Figure 2 Protraction facemask 

could be crossed over to prevent catching or interference 
with the corners of the lips. 

Clinical end point. End of active trcatment was defined 
as when the facemask treatment had achieved a correc
tion of the incisal relationship to class I or positive 
overjet, class I molars andlor a correction of the class III 
skeletal pattern to a clinically apparent class I skeletal 
rela tionship. 

Once the active treatment had finished, none of the 
patients in the PFG received any form of retention . A 
functional appliance is sometimes used to try to 
maintain the protraction facemask correction; however, 
because our study was specifically looking at the effect 
of the protraction facemask, the additional use or a 
functional appliance would have been a confounding 
factor. 

Most patients would have had active facemask treat
ment for a considerably shorter time than 15 months . 
When the active facemask treatment had finished , the 
clinician waited until the 15 months data collection 2 
(De2) time point for record collection . This 15 months 
period enabled completion of facemask treatment whilst 
allowing for delays between registration and fitting the 
appliances. Therefore, at De2, no patient had RME still 
cemented in place or was still receiving active protrac
tion facemask treatment. 

Outcomes measures 

Cephalometric and occlusal measurements. The lateral 
cephalograms were traced by an experienced clinician 
(NS) who was blinded as to group allocation. To 
determine the rotations of the maxillary and occlusal 
planes superimposition of the De I and De2 lateral 
cephalometric radiographs was undertaken by another 
author (IS) using Bjork's structural method which em
ploys the anterior zygomatic process as the reference 
landmark .34

,35 PAR scores3l were measured by a cal
ibrated examiner (R McD). Overjet measurements were 
recorded [rom study models, with a steel millimetre 
ruler, by an experienced examiner (NM). 

Overjet and lateral cephalogram measurements were 
carried out twice and a mean value calculated to reduce 
random error. Intra-examiner reliability was assessed by 
re-measuring 20 radiographs and 20 overjet scores and 
30 PAR scores, I week apart. 

Psychosocial measures. The Piers- Harris children 's 
self-concept scale used was the short form consisting of 
60 questions (compared with previous longer form of 80 
questions) and it has been previously validated. 36 It was 
used to evaluate self-concept, which may have been 

http:validated.36
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influenced by recelvlI1g early class TIl treatment. 
Psychosocial/oral health related quality of life effects 
of treatment were assessed using the OASIS ,37 which 
sums the impact of concern about appearance of teeth, 
including nice comments, unpleasant comments, teasing, 
avoidance of smiling, covering the mouth beca use of the 
teeth and self-perceived aesthetic component of the 
Index of Orthodontic Treatment Need. 38 Both question
naires have previously been shown to have very good 
internal consistency or internal reliability?'d7 There
fore, no repeatability assessment was made by asking 
study participants to repeat the questionnaire a few 
weeks after baseline or 15 month time points. 

TMJ examination. All the orthodontists involved 111 

the trial received training from a TMJ specialist before 
the start of the trial to ensure that the TMJ examina
tion was standardized. This TMJ specialist also advised 
that an examination appropriate for this age group of 
children should assess pain (lateral and intra-auricular), 
clicking, crepitus, locking, muscle tenderness (tempor
alis, masseter, and lateral pterygoid), and restriction of 
jaw movement (maximum opening and lateral move
ment) . In addition, the presence of forward mandibular 
displacement on closure was recorded . 

TMJ signs or symptoms were recorded at DCl to 
ensure no patients might be treated with protraction 
facemask that may exacerbate any TMJ problems 
through potential downwards and backwards rotation 
at the chin point. No patients were excluded at baseline 
because of pre-existing TMJ signs or symptoms. Any 
TMJ signs or symptoms occurring during active face
mask treatment were recorded in the notes and further 
standardized recordings were taken at 15 months. 

Blinding. It was not possible to blind the clinician 
or the patient in this study; however , the trial was 
single-blind, as the researchers measuring the radio
graphs and study models and the statistician were blind 
to the treatment/control allocation until the data were 
analysed and the code broken . Ideally the clinician 
collecting the records at the 15 month DC2 time point 
would have also- been blinded as to group allocation; 
however this was not attempted, because only one 
operator was involved at each centre. They will have had 
the patient's notes in front of them and it was also likely 
that they would have remembered who had received 
protraction facemask treatment. 

Patients leaving the study or refusing treatment. We 
collected as much data as possible on patients who 
dropped out of the study to reduce possible assessment 
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bias. If a subject failed to co-operate during treatment 
and the clinician decided to stop the treatment the data 
were still collected. An ' intention to treat ' analysis was 
carried out, therefore if a patient was al'located to the 
treatment group, but then subsequently fail ed to have 
the protraction facelnask fitteci, they were kept in the 
treatment group. 

Statistics 

Descriptive statIstics were generated and the changes 
occurring between baseline (DCI) and 15 month follow
up (DC2) calculated . The data were checked for 
normality . Multiple linear regression models were fitted 
to the dependent variables (DC2) with DCI data and 
group as covariates. Chi square tests were conducted 
for TMJ signs and symptoms and all analyses were 
conducted at the 0.05 level of significance. 

Results 

Table I shows high intra-examiner reliability for both 
the cephalometric and study model measurements. 
Root mean square values suggested that random error 
was within acceptable limits (root mean square: 
cephalometric values range 0.05 to 0.1 O~ ; PAR = 1.35; 
oveljet=0.13 mm). Calibration for the PAR score ex
aminer showed a very small mean difference of - 0.07; 
95'Yo confidence intervals for the difference - 1.60 to 
+ 1.47. 

A flow chart showing the recruitment and pas
sage of participants through the trial is shown in 
Figure 3. A total of 73 children were recruited tu the 
trial (38 CG and 35 PFG). Mean time for active 
protraction facemask treatment was 8.6 months (SD 
3.5 months). 

Pretreatment equivalence 

There was no apparent difference between groups for 
age , gender or presence of posterior crossbite. The mean 
age at baseline in the CG was 9.0 years (SO 0.8 years) 
and in the PFG was 8.7 years (SO 0.9 years). There were 
22 (56.4%) females in the CG and 17 (43.6'%) in the 
PFG. There were also similar numbers of males in both 
groups (CG 16,47. 1(%; PFG 18, 52.9%). Mean age at 
DC2 was 10.3 years (SO 0.8 years) for CG and 
10.0 years (SO 0.9 years) in the PFG. At baseline, 19 
out of 35 (54'Yc,) children in the PFG, and 18 out of 38 
(47%) children in the CG had a posterior crossbite. In 
addition the groups appeared similar for all cephalo
metric variables and study model/occlusal measure
ments at DCI. Piers- Harris and OASIS questionnaires 

http:oveljet=0.13
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Assessed for el igi bi I itv 

(n= 81) 


I 	 I 
I 

is itran domized? I 
(n=73)"l 

Exclu ded (n = 8) 

Notmeetinginclusion criteria 

(n= 8) 

Refused to parti cipate 

(n= 0) 

Oth er reason s 

(n= 0) 


All ocated to controll n 0 treatmen t 
(n= 38) 

Received allocated intervention 
(n=38) 

Did not receive allocated in terven tion 
(n=O) 

1 

Lost to follow-up (n= 2) 

Failed multiple appointments 

Discontinued intervention (n= 0) 


Analyzed (n = 36) 

Excluded from analysis (n=2) 

Lost to follow-up 


~ 

Allocated to Protraction facemask 

intervention (n =35) 
Received allocated intervention 

(n=33) 
Did not receive allocated intervention 

(n= 2) Refused alginate 
impression s 

1 

Lost to follow-up (n= 2) 
Failed multiple appointments 
Discontinued intervention 

(n=O) 

An alyzed (n =33) 
Excludedfromanalysis (n=2) 
Lost to follow-u p 

"Bradf ord n;5; Kent n=16; Manchester n=7 ; Newtlstle n=2; Peterborough n=ll; Sheffield n=12; Soulhend 0=6; Tameside n=14 

Figure 3 	 Trial profile 

also showed similar DC I scores for both groups. The Cephalometric changes DCI to DC2 
presence of TMJ signs and symptoms was low at DC I, 

Skeletal and dental changes over time are shown inin both groups (Table 2). 
Table 3. In the CG, SNA moved forwards a small 
amount (0.3 °) and is likely to be a reflection of normalTable 1 Reliability (limits of agreement and intraciass i.:orrelation 
growth. In the PFG. SNA was protracted, on average, coerficients) 
lAc and 	this was statistically significantly different to 

Mean Limi t of 

diff SD lIgr~ement 

SNA ll.3 
SNB 0.2 
ANB 0.1 
Maxillary r [,[[ ionai 0.2 
change 
Occlusal plane rotation 0.1 
MM angt.: 0.0 
Perc ntage lower 0.3 
face height 

U ppcr inCIsor 0.0 
ma x.i llary plane 

Lower in i or - 0.1 
mandib \l lll r plane 

I nl r-inc isal a ngle 0.2 
Overjet 0.2 
Weighted PAR 0.1 

0.4 - 0.5 to 1.1 
0.4 -0.6 to 1.0 
0.5 -0.9 to 1.1 
2.1 -4.4 [0 4.0 

3.5 -6.9 to 7.1 
0.3 0.6 to 0.6 
0.8 - 1.3 to 1.9 

0.5 1.0, - 1.0 

0.3 0.5, - 0.7 

0.5 1.2. - 0.8 
0.6 1.4, - 1.0 
1.9 3.9, -3.7 

the CG (regression P=O.03). SNB moved forwards in 
ICC 	 the CG, as would bc cxpected with growth and, in 

comparison, B point moved backwards 0.1" in the PFG 
0.99 	 (regression P<O.OO I). This contributed to an overall 
0.99 difference in ANB between PFG and CG of 2.6" 
0.95 

(regression P<O.OO 1).
O.RI 

The occlusal plane showed a statistically significant 
upwards and forwards rotation in the PFG (P< O.OO I). 

l.on This group also exhibited a downwards and backwards 
0.72 

0.95 	 rotation of the maxilla compared with the CG 
(P<O.OOl). The maxillary- mandibular (MM) angle 

LO() increased a small amount in the PFG compared with 
CG (P=0.004) , but this was not reflected 111 a 

1.00 statistically significantly greater increase in the percen
tage lower face height (P=O .73). The only incjsal change 

1.00 
of note was more retroclination of the lower incisors for 

0.98 
0.98 the PFG compared with CG (-4.9" versus - 1.2:') 

(regression P=O.OOI). 
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Table 2 Percentage of temporomandibular joint signs and 

symptoms at baseline (DC I) and IS-month follow-up (DC2) for the 

control and protraction groups 

DCI 0 -
0'/ 0 l'\ntrol Facemask ontrol Faccma 'k 

La teral pai n Right _.6 0.0 5.4 0,0 

Left 0.0 2.9 2.6 0.0 
Intra-a rllcular Right 0.0 0.0 OJ ) (J.O 
pam Left 2.6 2.9 Il .O (l,O 

Cllck Right 5.3 5.7 2.6 9. 1 

L n 2.6 5.7 0.0 9.1 

Crcpit u Right 5.3 0.0 15.& J .O 

Left 2.6 5.7 7.9 3.0 

Locking. loss (J .O 0.0 0.0 OJ) 

of movc:m~nt 

or tempornlb 

spasm 

Ma seter spasm 0.0 2.9 0.0 0.0 

Lateral 2.6 8.6 5.3 3.0 

pterygoid 
spa m 

Table 3 Cephalometric and occlusal outcomes 

Study modelslocclusal changes DCI to DC2 

Table 3 also shows overjet change and occlusal 
improvement measured using the PAR index. The mean 
treatment effect on overjet in the PFG was 4.4 mm 
compared with a CG mean change of 0.3 mm (regres
sion P<O.OOI). Treated cases had a large variation in 
treatment response, having either no overjet change or 
up to a maximum of 9 mm improvement. A 32.2% 
improvement in PAR was shown in the PFG and the 
CG worsened by 8.6';;'. Importantly, 23 out of 33 
children treated with protraction facemask had a 
positive overjet at DC2, equivalent to a 7ml" t reatment 
success. 

Piers- Harris children's selFconcept scale ({nd GASlS 
psychosocial outcome questionnaires DCI to DC2 

Table 4 highlights changes in self-concept over time 
from DCI to De2, where a negative value indicates a 
drop in self-concept and a positive value a rise in self
concept. Overall, small increases and decreases were 

DCI. mean (SO) De2, mean (SO) DC2 minus DCI, mean change (SO) 

Control Prot ructio n ontral Pro traction Control Protrac tion .... p v~lue 

SNA 711.5 (2.5) 78.8 (2.6) 7 R .~ (2.8) 80.2 (3 .0) 0.3 (2.0) 1.4 (2.1) 0.018 

SNB O.!) (2.9) RO.6 (2.9) 81.7 (1 .9) 79.9 (:!.6) 0.8 (1 .4) - 0.7 (1.5) < 0.001 

ANB - 2.4 (2.0) -1.9 (1. 8 -2.9 (2.1) 0.2 (2.2) -0.5 (1.5) 2.1 (2.3) < 0.001 

SN/maxillary plane 8.3 (3.2) 8.2 (3. ) 8.0 (2.8) 7. 7 (2.9) - 0.3 (2 .~) -0.5 (2.3) 0.65 

Maxillary 2.1 (2. W 2.3 (2.6)· ' < 0.001 

rotational clulngc 
(bll p~nmposit ion ) 

Occlus:l1 1.6 (3,0)** 2.9 (4.2)* < 0.001 

plane rOt:nion 
( uperimposiLio n) 
Maxillary 26.0 (4 ) 26.3 (4.3) 25.8 (5.3) 28.1 (3.8) - 0.2 (2.6) 1.8 (3.2) 0.004 

mandibular angle 

Perce ntage lower 54.4 (2.6) 54.9 (1.8) 55.0 (2.6) 5 -.3 (1.8) 0.6 (1.1) 0.4 (2.0) 0.73 

face height 

Upper incisor! 109.6 (1 0.7) 108.9 ( -.5) 113.4 (6.7) 11 1.8 (6.5) 3.8 (8.2) 2.9 (6.4) 0.34 

muxiJlary plane 

Lower incisorl 86.5 (7.1) R7.1 (6.5) 85.3 (7.7) 82.2 (5 . ) - 1.2 (4.3) - 4.9 (4.1) 0.001 

mandibular plane 
Inter-incisal angle 137.9 (11.1) 13&.4 (9.4) 136.5 (11.2) 138.0 (8.5) - 1.4 (7. 7) - 0.4 (6.g ) 0.50 

Overjet (mm) - 2.2 (1.6) 2.3 (1.2) - 1.9 (1.9) 2.1 (2.9) 0.3 ( 1.6) 4.4 (2.7) < 0.001 

WClghted PAR .3 I.3 (10.4) .l3.S (R .4) 34.0 (9.9) 21.9 (11.1) 2.7 (6. ) - 11}.9( 127) < 0.001 

(or 8.6% w r'lc) (or 32.2'% i m j)ro~ ed ) 

'Rotation upwards and forwards. 
"Rotation downwards and backwards. 
- " Bold values denote statistically significant results. 
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Table 4 Piers- Harris children's self-concept scale scores 

DC I. mean (SOl o 2 minus OCI . mCfin change (SO ) 
Piers Hlim~ v<llue 

lnH\\imum pO~sible score) Contr"l Protract!l)n Control Pr('ltra tioll P val u~ 

Pic:r\ lIan-is -lB .9 (8 .6) 51.7 (7.2) 0.8 (5,7) 0.7 (4 .7) 0.22 
Dlul ~orc «,0) 
Behaviour 11.7 (28) 1 .1 (1.2) n .s (_.2) 13.0 ( 1.6) II.X (I.!!) -0. 1 ( 1.4) (1.30 

adjustment (I·n 
LnteUectual and 12.9 (3.~) 14. 11 (2.2) 12.4 (3.]) 13.5 (2.7) -0.5 (2.7) -0.5 (2.0) 0.68 

s 'hool . WIU ( 16) 

Phy~ical appeurano: R.; 11.6) 8.5 (2.2) 7.5 (2.3) 11.4 (2.2) - 1.0 (1.2) n.1 (1.6) (l.IO 

amI aUrlbutes (Ill 

freedom from 11.1 (3 .3) 11.5 ( 1.7) 11.2 /3,0) 11. -(2. 1) 0.1 (2.0) 0.0 (1.9) 0.92 

anxiety ( 14) 

Popularity (12) 9.8 (2.7) 9.6 (2.5) 9.9 (2.4) IU.O (2. 1) (l. 1 (1.4) 0.4 II .:;) O. _ 

H.jPfljn.:s~ and 8.8 (1.5) !I .I) ( 1.2) .6 ( 1.1) .7 (1.1) - 0.1 (1.5) -() 2. (14) 0.77 
\dll facti n ( to) 

shown in both groups that were not statistically 
significantly different (P> 0.05). 

Table 5 shows changes in OASIS score from DC I to 
DC2 where a negative value shows a reduced impact of 
malocclusion and a positive value an increased impact 
over time. The PFG children were statistically signifi
cantly 'less concerned by their malocclusion at DC2, 
compared with the CG (regression P=0 .003) . Again , 
although statistically significant, the values show a fairly 
small clinical difference of four points between groups . 

TMJ outcomes DCl to DC2 

Table 2 shows the number of children with TMJ signs or 
symptoms. This was low for both groups at both time 
points with,,;; 3'Y;, of patients having intra-articular pain, 
locking, loss of movement or temporalis/masseter 
spasm. There was no history of condylar trauma or 
TMJ arthritis . Lateral TMJ pain and lateral pterygoid 
spasm was also ,,;; 8.6°/.,. at both time points, in either 
group. Clicking tended to increase slightly in the PFG at 
DC2 and crepitus tended to increase in the CG by DC2. 
This is reported as a trend only as the numbcrs in the 

Table 5 Mean OASIS sco re at baseline (DC I) and DCl (15 months) 

and change score over time (DC2 minus DCI) 

·ontrol. 

mean ( D) 
Protraction. 
mean (SD) P \ulw 

OASIS DO 
OASIS chllnJ:,'C. 
0 2 minus DC I ' 

20.7(7.4) 
21.0 16.6) 

0.3 16.6) 

2!).616.7 ) 
16.9 (4 .7) 

3.7 (7.7) 

0.003 

cells were too low to run a chi square statistical test. 
Maximum mouth opcning in control and treatment 
groups at both DCl and De2 was between 40.9 and 
42.9 mm and lateral movement between 9.0 and 
lOA mm. Importantly, no TMJ signs or symptoms were 
detected in the PFG during active treatment. 

Tab'le 6 shows the percentage of subjects, with or 
without mandibular displacement on closure, at both 
time points. Over time, the CG had increased numbers 
of children with a forward mandibular displacement 
(52.6 to 70.3%). Conversely. the PFG showed fewer 
cases with a forward mandibular displacement at DC2 
(52.9 to 21.9%; Pearson chi square value 16.1, I df, 
P<O.OO I). A reflection of the succcss of protraction 
facemask treatment is also eliminating any forward 
mandibular displacement on closure. 

Discussion 

This prospective multicentre randomized controlled trial 
found that early protraction facemask treatment lead to 
significantly favourable skeletal and dental changes in 
young patients with class III malocclusion compared 
with untreated controls in the short term. Figures 4 and 

Table 6 Mandibular displacement on closure at DCI and DCl 

DC I D ('2 

t ~; 1 :-I ll Yes No 

ontTol 47.4 52.6 29.7 70.3 

Facemask 47.1 52.9 78. 1 21.1) 
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Figure 4 Facial profile (a) before protraction headgear treatment (baseline. treatment by SL) a nd (b) after protraction headgear treatment 
(IS-month follow-up) 

5 show a patient at baseline and following protraction 
facemask treatment at IS-month follow-up. 

Skeletal efleet 

Overall for this trial , it is interesting to compare the 
results with previous meta analyses. 2uo Table 7 com
pares changes attributable to protraction treatment 
from Kim et al. 21 and our study. Importantly, this table 
does not show treatment effects compared ,vith controls. 
Overall , t,his trial seemed to show smaller skeletal 
treatment changes but this may be because the studies 
included in the systematic review were retrospective, and 
may have overestimated treaLment effects. 

Tablc 8 compares our data with the systematic review 
by Jager el at. 30 where comparison is made with a 

control group. In this systematic review, account was 
taken of growth changes in the control group by 
subtracting from treatment changes. Care should be 
taken in comparing this data, as many control groups 
consisted of class I children. I n addition, studies 
included in these meta-analyses include samples from 
Europe, USA, China, and Japan where skeletal 
characteristics and growth patterns are different and 
treatment response may also vary. Despite these 
caveats, the mean differences between protraction 
treatment and controls from the meta-analysis by 
Jager el aeo were very similar to our trial. It is 
noteworthy that the larger changes in SNB suggested in 
Table 8 are because differences between protraction 
and control groups are being compared, and controls 
will worsen with growth. 

Figure 5 (a) reverse overjet before protraction headgear treatment (baseline , treatment by SL) and (b) posi tive oveljet after protraction 
headgear treatment (IS-month follow-up) 
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Table 7 Comparison of data from this trial and the systematic 

review by Kim el {II. 2 1 for the effect of protraction faccmask treatment 

ephu.lomwic This tria l (prot ral'tio n Kim el (/1. 
van a.blc racema..~k group) ( 1999):i 

!;; 1.4 1.7 

SN13 -0.7 - 1.2 

A J3 2.1 2.R 
MaxIllary rOlUllOl1nl 2.3 downwards O.S upwards 

change and backwards and forwa rds 

Ma:O:Il lllry- mandibular 1.8 1.5 

angl~ 

tv" IOlVer f<tt:e heigh t 0.4 

Upper incisor! 3.0 2.8 

maxillary plutll! 

Lower llIeiorl -4.11 -_9 

mandibular plune 

A recent systematic review,9 further highlights short
comings of previous retrospective and prospective 
studies as: no sample size calculation, sample bias, lack 
of method error analysis, lack of blinding, no informa
tion on dropouts and deficient or absent statistical 
analysis. As a result of differing cephalometric analyses 
and treatment details including timing and duration. this 
most recent systematic review did not attempt a 
quan titative analysis of cephalometric outcomes. 

OCc/lisal effect 

Ngan el (If. [6 reported a mean treatment improvement in 
overjet of 6.2 mm which is slightly higher than the 
average of 4.4 mm in the PFG for this study. However. 
when the difference is calculated relative to CG, the 
PFG improvement is reduced to 4.1 mm. Also, the 
variability of treatment response in this study was large; 
some treated patients achieving no change. and others, 
up to 9 mm improvement in overjet. This evidence 
would support an orthodontist 111 ofTering early 

Table 8 Comparison of data from this trial and the systematic 

review by .lager el al. ' o where effects of protraction facemask treatment 

arc compa red with contrul s 

ephalomclric:: variable This tria l· Jager el al. (200!)' " 

SNA I.l 1.4 

SNB - 1.5 - 1.3 

ANB 2.6 2.6 
Upper incisorimaxililiry plane 0.9 1.6 

Lower inci , r/mandibular plant: -3.7 - 3.7 

' Calculation of the differences bctween change occurring in protraction 
fa c:e l11ask group and eontJ·ols (Table J). 

protraction facemask treatment. because there is always 
the chance that a patient will respond extremely 
favourably , whilst simultaneously cautioning that such 
change is not guaranteed. 

In this trial, treatment was successful in 70'1., of patients. 
defined as having a positive overjet at DC2. However, 
when we ran a multiple linear regression analysis. there 
were no predictive factors to establish which patients 
might respond favourably to early treatment. 

When PAR scores are considered, Ngan and Yiu 32 

showed a mean improvement in weighted PAR of 21.5 
points from bascline to immediately aftcr treatment. In 
our study, a mean reduction in weighted PAR of 10.9 
points was observed in the PFG from baseline to 15
month follow-up. Direct comparison of these data with 
Ngan and Yiu32 should be made with care as the time 
points for data collection were different and different 
PAR weightings used in the USA may make direct 
comparison of the data invalid. 

Psychosocial outcomes 

The impact of malocclusion on self-concept and psycho
social parameters has not previously been assessed in early 
class III protraction face mask treatment. The improve
ment in self-concept that we had hoped to see following 
treatment was not evident. This may be because factors 
contributing to sel f-concept are multifactorial, and the 
effect of orthopaedic treatment alone was not strong 
enough to influence Piers- Harris scores. It is also 
noteworthy that the Piers- Harris children's self-concept. 
scale, although robustly developed with input from 
children aged 7 years and upwards, with demonstrable 
content. construct and criterion validity. does not specifi
cally measure self-esteem related to the face and occlusion. 
Other more recently developed questionnaires do assess 
oral health impact, but contain questions related to facial 
and dental pain, which are also not directly relevant to 
orthodontic outcomes. Therc is therefore a need to develop 
measures to reflect orthodontic psychosocial outcomes. 

The OASIS questionnaire did show a statistically 
significant change with PFG children being less con
cerned and perceiving less impact from their malocclu
sion at DC2. However, a difference between PFG and 
CG of four points may not be clinically significant. 
Further work is needed to develop psychosocial mea
sures that could be more effective in detecting treatment 
advantages, as perceived by patients. 

Ti\1J signs and symptoms 

TMJ signs and symptoms were both very low at DCI 
and DC2. No evidence was seen with regard to the 
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theoretical risk of a reciprocal downwards and back
'..vards force at the chin point causing TMJ problems 
during protraction facemask treatment. 

A drawback to the study design was that we did not 
carry out a repeatability test for TMJ measurements. 
This was partly owing to logistical reasons of recalling 
patients for an additional appointment and also that the 
patient may have prcscnted with different TMJ signs or 
symptoms a number of weeks later. 

Study design and analysis 

All patients in the PFG had RME prior to placing 
protraction forces. Patients with posterior crossbites 
were expanded to allow for some overcorrection as 
previously described. Patients without posterior cross
bite turned the expansion screw once a day, for 10 days. 
At the time of starting this trial, a meta-analysis by Jager 
et at. 30 suggested that SNA and ANB changes were 
significantly greater when RME was used to release the 
circum-maxillary sutures. Therefore, we decided to use 
RME on every treated patient , which also standardized 
the clinical intervention. Since then, it has been shown 
that the success of protraction headgcar is not influ
enced by the use of RME.40,41 

Data for this trial were presented as change from 
baseline to IS-montJ1 follow-up for PFG and CG . 
Information was not collected immediately after the end 
of active protraction facemask treatment, as this would 
be at different times for cach patient and the data would 
have had to be annualized. Annualization relics on a 
projection of average treatment change or grovvth 
change over 1 year. For example, if treatment was 
completed in S months, average treatment change wouJd 
then bc used to predict the cephalometric values for that 
patient at I year. Statistically, we were not advised to 
use this approach, particularly as the samc prediction 
would not be used in the control group. 

Patients presenting with a class III skeletal pattern in 
retruded contact position, but who also had a forward 
mandibular displacement on closure, were not excluded 
from the trial. This was because the main treatment 
aim was to orthopedically protract the maxilla . Ethi
cally, it was not justified to take lWO lateral cephalo
grams (onc in retruded con tract posi tion a nd one in 
intercuspal position) at each dala collection, in view of 
this nol being routine practice in younger patients , and 
tbe added radiation dose. Gravely42 concluded that no 
forward mandibular displacement persistcd cephalo
metrically after initial disengagement of the incisors . 
The forward displacement was counteracted by a 
backward displacement of the condyles during further 
closure. 

At DC2 a significant numbcr of treated patients no 
longer had a forward mandibular displacement. It was 
tested to see whether these patients had larger treatment 
improvcment in SNB that could have been postural, 
compared with treated patients who did not have a 
forward displacement at baseline. There was no sta
tistically signifIcant difference in SNB improvement 
between patients with and without a forward mandib
ular displacement at DCI (P=O.09S). 

It would have becn useful to evaluate the proportion 
of skeletal and occlusal changes occurring with a 
Pancherz analysis. However, as statistically significantly 
more occlusal plane rotation occurred in the PFG 
compared with the CG (mean difference 4.5"), it was 
decided not to use an analysis that relies on the occlusal 
plane as a stable reference point. 

Lastly, with reference to sample size, it has been 
shown that the study had sufficient power to dctect a 
diffcrence between PFG and CG for cephalometric 
outcomes. It is evident that the confidence intcrvals were 
fairly widc so the data should bc cautiollsly interpreted. 
Despite this, the key clinical message would be that at 
IS-month follow-up, early protraction facemask treat
ment has a 70u/., success rate in achieving a positive 
overjet. This information should be helpful to parents 
and patients when making the decision whether to 
embark on early protraction facemask treatment. 

The patients in this randomized clinical trial are 
undergoing long term prospective follow-up untiJ they 
are IS years old. This will enable us to report on long 
term skeletal and dental stability of early protraction 
facemask treatment and to evaluate whether it reduces 
the need for orthognathic surgcry. 

Conclusions 

• 	 Early class ill orthopaedic treatment , with protrac
tion facemask , in patients under 10 years of age, is 
skeletally and dentally effective in the short term. 

• 	 Seventy per cent of patients had successful treatment, 
defined as achieving a positive overjet. 

• 	 There were no resultant TMJ problems. 
• 	 Early treatment does not seem to confer a clinically 

significant psychosocial benefit. 
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Ohkcli\'(': To inv t! tigate the effectiveness of early clas ' III protraction faeemask treatment in children under 10 years of age at 

3-year follow-up. 

Dt/8i!!lI : Multicentre randomized controlled trial. 


Suhjl'ct ~ and 1\;[C'tlr()d.l' : Seventy-three patients were randomly allocated, stratified for gender, into early class III protraction 

facemask group (PFG) (n=35) and a controllno treatment group (CG) (11 = 38). 


Ou/t'QI11C's: Den! facial changes were assessed from lateral cephalograms and occlusal changes using the peer as~sment rating 


(PAR). Self-esteem was assessed using the Piers- Harris children's self-concept scale, and the psychosocial impact of malocclusion with 


oral aa.thetie subjective impact score (OASIS) questionnaire. Temporomandibular joint (TMJ) signs and symptoms were also 


recorded. The time points for data collection were at registration (DC I), 15 months later (DC2) and 3 years post-registration (DC3). 


Results: The following mean skeletal and occlusal changes occurred from the class III starting point to DC3 (3-year follow-up): 


SNA, PFG moved forwards 1- 2,3 (CG forward + 1.6: P=0.14): SNB, PFG moved forwards +0.8 (CG forward + 1.5, 

P= 0.2h); ANB, PFG class III base improved + 1.5' (eG stayed about the same at + 0.1; P = O.OOI), This contributed to an 


overall ditTl'rence in ANB between PFG and CG of + 1.4' in favour of early protraction faeemask treatment. The overjet was still 

improved by + 3.6 111m in the PFG and changed a small amount + 1.1 mm in the CG (P = O,QOI). A 21'1., improvement in PAR 


Wa~ shown in the PFG and the CG worsened by 8.4% (P= 0.02). There was no increase in self-esteem (Pier - Harris score) for 


PF compared with the CG (P=0.56) and no statistically significant difference in the impact of malocclusion (OASIS) between 


groups in terms 01' thc changes from DC I to DC3 (P= O.IS). TMJ signs and symptoms were very low at DC I and DC3. 


Cunclushll1s: The favourable effect of early class III I rotraction faeemask treatment undertaken in patients under 10 ycars of 

age, is mai ntained at 3-y ar follow-up in terms of A NB. oveljet and % PAR improvcment. The direct protraction treatment 


effect at SNA is still favourable although not statistically significantly better than the CG. Seventy per cent of patients in PFG 

had maintained a positive oveljet which wc have defined as ongoing treatment success. Early protraction facemask treatment 


does not seem to intluenee self-esteem or reduce the patient's personal impact of their malocclusion at 3-yen r follow-up. 


Key lI 'ordl: Class III skeletal pattern. early orthopaedic treatment. protraction facemask . randomized controlled trial 

Rece;,w/ 24 Fehru({r)" :lO/2, ({("("el'/ed 19 Moy 2012 

systematically reviewed. 1-.1 The initial mean treatmentIntroduction 
effect is reported as being a 1.1' protraction of A point and 

The effects of early protraction facemask treatment for a 2.S ' ANB improvement. Where early class III treatment 
chi.ldren under I() years of age are widely documented and is compared with untreated controls, it is suggested a 
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Jl1ean forward movement at SNA of 1.4~ and an ANB 
; mprovement of 2.6' occurs. 

These data were recently compared with the early 
results of our multicentrc randomized controlled triaL,4 
which suggested similar. but slightly smaller protraction 
facemask treatment effects. This may be because of 
its prospective randomized design, with a concurrent 
ma tched control group, which overcomes the possibility 
of selection bias and thus improved results sometimes 
reported in rctrospective research. 

Whi!c short-term data of treatment effectiveness are 
clinically useful, it is important to evaluate outcomes in 
the medium and long term. Wc may then advise our 
patients not only of thc likelihood of carly protraction 
facemask treatment success, but whether they are likely 
to outgrow the initial correction. This paper is thc 
second in a planned series of three, which prospectively 
evaluates the effects of early protraction facemask 
(PFG) with an untreated control (CG). This paper 
will report the 3-ycar follow-up for this multicentre 
randomized controlled trial. 

The aim of this ll1ulticentre prospective randomized 
clinical trial was to invcstigate the effectiveness of early 
class I II orthopaedic protraction facemask treatment in 
children under 10 years of age. The working hypothesis 
was that early class III orthopaedic treatment with a pro
traction facemask compared with an untreated control, 
will lead to differences in (I) skeletal and dental 
relationships; (2) psychosocial well being; and (3) tcm
poromandibular joint (TMJ) pain dysfunction. 

Subjects and methods 

A short summary of thc subjects and methods for 
this clinical trial will be presented here, as they have been 
described in detail in the IS-month follow-up report.4 

Study selling 

Following multieentre and local Ethical and Research 
and Development approval, patients were recruited at 
eight UK hospital orthodontic departments through 
general dental practitioner referrals or following pri
mary school screening. 

Sample size calculation 

The sample size calculation was based on expected pecr 
assessment rating (PAR)) changes where a sample size 
of 23 children in thc PFG and 23 in the CG would have 
a 90';-;, power to detect a difference in means of 0.25 (the 
difference between a PFG mean PAR reduction of 25% 
and a CG mean PAR reduction of 0%) assuming a 

common standard deviation of 0.25 using a two group 
tcst with a 0.05 two-sided significance level. Therefore, a 
total sample size of 46 children was needed for the 
clinical trial. 

Inclusion criteria 

• 	 seven to nine years of age at the timc of registration; 

• 	 three or four incisors in crossbite in the intercuspal 
position; 

• 	 clinical assessment of a class III skcletal problem in 
the retruded contact position with emphasis on the 
presence of a retrusive maxilla. 

Exclusion criteria 

• 	 chi.ld of non-Caucasian origin; 

• 	 cleft lip and palate andlor craniofacial syndrome; 
• 	 a maxillo-mandibular planes angle greater than 350 or 

lower face height greater than 70 mm;6 
• 	 history of TMJ signs or symptoms; 
• 	 lack of consent. 

Patient assignment 

Following child and parent written consent, patient!) 
were randomly allocated to PFG or CG. The randomi
zation list was stratified for the potential confounding 
effect of gender to take into account the possibility that 
boys and girls would grow at different times during 
the study. The randomization sequence was concealed 
centrally and the group allocation only revealed after 
each patient was registered for the trial. 

Data collection 

Data collection (DC) was carried out at DCI (baseline at 
trial registration), DC2 at IS-month follow-up and DC3 
at 3-year fol.low-up . At each time point, we collected: 

• 	 lateral cephalogral11 in the intercuspal position; 
• 	 study models; 
• 	 questionnaircs: Piers- Harris children's sclf-conceptscale7 

and oral aesthetic subjective impact score (OASIS);8 
• 	 clinical signs and symptoms of TMJ dysfunction. 

Clinical intervention 

Following the collection of DC I records , pa tients 
randomly allocated to the PFG were treated according 
to a standardizcd protocol summarized in Table I and 
Figures I and 2.4 The patients allocated to the CG received 
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Figure 1 RME device 

no clinical intervention. All patients were then recalled 
15 months post-registration for data collection 2 (DC2) and 
3 years post-registration for data collection 3 (DC3). 

Clinical end point 

The end of active treatment was defined as when the 
facemask treatment had ach.ieved a correction of the 
incisal relationship to class I or positive overjet, class I 
molars and/or a clinical correction of the class Tn 
skeletal pattern. Once the active treatment had finished, 
none of the patients in the PFG received any form of 
retention. Although a functional appliance may be used 
to try to maintain the protraction facemask correction, 
this study excluded this option because it would have 
been a potential confounding factor. 

Outcome measures 

Cephalometric and occlusal Incasurcrnents 

The lateral cephaJograms were traced by one author 
(NS) who was blinded as to group allocation. To 
determine the rotations of the maxillary and occlusal 
planes, superimposition of the DCI and DC3 lateral 

Figure 2 Protraction f"acemask (TP Orthodontics) 

cephalometric radiographs was undertaken by 
another author (IS) using Bjork's structural method , 
which employs the anterior zygomatic process as the 

9 ,o
reference landmark . . Weighted PAR scores5 were 
measured by a calibrated examiner (R McD). Overjet 
measurements were recorded from study models, 
with a steel millimetre ruler, by author NM. Overjet 
and lateral eephalogram measurements were carried 
out twice and a mean value calculated to reduce random 
error. Intra-examiner reliability was assessed by re
measuring 20 radiographs and 20 oveljet scores and 30 
PAR scores, I week apart. 

Psychosocial measures 

The previously validated short form Piers- Harris 
children 's self-concept scale was used 7 Psychosocial! 
oral health related quality of life effects of treatment 
were assessed using OASIS 8 Both questionnaires have 
previously been shown to have very good internal 
consistency or internal reliability, 

TMJ examination 

AJI of the orthodontists involved in this trial had received 
training from a TMJ specialist before the start of the trial 

Table 1 Summary of the clinical intervention: Protraction i"accmask treatment. 

Clinical intervent ion Design and applica tion 

Rapid mllxillary expansion (RME) 

PrOlra 'Ii 011 faccm<lsk 
'TP orthOUllo ti ' 

Bonded RME with 3-mm acry lic placed over II metal fra mcwork14 

Ve~li bular hook located adjacent to upper fi r~ t deciduous molal> 

Activation '/. turn (O .:!5 mm) once i l d.IY fo r 7- 10 days 

Vert ica lly adjustuble for custo m fi t 

El a~t ics connected to midline cr ssbow 
Wear for 14 h per day 

71 inch, 8 oz for I :2 weeks. then Y! inch 14 07. then VII. inch 14 

oz elastics to fina lly deliver 400 per side 

TP orthodontics' Elastic traelion direction 30 downwards and forwards 
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to ensure that the TMJ examination was standardized and 
appropriate for younger children. TMJ signs or symptoms 
were recorded to cnsure no patients might be treated with 
protraction facemask that may exacerbatc TMJ problems 
through potcntial downwards and backwards rotation at 
the chin point. No patients were excluded on this basis. 
either at baseline or during facemask treatment. 

Blinding 

This trial was single blind, as thc researchers measuring 
the radiographs and study models and the statistician 
were blind to the trcatment/control allocation until thc 
data were analysed and the code broken. Ideally, the 
clinician collecting the records at the 15-mon th DC3 
time point would also havc been blinded as to group 
allocation. However, this was not attempted, because 
only one operator was involved at each centre. Thcy will 
have had the patient's notes available and it was aJso 
likely that they would remember who had received 
protraction facemask treatment. 

Patients lea ving the stU[(V or reji.lsing treatment 

We collected as much data as possible on patients who 
dropped out of the study to reduce possible assessment 
bias. If a subject failed to cooperate cluring treat ment 
and the clinician decided to stop the treatment, the data 
were still collccted. An ' intention to treat' analysis was 
carried out. Therefore, if a paticnt was allocated to the 
treatment group, but then subsequently failed to have 
the protraction 1~lcemask fitted, they were kept in the 
treatment group. Further analysis was carried out to 
compare baseline characteristics for patients who dropped 
out of the study compared with those left in to asscss the 
possibility of attrition bias. 

Statistical analysis 

Descriptive statistics were generated and the data 
checked for normality. The changes occurring between 
DC I and DC3 were calculated. Multiple linear regres
sion models were fitted to the dependent variables 
(DC3) with DCI data and group as covariates. All 
analyses wcre conducted at the 0.05 level of significance. 

Results 

Complete records were available for 63 patients out of 73 
representing an 86'X, follow-up. Intra-examiner reliability 
for cephalometric and study model measurement was 
high and there were no apparent difference between 
groups at DC I for age, gender and presence of posterior 
cross bite, as previously reported .4 A trial profile is shown 

in Figure 3. The mean age of patients at DC3 was 12.1 
years (SO: 0.9) in the PFG and 12.3 years (SO: 0.8) in the 
CG. In the PFG, there were IS boys (50%) and IS girls 
(50%) and in the CG, there were IS boys (450/,,) and 18 
girls (55%). Figures 4 and 5 show an example of a patient 
from the PFG at baseline, IS-month and 3-year follow-up 
where treatment changes were successfully maintained. 

Cephalometric changes DCI to DC3 

Skeletal and dental changes over time are shown in 
Table 2. The statistically significant treatment effect 
(PFG) maintained at 3-year follow-up was a mean ANB 
improvement of 1.5 ' compared with almost no improve
ment (O.l ") in the CG. Thus, the ANB difference between 
groups was I.4Q in favour of protraction facemask 
treatment (regression P=O.OO I). There was a tendency 
for the PFG to maintain a more protrusive A point (2 .3°) 
compared with the CG (1.6°) and a more retrusive B 
point (PFG O.8")(CG I S ), but none of these effects, on 
their own, were statistically significant (regression P value 
SNA=0.14; SNB = O.26). Cephalometric superimposition 
suggested that the maxilla had rotated downwards and 
backwards in the PFG (4.1 °) and the functional occlusal 
plane had rotated upwards and forwards (2.8°) (regres
sion P < O.OOI). Lastly, there was no statistically signifi
cant effect of increased MM angle or increased 'X, lower 
face height or incisor inclination in the PFG compared 
with the CG. 

Study tnodelslocclusol changes DCI to DC3 

Table 2 summarizes occlusal changes from DC I to 
DC3. The PFG still exhibited a mean oveljet improve
ment of 3.6 mm compared with the CG change of 
+ 1.1 111m (regression P=O.OO I). There was almost a 
30% difference between PFG and CG weighted PAR 
scores with PFG maintaining a 21% improvement and 
CG worsening by an average 8.4% (regression P=0.02). 
Where treatment success was defined as maintaining a 
positive overejet at DC3, 70% of patients in the PFG 
achieved this. 

Piers- Harris (se lresteem ) and OASIS psychosocial 
outcome questionnaires DCl to DC3 

Piers- Harris scores and scores of the domain (Table 3) 
were compared between PFG and CG from DC I to 
DC3. There were tiny changes in self-esteem over time 
and no statistically significant increase in self-esteem as 
a result of protraction facemask treatment. Although 
OASIS scores at DC3 (Table 4) tended towards a 
reduced impact of malocclusion PFG (- 2.0 points) 
compared with increased impact in the CG (+ 1.4 

http:SNA=0.14
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I
Assessed for eligibility 
(n= 81) Excluded (n= 8)I Not meeting inclusion criteria

I (n= 8)

1 Refused to participate 
(n= 0)

I
Patients randomized? J 

Other reasons (n =73)" 
(n= 0) 

Allocated to cantrall no treatment 
(n= 38) 

Received allocated intervention 
(n= 38) 

Did not receive allocated intervention 
(n=O) 

1 

Lost to follow-up (n= 5) 

Failed multiple appointments 

Discontinued intervention (n= 0) 


Analyzed (n= 33) 

Excluded from analysiS (n=O) 

Lost to follow-up 


~ 

Allocated to Protraction facemask 

intervention (n=35) 
Received allocated intervention 

(n=3 3) 
Did not receive allocated intervention 

(n= 2) Refused alginate 
impressions 

1 

Lost to follow-up (n= 5) 
Failed multiple appointments 
Discontinued intervention 

(n=O) 

Analyzed (n=30) 

Excluded from analysIs (n=O) 

l ost to follow-up 


'Bradford 0=3 . Kent r:-=1 6 , Manchester n=7 I N NCaStte n= 1 Peterborough n= 11 : Sheffield 0=9: Soulhend n;;5. Tames-cte n= 11 

Figure 3 Trial profile 

(a) (b) (e) 

Figure 4 Profi le images of (a) baseline, (b) 15-month follow up ann protraction faccmask treatment and (e) 3-ycar follow up 
Courtesy of author Simon Littlewood 

Figure 5 (al Daselinc ocd usion, (b) 15-month follow up afte r protraction faccmask treatment and (el 3-yea r foll ow up 
Cou rt esy 0[' author Simo n Littlewood 



JO September 2012 Scient if ic Sec-lin/l T he effec t of prot rac tion facemask trca tment 181 

points), this was not statistically significant (regression 
P = O.18). 

TMJ olitcOll1eS DCI to DC3 

Table 5 confirms the low prevalence of TMJ signs and 
symptoms at both time points; therefore. no statistical 
analysis was carried out. Crepitus was the most 
frequently observed sign at DC3 . Patients with forward 
mandibular displacement o n closure were also evalu
ated. As would be expected. patients in the CG stayed 
fairly constant from DCI (52.6'1.) to DC3 (50.0%). In 
the PFG, this variable reduced from 52.9% at DCl to 
21.9% at DC3. 

The elimination of any forward mandibular displace
ment with protraction facemask treatment may suggest 
that these patients had an enhanced improvement in B 
point. Therefore. within the PFG, we compared the 
SNB improvement in patients with and without forward 
mandibular displacement at baseline. Improvement at 
SNB was no better for patients whose mandibular 
displacement had been eliminated by protraction face
mask treatment compared with treated patients who still 
had a forward displacement at DC3 (Chi-square value 
3.26, P = 0.66). 

Table 2 Cephalometric and occlusa l outcomes. 

Treatment ellects 0/ PFG compared Ivith CG at DC2 
ond DC3. 

Table 6 shows the statistically significant treatment 
effects occurring at DC2 and those that were maintained 
at DC3. Where there had been statistically significant 
changes for SNA. SNB and ANB at 15 months (DC2), 
at DC3, only ANB "vas still significant. The other 
slatistically significant treatment effects seen at DC2 and 
maintained at DC3 were overjet, percentage PAR 
improvement and both maxillary and functional occlu
sa l plane rotations. 

Discussion 

SkelC101 and denIal elTects 

Three-year follow-up of patients randomly allocated to 
treatment (PFG) or control (CG) indicates that some 
skeletal and dental effects of early protraction facemask 
treatment are maintained until children are 12 years old. 
These include improvements in ANB, overjet, maxillary 
and occlusal plane rotations and weighted PAR score. 
Favourable changes in SNA and SNB were not in 
themselves statistically significant, but the combined 

0 I DC I DO DO DO - DCI DC3-.DC I 

Meiul change (S O) Meau .:hllflge ( D) 

CG PF·G P valut: 

SNA 
SNB 

A B 

Sn/ MxP 

Maxillary 

rota lional change 

(superimposi tio n) 

Fund lOnal ~lccll1!>u l 

phln ~ rOla. i \r) 

(~UperilTl posi . iun ) 

MM :ln~l<' 

'X,LFH 

Ul /M xP 

LIIMdP 

Inler in I 'ul angJ.: 

Overjet 

W~ i gh [cd P A R 

78 .1 (2.5) 

~m. 9 (2.9) 

2.ft (2.0> 

R. 5 (3 .1) 

r 7 (4.8) 

54.2 (1.5) 

110.3 (11 .0) 

86.2 ( 7~ ) 

137.6(1 1 5) 
-2.2 (1.6) 
11.0 (1 0.6) 

7R .7 (2.5 ) 
ROS (2. ) 

- 1 8 (1.8) 

8.7 0 .2) 

~6 .5 (4.4) 

55.0 ( 1.8) 

109.1 (5.T) 
6 <J (6.5) 

118.1 (9.2) 
-1.1 ( U ) 

34.1 (R. S) 

71) .9 (3.6\ 
81.4 (4.0) 
-1.5 (2.5) 

7.5 (4.1) 

26.5 (6. 1) 

54.8 a.9) 
115.S (6.6) 

5.5 nUl) 
m .:'i (10.7) 
- 1. 1 (2..) 

33.6 (1 0.6) 

II I.!) (2.9) 

1.3 ( .0) 

0.3 (19) 
7.0 (2.9) 

27,7 (4.1) 

55.2 ( 1.5) 

114.3 (5.9) 

5,4 (6. 1) 

1:\2.9 (R .9) 
1.4 (2.8) 

27.0 (12.0) 

1.6 (2.6 ) 

1.5 (1.3) 
n I (1.9) 

-1.0 (3. 5) 

4.3" (2. ) 

2.61 14.71 

0. 8 0.9) 
0.6 (1.9) 
5. - (9. - ) 

- 0.7 (.1 .7) 
- - I (S.2) 

1.1 (2.6) 

- 2.6 (1 0.2) 
8.4" I) worse 

2.3 C2.11 
0.8 ( I. -) 

1.5 ' 2.0) 
- 1.7 (_.5) 

4.1 ' (4.1) 

2.8· (ol.R ) 

U (3. 1) 

02 (\.3 ) 

52 (6., ) 
-1.5 (3.4) 
--.2 (7 .9 ) 

.6 (2.6 ) 

7.1 (\ 4.3\ 
11 % improved 

0 14 

0.26 
0.00 ' ; 
0.43 

< 0.00\ : 

< O.O(U i 

1167 
(1.57 

().4 .~ 

0.38 
0.70 
O.OC)I : 

0.02; 

'Rotation upwards and forward,. 
'~ Rotation downward s and backwards. 
! Ilold va Illes denote stati stically significant results. 

lIlean (SDI 

CO PI· 
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effect meant that ANB was still statistically significantly 
improved in the PFG compared with the CG, This is 
important because although this treatment is known to 
be clinically and statistically effective in the short term, 
understanding longer term clinical benefit is useful to 
clinicians and patients when making treatment choices. 

As expected, the protraction facemask treatment 
effects reduced over time as the patient grew older as a 

Table 3 Piers- Harris children's self-concept scalc scores. 

result of a continued class III growth pattern. We would 
not have expected the initial treatment effects to be 
totally maintained and it is, therefore, perhaps surprising 
that 70'% of treated patients maintained a positive 
overjet at DC3, the same vaiue observed at DC2. 
Interestingly, this cannot be explained by increased 
dentoalveolar compensation in the PFG between DC2 
and DC3. 

DCI DCI DO DO DC3 minus DCI DC) minus DCI 

CG PFG '(j PI G G PFG 

Piers ·-Harris Mean (SO) Mean (SO) Mean (SO) Mean (SO) Mean change SO) Mean change (SO) P value 

Piers-Harris total 49.9 (8.1) 50.3 (6.8) 50.3 (6.9) 51.3 (8.7) 0.4 (7 .2) 1.0 (5.6) 0, 6 

Beha iour 11 .8 (2.9) 13.0 (1.3) 12.7 (2.3) 12.8 (1.7) 0,90.1) - 0.2 (2.5) 0.73 

In !ellect/:IChool 12. 7 ( .2 ) 13.7(2.3) 12.5 (3 . 1) 13,2 (3.3) - 0.2 (3.0) - 0.5 (2.3) 0.95 

Physical S.7 (1.7) 8.3 (2.2) 8.9 (1.9) 11.1\ (2.6) 0.2 (2.0) 0.5 (2.1) 0.77 

Freedom from anxidy 11 .2 (3.3) 11.4 (1.7) 11.5 (2.4) 11.7 (2.6) 0.3 (1.3) 0.3( 1. ) 0.97 

Popula ri ty 9.S (_.8) 9.5 (2.5) 10.5 (1.6) 10.4 (2.3) 0.7(2.1) 0.9 2.1 ) O.b9 

Happiness 8.8 (1.5) 8.g (1.2) 9.1 (1.1) 8.7 (1.3) 0.3 (1 ,8) -0.1 (1.3) 0.23 

Table 4 OASIS scores. 

Control Prou'llcli n 

OASI 'core Mean ( D ) MC<l n (SO) P value 

Del 20.7 0.6) 20.11 (6.6) 

D _ (15 mo nt hs) 22.1 (7.3) 16.9 (4.4) 0.001 

DO (3 yelln;) .." ( ,3) I .3 (5.2) 0.02 

Me<ln change OC2 minus DCI O.S (6.5) - 4.2 (8. L) 0.01 

Mean change DC3 minus DC I 1.4(9.5) - 2.0 (9.1) 0. 18 

Table 5 Temporomandibular joint signs and symptoms. 

'J,. DCICG DCI PFU DC3CG DC 3 PFG 

Latera l pain R igh t 2,6 0.0 0.0 0.0 

l efl 0.0 2.9 2.8 0.0 

Intnl a rticular pain Rj~h t 0.0 o.n C) ,O 0 0 

Len 2.6 2.9 2.8 0.0 

Cl ick R ighI 5. 3 5.7 5.(\ 12 -

Left 1.& 5.7 ',6 9.4 

Crepitus R ight 5.3 0,0 11.1 9.4 

Left 2.6 5.7 8.3 18.S 

Locking 0.0 n.O 0.0 

LOMi of movement or 0.0 0.0 0.0 (J .ll 

tel11 pora li s spasm 

Masseter Spit m 0.0 2.9 2.8 3.1 

Latera l pterygoid spasm 2.6 8.6 5.6 3, I 
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One treatment effect that did seem to be progressive 
was the downwards and backwards rotation of the 
maxilla in the PFG from 2,r at DC2 to 4.1 " at DC3. 
This was not in agreement with a systematic review, t 
which found that the maxilla rolated upwards and 
forwards, This may be explained by differences in 
methodology as in the systematic review, the authors 
studied rotational changes of the palatal plane ANS to 
PNS and these are not stable structures, II whereas 
Bjork 's structural method III is the one suggested for 
measuring maxillary rotational change. 

In addition, it was not clear whether all studies in the 
systematic review had used a 300 downwards elastic 
force. This difference in findings may be explained by 
the point of force application at the vestibular hooks 
being below the centre of resistance of the maxilla , and 
also anterior to it in our trial. A downwards clastic force 
may then appear to result in a downwards and back
wards maxillary rotation. The functional occlusal plane 
rotation of around r upwards and forwards in this trial 
is similar to the earlier systematic review where they 
suggest posterior tooth extrusion as a reason for the 
occlusal plane rotation. 

Many published studies report immediate treatment 
effects with relatively little longer term follOW-Up . 
Deguchi e/ al. 12 published a 3-year follow-up of early 
protraction facemask treatment compared with retro
spective matched controls. When normal growth in the: 
control group was taken into account, the treatment 
group had a mean ANB improvement of 1.60 which is 
remarkably similar to this study (Table 6). This is 
despite methodology differences such as the mean age 
of treatment being 4 years 2 months and the added 
use of a removable retainer activated for crossbite 
correction as required for I year following facemask 
treatment. 

Weighted PAR scores were followed up for 2 years 
following protraction facemask treatment by Ngan and 
Yiu,1:1 It is difficult to compare actual weighted PAR 
changes with our study, as it is likely that different 
weightings were used, However, our percentage-weighted 
PAR improvement reduced over time: DC2 (32.2'1<,) to 
DC3 (21 'Y.,), and this could not be explained by a relapsc 
in oveljet or posterior crossbite, whereas Ngan's study 
showed an improvement over a 2-year follow-up from 
post-treatment (56%) to 2 years (63%,), This diffcrence 
in trend is difficult to explain, but it is possible that 
additional treatment for I year with a functional appli
ance, in the latter study, could enhance the protraction 
f~tcemask occlusal effects. Further literature is available to 
compare longer term follow-up (5 years and longer) of 
protraction facemask effects and this will be compared in 
the next paper of our 6-year follow-up data .14- 20 

TMJ signs and symptoms and 
psychosocial outcomes 

TMJ signs and symptoms were low throughout this 
clinical trial. There was a trend of increased crepitus at 
DC3; however, it is unlikely that this could be attributed 
to the protraction facemask treatment, sincc the increase 
occurred in both PFG and CG. 

No statistically or clinically signillcant psychosocial 
benefit of early protraction facemask treatment was 
observed at DC3 which also broadly reflects the DC2 
findings. Reasons for this, such as multi-factorial 
inl1uenecs on self-esteem and the lack or availability of 
questionnaires that specifically investigate facial and 
occlusal concerns, have been previously discussed .4 

Perhaps the 6-year follow-up, currently being under
taken, may show psychosocial benefit in the PFG when 

Table 6 Statistically significanl effect s of PFG compared with thl: CG at DC2 and those maintained at DC] (in bolel), 

PFG PFG 

DC] (dcgf\! S) 

NA 

S B 
AN B 

Maxilla r(lt-Il ion 
Func tio nal OCCh l';.1 1 pillne 

Rotalio n 

MM a.ngie 

UMdP 

Ovc rj l!l (mm) 

'1. weighted PAR (di lllmmce between PFG improvement and CG wo rsening) 

1.1 

-1.5 

2.6 
4.4 down and backwards 

4.5 up and fon llrds 

1.6 
- 3.7 

4.1 

40.8 

0.7 

0, 7 


1.4 

4.1 down and backwards 

2.8 up lind r n va rds 

0,4 
- 0.8 

2.5 

29.4 

http:OCChl';.11
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pecr group pressure bccomcs more important between 
12 and 15 years of age. 

Study design 

The study design has been discussed in detail in Part I of 
this c1inicaltrial.4 Recent literature suggesting that rapid 
maxillary expansion (RME) does not enhance protrac
tion facemask treatment 21 

•
22 would bc useful if this 

study were being planned now. All our treated patients 
activated their RME for at Icast 10 days to standardize 
the clinical intervention and, theoretically, release the 
circum-maxillary sutures. Overall , we did not consider 
that this changing evidence was likely to affect the 
validity of our data. 

The presence or absencc of an anterior mandibular 
displacement on closurc at the start of protraction 
facemask treatment will always be an important factor 
to consider. As Gravell3 suggested that no forward 
mandibula r displaccment persisted cephalometrically be
tween retruded and intercuspal position, we continued to 
take only one lateral cephalogram in intcrcuspal position 
at the 3-year follow-up. In addition, our analysis did not 
show any additional SN B improvement in patients whose 
forward mandibular displacement had been eliminated 
by protraction facemask treatment compared with those 
without pre-treatment displacement. 

As with any long-tclm follow-up, some patients 
dropped out of this study (11 = 10), resulting in a risk of 
attrition bias. For example, the drop-outs may be the 
patients whose treatment was lcss successful , so biasing 
the data towards an enhanced treatment effect. There
fore, the baselinc characteristics of the patients remain
ing in the study and the dropouts were compared. The 
start age, gender, SNA, SNB, ANB and overjet of thc 
dropouts wcre no different to those patients still in the 
study which suggests that there is no attrition bias 
(P =0.58- 0.98) . 

Lastly, wc will consider clinical and statistical sig
nificance. Although treatment effccts may be statistically 
significant, it is important to assess whether they are 
also clinically significant. What constitutes a clinically 
significant changc has not been well defined in ortho
dontics. It is difficult to quantify, particularly with 
cephalometric values, at what point treatmcnt benefit 
still outweighs treatment burden or risks. It is suggested 
that the statistically significant effects seen in the PFG at 
3-year follow-up are also clinically significant and a 
proportion of patients will experience skeletal and occlusal 
improvement over and above the mean values quoted if 
their biological response is favourable. However, the more 
important clinical question is whether this early treatment 

(,1 '1 ;11/1 	 JO Sept mher 20t l 

reduces the nced for orthognathic surgery. The 6-year 
follow-up data currently being collected will attempt to 
answer this question. 

Conclusions 

At 3-year follow-up: 

• 	 Early class III orthopaedic treatment, with a protrac
tion facemask , in patients under 10 years of age, is 
skeletally effective; however, only the com bined 
bimaxillary skeletal effect reflectcd in ANB measure
ments, was clinically or statistically significant. 

• 	 Seventy per cent of patient.s still presented with a 
positive oveljet in the PFG a nd they had a PAR 
improvement of 21'Y" compared with the CG who 
worsened by just over 8'Yo. 

• 	 Early protraction facemask treatment does not seem 
to confer a clinically ' ignificant psychosocial benefit. 

• 	 There were no TMJ signs or symptoms that could 
be allributed to the early protraction facemask 
treatment. 

Contributors 

Nicky Mandall was responsible for the study design , 
obtaining funding, coordination of the trial , data 
collection at two centres, data analysis and critical 
revision , writing and approval of the final rcport. The 
foUowing authors were part of the clinical trial team 
and were responsible for patient screening, recruitment, 
treatment, follow-up, and data collection: Richard Cousley, 
Andrew DiBiase, Fiona Dyer, Simon Liltlewood, Rye 
Mallick and Spencer Nute. Barbara Doherty was respon
sible for the day-to-day running of the trial, data collection 
and data entry. The following authors were responsible for 
data measurements and calculations: Nadia Stivaros, Ross 
McDowall , Inderjit Shargill, Amreen Ahmad, and data 
supervision: Tanya Walsh. Helen Worthington was respon
sible for data analysis and interpretation. All authors were 
responsible for critical revision and final approval of the 
report. Nicky Mandall is the guarantor. 

Acknowledgements 

The 3-year follow-up study was sponsored by TP 
Orthodontics. 

Thanks to: Cathy McDade, Consultant Orthodontist , 
Tameside General Hospital for helping to identify 
patients for inclusion; and Robin Gray who trained all 
clinicians to carry out the standardized TMJ clinical 
examination . 

http:0.58-0.98

