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Introduction 

In the treatment of  patients with Class II division 1 malocclusion, 
the overjet can be corrected by dento-alveolar retraction of  the 
upper incisors or skeletal mandibular advancement [1]. In prac-
tice, overjet reduction involves both mechanisms and it is desir-
able to maximise the latter. Trenouth and Desmond [2, 3] showed 
that during Twin-block appliance treatment, the presence of  a 
Southend clasp not only reduced tipping of  the upper and lower 
incisors, but also enhanced the skeletal correction.

Standard cephalometric analysis showed a statistically significant 
difference in upper incisor angulation (p < 0.005) between the 
Southend group (-6.1˚) and the Non-Southend group (-12.0˚). 
There was also a statistically significant difference (p < 0.005) in 
lower incisor angulation between the Southend group (3.0˚) and 
the Non-Southend group (6.9˚). Of  greater interest was a small 
but statistically significant difference in ANB (p < 0.01) between 

Abstract

Introduction: The objective was to test if  W angle was a superior method of  measuring skeletal change over angle ANB.
The design was to re-analyse the results of  a previously performed prospective, randomized controlled clinical trial with 
two parallel groups. The setting was the Orthodontic department, Royal Preston District General Hospital, Preston, United 
Kingdom.
Method: The participants were 26 patients randomly selected from a previous trial, aged 9-17 years undergoing treatment 
for Class II division 1 malocclusion (ANB > 5˚, OJ > 6mm).
The intervention was two alternative designs of  Twin-block appliance, allocated randomly. One with a Southend clasp on 
the upper and lower central incisors and one without. The appliances were identical in all other aspects.
The outcome measured was the skeletal and dental changes from lateral cephalometric radiographs before and after treat-
ment.
Randomization was accomplished using a computer generated sequence. Allocation concealment was achieved with se-
quentially numbered, opaque, sealed envelopes. Blinding was applicable to outcome assessment only.
Results: Based on a power calculation for W angle, 26 patients were randomly selected from 41 in the original trial. 13 
patients were analysed in the Southend group and 13 in the Non-Southend group. Baseline characteristics were similar 
between the groups and the trial status is completed. No harms were observed as a result of  treatment.
There was a statistically significant change in W angle in the Southend group (5.4˚) and the Non-Southend group (2.8˚) 
(p=0.000). This was greater than that for angle ANB in the Southend group (-3.5˚) and Non-Southend group (-2.6˚) 
(p=0.004).
There was a 2.6˚ difference in treatment change between the Southend and Non-Southend groups for W angle but only 
0.9˚ for angle ANB.
There was a total reduction to class I normative values for W angle (54.4˚ Southend, 52.2˚ Non-Southend group, norm 
51-56˚). This was not so for angle ANB (3.9˚ Southend, 4.5˚ Non-Southend, norm 2.0-2.5˚).
Conclusions: The elimination of  confounding factors that influence angle ANB especially change in incisor angulation 
meant that W angle demonstrated a greater differentiation of  skeletal response both within and between the Southend and 
Non-Southend groups. M-axis and G-axis are stable with growth and unchanged by treatment.
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the Southend group (-3.5˚) and the Non-Southend group (-2.6˚).

Retrospective studies have produced similar findings. Harradine 
and Gale [4] found a statistically significant difference in ANB re-
duction between a twin-block group with torquing springs (-2.9˚) 
and one with a labial bow (-1.6˚). Parkin et al [5] also found a sta-
tistically significant difference in ANB reduction between a Twin-
block with torquing springs and headgear (-3.8˚) and one with a 
labial bow (-2.0˚).

Angle ANB has become the most common method for assessing 
skeletal relationships since its introduction by Riedel [6] in 1952. 
However its validity can be questioned because it is influenced 
by factors other than antero-posterior skeletal relationships. Five 
confounding factors have been recognised which influence the 
value of  angle ANB other than skeletal relationship which it 
purports to measure. First ANB is influenced by rotation of  the 
maxilla and mandible [7, 10]. Second angle ANB is altered by the 
position of  point N in the antero-posterior plane [7-11]. Third 
angle ANB is influenced by the length N to B [9, 10, 12]. Fourth 
angle ANB is influenced by the dental height that is the distance 
between point A to B [9, 10]. Fifth it has been shown that point 
A can be altered by movement of  the upper incisor apex [13, 
14] which can influence angle ANB. Similarly lower incisor apical 
movement can influence point B as well as the upper influencing 
point A [15].

To overcome the disadvantages of  angle ANB various alterna-
tives have been proposed which in turn, introduce further prob-
lems. Jacobson [7] invented the Witts analysis but this relies on 
the occlusal plane as a reference which is highly variable both with 
growth and treatment [16-18] and identification [19, 20]. Baik 
and Ververidon [21] introduced the beta angle but this relies on 
anatomical points A and B and particularly the condylion which 
has low reproducibility. Neela et al [22] devised the Yen angle but 
since it measures the angle between SM and MG jaw rotation was 
not compensated for. Shetty et al [23] used Yen linea but this uses 
the variable occlusal plane for reference. Kumar et al [24] devised 
Pi analysis but this depends on natural head position and does not 
correlate with ANB, Witts or beta analysis.

Bhad et al [25] conceived the W angle which eliminates the five 
confounding factors associated with angle ANB. In particular, it 
compensates for jaw rotation and facial lengthening and is con-
fined to the dentoalveolar area.  It also relies on points S, M and G, 
which have clearer identification and are less subject to remodel-
ling. Points M and G are true skeletal points whereas points A and 
B are really deep alveolar points. Both G point and M point intro-
duced by Nanda and Merrill [26] remain stable with growth. No 
significant changes are found for C-axis (N-S-M) between 7-18 
years [27] and G axis (N-S-G) between 6-19 years [28]. Points A 
and B change with growth and angle ANB reduces largely due to 
forward movement of  point B. Most importantly W angle cor-
responds closely to ANB, Witts and beta angle [25, 29]. It is not 
influenced by the five confounding factors that affect angle ANB 
in particular incisor angulations.

Whilst there is no gold standard to determine skeletal change, it 
would seem there is reason to suppose that W angle is closer to 
the truth than angle ANB.

To date, the W angle seems the most valid method of  measuring 

skeletal relationships un-influenced by confounding factors such 
as incisor inclination which can introduce bias. It is necessary to 
eliminate bias to reduce the number of  variables to one in order 
to establish cause effect rather than statistical association. To an-
swer the research question is W angle superior to angle ANB as a 
measure of  skeletal change, the data from the previously reported 
trial [2, 3] was re-analysed using W angle. The W angle has not 
previously been used to evaluate the outcome of  functional ap-
pliance treatment and had not been published when the trial was 
initially planned.

Methods

Trial design

The study was a prospective, randomized clinical trial with two 
parallel groups.

Participants, eligibility, criteria and setting

Consecutive patients requiring functional appliance treatment for 
Class II division 1 malocclusion were recruited into the study.

The following inclusion criteria were applied:

• Class II division 1 malocclusion
• Age range 9-17 years
• Overjet greater than 6mm
• ANB angle greater than 4˚

The following exclusion criteria were applied:

• Patients with congenital syndromes
• Obvious asymmetry
• Prior appliance therapy
• Crowding requiring extractions

The setting was the Orthodontic department, Royal Preston Dis-
trict General Hospital, Preston, UK.

Interventions

The intervention investigated was two alternative designs of  
Twin-block appliance – one with a Southend clasp on the upper 
and lower central incisors and one without. The appliances were 
identical in all other aspects of  their design (Figure 1).

In all cases, the three stage technique as described by Trenouth 
[30] was followed. The functional treatment was preceded by 
maxillary expansion to coordinate the dental arches and followed 
by a retainer with a steep anterior facing bite plane.

Outcomes

The treatment outcome was measured from lateral cephalomet-
ric radiographs taken before and after functional appliance treat-
ment. All radiographs were taken on the same equipment. The 
pre and post-treatment radiographs were manually traced by one 
author (MJT), in the same order in which patients entered the 
study. The tracer was unaware of  the group allocation until after 
completion of  the tracings.
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The following four points were located: 

1. N-nasion, the most anterior point on the frontonasal suture.
2. S-Sella, the centre of  the sellaturcica.
3. M-the mid-point of  the pre-maxilla, centre of  the largest 

circle that is tangent to the superior, anterior and palatal sur-
faces of  the maxilla.

4. G–the centre of  the largest circle that is tangent to the inter-
nal inferior, anterior and posterior surfaces of  the mandibu-
lar symphysis.

Both M and G points were located using a specifically designed 
template composed of  a number of  concentric circles whose di-
ameter increased by 1mm increments. The circle of  best fit to the 
three surfaces was determined and its centre marked.

Five lines were defined, N-S, S-M, S-G, M-G, and perpendicular 
from M to S-G.

The following three angles were measured: 

1. The C-axis, angle N-S-M
2. The G-axis, angle N-S-G
3. The W angle, the angle between the perpendicular from 

point M to the S-G line and the M-G line (Figure 2).

Early in the study the age range was extended to recruit a greater 
number of  patients more rapidly. Although it is commonly per-
ceived that the degree of  maturity influences the skeletal response 
recent prospective studies have found that stage of  maturity of  
the cervical spine did not influence outcome [31, 32].

Sample size calculation

The calculation of  sample sizes was based on the primary out-
come of  W angle.

The sample size was estimated to be 26 using a power calcula-
tion. This was based on an 80% power with an alpha of  0.01, a 
5˚ difference between the means for W angle (Class I range 51-56 
[25]) with standard deviation of  2.5˚ (average reported by Bhad 
et al [25]).

Interim analyses and stopping rules

Not applicable.

Randomization

The random sequence was computer generated using the internet 
site www.randomization.com

Figure 1. Twin-block appliance (a) anterior, (b) lateral, (c) upper occlusal and (d) lower occlusal views.

a b

c d

Figure 2. Cephalometric points, lines and angles.
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This was performed in blocks of  six to ensure equal numbers 
in each group. Allocation concealment was with consecutively 
numbered opaque envelopes, which were only opened when the 
participant had consented to take part in the trial.

Cards were inserted in consecutively number envelopes. The cards 
were labelled Southend or Non-Southend, according to which de-
sign of  Twin-block appliance was selected. The cards were al-
located to the envelope number according to the randomization 
plan, which was generated from the internet site.

Blinding

Manual allocation was performed using sealed envelopes to blind 
the operator during enrolment of  patients to the study. After en-
rolment blinding of  the patient and operator to group allocation 
was not possible. A standard laboratory design sheet was pro-
duced for each alternative Twin-block appliance, to refer to in 
order to achieve total consistency. All appliances were constructed 
in the same on site laboratory. All cases were treated by one of  
two operators (MJT or SRD).

Statistical Methods

The data were found to be normally distributed. The mean and 
95% confidence intervals were reported.

A paired t-test was used to detect statistically significant differ-
ences before and after treatment. An un-paired t-test was used to 
detect any differences in treatment change between the Southend 
and Non-Southend groups. Statistical significant was set at p > 
0.05.

Error Analysis

An error assessment was performed by retracing 30 of  the origi-
nal 82 cephalometric radiographs selected using random number 
tables.

The systematic error was determined by calculating the mean 
of  the differences between the first and second tracings (MD) 
[33]. The 95% confidence intervals were also calculated. This 
contained zero indicating any systematic bias was not statistically 
significant (Table 1).

The maximum error (ME) was calculated from the intra-subject 
standard deviation [33]. When the standard deviations for each 
subject were plotted against their mean values for each of  the 
seven variables, no significant relationships were found, nor was 
there any systematic bias. This indicated that the measurement er-
ror did not increase with the measurements increasing magnitude. 
The mean difference between repeat readings (MD) was less than 
the maximum error in all cases indicating an acceptable level of  
random error (Table 1).

Ethics

Ethical approval was granted by the Preston Chorley and South 
Ribble Research Ethics Committee (Ref  No’s 2002. 12.11; July 
2003). An International Standard Randomized Controlled Trial 
Number was allocated, which can be accessed at www.controlled-
trials.com/ISRCTN45965219. 

Informed consent was obtained prior to enrolment into the clini-
cal trial. This involved a verbal explanation with written instruc-
tion sheet and consent form, signed by the patient.

Results

Participant Flow

The flow of  participants through each stage of  the study is shown 
in the CONSORT flow chart (Figure 3). Fifty-two patients were 
enrolled into the study and 26 allocated to each group. No pa-
tients refused to enter the study. In the Southend group, five 
patients discontinued treatment. One successfully completed 
treatment, but was transferred to another hospital and no final 
cephalometric radiograph was obtained. In the Non-Southend 
group, four patients discontinued treatment. One successfully 
completed treatment but no final cephalometric radiograph was 
taken due to an administrative error. The overall loss to follow-up 
rate was therefore 21.2% (11 out of  52) for patients who failed to 
complete the study. The failure to complete Twin-block appliance 
treatment was 17.3% (9 out of  52).

Based on the power calculation for W angle 26 of  the original 41 
patients were selected at random and re-analysed.

Baseline data

The Southend group was compared with the Non-Southend 
group, for baseline demographic and clinical characteristics (Ta-
ble 2). A chi square test was performed on the ratios for sex and 
operator. For the continuous variables both a t-test and 95% con-
fidence intervals were used. There were no cases where there was 
a statistically significant difference between the groups that were 
as similar as possible.

The data from 11 patients who failed to complete the study were 
compared with the data from the 41 patients who completed the 
main study before treatment using an unpaired t test (Table 3). 
There were no statistically significant differences between the 
groups.

For differences between the Southend and Non-Southend groups 
before treatment a t-test was performed on all cephalometric an-
gles measured, (Table 4). None of  the angles showed any statisti-
cally significant difference. This was also confirmed by the over-

Table 1. Method error.

W angle G axis M axis
Mean difference degrees -0.3 0.27 0.2

95% CI of  difference -0.88 to 0.28 -0.17 to 0.71 -0.13 to 0.53
Maximum error degrees 4.31 3.28 2.48
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Eligible For Study
n = 52

Figure 3. CONSORT flow chart.

Enrolment

Randomized
n = 52

Refused to enter study 
n = 0

AllocationAllocated to southend 
group n = 26

Allocated to Non south-
end group n = 26

Discontinued n = 5 
compleated but trans-

ferred n=1

Discontinued n = 4 
completed but no final 

ceph n=1

Analyzed n = 20 Analyzed n = 21

Follow-up

Analysis

Table 2. Baseline demographic data.

Southend group Non-Southend Group x2 p
Number in the group 13 13

Gender(M/F) 4:9 (31:69) % 8:5 (62:38) % 2.48 0.116
Operator(MJT/SRD) 10:3 (77:23) % 8:5 (62:38) % 0.72 0.400

Mean SD 95% CI Mean SD 95% CI t p
Age at start(decimal years) 13.3 1.7 12.2 14.3 13.7 1.6 12.4 14.3 -0.09 0.466
Treatment time with Twin-

blocks (months)
10.7 3.3 8.7 11.9 9.8 2.4 8.3 11.2 0.82 0.210

Overjet at start(mm) 11.1 1.9 10.0 12.2 11.6 1.9 10.4 12.8 -0.73 0.238

Table 3. Comparison of  drop out of  and completed treatment groups.

Drop outs Completed treatment x2 p
Number in the Group 11 41

Gender(M/F) 7:4 (64:36) % 19:22 (46:54) % 1.04 0.308
Operator(MJT/SRD) 7:4 (64:36) % 30:11 (73:27) % 0.38 0.535

Southend 6:5 (55:45) % 20:21 (49:51) % 0.12 0.734
Measurements at the 

start of  treatment
Mean SD 95% CI Mean SD 95% CI t p

Age(decimal years) 15.1 3.6 12.7 17.5 14.6 3.9 13.4 15.9 -0.37 0.718
Overjet (mm) 9.7 2.1 8.3 11.1 10.9 2.1 10.3 11.7 1.74 0.101

W angle 50.5 2.3 48.9 52.0 49.2 2.8 48.3 50.1 -1.32 0.155
G-axis 69.2 2.1 67.8 70.6 69.5 3.7 68.4 70.7 0.28 0.389
M-axis 44.7 2.4 43.1 46.3 44.2 2.7 43.4 45.0 -0.6 0.275

Table 4. Comparison of  the groups before treatment.

Southend group Non-Southend group
t p

PARAMETER Mean SD 95% CI Mean SD 95% CI
W angle 48.6 2.8 46.9 50.3 48.5 3.2 46.6 50.4 0.07 0.474
G-axis 69.4 3.2 67.4 71.3 68.9 3.6 66.7 71.0 0.41 0.344
M-axis 44.5 2.2 43.1 45.8 43.4 2.1 42.1 44.7 1.26 0.110

Special Issue on "Long-term effects of  orthodontic treatment"



M. J. Trenouth, S. R. Desmond (2015) An Alternative to Angle ANB in the Assessment of  Sagittal Discrepancy: A Case for W Angle, M-axis and G-axis based on a Sec-
ondary Analysis of  Clinical Trial Data. Int J Dentistry Oral Sci. S4:001, 1-9. 6

http://scidoc.org/IJDOS.php

lap of  confidence intervals. The same was true for overjet. Both 
groups were therefore equivalent before treatment confirming the 
success of  the randomization procedure.

Numbers analysed for each outcome

The first patient entered the trial in July 2003 and the last patient 
completed the trial in September 2008. Of  the 26 patients allo-
cated to both groups, 20 were analysed in the Southend group 
and 21 in the Non-Southend group. The trial was ended when the 
numbers entered reached those required by the power calculation.

Before and after treatment

The results before and after treatment are shown in Table 5. For 
W angle there was a significant increase in both groups with non-
overlap of  confidence intervals. This increase was greater for the 
Southend group.

For G-axis there was no significant difference with overlap of  
confidence intervals. For M-axis there was no significant differ-
ence with overlap of  confidence intervals.

Treatment Change

• The results for treatment change are shown in Table 6.
• For W angle there was a greater increase in the Southend 

group over the Non-Southend group which was statistically 
significant with non-overlap of  confidence intervals.

• For G-axis there was no statistically significant change with 
overlap of  confidence intervals. 

• For M-axis there was no statistically significant change with 
overlap of  confidence intervals.

Harms

No harm was observed to the patients during the study.

Discussion

Bhad et al [25] selected patients into Class I, II or IIl groups us-
ing Beta angle with one of  two criteria based on ANB angle and 
Witts appraisal. Using receiver operating characteristics curves 
they showed that patients with Class I skeletal pattern had a W 
angle between 51 and 56 degrees. A W angle less than 51 degrees 
indicated Class II and greater than 56 degrees Class III skeletal 
pattern.

Before treatment the mean W angle was 48.6 degrees for the 
Southend group and 48.5 degrees for the Non-Southend group 
with no statistically significant difference between the two (Table 
4). These values were close to the means reported for Class II pa-
tients by Bhad et al [25] of  48.9 degrees and AI Mashhadany [29] 
of  49.6 degrees. Both groups were therefore equivalent before 
treatment confirming the success of  the randomization proce-
dure.

After treatment the mean value for the Southend group was 53.9 
degrees which was greater than that for the Non-Southend group 
of  52.2 degrees. The values for both groups were well within the 
defined range of  51 to 56 degrees for Class I skeletal pattern. The 
mean value for the Southend group of  53.9 degrees was closer to 
the mean values for Class I patients reported by Bhad et al [25] of  
53.7 degrees and AI Mashhadany [29] of  54.8 degrees.  

Thus the W angle was reduced completely to its Class I norma-
tive value in the Southend group but less so in the Non-Southend 
group.

For angle ANB the normal range is from 2.0˚ to 3.5˚ for males 
and 2.6˚ to 3.0˚ for females between 9-20 years [34]. Angle ANB 
was reduced to 3.9˚ in the Southend and 4.5˚ in the Non-South-
end group [2, 3] and so was not completely reduced to Class I 
values in either group.

Table 5. Comparison of  the groups before and after treatment.

Before treatment After treatment
t p

PARAMETER GROUP Mean SD 95% CI Mean SD 95% CI
W angle  Southend 48.6 2.8 46.9 50.3 53.9 3.4 51.9 56.0 -4.33 0.000

Non-Southend 48.5 3.2 46.6 50.4 52.2 2.7 50.6 53.8 -3.20 0.001
G-axis Southend 69.4 3.2 67.4 71.3 69.2 3.5 67.0 71.3 0.18 0.43

Non-Southend 68.9 3.6 66.7 71.0 68.9 3.0 67.1 70.7 -0.06 0.476
M-axis Southend 44.5 2.2 43.1 45.8 44.7 2.2 43.4 46 -0.27 0.395

Non-Southend 43.4 2.1 42.1 44.7 43.3 2.1 42.0 44.6 0.09 0.464

Table 6. Treatment Change.

Southend group Non-Southend group
t p

PARAMETER Mean SD 95% CI Mean SD 95% CI
W angle 5.3 1.8 4.2 6.4 2.9 1.9 1.7 4.0 3.22 0.001
G-axis -0.2 0.8 -0.7 0.3 0 1.4 -0.8 0.9 -0.67 0.255
M-axis 0.2 1.2 -0.5 1.0 0.1 1.1 -0.8 0.6 0.67 0.256
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When comparing the results before and after treatment for W 
angle (Table 5), there was a highly significant difference in both 
groups which was greater in the Southend group reflecting the 
change from Skeletal II to Skeletal I pattern during treatment. A 
similar difference was observed for angle ANB [3].

For treatment change the W angle increased by 5.3 degrees in the 
Southend group compared with 2.9 degrees in the Non-Southend 
group, the difference being statistically highly significant (Table 
6). For angle ANB there was a -3.5 degree reduction in the South-
end group and -2.6 degree reduction in the Non-Southend group. 
Whilst the difference was statistically significant, it was at a lower 
level of  probability than for W angle [2, 3].

The W angle proved to be a more sensitive measure of  skele-
tal change than angle ANB. Not only was the treatment change 
greater for W angle than angle ANB but there was a 2.4 degree 
difference in treatment change between the Southend and Non-
Southend groups compared to 0.9 degrees for angle ANB. Thus 
the elimination of  confounding factors that influence angle ANB 
had a noticeable effect on W angle as a measure of  skeletal pat-
tern. This resulted in a greater differentiation of  the treatment re-
sponse not only within but also between the Southend and Non-
Southend groups.

Growth direction and vertical changes

Both M axis and G axis are stable during normal growth [27, 28] 
hence any changes were due to the effects of  treatment. The M 
axis showed no significant change with treatment (Table 6). The 
G axis also showed no significant change with treatment (Table 
6). Thus the Twin-block appliance did not alter the overall growth 
direction which was in agreement with the work of  Lau et al [35]
who found that the Twin-block appliance did not induce any max-
illary or mandibular internal rotations.

Limitations

The main limitation of  W angle as a method is that it does not 
distinguish whether the skeletal change occurs in the maxilla or 
mandible.

The question arises can the differences in outcome be attributed 
to the effects of  treatment rather than differences in the pre-treat-
ment characteristics of  the patient groups. This would depend on 
the elimination of  bias which systematically distorts the results. 
Bias occurs if  all factors other than the intervention under test 
are not equal. Selection or allocation bias is overcome by random 
allocation using sealed envelopes to achieve concealment and 
avoid bias in the creation of  the comparison groups. Statistical 
testing failed to show any pre-treatment differences between the 
Southend and Non-Southend groups for either cephalometric or 
demographic factors confirming the success of  the randomiza-
tion procedure.

The 11 patients who defaulted on treatment may differ from the 
41 patients who completed introducing attrition bias. When the 
default treatment group was compared with the completed treat-
ment group, there were no statistically significant differences [2]. 
There was however, a small but non-significant trend to there be-
ing more males and less severe skeletal discrepancy in the default 
treatment group.

Assessment bias is reduced by blinding and training of  operators 
and standardization of  techniques. Operators could not be blind-
ed to appliance design once selected, however the Southend clasp 
was passive and required no adjustment, making the management 
of  both designs of  appliance identical. If  the operator were neu-
tral towards the intervention, it is unlikely that lack of  masking 
will bias the trial results [36]. Also the labial bows were entirely 
passive; their effect being the same in both groups, hence any 
differences were due to the presence or absence of  the Southend 
clasps. In fact, a recent prospective randomized trial has shown 
that the presence or absence of  a labial bow had no effect on 
maxillary incisor retraction or skeletal change [36]. In addition the 
tracer was blinded to the group allocated to each cephalometric 
radiograph.

Age could act as a confounding factor in the investigation. That 
is age could affect skeletal response as well as appliance design. 
Given the age range of  the study (9-17 years), the skeletal re-
sponse could vary with age; however, there was no correlation be-
tween age and increase in W angle (Pearson correlation coefficient 
r=-0.13) hence age could be excluded as a confounding factor. 
However, there was a correlation between W angle and treatment 
time (r=0.33) indicating the rate of  growth but not the amount of  
growth was influenced by age.

The interaction between change in incisor angulation and remod-
elling of  points A and B is another confounding factor. Retrocli-
nation of  the upper incisors will tend to remodel point A forwards 
and proclination of  the lower incisors will tend to remodel point 
B backwards. The effect of  this will be to increase angle ANB 
which at the same time is being reduced by the skeletal response 
to the Twin—block appliance. Hence there is a tendency to lessen 
the reduction in angle ANB during treatment. This appears to 
happen relative to W angle which is uninfluenced by changes in 
incisor angulation. The result is that W angle has a greater range 
between before and after treatment (5.3˚ Southend, 2.9˚ Non-
Southend) compared to angle ANB (-3.5˚ Southend, -2.6˚ Non-
Southend). The correlation between W angle and angle ANB is 
greater in the Southend group (r=0.76) where there is less incisor 
movement than the Non-Southend group (r=0.31) where there is 
significantly greater movement.

Trenouth and Mew [1] found that in the group of  Class II division 
1 patients treated by upper incisor retraction with a removable ap-
pliance angle ANB increased by 1˚ presumably due to forward 
movement of  the upper incisor apex and remodelling of  point A 
forwards. This also explains why angle ANB is not reduced to its 
normative Class I value unlike W angle.

The present study was the first prospective randomized controlled 
trial on the effect of  clasping on control of  upper and lower inci-
sor angulation in Twin-block appliance treatment. This represents 
a higher level of  evidence than previous retrospective studies [38, 
39]. A prospective, longitudinal randomized controlled trial allows 
causal association between intervention and outcome that is the 
presence of  a Southend clasp and control of  incisor angulation 
and skeletal response.

Generalizability

W angle can be used as an alternative to angle ANB in the as-
sessment of  sagittal discrepancy. The main justification for the 
use of  W angle over angle ANB is that it is not influenced by 
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growth and change in incisor angulation. Both points A and B are 
influenced by movement of  the incisor root apices which result in 
remodelling of  the alveolar bone because they are deep alveolar 
points. Points M and G are centroid in nature being dependent 
on three surfaces and not influenced by changes in incisor angula-
tion. They are in fact true skeletal points. Although angle ANB 
remains the traditional and most common method for assessing 
sagittal discrepancy its use is compromised where treatment re-
sults in changes in incisor angulation. In such a situation W angle 
becomes the method of  choice. This has been demonstrated in 
the present study of  Twin-block appliance outcome where both 
skeletal and incisor angulation changes occur simultaneously dur-
ing treatment.  
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Conclusions

The W angle proved to be a more valid measure of  skeletal change 
than angle ANB. This was because:

1. M and G are true skeletal points rather than A and B which 
are deep alveolar points.

2. W angle is not influenced by confounding factors, whereas 
angle ANB is effected by growth and changes in incisor an-
gulation. The greatest change during treatment was that of  
upper and lower incisor angulation, which influenced angle 
ANB but not W angle.

3. Points M and G have been shown to be stable during growth 
and are unaffected by treatment.

The greater validity of  W angle as a measure of  skeletal change 
over angle ANB is supported by three findings:

1. W angle demonstrated a greater range and clearer distinc-
tion between before and after treatment (5.3˚ Southend, 2.9˚ 
Non-Southend) than angle ANB (-3.5˚ Southend, -2.6˚ Non-
Southend).

2. W angle showed a greater difference between the Southend 
and Non-Southend groups (2.4˚) than angle ANB (0.9˚).

3. There was total reduction to Class I normative values for W 
angle (54.4˚ Southend, 52.2˚ Non-Southend, norm 51-56˚), 
but not for angle ANB (3.9˚ Southend, 4.5˚ Non-Southend, 
norm 2.0-3.5˚).

As a consequence, W angle would be the method of  choice for 
evaluating the outcome of  functional appliance therapy. It would 
also have a similar application in the evaluation of  orthognathic 
surgery outcome.
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