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                 Introduction 

 A Class II division 2 malocclusion is characterized by 
retroclination of two or more maxillary incisors, retro-
clination of the lower incisors, a Class II molar relationship 
and an increased overbite ( van der Linden, 1983 ). One of the 
most important features is the high position of the lower 
lip in relation to the maxillary incisors ( Luffi ngham, 1982 ; 
 van der Linden, 1983 ;  Lapatki  et al. , 2002 ). 

 Orthodontic treatment of Class II division 2 malocclusions 
is known to be diffi cult and prone to relapse ( Canut and 
Arias, 1999 ). Maintenance of post-treatment results is 
reported to depend upon the intensity and direction of 
mandibular growth during and after retention ( Riedel, 1960 ; 
 Payne, 1964 ;  Schudy, 1968 ;  Simons and Joondeph, 1973 ). 
Some authors have found a signifi cant correlation between 
the long-term stability of treated Class II division 2 
malocclusions and a relative decrease in lower lip coverage 
of the maxillary incisors ( Mills, 1973 ;  Fletcher, 1975 ; 
 Luffi ngham, 1982 ;  van der Linden, 1986 ;  Selwyn-Barnett, 
1991 ;  Lapatki  et al. , 2002 ). 

 As relapse is often observed after retention, the height of 
the lip line could be one of the causative factors. However, 
the infl uence of forces exerted by the lips, cheeks, and 
tongue on the position of the teeth is still the subject of 
scientifi c debate ( Weinstein  et al. , 1963 ;  Proffi t, 1978 ). 
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 The long-term stability of the correction of upper 
incisor inclination has not been well investigated. A small 
relapse in incisor inclination was reported by  Binda  et al.  
(1994)  and  Kim and Little (1999) , while  Mills (1973)  found 
approximately 50 per cent relapse. 

 These studies were all performed on lateral head fi lms 
and it is known that signifi cant measurement errors can be 
involved in cephalometric landmark identifi cation ( Hatton 
and Grainger, 1958 ;  Baumrind and Frantz, 1971a ,  b ; 
 Midtgård  et al. , 1974 ;  Houston, 1983 ;  Houston  et al. , 1986 ; 
 Sandler, 1988 ). A study by  Tng  et al.  (1994)  found that the 
upper incisor edge was generally estimated to be further 
forward (0.6 mm) than the true landmark, thereby tending 
to overestimate proclination of the teeth. They suggested that 
the main cause of such errors was the overlapping of the 
images of the four upper incisors on the lateral cephalograms 
and encouraged the development of alternative methods to 
determine upper incisor inclination. 

 Therefore, the purpose of this study was: (1) to determine 
upper incisor inclination on dental casts by comparing a new 
method of measurement with conventional measurement on 
lateral cephalograms, (2) to evaluate changes in incisor 
inclination after orthodontic treatment in Class II division 
2 patients, and (3) to investigate the relationship between 
long-term stability of incisor inclination and lip line height.  
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  Materials and methods 

  Materials 

 For the main study, the records of 61 Class II division 2 
patients (31 males and 30 females) were selected from 
patient fi les at the Orthodontic Departments of the University 
of Nijmegen, The Netherlands, and the University of Ghent, 
Belgium. All patients were treated and followed-up between 
1985 and 2003. The mean age of the subjects before 
treatment (T1) was 13.4 years [standard deviation (SD) = 
4.4 years]. The age distribution of the sample is presented in 
 Table 1 .     

 This classifi cation of a Class II division 2 malocclusion 
was based on the existence of a Class II molar relationship 
and obvious retroclination of both upper central incisors. In 
addition, all subjects had competent lips on the lateral 
cephalograms. 

 All patients were treated using full upper and lower fi xed 
appliances and the treatment plans varied depending upon 
the individual characteristics of each malocclusion at the 
start of treatment, with many treatments being two phase 
(removable and fi xed appliances). The mean treatment time 
was 3.5 years (SD = 1.0 years) and all patients were treated 
to a normal overjet and overbite at the end of treatment. 

 Thirty-one patients (18 males and 13 females, mean age = 
13.9 years at T1) wore Hawley retainers after orthodontic 
treatment, while 30 patients (13 males and 17 females, mean 
age = 13.0 years at T1) had an upper lingual retainer. The 
type of retention appliance was not randomly selected, 
but depended on patient compliance, oral hygiene during 
treatment, and the original clinical situation. 

 Dental casts and lateral cephalograms were available 
at the start of treatment (T1), at the end of active 
orthodontic treatment (T2), and an average of 3.4 years 
post-treatment (T3). 

 Radiographs of the dental casts, with radiographic 
markers (see below), were taken at T1, T2, and T3 and 
compared. The upper incisor inclination on the dental casts 
was defi ned as the angle between the inclination of the 
upper left central incisor and the line connecting both palatal 
reference points (method 7,  Table 2 ). The measurements 
were carried out on the left central incisor for each patient 
in order to standardize the method. The left central incisor 
was chosen as it had the smallest magnifi cation.     

 The cephalograms were used for evaluation of the lip line 
height in relation to the incisal edge. Lip line height was 
assessed by measuring the distance AB (difference in height 
between the upper incisal edge and the lip line), perpendicular 
to the sella-nasion line ( Figure 1 ) and was recorded to the 
nearest half millimetre.      

  Methods 

 Upper incisor inclination was measured on standardized 
radiographs of dental casts using three radiographic markers 

( Figure 2a – c ). The fi rst marker was made by cutting a 1-mm 
wide lead strip from a used radiographic fi lm which 
was attached to the crown of the upper left central incisor 
to create a clear image of the outline of the crown on a 
radiograph. The strips were attached by bonding from the 
middle (mesio-distally) of the labial crown-root junction 
and over the middle of the incisal edge to the middle of the 
palatal crown-root junction, in an attempt to outline the 
crown in a sagittal dimension on the lateral radiograph of 
the cast ( Dippenaar, 2003 ). Two other lead markers were 
used as reference points on the palate. To register these 
reference points radiographically, two different markers 
were used ( Table 2 ): small lead bars made from the lead 
fi lm-strips (methods 1 – 6), and small lead balls (methods 7 
and 8). A standardized radiograph (Planmeca®, Prostyle 
Intra, Illinois, USA) of the dental cast was taken in a self-
developed mini-cephalostat ( Figure 3 ).         

 Different set-ups of the dental casts, with variation in the 
positions of the reference points, were tested to fi nd the 
most accurate measurement procedure on the dental cast 
( Table 2 ). Two different reference lines (different positions 
of the reference points) were also tested. All reference points 
were marked on the midsagittal palatal plane. The medial 
fi rst rugae were used as the fi rst reference point. In methods 
1, 3, and 5, the second reference point was placed on the 
medial third rugae, while in methods 2, 4, 6, 7, and 8, this 
point was placed more distally in the area of the fovea 
palatina. As the fovea palatina were not observable on every 
dental cast, a second reference point was placed on a 
recognizable point on the median raphe line, at fovea 
palatina height ( Lebret, 1962 ). Measurements were carried 
out both on tracings and directly on the radiographs of the 
dental casts. 

 To determine the inclination of the upper central incisor 
on the radiographs of the cast, two different inclination lines 
were tested ( Figure 2d ). In methods 1 – 4, the images of the 
ends of the lead fi lm-strip (gingival margins of the central 
incisor) were connected. The midpoint of this line was 
connected with the incisal edge and the constructed line was 
defi ned as the incisal inclination line ( Figure 2d , method 1). 
In methods 5 – 8, the point of a pair of compasses was placed 
at the incisal edge and an arc constructed in the area of the 

 Table 1      Age distribution of the patients and observation 
periods.  

  Mean age (years) SD Range  

  Pre-treatment (T1) 13.4 4.4 7 – 34.4 
 End of active orthodontic 
treatment (T2)

16.8 4.2 12 – 36.3 

 Post-treatment (T3) 20.3 5.1 15 – 42.3 

 Duration (years) SD Range 
 Mean treatment duration 3.5 1.0 1.0 – 5.9 
 Mean retention duration 3.4 2.0 1.0 – 9.0  
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cemento-enamel junction, intersecting the crown. The 
incisal inclination line was defi ned as the perpendicular 
bisector on AB ( Figure 2d , method 2). 

 To visualize the reference points more clearly on the 
radiograph, the cast in method 7 was reduced in width 
(method 8) by sagittal grinding of all teeth, except the 
central incisors. All measuring procedures were repeated 
10 times on the same dental cast by the same investigator 
(HD;  Table 2 ). 

 Method 7 was established as being the most accurate 
method, with the lowest SD, and was therefore selected for 
use in this study. To test the validity of method 7, a pilot 

study ( n  = 10) was undertaken to compare changes in upper 
incisor inclination with measurements on conventional 
lateral cephalograms. The difference in inclination of the 
central incisors at T1 and T2 was measured on cephalograms 
(where the angle between the upper incisor inclination axis 
and the line sella-nasion was measured) and on the 
radiographic images of the dental casts.  

  Statistical analysis 

  Pilot study.       The reproducibility of the measurements on 
the radiographs of the dental casts and the lateral 
cephalograms was assessed, according to Dahlberg’s 
formula (1940), by analysing the difference between 
repeated measurements, taken 2 months apart: 

  s  = 
n

d

2

²∑

 
(where  d  is the difference between duplicated measurements 
and  n  is the number of double measurements). 

 The measurement error of the central incisor inclination 
on dental casts and cephalograms was 1.4 and 2.3 degrees, 
respectively. These results indicated that the proposed 
measurement procedure on dental casts (method 7) appeared 
to be a valid alternative to conventional cephalometric 
measurements.  
  Main study.       Statistical analysis of the data included the 
calculation of mean values, SD, standard errors, and ranges 
for each variable. Spearman ranked correlation coeffi cients 
were computed for selected model variables and scattergrams 
plotted. To investigate the infl uence of the chosen retention 
therapy, a Mann – Whitney  U -test was used.    

  Results 

 The changes in upper incisor inclination are summarized 
in  Tables 3  and  4 . Incisor inclination increased during 
treatment by an average of 15.2 degrees (SD = 9.2 degrees) 

 Table 2      Results of the pilot study to determine the most appropriate method for the main investigation.  

  Method 1 Method 2 Method 3 Method 4 Method 5 Method 6 Method 7 Method 8  

  Reference points Bars, 
1st rugae, 
3 rd rugae

Bars, 
1st rugae, 
fovea 
palatina

Bars, 
1st rugae, 
3 rd rugae

Bars, 
1st rugae, 
fovea 
palatina

Bars, 
1st rugae, 
3 rd rugae

Bars, 
1st rugae, 
fovea 
palatina

Balls, 
1st rugae, 
fovea 
palatina

Balls, 
1st rugae, 
fovea 
palatina 

 Incisal inclination line 
(see  Figure 2d )

I I I I II II II II 

 Measuring 
procedure

Tracing Tracing Directly Directly Directly Directly Directly Directly* 

 Error of the 
method ( n  = 10)

s: 2.61 s: 2.44 s: 1.60 s: 1.26 s: 1.41 s: 1.20 s: 0.42 s: 0.49  

  *In an attempt to visualize the reference points more clearly on the radiograph, the cast used in method 7 was reduced in width (method 8) by sagittal 
grinding of all teeth, except the central incisors.   

  
 Figure 1      Determination of lip line height. AB: difference in height 
between the upper incisal edge and the lip line, perpendicular to the 
sella-nasion (S – N) line.    
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and this was statistically signifi cant ( P  < 0.01). Between 
T2 and T3, there was an average relapse of 2.2 degrees 
(SD = 4.1), hence there was a signifi cant mean net 
change in incisor inclination of 13.0 degrees (SD = 7.2;  
P  < 0.01).         

 There was a strong relationship ( R  = 0.79;  P  < 0.01) 
between the change in inclination of the upper central 
incisors during orthodontic treatment (T1 – T2) and the net 
result at T3 (T1 – T3), suggesting that the treatment changes 
were relatively stable. The scattergram also show that 
changes in inclination of the upper central incisors seemed 
to be relatively stable ( Figure 4 ). Nevertheless, there was 
a signifi cant negative correlation ( R  =  − 0.61;  P  < 0.01) 
between the amount of proclination and/or torque of the 
incisors during orthodontic treatment (T1 – T2) and the 
amount of relapse (T2 – T3). The more the incisors were 
proclined and/or torqued during treatment, the more 
relapse occurred afterwards.     

 A small, but signifi cant positive correlation ( R  = 0.30;  
P  < 0.05) was observed between the net result at T3 (change 
in UI inclination T1 – T3) and treatment duration. The longer 
the treatment duration, the larger the net change in incisor 
inclination. 

 There was no signifi cant correlation between the amount 
of relapse and either treatment duration or the age at T1.  

 Thirty-one patients wore an upper Hawley type retainer 
and 30 an upper lingual retainer. The average change in 
incisor inclination during therapy was comparable for both 

  
 Figure 2      (a) Dental cast with lead fi lm-strip and reference points on the 
palate. (b) Standardized radiograph of a dental cast. (c) Lead fi lm-strip on 
the left upper central incisor. (d) Two measuring methods to determine the 
incisal inclination line (see  Table 1 ).    

  
 Figure 3      Self-developed mini-cephalostat. AB, fi lm – midsagittal plane 
dental cast (50 mm); AC, fi lm – long cone (250 mm); BC, midsagittal plane 
dental cast – long cone (200 mm).    

 Table 3      Changes in upper incisor inclination ( n  = 61) at T1, 
before orthodontic treatment; T2, at the end of active orthodontic 
treatment; T3, 3.4 years (mean) post-treatment.  

  Mean SD Min Max  

  T1 – T2 (°) 15.2 9.2 4.0 52.0 
 T2 – T3 (°)  − 2.2 4.1 6.0  − 17.0 
 T1 – T3 (°) 13.0 7.2 4.0 35.0  

 Table 4      Correlations between the investigated parameters T1: 
before orthodontic treatment; T2: at the end of active orthodontic 
treatment; T3: 3.4 years (mean) post-treatment.  

  Change in upper 
incisor inclination 
(T1 – T3)

Change in upper 
incisor inclination 
(T2 – T3)  

  Change in upper  incisor 
inclination (T1 – T2)

0.79**  − 0.61** 

 Treatment  time (years) 0.30*  − 0.05 
 Retention time (years)  − 0.02  − 0.02 
 Age at T1  − 0.04  − 0.15  

  * P  < 0.05; ** P  < 0.01.   
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groups: 14.4 degrees (SD = 6.9) for the Hawley retainer 
group and 16.0 degrees (SD = 11.1) for the lingual retainer 
group. The amount of relapse was similar in both groups: 
2.3 degrees (SD = 3.9) for the Hawley type retainer group 
versus 2.1 degrees (SD = 4.4) for the lingual retainer 
group. There was no signifi cant difference between the 
amount of relapse in incisor inclination and the type of 
retention. Nor was there any signifi cant correlation 
between the amount of relapse and the duration of the 
retention period. 

 A signifi cant decrease in lip line height of 0.6 mm 
(SD = 1.3) was observed after treatment, with an average 
relapse of 0.1 mm at T3. Although these changes were 
statistically signifi cant, they are unlikely to be clinical 
relevant.  

  Discussion 

 Few studies have reported cephalometric errors for 
measurement of upper incisor inclination.  Baumrind and 
Frantz (1971b)  found a measurement error of 1.9 degrees 
for upper incisor inclination (UI/NA).  Sandler (1988)  
reported an error of 2.3 degrees for this variable, while 
Kamoen  et al.  (2001) noted an error of 1.2 degrees. In the 
current pilot study, an error of 2.3 degrees was noted for the 
upper central incisor inclination to sella-nasion line. 

  Jacobson (1995)  suggested that dental casts cannot be 
used to ascertain incisor inclination, because the plaster 
bases of the casts can be trimmed in different ways. 
Nevertheless, a small number of studies have used dental 
casts to assess incisor inclination.  Carey (1952)  utilized an 

incisor angulator, while  Lundström (1955)  used a sliding 
gauge. Three-dimensional assessment techniques and 
contour tracings have also been employed ( Lear, 1976 ; 
 Richmond and Jones, 1985 ;  Richmond, 1987 ). Techniques 
have also been described relating dental casts to lateral head 
fi lms ( Bennett and Smales, 1968 ;  Perera, 1981 ).  Richmond 
 et al.  (1998)  described an alternative method of assessing 
incisor inclination with a  ‘ tooth inclination protractor ’ . The 
tooth inclination protractor records the crown inclination to 
the occlusal plane. However, assessment of the crown 
inclination to the occlusal plane may be variable and the 
validity of the occlusal plane as a reference line is 
questionable. By comparing dental casts pre- and post-
treatment, the occlusal planes may undergo changes during 
treatment. All the procedures described in these studies 
have some limitations; some have non-stable reference 
planes, while others are too complicated to use on large 
experimental groups. For this reason, attempts have been 
made to fi nd stable reference lines on the palate of study 
casts, with the palatal rugae being studied extensively in the 
literature. 

  Simmons  et al.  (1987)  found that the medial rugae were 
unstable reference points. In contrast,  Lebret (1962)  reported 
that the distances between the rugae landmarks were almost 
constant, especially for rugae points near the median raphe. 
 Peavy and Kendrick (1967)  and  Almeida  et al.  (1995)  found 
that the lateral ends of the rugae were greatly affected by 
movement of the teeth, but the medial rugae appeared to be 
a suitable anatomic landmark for the construction of stable 
reference points for longitudinal cast analysis.  van der 
Linden (1978)  observed that the rugae usually show 
remarkable stability in their antero-posterior relationships. 
His conclusion was that the rugae lend themselves to the 
analysis of the sagittal displacements of buccal teeth in 
normal developing dental arches.  Bailey  et al.  (1996)  
concluded that the medial and lateral points of the third 
palatal rugae are stable landmarks for the construction of 
reference planes in the evaluation of tooth movements in 
transverse, vertical, and AP directions, in both extraction 
and non-extraction cases. They stated that the stability of 
the fi rst and second palatal rugae is limited and depends on 
the type of orthodontic treatment. They also concluded that, 
although there is some lack of stability of these rugae both 
within and even between groups, the mean changes are 
often too small to be clinically relevant.  Hoggan and 
Sadowsky (2001)  concluded that rugae are as reliable as 
cephalometric superimpositions to assess AP molar 
displacements. The use of dental casts is not only more 
cost-effective, but does not require radiation exposure to the 
patient. 

 In the present investigation, the reference line was 
defi ned by the medial fi rst rugae as the most anterior point 
and a second point on the median raphe line, which was 
recognizable on the casts before and after treatment for 
all individuals, preferably at fovea palatina height ( Lebret, 

  
 Figure 4      Scattergram of the correlation between upper incisor inclination 
at the end of treatment (T2) and post-treatment (T3) depending on the 
retention appliance used ( R  = 0.79).    
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1962 ). By choosing reference points as far apart as 
possible, an attempt was made to reduce the measuring 
error. 

  Riedel (1960)  suggested that Class II division 2 patients 
require indeterminate periods of retention due to lack of 
adaptation of muscle function.  Selwyn-Barnett (1991)  
concluded that treatment of Class II division 2 malocclusions 
is associated with doubtful prognosis and a high probability 
of relapse.  Mills (1973)  reported that in Class II division 2 
patients, the upper incisors were proclined, on average, by 
just over 13 degrees. After at least 1 year of retention, 
relapse of approximately 50 per cent was observed. In 
contrast,  Binda  et al.  (1994)  noted that proclination of the 
upper incisors in Class II division 2 patients was relatively 
stable, although signifi cant changes were noted 5 years 
post-retention. This is in agreement with the fi ndings of the 
current study, where a mean relapse of 2.2 degrees was 
observed at T3. Although this relapse was statistically 
signifi cant, such small changes are unlikely to be clinically 
relevant. 

 Several authors have claimed that the stability of treated 
Class II division 2 malocclusions depends on the intensity 
and direction of mandibular growth ( Riedel, 1960 ;  Payne, 
1964 ,  Schudy, 1968 ;  Simons and Joondeph, 1973 ). In the 
present study, which included both growing and non-
growing patients, mandibular growth intensity did not 
appear to be an important factor with respect to the stability 
of upper incisor inclination. 

 Although it was not the aim of the study to measure the 
amount and/or change in overbite, the interincisal angle is 
an important factor and, in order to achieve and maintain 
adequate overbite reduction, this angle must be managed 
appropriately during treatment ( Riedel, 1960 ;  Schudy, 
1968 ;  Berg, 1983 ). Proclination of the upper incisors to a 
more normal inclination is obviously an important part of 
this process. To prevent the mandibular incisors from 
inclining lingually, and so increasing the overbite after 
orthodontic treatment, it has been suggested that a bonded 
retainer is necessary on the lower labial segment teeth 
( Schudy, 1968 ). However, other authors have noted that 
there appears to be no relationship between the interincisal 
angle at the end of treatment and subsequent relapse of the 
overbite ( Hasstedt, 1956 ;  Simons and Joondeph, 1973 ; 
 Kim and Little, 1999 ). 

 Long-term stability of treated Class II division 2 
malocclusions is said to be related to a relative decrease of 
lower lip coverage of the upper incisors ( Nicol, 1954 ,  1955 , 
 1963 ;  Ballard, 1956 ;  Ridley, 1960 ;  Mills, 1973 ;  Fletcher, 
1975 ;  Luffi ngham, 1982 ,  van der Linden, 1983 ,  1986 ;  van 
der Linden and Boersma, 1988 ;  Selwyn-Barnett, 1991 ). In 
the present investigation, lower lip coverage of the upper 
incisors was reduced from, on average, 3.3 to 2.7 mm. 
During the post-treatment period, the lip position remained 
stable. These fi ndings are in accordance with the results of 
 Schweitzer and Pancherz (2001)  and  Binda  et al.  (1994) . 

 Furthermore, in untreated subjects with normal occlusions, 
 Vig and Cohen (1979)  found that the most marked changes 
in the relationship of the lower lip to the upper incisors 
occurred between 9 and 13 years of age. After 13 years of 
age, lower lip coverage of the upper incisors remained 
almost constant. This confi rms the present fi ndings, where 
the average age of the patients at the start of treatment was 
13.4 years. The average change in lip line height (0.6 mm), 
although signifi cant, was not considered to be clinically 
relevant. Therefore, it is not possible to provide an answer 
to the question as to whether or not lip line height plays a 
role in stability following upper incisor proclination. 

 Moreover, no difference was found between the two 
retention regimes and the post-treatment upper incisor 
inclination changes but these conclusions must be interpreted 
with caution due to the small sample size in both groups.  

  Conclusions 

     1.     Upper incisor inclination can be measured reliably on 
dental casts and is a valid alternative to measurements 
carried out on lateral cephalograms.  

 2.     Upper incisor inclination in Class II division 2 subjects 
was relatively stable after treatment.  

 3.     The type of retention did not appear to have an infl uence 
on the long-term stability of upper incisors.  

 4.     The changes in lip line height during and after treatment 
were too small to be of clinical relevance.          
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