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Abstract

OBJECTIVE: The aim of the study is to describe secular changes in mandibular 

growth comparing a historical group of non-treated subjects from AAOF legacy, used 

as control group in many cross-sectional studies on craniofacial skeletal growth, with a 

contemporary group of similar subjects.

MATERIALS AND METHODS: The subjects group of historical controls from 

Bolton-Brush Growth Collection were matched for sex, age and race with subjects 

from a contemporary control group. Two examiners performed all of the 

cephalometric measurements at T0 and T1 (12 months later) according to 

Pancherz’s method using Dolphin Imaging 11.0 software. Data were analysed by 

conventional descriptive statistics.

RESULTS: The mandibular increment in contemporary group is significantly higher 

than in the historical group (p=0.03). The dental values are also statistically higher in 

contemporary group, whilst for the other values there is not a significant increase.

DISCUSSION: The results confirm the secular trends in craniofacial growth already 

described by other authors using anthropometry and cephalometric analysis. Add to 

this, there are some limitations in using the historical controls, resulting from   

difficulty to make a diagnosis of skeletal class II having only cephalometric data.

CONCLUSIONS: An increased growth trend in contemporary subjects compared 

with historical controls is confirmed. The clinical trials using as controls individuals 

from historical collection could not have validity. There is need for further research to 

verify secular trends of growth on larger samples.
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Introduction

One of the most controversial topic in orthodontics is still the treatment approach to 

Class II patients. The source of these controversies is related both to the field of 

diagnosis and, as a consequence, to the field of treatment strategy. 

The most common and used diagnostic tool, the cephalometric analysis, whatever the 

used method, presents an insufficient reliability in assessing upper and lower jaw 

sagittal position and relationship. As an example the popular values of Steiner analysis, 

SNA and SNB angles have been largely re-evaluated, because of Nasion position 

changes; these changes can influence the amount of the SNA, SNB, and ANB angles, 

making impossible to determine the type of skeletal imbalance in Class II patients (1).   

For the same reason Ricketts cephalometric analysis fails in assessing sagittal 

discrepancy. Jacobson proposed the so called	  Wits Appraisal in order to eliminate the 

use of point Nasion, but the variability of occlusal plan inclination could influence 

even more	  the assessment of anteroposterior jaw relationship (2,3). 

As matter of fact, the more common outcome of cephalometric analysis of Class II 

patients is a diagnosis of upper jaw protrusion. On the contrary the majority of patients 

diagnosed as dental and skeletal Class II, according to studies performed by many 

authors (4-6), present a mandibular retrusion rather than an upper maxilla protrusion. 

The treatment strategy in patients with mandibular retrusion should be the correction 

of dental and jaw sagittal relationships by advancing the mandible (7,8) rather than by 

distalizing the upper jaw and/or dentition. As matter of fact this treatment approach 

should also improve the impaired facial profile (9,10). 

In growing patients, this objective may be obtained by the use of functional appliances 

that posture the mandible forward and thus stimulate supplementary mandibular 

growth (11-14). 

Then our focus inevitably shifts on mandibular growth. Our knowledge of 

mandibular growth patterns mostly derives from cephalometric radiography 

studies. 
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The radiographic cephalometrics were introduced in 30’s by Hofrath in Germany 

and Broadbent in the United States provided both a research and a clinical tool for 

the study of malocclusion and underlying skeletal disproportions. The original 

purpose of cephalometrics was research on growth patterns in the craniofacial 

complex (15).

For this reason, since the early 30’s it was possible to monitor the craniofacial 

growth through cephalograms repeated at regular intervals of time, producing 

accurate longitudinal data. Much of the current picture of craniofacial growth is 

based on cephalometric studies.

In some of the major universities of US and Canada there are a number of 

longitudinal collections of x-ray images and other physical records of craniofacial 

development of growing children with malocclusions who did not receive 

orthodontic treatment. The longitudinal records were acquired during a historically 

brief window in time roughly between 1930 and 1985. Yet well before the end of 

the 20th century the continued gathering of such information from untreated 

children was precluded by the recognition of the possibility of deleterious effects 

from the excessive use of ionizing radiation for diagnostic purposes. Clearly 

longitudinal studies of this kind can never be repeated (16). 

It is well known that the best scientific evidence should be provided by a systematic 

review of randomized clinical trials (17). 

A recent literature review of these studies with the objective of evaluating the quality 

of RCT abstracts with reference to the CONSORT guidelines (18) in 4 leading 

orthodontic journals showed that the quality is suboptimal. In particular there’s a lack 

of information on randomization procedures, allocation concealment, blinding, 

reporting of results and methods of data analysis (19).

On the other side there is a spread opinion that RCT are too costly and eventually not 

able to provide crucial evidence in this field of research (20).
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As a consequence, several clinical trials designed to investigate the efficacy of growth 

modification appliances used and still use historical controls from large-scale growth 

studies of the past century instead of randomized concurrent controls (21-29).

The results of these clinical trials testing the efficacy of functional appliances are not 

consistent and it could be partly explained by the inclusion of historical controls in the 

studies  and by the encouragement of post-hoc deductions (20).

In fact, the size of the human body has undergone considerable change as a result 

of secular trends (30); from the 30s to today, the overall mean values of height and 

weight in children increased (31). Consistently with findings, several recent 

investigations identified notable secular change in tooth size (32-34), malocclusion 

severity (35) and in cranial size and morphology over the last century (36,37). 

Jantz and Jantz argued that these changes have resulted from primarily 

environmental factors. During the last century, nutritional quality has increased, 

medical care has improved and physical activity has decreased, allowing the body 

more time and more favorable conditions for growth (38). Indeed, secular trends in 

craniofacial growth determined a significant mandibular length increase of 

Caucasians over a 50-year time span; more specifically, the mandible seems to 

have become longer, while the height and breadth of its corpus became 

progressive smaller (39).

All these data seem to make questionable the use of historical controls for 

comparisons with contemporary patients (40). 

The purpose of this study was to describe secular changes that might have 

occurred in the mandibular growth pattern in two cohorts of contemporary and 

historical controls of Class II subjects. The null hypothesis is that there is no 

significant difference between the two groups, thus the values of mandibular growth 

increment reported in cross-sectionals studies with historical controls could be 

validated.
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Materials and methods

The study is designed as a retrospective case control study. 

The designed groups were two:

- The contemporary group with patients screened by two specialists in 

orthodontics (RM and RT) at the Department of Oral Sciences, Section of 

Orthodontics, University of Naples Federico II, Italy, between April 2006 and June 

2007. The patients were considered eligible when they presented a full class II 

molar relationships, overjet>6 mm, an age range of 9-14 years for boys and of 

8-12 years for girls and an informed consent form signed by the parents.

-  The historical group with subjects collected from the Bolton-Brush Growth 

Collection of AAO legacy online database (http://www.aaoflegacy-collection.org) 

and matched for age (±1), sex and race with the contemporary group.

The following conditions were considered as further exclusion criteria: cervical 

vertebral maturation stage (CVMS) <2 or >3 (41), Sella-Nasion to mandibular 

plane (Me-Go) angle ≥ normal value plus a standard deviation (42), periodontal 

diseases, orofacial inflammatory conditions, tooth agenesis, congenital syndromes, 

and previous orthodontic treatment.

The objective of the cephalometric analysis was to assess the dentoalveolar, 

sagittal, and vertical changes of the participants. Lateral standardized 

cephalograms in the intercuspal position were obtained. The cephalograms were 

taken in centric relation at the start (T0) and at the end of control period (12 

months, T1).

The cephalometric landmarks, lines, and measurements were:

Landmarks:

ANS (anterior nasal spine), the tip of the anterior nasal spine;
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Ba (basion), the midsagit- tal point of the anterior margin of the foramen magnum;

Co (condyle), most superoposterior point on the curvature of the condylar head; where 

there was a double projection to two points, the midpoint was used; 

ii (incision inferius), incisal tip of the most prominent mandibular central incisor; 

is (incision superius), incisal tip of the most prominent maxillary central incisor; 

mi (molar inferius), distal contact point of the mandibular permanent first molar 

determined by a tangent perpendicular to the occlusal line (OL) - where there was a 

double projection to two points, the midpoint was used; 

ms (molar superius), distal contact point of the maxillary permanent first molar 

determined by a tangent perpendicular to the OL - where there was a double projection to 

two points, the midpoint was used; 

Pg (pogonion), most anterior point on the bony chin determined by a tangent 

perpendicular to the OL; 

Ss (subspinale), deepest point on the anterior contour of the maxillary alveolar projection; 

Sella (S), center of the hypophyseal fossa; 

N (Nasion), most anterior point of the junction of the nasal and frontal bone (frontonasal 

suture); 

Or (Orbitale), lowest point of the inferior margin of the orbit; 

Po (Porion), most superior point on the anatomical external auditory meatus; 

Go (Gonion), midpoint of the curvature at the angle of the mandible; 

Me (Menton), most inferior point of the mandibular symphysis; 

PNS (posterior nasal spine): the tip of the posterior nasal spine; 

T (T point), most superior point of the anterior wall of the sella turcica at the junction 

with the tuberculum sella. 

Two examiners performed all of the cephalometric measurements using Dolphin 
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Imaging 11.0 software (Chatsworth, CA, USA).

The reference points and lines used are:

Reference lines: 

FH (Frankfurt horizontal), line connecting the P point to the Or point; 

MP (mandibular plane), line connecting the Me point to the Go point; 

SN (sella nasion line), line through S and N; 

OL (occlusal line), line through the is point and the distobuccal cusp of the maxillary 

permanent first molar; 

OLp (occlusal line perpendicular), line perpendicular to the OL through the T; 

PP (palatal plane), line connecting ANS and PNS. 

Linear distances/skeletal landmarks: 

Ss/OLp, position of the maxillary base;. 

Pg/OLp, position of the mandibular base; 

Co/OLp, position of the condylar head; 

Pg/OLp + Co/OLp, sagittal mandibular length. 

Linear distances/dental landmarks: 

is/OLp, position of the maxillary central incisor; 

ii/OLp, position of the mandibular central incisor; 

ms/OLp, position of the maxillary permanent first molar; 

mi/OLp, position of the mandibular permanent first molar

 following Pancherz’s method (43). 

Variables for dental changes within the maxilla and within the mandible were 
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calculated as follows: 

is/OLp minus Ss/OLp, change in position of the maxillary central incisor within the 

maxilla. 

Ii/OLp minus Pg/OLp, change in position of the mandibular central incisor within the 

mandible. 

Ms/OLp minus Ss/OLp, change in position of the maxillary permanent first molar within 

the maxilla. 

Mi/OLp minus Pg/OLp, change in position of the mandibular permanent first molar 

within the mandible.

For all of the linear measurements, the OL and the OLp of the initial radiograph 

were used as a reference grid. The grid was then transferred from the T0 to the T1 

radiograph by superimposing on the Nasion–T point line, with the T point as the 

registering point. All of the measurements were made parallel to the OL. 

Differences in T1–T0 linear measurements were recorded according to Pancherz’s 

method (43).
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The examiner had been extensively trained in electronic cephalometric analysis 

and was blinded to the patients’ name and allocation. The dates of the radiographs 

were also concealed from the examiner during the measurements. T0 and T1 

radiographs were randomly submitted to the examiner. The cervical stage was 

determined on the T0 cephalogram by the same examiner according to the cervical 

vertebral maturation (CVM) method for the assessment of skeletal growth (41). 

For the cephalograms of historical group, the scale of the image was provided by 

AAO Legacy.  In the Bolton-Brush Growth Collection scaled measurements can be 

determined with four fiducials, reference marks embedded in the digital images, 

usually one at each corner. The cephalograms had a magnification of 6%, thus we 

considered that in the calculation of cephalometric values.

Data were analysed by conventional descriptive statistics. Absolute cephalometric 

changes were converted to relative changes over a 15-month period. A Shapiro-

Wilk test to evaluate if the samples are normally distributed was performed. 

Between-group differences will be compared by means of parametric unpaired 

samples t-test and non-parametric statistic Mann-Whitney U test. Intra-group 

differences will be compared by means of parametric paired t-test of non-

parametric statistic Wilcoxon signed-rank test. If the analysed variables had a 

Gaussian distribution we considered the p-value of parametric tests, if the 

distribution was asymmetric we considered the p-value of non-parametric tests.

The primary outcome was sagittal mandibular length (Pg/OLp + Co/OLp) changes. 

Secondary outcomes was dental relationship changes, changes in the position of 

the upper maxilla, and changes in divergence of the jaws.

A single operator who was blinded to patient allocation (i.e. the allocation was 

masked to him in the dataset) performed the statistical analyses. Statistical 

significance was set at p<0.05. All of the analyses were performed with 

commercial software (SPSS version 20.0, SPSS IBM, New York, NY). 
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Results

Of the 110 individuals screened in our Department, 30 individuals were allocated to 

contemporary group; 7 individuals were lost to follow up.

Of the 23 subjects collected for the historical group, 3 were excluded for scaled 

measurements discrepancies between cephalograms in T0 and T1, thus we had to 

exclude the 3 matched subjects of contemporary group.

The final sample comprised 20 subjects (12 boys, 8 girls, mean age±SD = 10.4±1.31)  

in the contemporary group and 20 subjects (12 boys, 8 girls, mean age±SD = 

10.3±1.34) in the historical group. 

Skeletal and dental measurements at T0 and T1 and their relative changes over time are 

reported in Table 1. 

The mean values in skeletal and dental linear measurements are higher in the 

contemporary group compared with the historical. In particular, in either groups there 

is a significant mandibular increment between T0 and T1 (p<0.001), but the increase of 

mandibular length (Pg/OLp + Co/OLp) in the contemporary group are significantly  

higher than in the historical group (p=0.03). As regards the maxillary protrusion (A/

OLp) there is no significative difference between the increases of A-point growth in 

the historical and the contemporary group, though there is a major trend of growth in 

the second one.  The positions of maxillary (is/OLp) and mandibular (ii/OLp) incisors 

are significantly different in the two groups (p<0.01), as well as maxillary (ms/OLp) 

and mandibular (mi/OLp) molars (p=0.006, p=0.01).

There are no significant differences in the angular values of mandibular divergence 

(SN-MP, MP-FH, PP-MP) between the two groups.

It was performed a post-hoc power analysis using as the main variable “mandibular 

increment” obtaining as result β= 44%.
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Measurement

Group
H n=20
Group C 

n=20

T0
(mean ± SD)

T1
(mean ± SD)

T1–T0
(mean ± SD)
-15 months -

T-Test 
unpaired data

P between 
groups

Mann-
Whitney Test
P between 

groups

Mandibular base (Pg/OLp) H 70.2 ± 4.7 71.7 ± 6.4*** 2.0 ± 2.2
0.014 0.003C 68.8 ± 6.0 71.8 ± 4.1*** 3.5 ± 1.6 0.014 0.003

Condylar head (Co/OLp) H 11.2 ± 1.8 11.4 ± 2.0 0.2 ± 1.2
0.604 0.626C 14.9 ± 3.5 14.8 ± 3.5 -0.3 ± 1.7 0.604 0.626

Mandibular length (Pg/OLp + Co/OLp) H 81.4 ± 4.8 83.2 ± 4.3*** 2.2 ± 2.0
0.066 0.030C 83.7 ± 5.2 86.6 ± 6.2*** 3.5 ± 2.4 0.066 0.030

Mandibular heigth (Co – Go) H 45.4 ± 3.4 47.8 ± 2.8*** 2.7 ± 2.3
0.587 0.465C 49.8 ± 4.2 51.5 ± 4.9** 2.2 ± 3.1 0.587 0.465

Mandibular length (Co – Pg) H 94.9 ± 4.7 97.2 ± 4.3*** 2.9 ± 2.7
0.238 0.152C 99.6 ± 5.1 102.8 ± 5.8*** 3.9 ± 2.7 0.238 0.152

Maxillary protrusion (A/OLp) H 67.2 ± 4.0 68.7 ± 3.8*** 1.8 ± 1.7
0.203 0.387C 69.1 ± 3.0 71.2 ± 4.7 *** 2.7 ± 2.6 0.203 0.387

Maxillary incisor (is/OLp) H 73.9 ± 4.8 75.1 ± 4.6** 1.4 ± 1.9
0.002 0.001C 77.0 ± 5.5 80.0 ± 6.2*** 3.7 ± 2.4 0.002 0.001

Mandibular incisor (ii/OLp) H 68.8 ± 4.7 69.8 ± 4.2* 1.3 ± 2.2
0.009 0.002C 69.7 ± 5.5 72.3 ± 6.1*** 3.2 ± 2.3 0.009 0.002

Maxillary molar (ms/Olp) H 33.4 ± 3.7 34.7 ± 3.7*** 1.6 ± 1.3
0.006 0.006C 35.1 ± 4.3 37.6 ± 4.7*** 2.9 ± 1.5 0.006 0.006

Mandibular molar (mi/OLp) H  32.7 ± 3.7 34.2 ± 3.6*** 1.9 ± 1.8
0.084 0.014C 33.0 ± 4.6 35.3 ± 5.2*** 2.8 ± 1.2 0.084 0.014

SN-MP (°) H 30.4 ± 3.8 30.4 ± 4.1 0.3 ± 2.3
0.991 0.903C 30.0 ± 5.7 30.1 ± 4.9 0.4 ± 2.6 0.991 0.903

MP-FH (°) H 22.5 ± 3.7 22.6 ± 3.3 0.3 ± 2.3
0.638 0.387C 22.6 ± 4.7 22.2 ± 4.4 −0.3 ± 2.3 0.638 0.387

PP-MP (°) H 27.9 ± 3.5 27.7 ± 3.4 0.2 ± 2.9
0.38 0.482C 25.7 ± 5.1 25.1 ± 5.3 -0.9 ± 2.5 0.38 0.482
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Table 1. Cephalometric measurements before (T0) and at the end (T1)  of observation 

periods. 

Descriptive statistics for the variables examined and intra-group and between-group 

(Historical vs. Contemporary) statistical comparisons. Absolute cephalometric changes (T1-

T0) are converted to relative changes over a 15-month period (see statistical methods). Linear 

measurements are in mm. Significance level was set at p < 0.05. 

Bold type: statistically significant.

The stars indicate the statistical significance intra-group:

* = p < 0.05  

** = p < 0.01  

*** = p < 0.001
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Discussion

The aim of this study was to evaluate retrospectively the craniofacial growth changes 

between individuals from a historical control group and contemporary controls. 

The Bolton-Brush Growth Collection was chosen among available collections of 

AAOF legacy because comprises the world’s most extensive source of longitudinal 

human growth data (44). As all the subjects included were from the 30‘s, we were able 

to compare two groups with an interval of eighty years.

We have to underline that the subjects of AAO legacy growth collections are classified 

according to Angle’s occlusal molar relationship. But Class II molar relationships may 

be not necessarily the consequence or the sign of a Class II skeletal pattern (45). 

Moreover, we have already underlined that most cephalometric data do not allow to 

obtain a specific diagnosis of Class II skeletal component.

On the otherside the contemporary group was selected as a group of subjects with 

skeletal Class II due to mandibular retrusion. An aesthetic evaluation of the profile was 

used, performing the so called Frȁnkel maneuver (46,47). The patients were asked to 

posture the mandible forward until a class I molar relationship was achieved. Subjects 

that worsen their profile during the Frȁnkel maneuver were supposed to advance the 

mandible to reach a protruded upper jaw determining, as a consequence, a bimaxillary 

protrusion. Subjects that improved their profile during the Frȁnkel maneuver are 

supposed to advance the mandible to reach a normal positioned upper jaw. That means 

that the forward posture of the mandible during the Frȁnkel maneuver normalized the 

position of an originally retruded mandible. A study performed in our department 

proved that Frȁnkel maneuver is reproducible and is not influenced by the level of 

clinical experience since substantial inter-observer and intra-observer agreement were 

found. 

According to this including criterium the contemporary group should be considered a 

skeletal Class II subjects group with mandibular retrusion. 
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The comparison between groups (Table 1) confirms the growth trends already 

highlighted by other authors using anthropometry (36-38). In fact, skeletal mean 

dimensions were higher in the contemporary group. In particular the mandible length  

(Pg/OLp + Co/OLp) was greater both at T0 and at T1. It is also remarkable that the 

growth increment in the studied interval (12 months) was significantly higher (p=0.03) 

in the contemporary group compared to the historical one. We have also to remind that 

Stahl et al. showed that skeletal Class II subjects present an average mandibular 

growth reduced if compared with Class I subjects (48) and we have already mentioned 

that the contemporary group included only skeletal Class II subjects while the 

historical one is selected by the molar relationship. 

Although many studies on secular trends in craniofacial morphology have been 

published, almost all of them used anthropometric and craniometric measurements 

(36-39) (49,50). Therefore there is a lack of studies that analize cephalometric values. 

A research of the University of Otago, that will be soon published on the European 

Journal of Orthodontics, matched several historical controls from different AAOF 

legacy collection of different decades of last century. The results showed that secular 

trends do affect cephalometric values in a direction consistent with our data.

According to the data of present research it seems possible that the internal validity of 

clinical trials that used historical control groups to evaluate treatment effects in 

contemporary patients should be carefully re-evaluated. It is possible that discrepancy 

in findings between RCTs and CCTs (51) is partly due to the effects of secular trends 

in historical control samples.

More research is certainly needed to confirm these conclusions. First of all, a more in-

depth study is required recruiting larger samples to increase the statistical power. 

Jointly a wider analysis should be carried out including other collection from AAOF 

legacy in the study to verify the same growth trends.
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Conclusion

An increased growth trend in contemporary subjects compared with historical 

controls is confirmed.

Within the limitations of the present study, it can be concluded that the clinical 

trials using as controls individuals from historical collection could not have 

validity.

There is need for further research to verify secular trends of growth on larger 

samples.
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