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Is Radius-Union an Indicator for Completed Facial Growth?
Maria Deickea; Hans Pancherzb

Abstract: The purpose of this study was to determine if facial or dentoalveolar growth takes place after
the occurrence of the radiographic handwrist stage R-J (completed fusion of the proximal epiphysis and
diaphysis of the radius), which generally defines the completion of facial growth. Handwrist roentgeno-
grams and lateral head films (LHFs) from 56 subjects (31 male and 25 female) aged 14 to 21 years were
examined. Eight cephalometric distances (3 sagittal, 4 vertical, and 1 diagonal) and their changes during
2 different examination periods (from 1 year before to 2 years after the occurrence of R-J) were assessed.
The investigation revealed that after the occurrence of R-J vertical dentoalveolar growth changes between
0.5 and 1.75 mm took place in the mandible and in the maxilla in 20% and 10% of the subjects, respec-
tively. Comparing the 2 periods the frequency of the measured growth changes before and after R-J was,
on average, almost equal. Because chronological age cannot be used for the assessment of facial growth
termination, a reliable indicator for the assessment of facial growth termination is of major importance.
After the occurrence of the handwrist stage R-J, most subjects revealed growth changes of less than 1 mm.
Especially in the field of tooth implantology, it is important to forecast even small vertical dentoalveolar
growth changes. The detected amount of growth after the insertion of an implant can cause esthetic and
functional problems. (Angle Orthod 2005;75:295–299.)
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INTRODUCTION

A reliable indicator in the assessment whether facial
growth is completed or not is of major importance in the
fields of tooth implantology, dentofacial orthopedics, and
orthognathic surgery.

In tooth implantology, a failure can result if vertical den-
toalveolar growth persists after the placement of the im-
plant.1,2 Because of the ankylosis connection between the
tooth implant and the jaw bone, continuing growth can lead
to a vertical step between the implant and the neighboring
natural teeth. In the anterior region, the progressing infra-
occlusion can lead to esthetically unacceptable results (Fig-
ure 1) and in the molar region to functional disturbances.

In dentofacial orthopedics, the patient’s growth stage is
of clinical importance because functional appliances will
work only if growth persists. Furthermore, to prevent re-
lapses, retention after treatment has often to be extended to
the end of the growth period. In orthognathic surgery, treat-
ment usually has to be postponed until the end of the
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growth period to minimize the risk for a rebound of the
malocclusion.

The patient’s stage of growth is generally determined in-
directly by the assessment of skeletal maturity using
handwrist roentgenograms.3–5 At the Department of Ortho-
dontics, University of Giessen, the method of Hägg and
Taranger5 is used to assess skeletal maturity. Three radius
ossification stages at the end of the growth period (R-I, R-
IJ, and R-J) are used in the analysis of the hand radiographs
(Figure 2).

Stage R-I: fusion of the epiphysis and diaphysis has be-
gun.

Stage R-IJ: fusion of the epiphysis and diaphysis is al-
most completed but there is still a small gap at 1 or both
margins.

Stage R-J: fusion of the epiphysis and diaphysis is com-
pleted. Completion of facial growth is generally defined by
this stage.

Because single observations disclose that facial and es-
pecially mandibular growth can continue after R-J, but no
systematic scientific studies exist in this field, the aim of
this investigation was to answer the following questions:

• Does facial growth continue after the attainment of R-J?
• If so, is there growth to such an extent that it has clinical

importance in the fields of tooth implantology, dentofacial
orthopedics, and orthognathic surgery?
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FIGURE 1. Schematic illustration of tooth implant changes in a grow-
ing subject. (a) Missing upper left central incisor. (b) After placing
an implant and a superconstruction. (c) Shortening of the incisor
when further dentoalveolar growth had taken place.

FIGURE 2. Illustration of the handwrist stages R-I, R-IJ, and R-J
Hägg and Taranger5 used at the end of the growth period.

FIGURE 3. Chronological age distribution in 56 subjects at the
handwrist stage R-J.

MATERIALS AND METHODS

Serial handwrist radiographs (HRs) and LHFs in habitual
occlusion from 56 subjects (31 male and 25 female) were
examined. Orthodontic treatment/retention was completed
at least 2 years before the radiographs were taken. Both the
HRs and the LHFs were taken pairwise annually for ap-
proximately 5 to 10 years. The 2 authors appraised the ra-
diographs independently and, in case of disagreement about
the skeletal maturity stage, consensus was reached by dis-
cussion.

The following radiographs were analyzed: 1 HR and 1
LHF taken 1 year before the R-J stage (ie, in the R-IJ
stage), 1 HR and 1 LHF at the R-J-stage, and at least 1
LHF taken 1 or 2 years after R-J. In Figure 3, the age
distribution of the subjects at the time of R-J is shown.

In the head film analysis (without correction for 7% lin-
ear enlargement) the following distances were assessed
(Figure 4):

Sagittal

• A: Basal length of the skull.
• B: Basal length of the maxilla.
• C: Basal length of the mandible.

Vertical

• D: Basal height of the maxilla.
• E: Dentoalveolar height of the maxilla.
• F: Basal height of the mandible.
• G: Dentoalveolar height of the mandible.

Diagonal

• H: Diagonal length of the skull.

The changes of the cephalometric variables during the
periods (1) R-IJ to R-J and (2) R-J to 2 years thereafter
were assessed. The linear measurements were performed
with a ruler to the nearest 0.5 mm.

In the head film analysis, sources of errors exist in the
definition of the reference points and lines, in the tracing
procedure, and in the measurement of the distances and
their changes. For the assessment of the total method error
(ME), all head films were analyzed twice. The Dahlberg
formula6 was used in the ME calculations:

2dOÎME 5
2n

where d is the difference between 2 measurements of a pair
and n is the number of double measurements.

The lowest ME (0.37 mm) for distance measurements
was found for the distance A (basal length of the skull) and
the highest (1.24 mm) for the distance E (dentoalveolar
height of the maxilla). The MEs for the changes of the
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FIGURE 4. Examined cephalometric distances: (A) basal length of the skull, (B) basal length of the maxilla, (C) basal length of the mandible,
(D) basal height of the maxilla, (E) dentoalveolar height of the maxilla, (F) basal height of the mandible, (G) dentoalveolar height of the mandible,
and (H) diagonal length of the skull.

TABLE 1. Method Error Calculations of Eight Cephalometric Dis-
tances

Variables

Method Error

Distances
(mm)

Changes of
Distances

(mm)

A: basal length of the skull
B: basal length of the maxilla
C: basal length of the mandible
D: basal height of the maxilla
E: dentoalveolar height of the maxilla
F: basal height of the mandible
G: dentoalveolar height of the mandible
H: diagonal length of the skull

0.37
0.66
0.85
0.73
1.24
0.50
0.98
0.40

0.31
0.52
0.52
0.33
0.46
0.41
0.52
0.38

cephalometric distances varied between 0.31 and 0.52 mm
(Table 1).

RESULTS

Period R-IJ (1 year before R-J) to R-J

All results of this period are shown in Figure 5

Sagittal changes. (A) Thirty-two percent of the subjects
showed growth changes in the basal length of the skull, (B)
34% in the basal length of the maxilla, and (C) 25% in the
basal length of the mandible. Maximum sagittal growth
changes were found for the basal length of the mandible
with 3.25 mm.

Vertical changes. (D) Five percent of the subjects
showed basal growth changes in the maxilla and (F) 13%
in the mandible. (E) Nine percent of the subjects showed
dentoalveolar growth changes in the maxilla and (G) 16%
in the mandible. Maximum dentoalveolar growth changes

in the maxilla were 1 mm and in the mandible 2.75 mm
(Figure 7).

Diagonal changes. (H) Sixty-four percent of the subjects
showed diagonal basal growth changes of the skull. The
maximum diagonal growth change was 2.75 mm.

Total changes. The mean value of the maximum of all
variable changes was 2 mm. Eighty-six percent of the sub-
jects revealed growth changes of less than 1 mm.

Period R-J to 2 years after R-J

All results of this period are shown in Figure 6

Sagittal changes. (A) Forty-nine percent of the subjects
showed growth changes in the basal length of the skull, (B)
25% in the basal length of the maxilla, and (C) 33% in the
basal length of the mandible. Maximum sagittal growth
changes were found for the basal length of the mandible
with 2.5 mm.

Vertical changes. (D) Eight percent of the subjects
showed basal growth changes in the maxilla, (F) 19% in
the mandible, (E) 20% of the subjects showed dentoalveolar
growth changes in the maxilla, and (G) 10% in the man-
dible. Maximum dentoalveolar growth changes in the max-
illa were 1.75 mm, and in the mandible they were 1.25 mm
(Figure 7).

Diagonal changes. (H) Seventy-seven percent of the sub-
jects showed diagonal basal growth changes of the skull.
The maximum diagonal growth change was 2.75 mm.

Total changes. The mean value of the maximum of all
variable changes was 1.6 mm. Eighty-one percent of the
subjects revealed growth changes of less than 1 mm.

DISCUSSION

It is a generally accepted fact that the occurrence of a
particular handwrist stage is not related to chronological
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FIGURE 5. Percentage of subjects, who showed growth changes for the variables A to H larger than their respective method errors during the
1-year period R-IJ to R-J.

FIGURE 6. Percentage of subjects, who showed growth changes for the variables (A) to (H) larger than their respective method errors during
the period R-J to 2 years thereafter.

FIGURE 7. Maximum vertical dentoalveolar growth changes in the
maxilla and the mandible during the periods R-IJ to R-J and R-J to
2 years after R-J, respectively.

age.3,7–12 (This was also verified in this study.) Thus, the
age distribution of the 56 subjects reaching R-J ranged be-
tween 14 and 21 years (Figure 3). Moreover, the handwrist
stage R-J occurred earlier in female subjects than in male
subjects. Therefore, chronological age cannot be used for
the assessment of facial growth termination.

A differentiation between the handwrist stages R-IJ and
R-J was not always easy. The difficulty was reduced by
comparing the handwrist roentgenograms taken at yearly
intervals and by conferring the analyses of the 2 indepen-
dent examiners. Nevertheless, in some cases it was rather
unclear whether radius-union was completed (R-J) or not
(R-IJ). In case of uncertainty, the stage was assigned as R-
IJ. Thus, it was assured that possible growth changes after
R-J in fact took place at this stage and not in R-IJ.

The ME of single-distance measurements varied from
0.37 to 1.24 mm. The lowest ME was found for the basal
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length of the skull (A/ME: 0.37 mm) and for the diagonal
length of the skull (E/ME: 0.4 mm). This was because these
cephalometric distances were related to fixed anatomic
structures. When, on the other hand, assessing the basal
length of the maxilla (B/ME: 0.66 mm) and of the mandible
(C/ME: 0.85 mm) as well as the dentoalreolar height of the
maxilla (E/ME: 1.24 mm) and the dentoalveolar height of
the mandible (G/ME: 0.98 mm), measurements were per-
formed with the help of constructed lines. When using a
constructed line at a length of 100 mm, an inaccuracy in
angulation of 60.58 results in a deviation of the measured
distance of 1.7 mm [2 (sin 0.58 3 100 mm)].

In this study, only growth changes larger than the vari-
able ME were considered. Comparing the 2 periods (R-IJ
to R-J and R-J to 2 years after), the frequency of the mea-
sured growth changes before and after R-J were, on aver-
age, almost equal. However, as expected, the maximum
growth change of a particular distance was lower after the
occurrence of R-J than before.

Growth changes of less than 1 mm occurred in 86% of
the subjects 1 year before R-J and in 81% of the subjects
after R-J. Thus, the possibility of a large extent of signifi-
cant growth persisting after R-J is rather small. In the fields
of dentofacial orthopedics and orthognathic surgery, the
clinical consequences would be very minor because growth
changes after R-J of less than 1 mm are of minor impor-
tance. Thus, it can be deduced that the handwrist stage R-
J in the average subject is a reliable indicator for ‘‘com-
pleted’’ facial growth. However, it should be remembered
that single individuals may exhibit growth changes up to
2.5 mm.

On the other hand, in the field of tooth implantology it
is important to forecast even small vertical dentoalveolar
growth changes. Placing a tooth implant before vertical
dentoalveolar growth has terminated can lead to a vertical
step between the implant and the natural neighboring teeth
because of implant ankylosis. Because dentoalveolar
growth changes after R-J of up to 1.75 mm in the mandib-
ular incisor region (ME of changes: 0.52 mm) and of up to
1.25 mm in the maxillary incisor region (ME of changes:
0.46 mm) occurred in individual cases, vertical steps of
these amounts can cause major esthetic problems. To min-
imize the risk of an infraocclusion when an early implant
is required, an exchangeable temporary supraconstruction
could be an appropriate compromise.

CONCLUSIONS

In conclusion, the results of this study revealed that after
the occurrence of the handwrist stage R-J, most subjects
(81%) revealed growth changes of less than 1 mm. In the
fields of dentofacial orthopedics and orthognathic surgery,
this amount of growth is of minor clinical importance.
However, in the field of tooth implantology, dentoalveolar
growth of down to 0.5 mm after the insertion of an implant
can cause esthetic and functional problems. Because some
individuals revealed growth changes of up to 1.75 mm in
the mandibular incisor region and up to 1.25 mm in the
maxillary incisor region, it is recommended to wait some
years after the occurrence of R-J before placing a tooth
implant.
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2. Thilander B, Ödman J, Jernt T. Single implants in the upper in-
cisor region and their relationship to the adjacent teeth. Clin Oral
Implants Res. 1999;10:346–355.

3. Greulich W, Pyle S. Radiographic Atlas of Skeletal Development
of the Hand and Wrist. 2nd ed. Stanford, Calif: Stanford Univer-
sity Press; 1959:1–256.

4. Björk A. Variations in the growth pattern of the human mandible:
longitudinal radiographic study by the implant method. J Dent
Res. 1963;42:400–411.
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