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Which Axial Deviation Results in Limitations
of Pro- and Supination Following Diaphyseal
Lower Arm Fracture in Childhood?

Annelie-Martina Weinberg', Philipp Kasten?, Christoph Castellani', Manfred Jablonski?,

Ulrich Hofmann?3, Heinrich Reilmann#

Abstract
Background: Pediatric diaphyseal forearm fractures, if
considered stable, are usually treated conservatively.
Recently, however, there has been a trend towards
stabilizing diaphyseal forearm fractures operatively,
generally by intramedullary nailing, to avoid angular
deformities and functional impairment. The aim of this
study was to examine patients with an unsatisfactory
outcome after diaphyseal forearm fracture for a possi-
ble correlation between their outcome and a remaining
axial deviation or a combined angular deformity in
order to better ensure that only essential operations
are performed.
Patients and Methods: Analysis of 581 pediatric fore-
arm fractures showed a similar distribution concerning
age, cause, and fracture site as previously reported in
other studies.
Results: 14.8% of our patients showed an unsatisfacto-
ry outcome. In some patients, this was due to residual
ulnar and palmar angular deformities of the radial
shaft. Another reason for a poor outcome was an angu-
lar deformity > 15° not depending on the plane the dis-
location occurred in; these values, however, were not
statistically significant. A discriminating analysis
(CART®) of combined mid-diaphyseal fractures with
angular deformities of up to 15° demonstrated that the
relation of the bony deformities to each other had rele-
vant consequences for the outcome. For example,
radiopalmar angular deformities of the radial shaft
combined with a nondeformed ulna had a high proba-
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bility of an unsatisfactory outcome. If this deformity of
the radius was combined with a dorsal deformity of the
ulnar diaphysis, however, the probability of a satisfac-
tory outcome was high.

Conclusions: In summary, this study indicates that the
prognosis of a satisfactory outcome of forearm frac-
tures regarding function and cosmesis is complex and
influenced by both the radius and ulna. Diaphyseal
angular deformities > 10° should be avoided in the
treatment of pediatric forearm fractures.
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Introduction
Diaphyseal forearm fractures are usually treated con-
servatively [1, 2, 4, 17, 20, 26, 33, 38]. Recently, howev-
er, there has been an increasing number of operatively
treated patients. In the early 90s, 3-7% of all pediatric
forearm fractures were treated operatively, while this
number has been as high as 20% lately [16, 29, 38].
Cast treatment can result in an increased number of
angular deformities which have been shown to impair
forearm rotation and can have negative cosmetic
effects [6, 9, 15, 23]. Later correction of a forearm shaft
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deformity can be complicated and the functional out-
come may be poor [3, 25]. When operative treatment
is chosen, intramedullary stabilization systems are fre-
quently used [7, 15, 24, 27, 30]. Advantages of this
technique are small incisions, shorter inpatient treat-
ment, and the ability to retain closed reduction [15, 21,
27].

Sarmiento et al [34] analyzed the influence of angu-
lar deformities on the impairment of forearm rotation in
adult cadavers. In pediatric patients, however, little is
known about the exact influence of an angular deformi-
ty on forearm rotation. Specially, it is difficult to account
for the remodeling process. One reason why little is
known about the effect of deformity on functional out-
come is that some previous studies did not exclude
metaphyseal fractures; these fractures close to the
physis have a much higher potential for spontaneous
correction [8, 10, 11, 22, 31]. Other studies did not take
the relation of angular diaphyseal deformities of the
radius and ulna to each other into account.

The relatively simple operative technique of
intramedullary stabilization combined with the fear of
rotational impairment from an angular deformity seems
to favor the tendency to operate on every diaphyseal
pediatric forearm fracture [28, 35, 36, 39, 40].

There is a danger of “overtreating” diaphyseal
pediatric forearm fractures because the data on the
exact influence of axial deformities on cosmetic and
functional outcome is sparse and controversial.

The aim of this retrospective study was to evaluate a
large series of pediatric forearm fractures to see how the
patients’ outcome was related to the fracture type and
level, and also what influence angular deformity at the
end of therapy had on outcome. This would allow us to
more accurately issue a prognosis of the outcome as well
as to determine which fractures would benefit from
operative interventions.

Patients and Methods
In this retrospective study, all patients up to an age of 14
years were included. Children were treated in the
municipal hospital of Braunschweig, Germany, between
1986 and 1996 and at the childrens’ hospital auf der Bult
in Hannover, Germany, between 1992 and 1996.
Excluded from this study were all intraarticular and
metaphyseal fractures, as well as all Galeazzi and Mon-
teggia fractures. The metaphysis was defined to begin at
the proximal and distal fifth of the forearm. Documen-
tation was based on a form developed in cooperation
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with the Section for Pediatric Traumatology of the Ger-
man Association for Traumatology.

The following parameters were surveyed: age,
cause, fracture type (Table 1), fracture site (proximal,
middle and the distal third of the shaft; Table 2), and
type of treatment (Table 3).

Follow-up examination was performed at least 2
years after the injury in a standardized fashion: range of
motion of the elbow in extension/flexion, forearm rota-
tion (elbow in 90° of flexion), and wrist dorsal exten-
sion/palmar flexion and radial/ulnar abduction were
examined (Figure 1). Any clinical impairment of the
forearm > 10° was noted. X-rays in the anteroposterior
and lateral view were assessed and angular deformities
of both forearm bones measured in steps of 5°.

The outcome was defined to be satisfactory or bet-
ter if there were no functional impairment of forearm
rotation, no visible angular deformity of the forearm,
and no negative cosmetic aspects. If these parametric
criteria were not met, the outcome was defined to be
unsatisfactory.

Figure 1. Clinical examination of forearm function at follow-up.
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Statistics
Data was evaluated using the statistics program SPSS®
for Windows 9.0 (SPSS 1999). The mean value, the stan-
dard deviation, and the maximum and minimum values
were calculated. The t-test was used to determine the
statistical significances (p < 0.05), after checking the
normal distribution as well as the x?-test according to
Pearson. For cross tables with ordinal level, the test
according to Cochran-Armitage was used with a signifi-
cance level of p < 0.05 (two-sided).

Discriminating Analysis of Combined Angular
Deformities: The CART® (classification and regression
trees) program was used to assess the prognostic proba-
bility of a satisfactory outcome (target variables) by
combining the predictive values [5, 37]. This program
formed clusters of deformities and calculated the prob-
ability of a satisfactory or unsatisfactory outcome in
percent.

To receive a homogeneous study group, only mid-
diaphyseal fractures were included in the CART®
analysis, resulting in 225 images (62.3%) used for the
analysis.

A group of 16 was considered the smallest size of
node to be further subdivided. The smallest possible
size of the final node was limited to eight. A tenfold

Table 1. Type of forearm fracture.

cross-validation resulted in a stable tree with seven clus-
ters. Various classification trees were established using
the evaluations of different defective classifications
(false-positive and false-negative). Finally, the tree with
the rate of the least nonclassified cases was selected.
Evaluation of the defective classification rate of 4.5: 1
(false-positive vs. false-negative) revealed a specificity
of 0.41 and a sensitivity of 0.62 for establishing an opti-
mal cross-validated tree.

Results
581 forearm fractures in 578 children were assessed. The
patients’ age at the time of injury was 7.4 + 3.6 years
(1/14). The most frequent mechanism of injury was a fall
from < 1 m, representing 54% of all injuries (n = 314).
16% of the children were involved in a traffic accident (n
= 93). The fracture type was distributed as follows: 220
patients (37.9%0) sustained bilateral greenstick fractures,
145 (24.9%) had bilateral complete fractures, 62 (10.7%b)
fractured just one bone, and 154 (26.5%) showed a com-
bination of different fracture types (Table 1).

The following fractures sites were seen: 288 fractures
of both the radius and the ulna (49.6%0) occurred in the
mid diaphysis, 103 (17.7%) in the distal third of the shaft
and 17 (2.9%) in the proximal third, and 173 patients

(29.8%) had fractures of the radius
and ulna at different levels of the

shaft (Table 2).

Ulna
Radius Number (n) 182 patients (31.3%) were treat-
No Greenstick Complete Bowing  Comminuted Total ed on an outpatient basis compared
fracture fracture  fracture fracture fracture amount .
to 399 (68.7%) who were hospital-
No fracture 0 8 8 1 0 17 ized.
Greenstick fracture 24 220 57 10 3 314 14.1% fractures (n = 82) did not
Complete fracture 6 37 145 6 8 202 require reduction. 68.5% fractures
Bowing fracture 1 18 3 12 1 35 (n=2398) were reduced once or more
Comminuted fractures 0 1 5 2 5 13 often; 82 patients (14.1%) were
Total amount 31 284 218 31 17 581 treated operatively (Table 3).
Table 2. Site of forearm fracture. Table 3. Treatment data (n = 581 fractures).
w Therapy Number (n)
Radius Number (n)
No Proximal Mid Distal Total No reduction 82
fracture part part  part amount Closed reduction 438
Wedging 32
No fracture 0 0 8 0 8 Open reduction 48
Proximal part 2 17 52 3 74 Closed and open reduction 14
Mid part 13 24 288 41 366 Closed reduction and wedging 7
Distal part 7 0 23 103 133 Total 6212
Total amount 22 41 371 147 581
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afractures could receive several treatment procedures
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Regarding the remaining axial deviation at the time
of consolidation, the radius showed the following
results: radial deviation in 33.5% (n = 195), ulnar devia-
tion in 18% (n = 104), dorsal deviation in 40.3% (n =
234), and palmar deviation in 21.5% (n = 125). For the
ulna, the following data was acquired: radial deviation
in 23.4% (n = 136), ulnar deviation in 17.4% (n = 101),
dorsal deviation in 24.5% (n = 142), and palmar devia-
tion in 26.1% (n = 152; Table 4).

420 patients (72.3%) returned for follow-up. Time of
follow-up averaged 67.1 + 29.3 (24/132) months after the
injury. 14.8% (n = 62) showed an unsatisfactory outcome,
85.2% (n = 358) had a satisfactory or better outcome.

Angular ulnar and palmar deformities of the radial
shaft were significantly associated with unsatisfactory
results (Tables 5a to 5d, Figures 2a and 2b).

Angular deformities = 15° were associated with a
poor outcome; this was not statistically significant (Tables
6a and 6b). Discriminating analysis of combined deformi-
ties showed that clusters IV, V1, and V11 had a high prob-

Table 4. Retained axial deformity of the radius and ulna at the time of consolidation (n = 581).

ability of good outcome. All other clusters indicated a
high probability of poor outcome (Table 7, Figure 3).

Discussion
Children frequently sustain diaphyseal forearm frac-
tures [6, 18, 19, 39]. Treatment of these fractures is con-
troversial [13, 30]. In the past, only unstable and com-
pletely displaced fractures were treated operatively [12,
15, 32]. Recently, even moderately displaced fractures
have been stabilized operatively to obtain and keep
optimal reduction [24, 27, 30, 35]. Conservatively treat-
ed diaphyseal forearm fractures are reported to have a
rate of angular deformities ranging from 10-60% [3, 6,
12, 35, 38]. At consolidation time, this study revealed a
remaining axial deviation of the ulna or the radius in
18-40% of all cases presented, depending on the plane
of deviation (Table 4). Previous studies have shown that
deformities — most authors relate the axial deviation to
the radius — are commonly directed dorsally and radial-
ly [4, 11, 13, 20, 22, 23, 26, 28].

Angular deformities of the
radius and ulna are associated with

Deformity Frontal plane Sagittal plane

impairment of forearm rotation in

None To radial To ulnar None To dorsal To palmar 10-50% of all patients [4, 10, 11, 13,

23, 39]. In our study, 14.8% of

Radius ?fsz %) gg % %f;‘o/) gg ” ?j’g . %225 5% patients who were treated conserv-
070 .270 0 L70 .070 070 . .

Ulna 344 136 101 287 142 15 atively r_]ad_an gnsatlsfactory out-

(59.2%)  (23.4%)  (17.4%) (49.5%) (24.5%) (26.1%) come with impairment of forearm

rotation and/or cosmetic deficits.

Table 5a. Retained axial deformity of the radius in the frontal plane at
the time of consolidation in relation to the outcome. n: number of cases.

Table s5b. Retained axial deformity of the ulna in the frontal plane at the
time of consolidation in relation to the outcome. n: number of cases.

Radius No axial Palmar Ulnar Total Ulna No axial Palmar Ulnar Total
deformity deformity deformity amount (n) deformity  deformity deformity amount (n)

Unsatisfactory (n) 21 (10%) 10 (10.2%) 28 (26.9%)* 59 (14.3%) Unsatisfactory (n) 33 (12.9%) 16 (20%) 11 (13.5%) 60 (14.4%)

Satisfactory (n) 189 88 76 353 Satisfactory (n) 222 64 70 356

Total amount (n) 210 98 104 412 (100%) Total amount (n) 255 80 81 416

*significant (p = 0.002)

Table 5¢c. Retained axial deformity of the radius in the sagittal plane at
the time of consolidation in relation to the outcome. n: number of cas-
es.

Table 5d. Retained axial deformity of the ulna in the sagittal plane at
the time of consolidation in relation to the outcome. n: number of cas-
es.

No axial ~ Dorsal Palmar Total
deformity deformity deformity amount (n)

Radius

No axial ~ Dorsal Palmar Total
deformity deformity deformity  amount (n)

Radius

Unsatisfactory (n) 13 (8.7%) 31 (16.9%) 14 (20.8%)* 58 (14.1%)
Satisfactory (n) 136 152 63 351
Total amount (n) 149 183 77 409

Unsatisfactory (n) 28 (12.9%)16 (17.2%) 14 (12.9%) 58 (13.8%)
Satisfactory (n) 189 77 94 360
Total amount (n) 217 93 108 418

*significant (p = 0.034)
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Previous studies do not provide evidence of better 30, 32, 38, 40]. Reasons for this might be scar formation
results after operative treatment. Even if an operation  and soft tissue irritation.

is performed, studies demonstrate that 10% of the This study reflects the favored methods of treat-
patients have functional impairment — not regarding  ment up to 1996 in children sustaining diaphyseal fore-
the rate of postoperative complications [7, 15, 24, 27,  arm fractures. The data regarding age, type of accident,

Figure 2a. Example of a 9-year-old girl. 2 years after forearm fracture, the clinical examination
shows no limitation of pro- and supination. The X-ray reveals a severe deformity of the ulna.
The axial deviation of the ulna is located dorsoradially.

European Journal of Trauma 2001-No.6 © URBAN & VOGEL

fracture type and site are compara-
ble with previous studies.

It is known that the soft tissues
and the adjacent joints play a signifi-
cant role in forearm function. Linke
et al. stated that not all impairments
of forearm rotation of their patients
could be explained by angular or
torsional deformities [28]. Luhmann
et al [30] identified a discrepancy
between radiologic results and func-
tion. In this retrospective study with
a relatively large study group, it was
not feasible to examine the soft
tissues (e.g., with MRI). Conse-
quently, we focused on the bony
structures and excluded fractures
combined with joint lesions from the
study.

The direction of angular defor-
mity causing functional impairment
is still controversial. Daruwalla [8]
states that palmar deformities of
the radius could block pronation. In
his opinion, blockage of supination
is caused by a dorsal deformity of
the radius, by a narrowing of the

1

Figure 2b. Example of a 20-year-old man, who had sustained a forearm shaft fracture in childhood (11 years old at time of injury). The volar deform-
ity of the radius results in a deficiency of forearm rotation.

313



Weinberg A-M, et al. Axial Deviation Following Pediatric Forearm Fracture

Table 6a. Degree of axial deviation in the frontal plane in relation to the outcome. n: number

mity of the radial shaft [10, 27]. Oth-
er authors emphasize the impor-

tance of the radial bow for forearm
rotation. Creasman et al [6] have

of cases.
Bone Outcome 0-5° 6-10° 11-15° >16° Total (n)
Radius Unsatisfactory 27 (11.1%) 25 (18.5%) 8 (20.5%) 0 60 (14.4%)
Satisfactory 215 110 31 0
Total 242 135 39 0 416 (100%)
Ulna  Unsatisfactory 35 (12.1%) 17 (18.8%) 8 (21.1%) 0 60 (14.3%)
Satisfactory 253 73 29 4 359
Total 288 90 37 4 419 (100%)

shown that flattening of the radial
356 bow can result in a limitation of up
to 10°. Our study confirmed that
narrowing the interosseous space
could lead to functional impairment.

Many publications propose that

Table 6b. Degree of axial deviation in the sagittal plane in relation to the outcome. n: number

angular deformities of the ulna do
not have much effect on patients’

of cases. outcome [6, 17, 34]. Gruber & von
Bone  Outcome 0-5° 6-10° 11-15° > 16° Total (n) Laer [14] and Daruwalla [8], how-
ever, have been able to demonstrate
Radius Unsatisfactory 21 (10.2%) 23 (15.7%) 11 (21.1%) 6 (37.5%) 61 (14.6%) that dorsal deformities of the ulna
Satisfactory 183 123 41 10 357 can also yie|d poor results.
Total 204 146 52 16 418 (100%) Only a few studies address the
Ulna  Unsatisfactory 30 (11.7%) 23 (32.4%) 6 (15.8%) 4 (16.0%) 63 (14.6%) effect of combined deformities
Satisfactory 226 s 82 21 354 associated with poor results. Kuder-
Total 256 98 38 25 417 (100%)

interosseous space, or by an injury of the distal radioulnar
joint [6, 34].

Rang & Willis [33] suggest that a palmar angular
deformity of both bones is associated with limitated
supination and a dorsal deformity with limited prona-
tion. Fuller & McCullough [12] emphasize that the
radius plays a decisive role in forearm function. They
indicate that a palmar and torsional deformity of the
radius is more frequently associated with a poor func-
tional outcome, especially regarding pronation. These
results are confirmed by Davis & Green and by the data
presented here, providing evidence that a poor outcome
is significantly associated with a palmar angular defor-

Table 7. Cluster formation with CART® analysis (n = 225). Prognosis: o: failure, 1: success; KAC 1:
axial deformity of the radius in the frontal plane, o: none, 1: radial, 2: ulnar; KAC 3: axial defor-
mity of the ulna in the frontal plane; KAC s5: axial deformity of the radius in the sagittal plane,
0: none, 1: palmar, 2: dorsal; KAC 7: axial deformity of the ulna in the sagittal plane, o: normal,

na has posited that angulation
directed towards the same plane is
followed by a functional deficiency [22, 23]. Contrary
to Kuderna’s opinion, Matthews et al [31] showed
experimentally that deformities directed towards the
same plane did not necessarily limit forearm rotation.
They also stated that deformities in the frontal
plane of both bones being angulated in one direction
did not lead to any limitation [31]. Rang & Willis [33]
supported these results in their textbook. Daruwalla
[8] stated that a palmar or dorsal deformity of the
radius in combination with a dorsal deformity of the
ulna caused limitation of forearm rotation in 52.5%.
This data underline the results obtained by Sarmiento
et al [34].

Our data demonstrates that
patients with palmar and ulnar dia-
physeal deformities of the radius sig-
nificantly have a poor functional

1: palmar, 2: dorsal. prognosis. Isolated  deformities
Cluster ~ Prognosis KAC1 KAC3  KACS KAC7 n Failure rarely occur after forearm fractures
in the pediatric population. A tree
[ 0 2 60 38.3% analysis (CART®) forming clusters
L 0 0 lor2 Oorl 37 29.7% of combined mid-shaft deformities
m 0 1 lor2(7:1) 0 14 21.4% was applied in this study. Although
v ! ! lor2(7:8) 2 8.3% the sensitivity and specificity were
v 0 1 lor2(14:0) 1 15 26.7% . -
not very high, the results underline
Vi 1 0 lor2 2 16 6.3% the little dat ilable in the it
Vil 1 0orl 0 7 12% e little data available in the litera-
ture. The analysis shows that in addi-
314 European Journal of Trauma 2001-No.6 © URBAN & VOGEL
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ulnar none, radial
v
n =60
class =0 —
radial or ulnar m none
38.3% e 83.0%
l KAC 5
v
n=75
volar, none m dorsal class = 1
78.9%
KAC 7 J 12.0%
radial none m radial
83.9%
KAC 1
v v
n=37 n=15 n=16
class = 0 class =0 class = 1
29.7% 26.7% 6.3%

dorsal

n=14 n=8
class=0 class=1
24.4% 8.3%

KAC 1: axial deformity of the radius in the frontal plane
KAC 3: axial deformity of the ulna in the frontal plane
KAC 5: axial deformity of the radius in the sagittal plane
KAC 7: axial deformity of the ulna in the sagittal plane

Figure 3. Combined angular deformities and prognosis according to the CART® analysis.

tion to a radial deformity, an ulnar deformity can affect
the prognosis. For example, a dorsoradial or radiopal-
mar deformity of the radial shaft has an unfavorable
prognosis when combined with a palmar deformity of
the ulna. On the other hand, a radiopalmar deformity of
the radial shaft in combination with a dorsal deformity
of the ulna has a favorable prognosis. Our data confirms
that deformities of the radial shaft can affect forearm
function and shows that deformities of the ulna can
strongly influence the prognosis. Even though this study
has a large follow-up population, it is difficult to statisti-
cally validate the results only by clinical follow-up. Sim-
ulation, based on biomechanical and kinetic models,
might show advantages for the patients. These simula-
tions can take the patients’ individual variables into
consideration and can help to calculate the necessary
reduction in order to avoid functional deficits.

Using adult human cadavers, Matthews et al [31]
found out that deformities > 20° were unacceptable.
These deformities caused a considerable impairment of
30% of forearm rotation when compared to the control

European Journal of Trauma 2001-No.6 © URBAN & VOGEL

group. According to Matthews et al. a 10° angulation of
the ulna and radius directed to the interosseous space
rarely resulted in functional deficits. Most authors
report angular deformities between 10° and 20° to have
relevant effects [13, 15, 22, 27, 32]. Consequently, these
authors emphasize the necessity of near-anatomic
reduction and retention [13, 15, 22, 27, 32].

Our data indicate that an angular deformity > 15°
can cause a poor outcome, especially if combined with a
further angular deformity of the other forearm bone.
Combined angular deformities should be analyzed in
detail and treated individually.

It is unclear whether the rate of functional impair-
ment due to angular deformities after conservative
treatment justifies the increase in operative treatment.
In our opinion, it would be beneficial to identify dis-
placements that have a poor functional prognosis. These
displacements should be exactly reduced. If, after
reduction, these fractures are considered stable, they
should be treated conservatively, and if considered
unstable, they should be stabilized operatively.
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