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Deformity correction with the Taylor spatial frame 
after growth arrest of the distal radius 
A technical note on 2 cases 
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Forearm fractures are one of the most common 
injuries in children (Bailey et al. 1989, Kramhoft 
and Bodtker 1988). Growth disturbance or growth 
arrest of an injured physis after distal radius frac-
tures occur in 4–7% of cases (Lee et al. 1984). The 
resulting deformity resembles Madelung’s defor-
mity, and is also called pseudo-Madelung’s defor-
mity (Figure 1). This deformity leads to ulnocar-
pal impaction and dorsal dislocation of the distal 
radioulnar joint (DRUJ). Several treatment options 
such as lengthening of the radius and shortening of 
the ulna or epiphysiodesis of the distal ulna have 
been described (Villa et al. 1990, Abe et al. 1996, 
Hove and Engesaeter 1997, Waters et al. 1997, 
Pennig et al. 1999). 

The Taylor spatial frame (TSF) is a hexapod-
based external ring fixator, which is widely used 
to perform six-axis deformity corrections of the 
lower limb (Eidelman et al. 2006, Rozbruch et al. 
2006). TSF planning is web-based (www.spatial-
frame.com), but its use is only available for the 
lower extremities. This technical note shows how 
to apply the TSF to the arms to correct pseudo-
Madelung deformities. 

Method and patients

Defining the nomenclature

To correct bony deformities with the TSF, one must 
determine the deformity parameters, the frame 
parameters, and mounting parameters for the web-

based planning program. The 6 deformity param-
eters and the 4 mounting parameters use the ana-
tomic nomenclature for the lower extremities. To 
use the TSF on the forearm, one must transfer the 
nomenclature of the deformity parameters and the 
mounting parameters to the nomenclature of the 
forearm (Figure 1). With the transferred nomen-
clature, one can correct forearm deformities with 
the “long bone” correction mode in the planning 
program for the lower limb.

 
Frame assembly

The TSF was assembled with two 105-mm full 
rings, selecting the proximal ring and the proximal 
fragment as reference (Figure 1). The reference 
ring must be placed orthogonal to the proximal ref-
erence fragment (proximal radius). In addition, one 
can use the distal ring and fragment (distal radius) 
as the reference; however, the orthogonal place-
ment of the distal reference ring to the short distal 
radius fragment is more difficult. For ring fixation, 
Rancho Cubes and 4.0-mm half pins were used 
for the radius. Two-angled half pins were used in 
each segment. The wrist was transfixed during the 
lengthening to avoid radiocarpal impaction. Thus, 
3.0-mm half pins were used at the base of the 
second and third metacarpals (Figure 1).

Osteotomy

A multiple drill-hole osteotomy was performed in the 
metaphyseal bone. We used a small dorsal approach 
to the radius with a subperiosteal preparation. 
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Distraction

Distraction at the osteotomy site was initiated on 
day 5, with 0.5–1.2 mm per day, and divided into 
2 phases over 24 h. The progress of correction was 
followed with radiographs. Additional low-dose 
CT scans were used for better visualization of the 
DRUJ and its reduction (Figures 2D and 3C). At 
the end of the correction, we locked the frame with 
threaded rods. 

Patients

2 boys (patient 1, 13 years old, and patient 2, 14 
years old) were seen in our clinic with progressive 
pseudo-Madelung deformities after an epiphysial 
fracture of the distal radius at age 12. They com-
plained of radial deviation of the wrist (Figure 2A) 
and restricted pronation and supination (Table). 
There were no neurovascular deficits, normal pinch 
and grasp, and full range of motion of all finger 
joints. In both patients, there was pain but no click-

ing during rotation in the dorsal dislocated DRUJ 
and ulnocarpal joint. Skeletal maturity (RUS, TW3 
method) corresponded to the patient’s age (Figures 
2B and 3A). 

Results

The multiplanar deformitiy of the distal radius 
could be corrected anatomically with the Taylor 
spatial frame in both patients (Figure 2C and D, 
and Figure 3B and C). No frame changes or frame 
modifications were necessary for deformity cor-
rection. The distraction time, the time until frame 
removal, and the healing index of each patient are 
listed in Table 1. Patient 2 was slightly overcor-
rected because of some growth in the distal ulnar 
growth plate (Figure 3B). During the distraction, 
each patient had 2 low-dose CT scans for better 
visualization of the radiocarpal and radioulnar 

Figure 1. A. Sketch of the deformity and explanation of the nomencla-
ture transferred from the lower limb to the forearm. IR: internal rotation; 
ER: external rotation; Pro: pronation; Sup: supination. B. Frame assem-
bly with a proximal reference ring and the struts turned upside down 
for better visualization of the patient. The Master Tab is 0° anterior. 
Transfixation of the wrist is removed after lengthening.

  A

  B

Radial deformities, distraction data and ROM 

 Deformity Healing 
Patient S A T R Distraction In frame index  Preop. ROM Postop. ROM
no. (mm)  (mm)  (days) (days) (days/cm) flex./ext. pro./sup.  flex./ext.  pro./sup.

1 15 20° 0 0° 23 92 61 90°/90° 40°/30° 90°/90° 80°/90°
2  24 12° 15  8° 31 79 32 80°/80° 30°/20° 70°/80° 90°/70°

S: shortening, A: angulation, T: translation, R: rotation.
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joints. The web-based planning program was 
adjusted twice until total deformity correction 
was achieved. No further immobilization after 
frame removal was required. The 1-year follow-up 
showed an anatomically aligned forearm/hand rela-
tion with increased pronation and supination com-
pared to the preoperative range of motion (Table 
1). The wrist and especially the DRUJ were stable 
and reduced at the follow-up examination (Figures 

2D and 3C). The patients did not complain about 
any pain or functional deficits in the hand. 

Discussion

The overall goal for surgical procedures in post-
traumatic deformities of the distal radius with 
shortening and dislocation of the DRUJ is to restore 

Figure 2. Patient 1. A and B. Pseudo-Madelung 
deformity of the right distal radius after physial 
injury and closed radial growth plate. At the 
time of correction, the ulnar growth plate was in 
stage G according to the Tanner and Whitehouse 
scale. C and D. After deformity correction, with an 
almost normal functioning wrist and anatomically 
reduced DRUJ 1 year after correction.

  A

  B

  C

  D
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the anatomic relationship between the distal radius 
and ulna, and between the distal radius and carpus. 
Several operative procedures have been proposed 
to realign the relation between forearm and hand. 
Acute correction of the distal radius with iliac bone 
graft interposition and plate fixation is a commonly 
used and accepted procedure (Hove and Engesaeter 
1997, Waters et al. 1997). The main disadvantages 
of this acute procedure are the need for an iliac 
bone graft with donor site morbidity, requirement 
for operative hardware removal, and radiocarpal 
impaction due to acute lengthening. Furthermore, 
it is difficult to control the proper amount of cor-
rection intraoperatively. 

Gradual corrections using callus distraction 
with external unilateral or Ilizarov ring fixators 
have been used more frequently in severe forearm 
shortening, especially in children with Madelung 
deformities (Villa et al. 1990, Bader and Grill 
2000, Houshian et al. 2004, Hosny 2005, Matsuno 
et al. 2006). The gradual correction of deformities 
allows soft tissue to adapt slowly to the lengthened 
bone. The correction of multiplanar deformities 
with unilateral or standard Ilizarov ring fixators is 

time consuming because of frequent frame modi-
fications. By transferring the nomenclature of the 
lower limbs to the forearm, we applied the TSF for 
the treatment of radial deformities. Our 2 patients 
with pseudo-Madelung’s deformities were cor-
rected by one operation with gradual correction 
of the rotational, angulational, and translational 
component of the deformity using simultaneous 
lengthening. The DRUJ was reduced gradually to 
its anatomic position and confirmed by low-dose 
CT scans, and the range of motion for prosupina-
tion was increased to near-normal range. However, 
reducing the DRUJ and increasing the limited 
prosupination can increase the risk of secondary 
degenerative changes when some incongruence is 
left in the DRUJ after correction. However, the 1-
year follow-up CT scan in patient 1 did not show 

Figure 3. Patient 2. Before (A) and after (B) correction of the distal radius 
deformity of the right forearm. The radial growth plate was partially closed 
(> 50%) at the time of correction and the ulnar growth plate was at stage 
G according to the Tanner and Whitehouse scale. The DRUJ was reduced 
anatomically in the low-dose CT at the end of correction (C). 

  B  A

  C
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any joint narrowing or incongruence. Patient 2 did 
not accept a CT scan at the 1-year follow-up. The 
mechanical accuracy of the TSF by manual adjust-
ment of the 6 struts during full multiplanar defor-
mity correction has been measured to be within 
0.7° and 2 mm (Paley 2002). This high accuracy 
and also low-dose CT scans are crucial for reduc-
tion of DRUJ anatomically and for achievement of 
a good range of prosupination. 

In conclusion, the power of the Taylor spatial 
frame, with the ability to move 2 fragments pre-
cisely, can be transferred to the forearm. This per-
mits correction of multiplanar radial deformities 
simultaneously without any need for frame modi-
fications of rotational and translational deformi-
ties, which is necessary with the standard Ilizarov 
system.
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