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Treatment of children’s proximal radioulnar joint fusion through single dual-plane
osteotomy on combination with multi-sequence cast - a new method for treating the
children’s proximal radioulnar joint fusion

Haoqi CAI', Zhigang WANG"

Abstract

, Haiging CAT'

To introduce an improved method of de-rotation osteotomy for treating the congenital proximal radioulnar joint fusion: single
dual-plane osteotomy combined with multi-sequence cast. Twelve child patients with congenital proximal radioulnar joint
fusion (16 limbs) had been treated from 2014 to 2017 with single dual-plane osteotomy combined with multi-sequence cast
method. 12 of 16 limbs were corrected in position after one-time cast change, and the remaining 4 limbs of two patients needed
to receive cast change for two times before correction. Neither one suffered related nervous and vascular complications, nor one
suffered ischemic contracture after all the cases received cast fixation, and it took 8 weeks for their osteotomy parts to reach bony
union averagely after operation.The affected limb’s functional evaluation before operation was averagely 5.75 scores (4~8); 12
movements could be completed fully after operation, i.e., functional evaluation reached 12 scores. This surgical operation is easy
to operate with good operation result and big range of correction. It can also effectively avoid the occurrence of angioneurotic
complications after operation with a high safety. Therefore, it is an ideal alternative method to treat the congenital proximal
radioulnar joint fusion in the present stage when joint fusion dissociation operation is not matured.
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Practical Application: This surgical operation is easy to operate, with good operation result and big range of correction.

1 Introduction

There are many clinical reports about the treatment of
congenital proximal radioulnar joint fusion, and rotary osteotomy
has the optimum treatment effect at present, most of which
combine internal fixation with a locking plate or intramedullary
fixation with a kirschner wire through crossing. However, single
dual-plane osteotomy on combination with multi-sequence cast
operation method was adopted in this clinical study for treating
children’s proximal radioulnar joint fusion instead of internal
fixation, and better effect had been obtained. This study has
innovation and significant clinical guiding significance as it
has not been reported yet at present. This paper introduces the
operation method of treatment of children’s proximal radioulnar
joint fusion through single dual-plane osteotomy combined with
multi-sequence cast, and evaluates its preliminary curative effect
and method. Congenital proximal radioulnar joint fusion is a
rare upper limb deformity: the range of joint motion is lost due
to the congenital fusion of proximal radioulnar joint, causing
the loss of child patient’s forearm rotation function. The patient’s
daily life will be influenced seriously (Ramachandran et al., 2005)
when the deformity is serious and forearm pronation angle is
bigger. It’s reported that, about 50-80% patients have suffered
bilateral involvement or extreme pronation, and their forearm
functions are greatly affected. For example, they cannot send the
food to their months and also cannot flat their palms to accept the

items (Simmons et al., 1983). However, dysfunction may appear
rarely when the forearm is fixed in the less-pronation position
and even in the neutral position as the rotation movements of
shoulder and wrist on the same side may effectively compensate
the forearm rotation (Cleary & Omer, 1985).

2 Data and methods
2.1 General data

Twelve child patients with congenital proximal radioulnar
joint fusion (16 limbs) had been treated in the period from
2014 to 2017 in our hospital with single dual-plane osteotomy
combined with multi-sequence cast method.

2.2 Evaluation method

The recommended method was adopted while measuring
forearm pronation angle: with elbow bending 90 °, elbow joint
clinging to two sides of chest, the included angles Ogino & Hikino
(1987) of radius and ulna belonoid lines and humeral shaft axis
were measured with protractor (Figure 1 and 2).

Before the operation, 12 essential activities of daily living
were evaluated functionally with Shingade et al., (2014) method.
See Table 1.
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Table 1. Evaluation of each child for 12 essential activities of daily living.

Difficulty Present:
Sr. No. Activities of Daily Living - Score 1
Difficulty Absent:
Score 0
1 Taking food to the mouth 1/0
2 Cleaning the perineal area for hygiene 1/0
3 Holding plates and cups 1/0
4 Acepting coins and small objects in an open palm 1/0
5 Dressing 1/0
6 Writing 1/0
7 Taaking the palm to the occiput 1/0
8 Combing hair 1/0
9 Caatch a ball 1/0
10 Grasping 1/0
11 Holding 1/0
12 Playing with toys 1/0
Range of possible scores 0to12

Figure 1. The right side showed the affected side before the operation,
and that the red pen was consistent with the radius and ulna processus
styloideus connecting line, showing that this patient’s forearm on the
right side was fixed in 90 ° of pronation.

2.3 Operation method

Osteotomy plane was determined through positioning with
C-arm fluoroscopy in the operation (Figure 3). 1.0 cm distal to
the inferior margin of proximal radioulnar joint (Figure 4) and
metaphysis distal to radius (Figure 5) were selected respectively.
The skin was cut by 2.0~3.0 cm longitudinally in the position of
bone cutting layer by layer with periosteum exposed, and then
the periosteum was open longitudinally, and the periosteum on
two sides was protected with crow plate retractor carefully after
the bone cutting part was exposed (Figure 6 and 7). Bone cutting
was conducted after the bone cutting part was drilled with 2.0
kirschner wire. The periosteum was closed with 4-0 absorbable
suture to guarantee the periosteum integrity and continuity. The
wound was closed layer by layer. Minimally invasive minimum
incision was adopted to reduce the postoperative soft tissue
swelling, and also the bone cutting part was easy to expose. No
tourniquet was used in the operation. No internal fixation was
adopted (Figure 8) after bone cutting.
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Figure 2. After compensation of shoulder joint and wrist joint on the
right side, the angle of forearm pronation significantly increased to
135 ° (about 45 ° compensated).

Peripheral circulation conditions were observed After the
closing of wound, forearm was rotated by 20~45 °. The wound
could be bounded up and fixed with cast (Figure 9) if there
were no special circumstances. Cast change was conducted in
ambulatory surgery room five days after the operation, during
which, a small dose of intravenous anesthesia was carried out,
and the cast change could be completed in 15 minutes generally.
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Figure 3. Anterioposterior and lateral films of right forearm before
the operation.

Figure 6. Ulna osteotomy incision, with periosteum opened longitudinally.

Figure 4. Ulna osteotomy positioning.

Figure 5. Radius osteotomy positioning. Figure 7. Radius osteotomy incision, about 3.0 cm.
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Figure 8. After completion of osteotomy, cast fixation was adopted
rather than internal fixation.

The required position (Figure 10) was rotated to in stage II. The
de-rotation angle would be reduced if any significant neurovascular
symptom appeared, and the final position would be rotated to
in stage II1 5 days later. The cast fixation of elbow flexion would
last for 4~6 weeks. Plaster was removed and active exercise of
elbow function was started 4~6 weeks later. A film was taken
in the follow-up visit two years later, and it’s discovered that the
fracture site completely realized bony union, and angulation
deformity was also reshaped (Figure 11).

2.4 Statistical method

Statistical treatment was conducted with SPSS22.0 statistical
software. Descriptive statistical analysis was developed to the
patient’s basic data before and after operation.

3 Results

General results: 12 child patients (16 limbs), average age:
6.25 (4~9) years old and the average follow-up visit time: 27.38
months. 12 of 16 limbs were corrected in position after one-time
cast change, and the remaining 4 limbs of two patients needed
to receive cast change for two times before correction. Neither
one suffered related nervous and vascular complications, nor
one suffered ischemic contracture after all the cases received cast
fixation, and it took 8 weeks for their osteotomy parts to reach
bony union averagely after operation. The average pronated
deformity was 75.31 ° (45~90) before operation, and the forearm
was corrected to 45 °of pronation averagely after operation. The
average 15 ° of pronation upon bony union was reached finally
after immobilization through cast change. The affected limb’s
functional evaluation before operation was averagely 5.75 scores
(4~8); 12 movements could be completed fully after operation,
i.e., functional evaluation reached 12 scores.

Please refer to Table 2 for details.

4 Discussion
4.1 Indications of operation

Cleary and Omer put forward the new type of proximal
radioulnar joint fusion (Cleary & Omer, 1985), however, such

Figure 9. Forearm of cast fixation in 50 ° of pronation after operation.
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Figure 10. Cast change was conducted 5 days later after operation, and the forearm was fixed in 20 °of pronation.

Figure 11. A film was taken in the follow-up visit two years later, and it’s discovered that the fracture site completely realized bony union, and

angulation deformity was also reshaped.

Table 2. Treatment results of 12 child patients.

Preoperative

Postoperative

, OR . Fixed Fixed After 1" After 2% g - .
Patient Arm Age Gender Side Pre.oPeratlve pronation pronation Cast change  Cast change up Time PosFoPeratlve
No. No. Activity score . . POSITION  POSITION Activity score
Year Deformity Deformity NS .\ Month
(Pronation)°  (Pronation)° (Pronation)® (Pronation)
1 1 6 M R 6 70 40 20 / 24 12
2 2 4 F R 5 90 50 20 / 36 12
3 3 6 M R 6 80 50 20 / 24 12
4 4 5 M R 6 80 50 20 / 24 12
4 5 5 M L 6 70 30 0 / 24 12
5 6 4 F R 5 90 50 20 / 24 12
6 7 5 F R 7 70 40 20 / 36 12
7 8 9 M R 4 90 60 40 20 36 12
7 9 9 M L 4 90 60 30 0 36 12
8 10 5 M R 5 80 50 20 / 24 12
9 11 5 F R 8 50 30 20 / 24 12
9 12 5 F L 8 45 20 0 / 24 12
10 13 7 M R 6 70 40 20 / 30 12
11 14 7 M R 6 60 40 20 / 24 12
12 15 9 M R 5 90 60 40 20 24 12
12 16 9 M L 5 80 50 20 0 24 12
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type was the same as the past ones, and it was not of great
clinical significance. The better operation method relative to
such type could not be selected according to the type. Also,
there were no significant differences after the same operation
between the two types (Miura et al., 1984). Therefore, we hold
that the type above couldn’t be taken as the reference basis of
indications of operation.

Therefore, the indications of operation should be determined
by the degree of deformity severity as well as the degree of
daily functional loss according to Farzan et al. (2002). Ogino
& Hikino (1987) reported that the patients suffering serious
functional loss had the average pronation of 60 °, while those
not suffering serious functional loss had the average pronation
of 20 °. Simmons put forward as early as in 1983 that, the
cases without serious deformities and functional limitations
could seek for conservative treatment rather than surgery, and
pronation of 60° was one of absolute indication of operation of
de-rotation osteotomy; however, pronation of 15 °~60 ° was a
relative indication, and that whether de-rotation operation was
needed depended on the individual’s daily living needs.

Therefore, the forearm pronation deformity angle and
function scoring should be considered among our patients. The
deformity will still be taken as surgical indication if the forearm
pronation deformity angle is smaller than 60 °, but the function
scoring is smaller than 8.

4.2 Operative age

Griffet et al. (1986) held that the optimal age of surgical
intervention was 4~10 years old. Farzan et al. (2002) suggested
that the surgery should be arranged to the patients when
they were 5~7 years old. It’s reported by literatures that, the
smaller the surgical intervention was, the fewer neurovascular
complications were.

The latter is considered as it’s discovered in our this group of
cases that, the older the children were, the slower their fracture
healing was, the poorer their tolerance of forearm rotation was;
and those needing three times of cast reshaping were all older in
this group. This was consistent with the findings of Dalton et al.
(2006), Hung (2008) and Shingade et al. (2014).

4.3 Fusion joint dissociation

There are many therapeutic methods for congenital proximal
radioulnar joint fusion, including observation, rotation osteotomy,
Ilizarov outrigger, and etc.

There are many operation methods attempting to make
the forearm recover the rotation function. Many scholars like
Miura et al.respectively reported the method to dissociate the
joint fusion place and fill it with muscle or artificial synthetic
materials, and other soft tissues; Hansen & Andersen (1970)
reported the excision of partial radius. However, the high
incidence of joint re-fusion hindered the popularization and
application of these methods. Therefore, they could become
the reliable surgical methods to treat the congenital proximal
radioulnar joint fusion.
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The fused joints were tried to be dissociated in the past,
but no good clinical result was obtained, and in the long-dated
follow-up visit, it’s discovered that the joint re-fusion appeared
inevitably. Therefore, no such operation had been performed
since 2010.

4.4 Rotation osteotomy

More and more scholars have selected to fix the forearm in
a more functional position through rotation osteotomy to serve
as a substituting surgical method of joint fusion separation.
The operation methods were also different, mainly reflected in
osteotomy in one stage or different stages, plane of osteotomy,
internal fixation, cast fixation, and etc.

The reason of two-stage operation was that vascular nerve
injury could be reduced. However, vascular nerve injury could
be minimized through minimally invasive single dual-plane
osteotomy combined with multi-sequence cast; therefore, there
was no need to perform two times of osteotomy.

There were roughly about three positions of de-rotation
osteotomy, respectively in the joint fusion position, on different
planes of radius and ulna metaphysis, or in the metaphysis of
distal radius.

There was a very high possibility of complications when level
of osteotomy was at the level of radioulnar joint according to
Simmons et al. (1983), Hankin et al. (1987), and Cleary & Omer
(1985). Osteotomy in the joint fusion part was likely to cause
serious vasoneurotic complications, osteofascial compartment
syndromes, forearm shrinkage or angulation, and even nerve
injuries.

However, its vasoneurotic complications reduced significantly
when the level of osteotomy was far away from the joint fusion.
This point was consistent with the literature reports El-Adl (2007)
and Shingade et al., (2014). Therefore, more and more scholars
have selected to realize de-rotation through osteotomy at different
levels of radius and ulna metaphysis, and it’s reported that this
operation method is simple and effective, with few complications.

One-stage osteotomy was adopted by us. The level of osteotomy
was respectively 1.0 cm to metaphysis of distal radius and joint
fusion of proximal ulna. Minimally invasive small incision was
adopted to guarantee the forearm appearance and also protect
the periosteum and vascular nerve tissues to the largest degree.

4.5 Internal fixation

Itis still controversial on whether internal fixation is needed.
El-Ad (2007) reported two-stage dual-plane rotational osteotomy,
and the end of osteotomy was not fixed with kirschner wire
during operation, but only fixation of POP cast was depended on.
However, de-rotation loss could be caused due to cast loosening
after operation. Murase et al.and other authors also reported and
discovered that the angle of correction would be lost through
single cast fixation, and it’s therefore recommended to fix the
end of osteotomy with kirschner wire.

Subsequent sequence cast orthotics rather than internal
fixation was adopted after operation. This was the biggest
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difference from other operation methods. This method was
safe, effect, and could avoid the loss of reshaping due to cast
loosening. This was sourced from our one case of failure.

4.6 Sequence cast fixation

The method was adopted to fix the fracture end with elastic
intramedullary nail in the early cases as elastic intramedullary
nail was more flexible than kirschner wire, and the angle of
forearm rotation could be adjusted as required after operation.
However, one case suffered serious neurovascular symptom
after operation, and he/she could be recovered even after the
removal of cast, and it was possibly because that this patient
had suffered a serious deformity, and his/her forearm pronation
before operation was 80 °, and during operation, it was corrected
to pronation of 20° and then elastic intramedullary nail was
used for fixation. After removal of cast, due to the existence of
elastic intramedullary nail, the angle of pronation couldn't be
reduced, so the symptoms couldn’t be improved. The operation
had to be performed in the operation room again to take out the
intramedullary nail, reduce the de-rotation angle, and fix the
forearm in the 50 ° of pronation. The neurovascular symptom was
significantly improved immediately. Cast change was conducted
5 days later after operation as this patient under intravenous
anesthesia and fixed his/her forearm in the 20 ° of pronation,
and also no fixation was adopted. After operation, this patient
didn’t have the neurovascular symptom.

Afterwards, this method was used for treating the patients.
The reason that we didn’t adopt internal fixation is as follows:

1. Due to no internal fixation, cast could be dismantled timely to
realize restoration and improve the vascular and nervous tension
when related vascular and nervous complications appeared in
case of excessive correction and rotation.

2. Three two or three sequence cast fixation, the angle needing
de-rotation could be realized in different times, so as to reduce
the traction to vascular and nervous tissues. The blood supply
situation of soft tissues was improved five days later after
osteotomy, only soft callus was formed, and it was a better
chance of cast reshaping. The patient with serious deformity
possibly needed the readjustment of cast to an ideal position of
fixation. The maximum effect of reshaping could be achieved
while nervus vascularis was protected in this way.

3. It’s also discovered among our cases that, with the soft tissue
swelling fading away, partial angle of correction was lost due
to cast loosening, however, the angle of correction could be
obtained again through the subsequent cast fixation again. As
soft tissue swelling already faded away, the cast would be more
clinging to the tissues, and no cast loosening would appear in
the subsequent cast fixation.

4. The patients could avoid from receiving the further surgery of
internal fixator removal. Although once more cast fixation could
need anesthesia again, yet this could be completed in one-
time period of hospitalization, and also only few intravenous
anesthetic was needed.

Food Sci. Technol, Campinas, 41(Suppl. 2): 603-610, December 2021

5. The periosteum was cut open longitudinally during process of
osteotomy, and the continuity of periosteum should be protected
with care. The periosteum was sutured with 4-0 absorbable
suture after completion of periosteum. This could guarantee
the stability of osteotomy end. Therefore, the bony union of
osteotomy end could be guaranteed only by depending on the
cast.

4.7 Position of fixation

According to Green & Mital (1979), as for a patient with
bilateral involvement, the forearm of dominant side should be
fixed in the 30~45 ° of pronation, while the non-dominant side
should be fixed in the 20~35 ° of supination; as for a patient
with unilateral involvement, the ideal position of fixation was
20~35 ° of supination. the non-dominant side should be fixed
in 0~20 ° of supination, and the dominant side should be fixed
in 0~20 ° of pronation according to Ogino & Hikino (1987),
fixation in 10 ° of supination was recommended according to
Ramachandran et al. (2005)., for shoulder joint and wrist joint
could compensate the movement of pronation in part.

As for the ultimate position of correction, it was determined
in 20 °of forearm pronation when elbow was bent by 90 ° at the
dominant side, and in the neutral position of forearm when elbow
was bent by 90 ° at the non-dominant side. The movement of
forearm pronation mostly could be obtained through compensation
of shoulder joint and elbow joint according to literature report
(Figure 1 and 2); however, the forearm supination movement
couldn’t be obtained through the compensation of two joints
above. Therefore, the forearm fixed in 20°0f forearm pronation
could satisfy the most movement of daily living.

5 Conclusion

This surgical operation is easy to operate, with good operation
result and big range of correction. It can also effectively avoid the
occurrence of angioneurotic complications after operation with
a high safety. Therefore, it is an ideal alternative method to treat
the congenital proximal radioulnar joint fusion in the present
stage when joint fusion dissociation operation is not matured.
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