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Abstract

Purpose To observe the effect of the forearm rotation function reconstruction with an external fixator in treating

congenital radioulnar synostosis.

Methods From July 2017 to July 2023, 6 patients (9 sides) with congenital radioulnar synostosis who underwent
reconstruction of the forearm rotation with the external fixator were retrospectively analyzed. The extent of flexion
and rotation, the Modified An and Morrey functional rating index, and the grade according to the classification sys-
tem proposed by Failla et al. were compared before and after the operation.

Results All patients were followed up for an average of 12.00 (8.00, 38.50) months. The average range of rota-

tion, the Modified An and Morrey functional rating index increased from 0°, 64.56+ 1.33 points to 85.00°+25.86°,
83.71+5.50 points, respectively. The differences were statistically significant (t=9.86, P<0.01,t=11.20, P<0.01).
There was no significant difference in forearm flexion before and after the operation (Z=1.34, P=0.18). According

to the Failla classification system, 2 forearms were classified as poor preoperatively, 6 as fair and 1 as good. 2 forearms
were assessed as excellent, 6 as good and 1 as fair during the last follow-up.

Conclusion Reconstruction of the forearm rotation function with an external fixator is safe and effective for treating
congenital radioulnar synostosis. This technique can restore the partial rotational function of the forearm.

Keywords Congenital radioulnar synostosis, Reconstruction, Forearm rotation function, External fixator

Introduction

Congenital radioulnar synostosis (CRUS) is a rare con-
genital malformation with an incidence of approximately
0.2%o. It is characterized by a fixed pronation deform-
ity and limited supination function of the forearm [1].
People who suffer from the malformation usually have
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trouble holding objects using their palms, dining with
their hands holding bowls, and cleaning the perineum [2,
3].

Most studies suggest that surgery is indicated when the
pronation deformity of the forearm is more than 60° [4,
5]. Surgical treatment mainly includes various rotational
osteotomies and mobilization procedures [6]. Dero-
tational osteotomy is currently an accepted treatment
for synostosis, and it is easy to perform to some extent.
However, it cannot restore forearm rotation. Mobiliza-
tion can restore the partial rotational function of the
forearm and is theoretically an ideal surgical method.
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However, requiring microvascular techniques and easy-
to-get recurrent synostosis make it difficult to achieve
wide acceptance [7]. Due to the complexity of CRUS
deformities, the recovery of the rotational function is
not satisfactory and the radial head may dislocate again
after the operation [8, 9]. How to prevent the recurrence
of ankylosis and gain satisfactory supination and prona-
tion function without microsurgical technique is still
a challenge [10-12]. Given these issues, we improved
the mobilization procedure and devised reconstruction
of the forearm rotation function with the external fixa-
tor for the deformity, which can gain a good rotation arc
without microsurgical technique. Compared with previ-
ous mobilization procedures, our modified procedure is
technically easier, takes less time, and has a satisfactory
surgical result.

In this study, we report the results of this surgical
method in 6 patients (9 forearms) and examine its effec-
tiveness in the management of CRUS.

Materials and methods

This was a series of retrospective cases from a single
center. We treated 10 CRUS patients who underwent
reconstruction of the forearm rotation function at our
institute from July 2017 to July 2023. Except for 4 cases
whose radial osteotomy sites were stabilized with a lock-
ing plate and screw system, the other 6 patients (9 fore-
arms) all met the inclusion criteria and were included.
The inclusion criteria were the children who were diag-
nosed with CRUS and underwent reconstruction of the
forearm rotation function with an external fixator. The
exclusion criteria were as follows: 1. Presence of other
congenital malformations, 2. Previous history of surgery

Table 1 Patient characteristics.(n=9)
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or trauma to the ipsilateral forearm, 3. Postoperative fol-
low-up data were lost. There were 4 males and 1 female.
The average age was 2.6 (2.4,7.4) years, and the average
degree of forearm pronation before the operation was
65.00°+17.14°. (Table 1).

Surgical technique

A tourniquet was applied to the involved limb while
general anesthesia and brachial plexus block anesthesia
were administered. A curved incision was made on the
lateral aspect of the proximal forearm, approximately
5 cm long, with the ends of the incision in the plane of
the ulna and the apex of the curve on the radial side of
the forearm. The skin was incised and separated from
the subcutaneous fat layer to the level of both ends of the
incision. Next, the subcutaneous fat layer was incised,
and the deep fascia was separated from the subcutane-
ous fat layer to the level of both ends of the incision, cre-
ating a tongue-shaped fat flap with the tip on the ulnar
side. (Fig. 1) Blood exudation could be observed from the
inside of the fat flap after the tourniquet was loosened.
After the ulnar-radial fusion zone was exposed, a ron-
geur and grinding drill were used to resect the synostosis.
Then, the forearm was rotated, and the forearm was vis-
ible to restore rotational function. After the fusion area
was divided, the trauma area was covered with bone wax.
Next, transverse osteotomy in the upper middle third of
the ulna was conducted. Using the distal ulna as the axis
of rotation, the forearm was rotated to half of the maxi-
mal supination position for the first time, and the ulnar
deformity was rectified. For ulna fixation, a single Kirsch-
ner pin was inserted through the olecranon. A 0.5-1 cm
shortening osteotomy of the radius was performed above

Case Gender Age (years) Side Clearyand Forearm Pronation Modified An The grade Duration of the Follow-up
Omer types (degrees) and Morrey of the Failla external fixator (months)
functional classification (weeks)
rating index system
(mean+SD;
points)
Preop.P Postop.P/S* Preop Postop Preop Postop
1 M 10 L Il 90 25/10 64 73 Poor  Fair 13 8
R \Y 60 40/40 62 82 Fair Good 13
2 M 24 L Il 80 45/30 65 82 Poor  Good 1 8
R Il 60 45/40 66 85 Fair Good 11
3 F 48 L % 70 50/40 63 83 Fair Good 12 29
4 M 24 L Il 75 40/30 65 81 Fair Good 12 41
R Il 45 60/40 66 88 Fair Excellent 12
5 M 4 L Il 70 75/25 65 86 Fair Good 1 36
6 M 26 R 11l 35 70/60 65 93 Good  Excellent 12 12

* P=Pronation, S=Supination
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The arc incision
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the proximal and pronator teres muscles. Extreme supi-
nation rotation of the forearm was achieved at this time
and the forearm was preserved in this position. The radial
head was then reset, restoring the proximal radial line of
force and the humero-radial alignment as much as pos-
sible. Two Schanz screws were inserted into both ends
of the osteotomy site of the ulna and radius and then
attached to the carbon fiber rods. The forearm was tem-
porarily fixed with the external fixator in the maximum
supination position. Under the C arm’s observation, the
humerus-radius alignment was checked by flexing and
extending the elbow joint when the forearm was in pro-
nation, neutral, and supination separately. If there was an
obvious dislocation of the radial head in the process, the
radial head reset was carried out again until the humerus-
radius alignment of the forearm was satisfactory in each
direction of the activity, and finally, the external fixator
was tightened (Fig. 2). The intercepted bone block was
implanted in the radial osteotomy area. After wound
irrigation and hemostasis, the tipped tongue-shaped fat
flap was pulled to the palmar side through the ulna and
radius, completely covering the region of ulnar trauma.
Nonabsorbable sutures were used to suture the distal end
of the fat flap to the palmar periosteum of the ulna and
the surrounding soft tissues. The skin was sutured, drain-
age strips were placed, and sterile dressings were applied.

Postoperative care

The affected limb was elevated, and forearm swelling and
the peripheral circulation of the fingers of the involved
limb were monitored. Drainage strips were removed
on the first day after surgery, and X-rays were reviewed
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The tongue-shaped fat flap
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Fig. 1 A Location of arc incision. B The skin was incised and separated from the subcutaneous fat layer, creating a tongue-shaped fat flap

with a 5-cm tip on the ulnar side. C and D The inside and outside conditions of the pedicled fat flap with the tourniquet. E Blood exudation
was visible on the pedicled fat flap after the tourniquet was released. The thickness of the skin flap is about 3-5 mm

one week after surgery to determine whether the align-
ment of the brachioradialis was fine (Fig. 3). One week
after surgery, the external fixator was released during
the day, and activities involving mild passive mobility
and active motion were initiated right away. We just took
out the rod during the procedure, which joined the ulna
and radius collectively and kept the forearm in its most
supinated posture. The ulna and radius osteotomy sites
remained steadily fixed. The forearm was at the maximal
supination position when the external fixator was tight-
ened at night (Fig. 4). The external fixator and Kirschner’s
pin were removed after X-ray confirmation of bone heal-
ing at the osteotomy site approximately 3 months after
surgery.

Evaluation of efficacy

Before surgery, the degree of pronation was measured.
The angle between the longitudinal axis of the humerus
and the line connecting the radial and ulnar styloid pro-
cesses was measured with a goniometer with the patient’s
elbow held fixed to the side of the chest and the forearm
at 90 degrees of flexion [5]. Postoperatively, the same
method was used to measure the maximum pronation
and supination degree, and the forearm rotational range
of motion was calculated. Three examiners in our team
were involved in the assessment of the patients before
and after surgery. Before evaluating the patients, ROM
measurements were standardized among all the examin-
ers. The Modified An and Morrey functional rating index
[13] were used to score the preoperative and postopera-
tive elbow range of motion, muscle strength, joint sta-
bility, and pain. Preoperative and postoperative forearm
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Fig. 2 Surgical schematic diagram simulated with Mimics Medical 21.0 software (Materialize, Belgium) A Bone surface model of CRUS

before surgery. B Resect the synostosis. C Correct the ulnar deformity and rotate the forearm to half of the maximal supination position for the first
time, a single Kirschner pin was inserted through the olecranon for ulna fixation. D A 1-cm shortening osteotomy of the radius. E Reset the radial
head as much as possible and rotate the forearm to the maximal supination position at the second time. F and G Fixation by the external fixator

Fig. 3 X-rays showing good brachioradialis alignment 1 week after surgery

functions were assessed using the classification system
proposed by Failla et al. [14, 15].

Statistical analysis

SPSS Statistics 26.0 was used for the data analysis. Sha-
piro—Wilk test was applied to assess the normality of
measurement data. Normally distributed data were
expressed as x¥ £s, and comparisons before and after
surgery were analyzed using paired t-tests; nonnormally
distributed data were expressed as M(P,s, P5), and com-
parisons before and after treatment were analyzed using
Wilcoxon signed-rank tests. Differences between pre-
and postoperative Failla classification grades were also

examined with the Wilcoxon signed-rank test. P <0.05
was regarded as statistically significant.

Results

No radial nerve palsy occurred in any of the patients.
One patient (one forearm) suffered a nail tract infec-
tion and recovered after appropriate therapy. Bone
union was achieved, the humerus-radius relationship
was well aligned, there was no recurrent synostosis, and
the forearms could perform active motion of prona-
tion and supination. The external fixator and Kirschner
pin were removed (11.89+0.78) weeks after surgery. Six
patients were followed up for a mean of 12.0(8.00,41.00)
months. The mean preoperative pronation angle was
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the external fixator fastened
Fig. 4 When the rod (the red arrow) is removed, the forearm can rotate

65.00°+17.14°. At the last follow-up, the mean maximal
pronation arc, maximal supination arc, and arc of the
forearm rotation were 50.00°+18.51°, 35.00° +13.69°, and
85.00° +25.86°, respectively. The mean forearm rotational
mobility, and the Modified An and Morrey functional
rating index before and after surgery increased from 0°,
(64.56 +1.33) to 85.00° + 25.86°, (83.71 + 5.50) respectively,
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the external fixator loosened

and the differences were statistically significant (t=9.86,
P<0.01, t=11.20, P<0.01). (Table 1 and Fig. 5) The differ-
ence in the change in elbow flexion mobility before and
after surgery was not statistically significant (Z=1.34,
P =0.18). According to the Failla classification system, 2
forearms were classified as poor preoperatively, 6 as fair
and 1 as good. Two forearms were assessed as excellent,6

Fig.5 A 4-year-old boy who had proximal radioulnar synostosis in his left forearm. (Cleary-Omer lll types). A and B Preoperative anteroposterior
and lateral X-ray image showing left proximal radioulnar synostosis. C and D His left forearm was fixed at a pronation angle of roughly 70°. Eand F
3 years after the operation, X-rays showing no recurrent ankylosis. G and H 3 years after the operation, the active pronation of the left forearm
achieved 75 degrees and the active supination achieved 25 degrees
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as good and 1 as fair during the last follow-up. (Tables 2,
3).

Discussion

Congenital radioulnar synostosis is a relatively rare con-
genital deformity. There is no standard indication for
CRUS surgery [14, 16]. Simmons et al. [4] concluded
that pronation of more than 60° was a clear indication
for surgery. Sakamoto et al. [12] reported that the indica-
tion for surgery should be based on the patient’s ability
to perform daily activities, and surgery was not required
if the patient could perform daily activities with the aid
of shoulder or wrist. Jia et al. [17] reported that surgery
should be performed after the proximal radial epiphy-
sis is closed (approximately 7 years of age), which could
prevent damage to the epiphyseal plate and avoid adverse
effects on bone union. We found that the older the
patients were, the more severe the bony malformations
and soft tissue abnormalities of the forearm were, which
might have limited the postoperative mobility of the rota-
tion. After the age of 2, the children could play and inter-
act with others and perform different activities, which
was favorable for postoperative rehabilitation training.
Therefore, we suggest that surgery should be performed
after the age of 2 years.

Currently, mobility techniques and various rotational
osteotomies are the primary therapeutic options for
CRUS. Rotational osteotomies are the most commonly
used treatment modality for CRUS, with the advantage
of relative simplicity of operation and the disadvantage
of placing the forearm in a functional position without
allowing for active rotation of the forearm. Although
mobilization procedures are thought to be the ideal sur-
gical procedure because they rebuild the brachioradial
and upper radioulnar joints and partially restore forearm

Table 2 Comparison of surgical outcomes before and after surgery
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rotation function, they have not gained widespread
acceptance due to their complexity, the need for micro-
surgical techniques, and the high incidence of recurrent
synostosis [10].

Early findings in the literature documented the use of
soft tissue such as fat or muscle to fill the separated zone,
with postoperative recurrence of bony bridging and the
forearm not gaining rotational motion [18]. Until Kanaya
adjusted the approach using free vascularized fascia-fat
graf to fill in the space between the divided radius and
ulna and then reset the radial head by osteotomy at the
proximal radius, the outcomes were satisfactory [19].
However, it has been reported in the literature that in
addition to the proximal radioulnar synostosis, patients
with CRUS also suffer from ulnar and radial deformities,
soft tissue abnormalities and a high rate of redislocation
of the radial head, so the results of fusion zone separation
and reconstruction are still not perfect and the restora-
tion of forearm rotational function is still a challenge for
orthopedic surgeons [9, 20, 21].

Based on comprehensive domestic and international
experience, the present study improved fusion zone sepa-
ration and reconstruction in many aspects and described
the reconstruction of the forearm rotation function with
an external fixator, which significantly improved the fore-
arm rotational function. First, this technique uses sub-
cutaneous free-fat flaps with tips to fill the fusion area
without microsurgical techniques. With a good blood
supply itself and adequate volume to cover the separated
synostosis, the fat flap has a good survival result and pre-
vents recurrence successfully. Second, osteotomy at both
the ulna and radius is significant. Importantly, osteotomy
of the upper 1/3 of the ulna not only corrects the ulnar
deformity but also leads to a more complete improve-
ment in forearm rotation. The radial osteotomy is located

n Forearm rotation arc Modified An and Morrey functional The range of motion of the
(mean+SD; degrees) rating index (mean £ SD; points) elbow flexion (P50(P25,P75);
degrees)
Preoperative 9 0 64.56+1.33 130.00 (127.50,132.50)
Postoperative 85.00+25.86 83.71+£5.50 130.00 (130.00,135.00)
t/Z value 9.86 11.20 134
P value <0.01 <0.01 0.18
Table 3 The forearm function according to the Failla classification system
Excellent Good Fair Poor Z value P value
Preoperative 0 1 6 2 -3.15 0.002
Postoperative 2 6 1 0
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above the pronator teres and pronator teres, providing an
anatomical basis for postoperative forearm rotation. The
radial shortening osteotomy lengthens the blood vessels,
nerves, and muscles to some degree to avoid excessive
tension. Third, the advantages of using an external fixator
to fix the end of the osteotomy are outstanding. During
the procedure, more than one adjustment to the radial
head can be made if needed, as the external fixator serves
as a temporary fixator. Throughout the procedure, the
radial line of force in different positions of the forearm
can be evaluated. If the radial head dislocates, the exter-
nal fixator can be released, and the radial head can be
realigned again. A good reduction in the radial head may
contribute to a more desirable forearm rotation function
[12]. In addition, the color of the skin and the swelling of
the forearm can be visually observed. Compartment syn-
drome is one of the most common complications in the
treatment of CRUS [10, 22], because the forearm has no
cover with an external fixator, it can be quickly identified
and treated if compartment syndrome occurs. This tech-
nique is less invasive. Compared with internal fixation,
the external fixator can avoid extensive exposure, reduce
the chance of vascular nerve injury, and does not require
the original incision to remove the implants in the sec-
ondary surgery. This technique also has less impact on
elbow flexion and extension function. In a report by
Murase et al. [23], all four of their children developed
impaired elbow extension after fixation with a plaster
cast, whereas the use of an external fixator with unre-
stricted elbow motion prevented the occurrence of joint
stiffness. However, the external fixator has the possibility
of causing nail tract infections [7], which occurred in one
patient in this study Pin site infections are a major side
effect of external fixation; literature reports occurrences
ranging from 3 to 80%. The development of infection is
related to the purpose of application, surgical method,
rate of pin site loosening, pin material, and pin-site care
[24]. Two weeks following surgery, one patient in our
study experienced pain, little discharge, and skin redness.
We gave the patient instructions to take oral antibiot-
ics and cleaned the pin site twice a day using hydrogen
peroxide and saline. Following the 5-day matching treat-
ment, the patient made a full recovery. It is advised to
maintain the pin site dry and clean using antiseptic mate-
rials such saline, iodide solution, ointment, cream, and
sterile gauzes to prevent [25].

Our article’s primary weaknesses are its short fol-
low-up period and the comparatively modest patient
enrollment. Even though it is challenging to do because
of the disease’s rarity and the research’ usually single-
center design, long-term follow-up is essential. With an
average follow-up of ten years, Kanaya et al. observed
a decrease in supination angle; nevertheless, the cause
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is uncertain [22]. Therefore, longer-term follow-up
research and a larger sample of clinical studies are
required to evaluate the effectiveness of our technique.
In our cases, a shortening osteotomy was performed at
the proximal part of the radius. While some scholars
reported the shortening osteotomy of the middle shaft
with posterior radial head dislocation has improved the
rotation arc significantly [12]. Therefore, it will be very
meaningful to design and simulate the surgical osteot-
omy process with 3D software to determine the optimal
osteotomy position in the future.

Conclusion

Reconstruction of the forearm rotation function with
an external fixator has the advantages of easy opera-
tion, effective results, and fewer complications, and it
can restore partial rotational function of the forearm.
This technique might be a valuable addition to resolv-
ing deformities on CRUS as orthopedic technology
continues to develop. Its effect needs to be confirmed in
a larger patient population and a longer time follow-up.
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