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Bifocal osteosynthesis to treat radial
shortening deformity with dislocation of
the inferior radioulnar joint
Junjie Guan, Hongjiang Ruan, Jimin Yin, Yimin Chai and Qinglin Kang*

Abstract

Background: Several methods have been reported to correct deformity and shortening of the distal radius.
However, the results are not entirely satisfactory. The results of bifocal osteosynthesis were retrospectively analyzed
in this study.

Methods: Eight patients treated with bifocal osteosynthesis were evaluated retrospectively. Pre-operative and post-
operative clinical and radiographic examinations were performed. Subjective symptoms and objective joint function
were assessed. Radiographic data of the extent of radial lengthening and distal radial articular angle were collected.

Results: The mean follow-up period was 46 months (37–68 months). Satisfactory wrist appearance and radial
lengthening was achieved in all patients. All patients were satisfied with the wrist appearance and willing to
undergo the same treatment again. The range of motion (ROM) of the forearm and wrist was significantly
improved. Pin-track infections occurred in two patients, for which they received wound care and oral antibiotics.
Complications such as fixation device failure, tendon rupture, fracture of regenerated bone or nerve impairment did
not occur. The duration of lengthening depended on the shortening of the radius. Delayed union in the docking
site was observed in two patients and union was achieved after bone grafting.

Conclusions: Bifocal osteosynthesis using the Ilizarov method provides a useful method for correction of radial
shortening deformity with dislocation of the inferior radioulnar joint. Despite the fact that we did not validate pre-
and post-operation functional outcome scores, all patients were satisfied with the wrist appearance and function.
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Background
Radial length discrepancies due to exostosis, trauma
to the epiphyseal plate or congenital deficiencies will
result in functional and cosmetic problems [1, 2].
Radial length discrepancies not only result in limb
shortening but are also accompanied by wrist dys-
function and dislocation of the inferior radioulnar
joint [3, 4]. Treatment for radial lengthening deform-
ities is complicated. The aim of surgical treatments
is to restore function and relieve pain. Although
different methods have been reported to correct the
deformity, the results of those treatments are not

entirely satisfactory [5, 6]. Generally, the restoration
of radial length, volar and ulnar inclination and
congruity of the wrist joint are key in achieving a
successful outcome.
Ilizarov explained in detail the concept of “distraction-

induced osteogenesis”, demonstrating that the applica-
tion of slow, steady traction activates bone regeneration
[5]. The design of external fixation devices and advances
in our understanding of the biological response to dis-
traction has pushed forward the clinical application of
“distraction-induced osteogenesis” [7]. However, the best
way to apply the Ilizarov technique to solve the problem of
distal radial deformity and shortening is still controversial
[1]. Simple radial shaft lengthening only solves the problem
of radial shortening, but cannot restore volar tilt, ulnar in-
clination or the congruence of the wrist joint (Fig. 1) [8].
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The standard method involves osteotomy of the distal ra-
dius, which lengthens the bone and restores volar tilt and
ulnar inclination. However, the lengthening of the distal ra-
dius is often unsatisfactory (Fig. 2). Meanwhile, it is difficult
to maintain volar tilt and ulnar inclination through external
fixation during the process of distraction.
In this study, we describe our technique using bi-

focal osteosynthesis to treat distal radial deformity and
shortening (Fig. 3). Pre-operative and post-operative
clinical and radiologic parameters were collected. The
outcome was evaluated over a medium-term follow-up
period. The results showed that the adoption of bifocal

osteosynthesis was useful for the radial shortening
deformity.

Methods
Eight patients (5 males and 3 females) with distal radius
deformity and radial shortening who underwent bifocal
osteosynthesis were included in the current retrospective
analysis. Patient ages ranged from 25 to 38 years at the
time of lengthening (mean age = 30.75 years, standard
deviation = 4.77). All had suffered from distal radial
growth plate injury.

Surgical procedure
The same senior orthopedic surgeon (Qinglin Kang) per-
formed all surgeries. The patients were operated on in a
supine position under general anesthesia. The forearm
was placed on a radiolucent table. The bifocal osteo-
synthesis involved osteotomy of the distal radius and the
radial shaft. To restore congruity of the wrist, osteotomy
of the distal radius was performed under fluoroscopy.
When the desired volar tilt and ulnar inclination was
achieved, an iliac bone graft was inserted into the wedge
osteotomy site. Two cannulated screws were placed to
maintain the correction. For the distraction osteotomy
of the radius, two pins were inserted proximal to the
osteotomy site. The external fixator was applied to the
proximal pins. The distal pins were positioned using the
external fixator as a guide. The threads of the pins were
completely buried to prevent tendon injury or rupture.
The external fixator was removed and a tiny incision
was made in the radius shaft. A hand surgery oscillating
saw was used to create the corticotomy. The external fixa-
tor was re-inserted and fastened to the pins. A distraction

Fig. 1 Osteotomy and lengthening in the radial shaft

Fig. 2 Osteotomy, correction and lengthening in the distal radial
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test was performed to make sure that the osteotomy was
complete. Daily lengthening was started at a rate of 0.25
mm three times per day (at 07:00, 14:00, and 21:00), com-
mencing 7 days after operation. Swelling of the hand and
the quality of the distracted bone were monitored. After
sufficient radial length was obtained, distraction was ter-
minated. The fixator was left in place until consolidation,
as determined via X-ray. Active and passive exercises of
the fingers, wrist and elbow were encouraged throughout
the treatment period.

Results
Patients were followed up for an average of 46
months (range: 37 to 68). At the time of final
follow-up, all patients had achieved osseous union
and were satisfied with the functional and cosmetic
results (Fig. 4).
The average volar tilt was − 14 (range: − 20 to − 8,

standard deviation = 4.4) preoperatively and 16 (range:

10 to 20, standard deviation = 3.4) postoperatively. The
average ulnar inclination increased from − 5 (range: − 10
to 3, standard deviation = 4.0) preoperatively to 14
(range: 10 to 18, standard deviation = 3.4) postopera-
tively. The average lengthening achieved was 36mm
(range: 32 to 42 mm, standard deviation = 0.36). The
mean distraction period was 45 days (range: 32 to 54
days, standard deviation = 7.7). The average consolida-
tion period was 11 weeks (7 to 15 weeks, standard devi-
ation = 2.4). The mean period of fixator treatment was
7.6 weeks (6.3–9.2 weeks, standard deviation = 1.1). The
mean bone-healing index was 38 days/cm (range 34–46
days/cm, standard deviation = 0.47). Demographic and
treatment results of the patients are summarized in
Table 1. Two patients developed pin-site infections. All
infections were successfully treated with wound care and
oral antibiotics. Neither neurovascular injuries nor muscle
contracture problems were observed. Delayed union at the
docking site was observed in two patients after three

Fig. 3 a Osteotomy for distal radial correction. b Osteotomy for the radial lengthening. c The final lengthening and correction effect

Fig. 4 a, b A patient suffered radial shortening with distal ulnar-radial dislocation. c, d Postoperative X-ray. e, f X-ray and gross observation when
distraction was terminated. g, h The cosmetic and functional results
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months. Autogenous bone grafting was performed and
subsequent union was achieved in both patients. The
mean VAS score was 6 (range 4–8, standard devi-
ation = 1.2) preoperatively and 2 (range 1–4, standard
deviation = 1.0) postoperatively, which has a significant
statistical difference (P < 0.05).

Discussion
Radial shortening deformity with dislocation of the inferior
radioulnar joint leads to functional impairment and cos-
metic problems. To date, a number of surgical procedures
have been advocated to treat this impairment [9–11].
Mader et al. treated 10 forearm deformities by callus dis-
traction using a monoliteral external fixator after osteot-
omy. Target length was achieved in all cases. However, the
wrist joint anatomy is hard to corretct [9]. Two-stage dis-
traction lengthening of the forearm has been reported.
The complication rates are high, and the overall process is
arduous and prolonged [10]. Sammer et al. reported that
distal radius malunions was corrected using internal oste-
otomy and distraction device. Even though statistically sig-
nificant improvements were made, all patients had
substantial residual disability [11]. There is still no general
agreement on the most suitable treatment of the radial
shortening deformity [12]. One of the main difficulties is
restoring the radius length and congruity of the wrist joint.
The osteotomy site is a crucial part of bone lengthen-

ing. For radial lengthening, different osteotomy sites
have been used in the clinical setting. Distal radial oste-
otomies are the most frequently used procedure for
radial shortening deformity. However, the lengthening
that can be obtained using distal radial osteotomies is
limited. It is plausible that lengthening may be much
more easily achieved in the middle of the radius. Radial
shortening deformity not only causes a length discrep-
ancy, but also results in deformity of the distal radius
and incongruity of the wrist joint. To correct the distal
radial deformity and the incongruity of the wrist joint,
the volar tilt and ulnar inclination of the distal radius

must be realigned. We used bifocal osteosynthesis to
correct the deformity of the distal radius. The outcomes
in our patients proved satisfactory.
For forearm lengthening, special attention should be

paid to the high frequency of complications. Previous re-
ports in the literature have documented complication
rates of forearm lengthening as high as 75 to 100%. Pin
infections, skin irritation and nonunion are the main
distractor-related complications. The complication fre-
quency in our study was much lower. A better understand-
ing of the biology of distraction osteogenesis contributed
to improved healing and better function. Subperiosteal
osteotomy was used to preserve the periosteal sleeve. This
method can protect the blood supply as much as possible.
Distraction began 7 to 10 days after osteotomy. Previous
reports demonstrated that delayed distraction permits the
endosteal vessels to reconstitute. In addition, the nerves,
vessels, and muscle are well able to tolerate a slow distrac-
tion of 0.75mm/d [13].
The external fixator did not span the wrist joint.

Throughout the distraction period, patients were en-
couraged to exercise their wrist and fingers, which pre-
vented wrist and finger stiffness.
The limitations of our study are that it is a retrospect-

ive study and there was a selection bias. Another poten-
tial limitation is that there was no control group to
compare the different techniques used for radial short-
ening deformity. However, our study showed that the
functional and cosmetic outcomes were improved in all
patients. Future studies are required to assess the func-
tional outcomes such as grip strength and ROM of the
forearm and wrist.

Conclusion
In summary, for the treatment of radial shortening
deformity with dislocation of the inferior radioulnar joint,
biofocal osteosynthesis can achieve excellent functional
and cosmetic results.

Table 1 Details of the 8 patients

Angle of volar tilt/ulnar inclination(°)

Case Age-range (yrs) Pre-operative At latest follow-up Lengthening (cm) Healing index (days/cm)

1 20–30 −16/3 14/18 3.4 3.5

2 20–30 −18/−3 16/14 3.8 3.3

3 30–40 −14/− 8 10/12 3.3 3.4

4 30–40 −8/−3 20/14 3.5 3.8

5 20–30 −16/−10 14/10 4.0 4.6

6 20–30 −8/−6 20/12 3.4 4.4

7 30–40 − 12/− 5 18/20 3.2 3.6

8 20–30 20/−8 16/12 4.2 3.8
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Abbreviation
ROM: Range of motion

Acknowledgements
We are International Science Editing (http://www.internationalscienceediting.com)
for editing this manuscript.

Authors’ contributions
GJJ conceived and designed this study, performed the literature searches,
extracted the data, interpreted the data and drafted the manuscript. YJM,
RHJ, and CYM participated in performing the literature searches and drafting
the manuscript. KQL revised the manuscript and acted as guarantor for the
paper. The guarantors accept full responsibility for the conduct of the study,
had access to the data, and enrolled the decision to publish. All authors
have read and approved the final manuscript.

Funding
This study was sponsored by Shanghai Sailing Program (17YF1414500) and
National Natural Science Foundation of China (NSFC: 81702167, 81571121).
The three funds provided assistance in patient follow-up and data collection.
They also help in writing the manuscript, such as organization of the struc-
ture and modification of the text.

Availability of data and materials
The datasets used and analysed in the current study are available from the
corresponding author on reasonable request.

Ethics approval and consent to participate
All patients receive written information among their participation in the
study. They sign a written consent to participate in the study. The Ethics
Committee of Shanghai Jiao Tong University Affiliated Sixth People’s Hospital
approved current study. All clinical investigations were performed in
accordance with the guidelines of the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors have no relevant conflicts of interest to disclose in the
preparation and completion of the manuscript.

Received: 20 April 2019 Accepted: 5 September 2019

References
1. Song SH, Lee H, Youssef H, Oh SM, Park JH, Song HR. Modified Ilizarov

technique for the treatment of forearm deformities in multiple cartilaginous
exostoses: case series and literature review. J Hand Surg Eur Vol. 2013;38(3):
288–96.

2. Lubahn JD, Hood JM, Nechleba J, Williams DP, Green T. Gradual reduction
of distal radial malunion using distraction osteogenesis. J Hand Surg Am.
2007;32(6):795–800.

3. Ip D, Li YH, Chow W, Leong JC. Reconstruction of forearm deformities in
multiple cartilaginous exostoses. J Pediatr Orthop B. 2003;12(1):17–21.

4. Adams BD. Effects of radial deformity on distal radioulnar joint mechanics. J
Hand Surg Am. 1993;18(3):492–8.

5. Farr S, Mindler G, Ganger R, Girsch W. Bone lengthening in the pediatric
upper extremity. J Bone Joint Surg Am. 2016;98(17):1490–503.

6. Yanagisawa S, Takagi T, Murase T, Kobayashi Y, Watanabe M. Open wedge
osteotomy with ulnar shortening for Madelung deformity using a
computer-generated template. J Hand Surg (Asian-Pacific Volume). 2017;
22(04):538–43.

7. Çakmak M, Şen C, Eralp L, Balci HI, Civan M. Basic techniques for extremity
reconstruction: external fixator applications according to Ilizarov principles.
Springer international publishing Cham; 2018. p. 83–8.

8. Abe M, Shirai H, Okamoto M, Onomura T. Lengthening of the forearm by
callus distraction. J Hand Surg (Edinburgh, Scotland). 1996;21(2):151–63.

9. Mader K, Gausepohl T, Pennig D. Shortening and deformity of radius and
ulna in children: correction of axis and length by callus distraction. J Pediatr
Orthop B. 2003;12(3):183–91.

10. Taghinia AH, Al-Sheikh AA, Panossian AE, Upton J. Two-stage distraction
lengthening of the forearm. J Craniofac Surg. 2013;24(1):79–84.

11. Sammer DM, Kawamura K, Chung KC. Outcomes using an internal
osteotomy and distraction device for corrective osteotomy of distal radius
malunions requiring correction in multiple planes. J Hand Surg Am. 2006;
31(10):1567–77.

12. Matsuno T, Ishida O, Sunagawa T, Suzuki O, Ikuta Y, Ochi M. Radius
lengthening for the treatment of Bayne and Klug type II and type III radial
longitudinal deficiency. J Hand Surg Am. 2006;31(5):822–9.

13. Ruan H, Zhu Y, Liu S, Kang Q. Humeral lengthening and proximal deformity
correction with monorail external fixator in young adults. Int Orthop. 2018;
42(5):1107–11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Guan et al. BMC Musculoskeletal Disorders          (2019) 20:440 Page 5 of 5

http://www.internationalscienceediting.com

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Surgical procedure

	Results
	Discussion
	Conclusion
	Abbreviation
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

