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ABSTRACT

Background: In children and adolescents, both-bone forearm fractures
have been one of the most prevalent injuries.

Aim of the study: To assess the clinical and radiographic outcomes of
hybrid fixation (ulnar plating and elastic stable intramedullary nailing for
the radius the optimal method of stabilization is controversial.

Patients and Methods: This randomized controlled trial was carried out
at Bab Al-Sharia (Sayed Galal) university hospital. It included 20
adolescent patients who had both-bone forearm diaphyseal fractures. The
research lasted from May 2017 to May 2018.

Results: The average age of the cases studied was 12.87 years, with 15
males (75%) and 5 females (25%), respectively. Union has been
accomplished in all patients in the current study. The average radius was
6.2 weeks (6-8 weeks). While for ulna the mean was 8.2 weeks (6-14
weeks) delayed union occurred in 2 cases, complete union was reached at
14 weeks with no obvious cause for this delay. The mean postoperative
supination range was 83.75°, while mean pronation was 69.5°. Sixteen
patients (80.0%) showed excellent outcomes. 3 patients (15%) showed
good outcomes. Only one case (5%) showed fair outcome due to limited
forearm rotation range and deep wound infection.

Conclusion: In skeletally immature patients was aged from 10 to 16
years, hybrid fixation is an acceptable, safe, and efficient alternative
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method of treatment.

'Orthopedic  Surgery Department,
Faculty of Medicine, Al-Azhar
University, Cairo, Egypt.

Keywords: Bone forearm diaphyseal fracture; Hybrid fixation.

INTRODUCTION

Disclosure: The authors have no financial interest to declare in
relation to the content of this article. The Article Processing Charge
was paid for by the authors.

Authorship: All authors have a substantial contribution to the article.

Fractures of both bones in the forearm represent
3.4% of all pediatric fractures and 26% of all
pediatric upper limb fractures. 2

Even though non-operative treatment is still a viable
therapy alternative for children over the age of ten,
they are more prone to malunion owing to low bone
remodeling potential. As a result, this age group may
benefit from surgical intervention. ®

Hybrid fixation, which combines an elastic stable
intramedullary nail (ESIN) for fixing the radius with
traditional ulnar plate fixation to decrease nonunion
rates and provide forearm rotational control with
ulnar plate fixation, while lowering the requirement
for dissection of soft tissue for radius plating, is an
appealing option.

This work aimed to evaluate the clinical and
radiological outcomes of hybrid fixation (ulnar
plating and elastic stable intramedullary nailing for
the radius) in the therapy of adolescent both bone
forearm diaphyseal fractures.
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PATIENTS AND METHODS

Candidates were chosen in the study based to the
following criteria: Diaphyseal both bone forearm
fracture, age group: 10-16 years and non-
comminuted stable fracture. While patients with
neurovascular Injury, open fractures, below ten years
/ patient above 16 years, comminuted fractures and
pathological fractures were omitted from the study.

All candidates underwent routine anteroposterior
(AP) and lateral radiographs of their whole forearm,
from the wrist to elbow

Discussion of the technique and its potential
complications were done with the patient and their
parents clarifying pros and cons.

Surgical technique: All patients were given general
anesthesia and prophylactic intravenous antibiotic
(3rd generation cephalosporin). The tourniquet was
applied for most of patients. A sterile upper limb
drape was placed after the whole upper limb was
sterilized.

Preparation and Selection of the fixation

implants:
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Retrograde ESIN for Radius: Two entry points for
retrograde nailing of the radius were identified: The
proximal part of Lister's tubercle is the entry site for
the dorsal physeal sparing. The first dorsal extensor
compartment floor can be used as a lateral entry
point. Lateral entry was used in all patients.

The nail was accurately situated between the brachio-
radialis tendon's dorsal insertion and the radial
artery's ventral surface on the radius. During
dissection, the cephalic vein and the sensory
branches of the superficial radial nerve are less likely
to be damaged. To mitigate the likelihood of the awl
slipping anteriorly and injuring the radial artery, the
awl or drill bit was directed dorsally. Then
identification of SRN is done to avoid its injury. The
bone surface must be directly visualized to keep the
tendon from being injured during nail insertion.
Because the nail was inserted obliquely, more distal
space was required to prevent skin impingement.

Open reduction of the radius was indicated after
failure of two trials of closed reduction to avoid
compartment syndrome. This was done in two cases
only in which the fracture level was in the proximal
third. To facilitate later removal, only 3-5 mm
protruded from the bone. An impactor was used to
bend the nail ends if they were excessively
protruding.

ORIF for Ulna: The assistant fixes the elbow flexed
to bring ulna into near vertical position. Dorsal
incision was made along subcutaneous edge of the
ulna. The dissection was done in minimal and
atrumatic way to preserve soft tissue. After
visualization of the fracture edges, hematoma and
interposed soft tissue were cleaned out. Washing
saline was applied to clean the fracture site. Once
reduced, pointed reduction clamp was placed over
fracture site. 6-8-hole 3.5mm plate was applied on
the dorsal of the ulna but not on subcutaneous border
due to possible hardware irritation. Two holes with
bicortical screws proximal and distal were put in
compression mode then checked on image intensifier
AP/Lat for alignment and rotation, and then the
remaining ulna bicortical screw holes were
completed and filled.

Wound closure: Wounds were thoroughly irrigated,
and tourniquet deflated. Wounds were closed in 3
layers. Dressing was followed by soft band and

Patients’ assessment and follow up:

Each patient was immobilized post operatively in an
above elbow back slab in neutral rotation at the end
of the operation for 2 weeks. Neurovascular status
was re-checked and finger movements were
encouraged. Following fixation, the patient returned
for 2-4 months of follow-up visits every two weeks.
Assessment of the reduction quality used the final
intra-operative or initial post-operative radiographs.
Serial radiographic assessment was done after 2
weeks, 4 weeks, 6 weeks and 12 weeks after surgery
and evaluated for secondary fracture displacement,
and union. It is advised that the nail be removed once
the fracture has completely healed (usually 6 months
after trauma, but not before 16 weeks). Early metal
elimination, according to some researchers, increases
the risk of refractures significantly '°. We were not
faced with this issue because we removed the metal
later, usually after 6 months.

Follow up: . . Union has been assessed clinically
and radiologically. Complete union was considered
when pain and tenderness disappeared at the fracture
site and after the appearance of sufficient callus
bridging the fracture site at least 3 cortices of bone
on both AP and lateral views.

Functional assessment: Martus et al. developed an
outcome grading system that was used to assess the
overall functional outcome. '® Complications have
been evaluated employing a modified Clavien-Dindo
classification of surgery complications. ¥’

Statistical Methods: The SPSS (Statistical Package
for the Social Sciences) version 25 statistical package
has been used to code and enter the data. For
quantitative data, the mean, median, standard
deviation, minimum, and maximum have been used
to summarize the data, while categorical data was
summarized by utilizing relative frequency
(percentage) and frequency (count). Age, surgery
period, time from injury to surgery, postoperative
immobilization period, follow-up period, time to
bone union, and ROM were all continuous factors.
Gender, injury side, injury mechanism, fracture
union type, functional result, and rate of
complication have been categorical factors. The chi-
squared test or Fisher's exact test has been used to
analyze all categorical data.

above elbow splint for immobilization. RESULTS
Mean Min. Max.
Age 12.87 years 10 years 16 years

Table 1: Age distribution

Mode of trauma Fall on the ground Road traffic accident

Count 16 4
% 80 % 20 %

Table 2: Mode of injury.
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Dominance Right Left
Count 16 4
% 80% 20%
Hand affected
Count 14 6
% 70% 30%
Table 3: Hand dominance and hand affected.
Proximal Mid shaft Distal
Count 2 15 3
% 10% 75% 15%
Proximal Mid shaft Distal
Count 2 16 2
% 10% 80% 10%
Table 4: Radial fracture level and Ulnar fracture level.
Day 0 Day 1 Day 2 Day 3 Day 4
Count 12 4 2 1 1
% 60% 20% 10% 5% 5%
Table 5: Surgery timing.
Closed reduction Open reduction
Count 18 2
% 90 % 10 %
Table 6: Reduction of the radius
Mean Min. Max.
Operative time (min) 57.6 35 90
Table 7: Operative time.
Primary union Secondary union
Count 11 9
% 55% 45%
Table 8: Union Type of ulna.
Mean Min. Max.
Radius 6.2 weeks 6 weeks 8 weeks
Ulna 8.2 weeks 6 weeks 14 weeks
Table 9: Union of radius and ulna.
) Mean Min Max
Supination(degree) 83.75° 70° 85°
Pronation (degree) 69.5° 65° 70°
Table 10: Distribution of supination and pronation range.
Supination (degree) 85° 80° 70°
Count 17 2 1
% 85% 10% 5%

Table 11: Supination range.
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Pronation (degree) 70°

65°

Count 18
% 90%

10%

Table 12: Pronation range.

Functional outcome Excellent

Good Fair Poor

Count 16
% 80%

3 1 0
15% 5% 0%

Table 13: Functional outcome according to Outcome Grading System.

Wound complications

Deep infection
Count 1
% 5%

Superficial infection
3
15%

Table 14: Wound complications.

Fig 1: 10-year-old male, presented to the emergency
department after falling on outstretched hand with
mid-shaft transverse fracture of both bones Rt.
forearm at the same level. Hybrid fixation was done
1 day after trauma. Post-operative: above elbow slab
for 2 weeks. Two weeks following fixation slab was
removed and patient started elbow and foream range
of motion. 3 months follow up showed complete
union with full supination and pronation compared to
the contralateral side. A) AP and lateral radiographs
of a 10-year-old boy with a both-bone fracture of the
right forearm. B) Hybrid fixation was performed. AP
and lateral postoperative radiographs. C) Follow-up
radiographs after 4 weeks. D) Follow-up radiographs
after 3 months showing complete union of both
radius and ulna fractures. E and F) Full supination
and pronation three months post-operative.

DISCUSSION

Most both-bone forearm fractures in children aged 10
to 16 years can now be effectively treated with
excellent outcomes using closed methods. In some
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cases, however, closed reduction is insufficient, and
open reduction with internal fixation is required % %
Plate fixation provides perfect reduction but,
hypothetically, it may be associated with increasing
risk of nonunion due to soft tissue dissection and
periosteal stripping '°. Over plating, it has been
reported that ESIN has the advantages of tiny
incisions, shorter surgery times, and less dissection at
the site of the fracture. However, ESIN may require
open reduction or may be associated with less
success rate in children with age of 10 years or
0Ider.13' 21,22

To balance the advantages and disadvantages of both
methods of fixation (plating and nailing), we chose
hybrid fixation, which combines ESIN fixation of the
radius with plate and screw fixation of the ulna, for
the diaphyseal treatment of both bone forearm
fractures in older children.

In children ranging in age from 10-16 years, several
studies compared the outcomes of hybrid fixation,
dual ESIN fixation, open reduction, and dual plate
fixation in the treatment of dual-bone forearm
fractures, % 212225

Twenty patients with both-bone forearm shaft
fractures were included in our prospective study.
Their average age is 12.87 (range 10-16). In
approximately skeletally mature adolescents with
diaphyseal both-bone forearm fractures, all patients
underwent reduction and internal fixation using
hybrid fixation, which combined ORIF of the ulna
with elastic intramedullary fixation of the radius. The
aim of our research was to assess the surgical
efficacy and advantages of this method of fixation.
Titanium elastic nails were unique in that they were
extremely flexible and could be remodeled to fit the
radius curvature. It could be easily pre-bent and
contoured to create a fixation with two or more
points based on the fracture properties and location.
Fixation of the ulna with a plate and screws affords
more stability to the forearm, and the anti-rotation
performance has been improved even more. So,
patients will not require a long period of
immobilization and can start early ROM.




The average duration of follow-up has been 6.9
months (range 6-9 months) and patients were
assessed for union, functional outcome, ROM and
complications.

The results of the present study were high rate of
good and excellent functional outcome, 16 cases
(80.0%) showed excellent outcome. 3 cases (15%)
showed good outcome. only one case (5%) showed
fair outcome.

Regarding range of motion (ROM), the mean
supination range was 83.75°, mean pronation range
was 69.5°° with full elbow and wrist ROM.

Radial union has been attained in every patient, with
an average time of radial union of 6.2 weeks (min. 6
weeks, max. 8 weeks). In regard to ulna, the mean
time of union was 8.2 weeks (min. 6 weeks, max. 14
weeks).

Regarding complications, delayed union of ulna
occurred in 2 patients; both of these cases were 15
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year-old male patients .One of them developed deep
infection and needed debridement and plate removal
at 8 weeks after operative fixation and, all of the
delayed unions had fully healed by 3-4 months.

Wound infection occurred in 4 patients, 3 patients
(15%) with superficial infection. Empirical oral
antibiotics were given and infection subsided within
one week. Deep infection was noticed in 1 occasion
(5%). It occurred at the ulnar incision site and
necessitated debridement and early removal of
implant (major complication). (8 weeks after
fixation)

After comparison of our results with that of other
studies that used hybrid method of fixation, there are
no significant differences regarding age, sex, trauma
mode, and duration of surgery, we noticed that the
percentage of excellent and good outcome slightly
higher (95 % in our study compared to (89-93 %) in
other studies) and slightly less mean time to union
than that mentioned in other studies (As detailed in
tables 15, 16).

Studies Functional outcome The % of Excellent Time to
and good result union
outcome

Hybrid Feng etal 9 Excellent 18, 64% 93 % 9.15+-3.75
fixation Price et al Good 8,29 % weeks

criteria 144 Fair 2, 7%

Plate for Zhengetal 143  Excellent % 26, 57.8% 93.3% 9.3+-1.9
ulna Price et al Good% 16, 35.6% weeks

criteria 144 Fair % 3,6.7%

Nail for Caietal 101 Excellent % 11, 57.8% 89.4 % 11.8 weeks
radius Price et al Good% 6, 31.6%
criteria 144 Fair % 1,5.3%
Poor % 1,5.3%
Our study Excellent % 16, 80 % 95 % Radius =
Good % 3,15 % (6.2 weeks)
Martus et al Fair 1,5% Ulna =
criteria 135,124  Poor 0 (8.2 weeks)
Hybrid Zhuetal 113 Excellent 15,57.7% 92.3% 10.81+ -
fixation Price et al Good 9,34.6 % 1.47 weeks

criteria 144 Fair 2,7.7%

Plate for Unsatisfactory 0

radius Good 5,17.2%

Acceptable 6, 20.7%
Nail for ulna Unacceptable 1,34%
Table 15: Comparison with other studies’ results with hybrid fixation (1)
Feng et al Zheng et al Cai et al Zhu et al Our study

Age (years) 13.8 13.2 13.1 13.27 12.8
Sex :male 64 62 68 57.7 75
Female 36 37 32 42.3 25
Mode of injury
FOG 71 51.1 89.4 73.1 80
RTA 25 26.7 19.2 20
Others 4 22 10.6 7.7
Duration of surgery (min.) 57.5 56.0 51.1 46.9 57.6

Table 16: Comparison with other studies’ results with hybrid fixation (2).
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Our study D -ESIN D-PLATE
(hybrid)
Duration of Surgery 57.6 . 53.29 £ 10.84 in Feng 674 = 97 in
Minutes etal (9) Zheng 143
. 64.3 in Cai et al
101
. 540+ 7.0in Zheng et -« 56.6 in Zhu 113
al 143
Time to union Radius = (6.2 - 11.44 £ 410 in Feng 91 £ 22 in
Weeks weeks) etal9 Zheng 143
Una = (82 . 12.4 in Cai 101
weeks) . 10.3+2.3in Zhenget - 10.43 = 1.50 in
7.2 week al 143 Zhu 113
Functional outcome 95 % . 82 % in Fengetal 9 . 88.6 % in Zheng
143
Excellent +good . 84.6 % in Cai
outcome 101
. 89.6 % in Zheng et al 86.7 % in Zhu
143 113

Table 17: Comparison of our study with other studies’ results with different fixation.

CONCLUSION

In skeletally immature patients aged from 10 to 16
years, hybrid fixation is an acceptable, safe, and
efficient alternative method of treatment for both-
bone diaphyseal forearm fractures.
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