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a b s t r a c t

Purpose: In the surgical treatment of paediatric forearm fractures, plate-screw and titanium elastic nails
are used. During the transformation of ligamento-osseous structures from adolescence form into adult
form, more stable fixation is required. The aim of this study was to evaluate the results of locked
intramedullary nail fixation in adolescent forearm fractures.
Methods: A retrospective examination was made on 36 adolescent patients who underwent surgery with
locked intramedullary nail fixation due to a forearm fracture. The included patients were in the
adolescent age group (12e17 years), did not meet conservative follow-up criteria and had unstable
fractures (>10� angulation and <50% cortex continuity after plaster casting). Patients were excluded from
the study if they were aged >18 years or <12 years, had Gustilo-Anderson type 2/3 open fractures, multi-
trauma, history of physeal injuries or could not be contacted during follow-up. Patients’ age, gender, body
mass index, affected side, and the pronation and supination values during follow-up were noted.
Functional evaluation of the patients was performed with disabilities of the arm, shoulder and hand
score and the surgical outcomes were evaluated according to the Price criteria. The time to union,
infection during follow-up, re-fracture and vascular nerve damage were also examined. Data were
analyzed using SPSS 22 Windows package program software.
Results: The patients comprised 30 males and 6 females (ratio, 5:1) with a mean age of (14.7 ± 2.1) years
(range, 12e18 years). According to the Price criteria, the results of 33 patients were excellent, 3 were
good and there were no moderate or poor cases. The mean disabilities of the arm, shoulder and hand
score was 11.2 ± 6.1 (range, 4e28). The mean time to union was (8.7 ± 2.2) weeks (range, 6e14 weeks),
while patients aged >15 years had prolonged time to union ([11.1 ± 1.8] weeks). There were no non-
unions, re-fractures or infections. No complications were observed during implant removal. None of
the patients had sensorial radial nerve injury or tendon damage.
Conclusion: The locked intramedullary nailing technique, which is minimally invasive and provides
biological fixation, was found to be successful and safe in the treatment of adolescent forearm fractures.
© 2021 Chinese Medical Association. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Forearm fractures are often seen in children and constitute 6% of
all children fractures.1 Diaphyseal forearm fractures can usually be
treated with closed reduction and plaster casting. A total of 85% of
cases aged <10 years are treated with closed reduction and plaster
casting; however, fracture reduction becomes more difficult as the
patient's age increases.2,3 Indications for surgical treatment of
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paediatric forearm fractures include not being able to obtain
acceptable alignment with closed manipulation, accompanying
neurovascular injury, polytrauma cases, open fractures and unsta-
ble fractures (e.g. proximal fractures).4,5 Advanced age and some
fracture configurations (such as proximal 1/3 fractures, Monteggia
fractures) are risk factors of unstable fractures.6

As the patients get older, ligamento-osseous structures trans-
form into adult form which makes the fracture manipulation more
difficult to achieve and reduce the fracture remodelling capability.
Therefore, the success of conservative treatment is reduced in older
children and surgical treatment options come to the fore. Inap-
propriate treatment of forearm fractures could lead to malunions
r B.V. This is an open access article under the CC BY-NC-ND license (http://

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:ugur_yaradilmis@outlook.com
www.sciencedirect.com/science/journal/10081275
http://www.elsevier.com/locate/CJTEE
https://doi.org/10.1016/j.cjtee.2021.05.006
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.cjtee.2021.05.006
https://doi.org/10.1016/j.cjtee.2021.05.006


Fig. 1. (A) Distal static locking screw and three-point fixation principle on intra-
medullary radial nail; (B) Intramedullary ulna nail design: yellow screws proper for
adolescent patients.
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and restrict movement at forearm.7 Although there is debate in
literature about the age range, it has been reported that patients
aged >14 years can be treated as adults. Although there is no gold
standard treatment method for patients aged 10e14 years, plate-
screw osteosynthesis with titanium elastic screws can be used.8

While plate application is often used in adult, the more mini-
mally invasive and biological fixation method of locking intra-
medullary nailing is used successfully in forearm fractures owing to
recently developed nailing techniques. €Ozkaya et al.9 compared
plate-screw and locking plate applications and reported that
similar functional results were obtained. To the best of our
knowledge, there have been no reports in literature of the results of
locked intramedullary nailing in adolescent patients.

Locking nailing techniques for forearm fractures is developing
and these developments yielded successful results and low
complication rates in literature. The aim of the current study was to
evaluate the results of adolescent forearm fractures surgically
treated with locked intramedullary nailing providing stable
fixation.

Methods

A retrospective examination was performed on 36 adolescent
patients who underwent surgery with intramedullary nail fixation
because of forearm fracture between January 2014 and December
2018. The included patients were in the adolescent age group
(12e17 years), did not meet conservative follow-up criteria and had
unstable fractures (>10� angulation and <50% cortex continuity
after plaster casting). Patients were excluded from the study if they
were aged>18 years or <12 years, had Gustilo-Anderson type 2 or 3
open fractures, multi-trauma, history of physeal injuries or could
not be contacted during follow-up. Patients' age, gender, body mass
index and affected side were obtained from hospital registry notes.
Functional evaluation of the patients during follow-up was made
according to the disabilities of the arm，shoulder and hand (DASH)
score and the Price criteria.10,11 The pronation and supination de-
grees, malalignment, time to union, infection or re-fracture rate
were noted. Malalignment was evaluated according to the radial
curve index and location. The radial curve point and the radial
curve index were calculated by determining the bicipital tubercle,
themost medial point of the distal radioulnar joint, and the deepest
points on the medial side of the radius shaft, on anterior-posterior
radiographs at the final follow-up visit. A radial curve index
value > 10 was accepted as pathological.12,13 Patients’ fractures
were considered clinically united when there was no pain at the
fracture line. And radiological union was considered when callus
formation was observed in at least 3 cortices on anterior-posterior
and lateral radiographs.14 No union till in the 4th month was
defined as delayed union and the absence of callus tissue in the 6th
month as non-union.

Design of the radius-ulna nails

All the radius and ulna nails used were made from titanium
alloys (TST Rakor Tıbbi Aletler San. ve Tic. Ltd. Sti., Istanbul, Turkey).
The radius nail is solid and round, with a parabolic shape which
angulates 10� toward the anterior in the 3 cm proximal part. There
is a distal static locking screw providing stability based on the
three-point fixation principle. The distal static locking screw pro-
vides locking at a 17� proximal and volar angle (Fig. 1A). This angle
prevents orientation of the locking screw toward the distal joint
surface of the radius. The same radius intramedullary nails can be
used for both right and left forearms. The nails are available in di-
ameters of 3 mm, 3.5 mm and 4 mm and length 18 cm, 19 cm, 20
cm, 21 cm, 22 cm, 23 cm and 25 cm. They are used non-reamed.
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The proximal 4 cm part of the newly designed locked intra-
medullary ulna nail is tubular and the distal section is solid. There
are different screw position options for both distal and proximal:
yellow screws are proper for adolescent patients, blue screw
damage proximal ulna physis and should not be used in adolescent
patients (Fig. 1B). The proximal diameter of all nails is 6 mm, and
the distal section is available in diameters of 3.5 mm, 4 mm, 4.5
mm, 5mm and 6mm. There are 22 different options for nail length.
The same nail may be used for right- and left-side ulna fractures.
The titanium elastic structure allows bending with torsional forces
and the distal and proximal locking provides rigid axial and rota-
tional fixation. If needed, compression can be applied. The intra-
medullary ulna nail has a proximal and distal locking system.

Surgical technique

The surgical procedure is performed in supine position and
under tourniquet. Under fluoroscopy guidance, a 2 cm incision was
made from the distal radius 1 cm proximal of the physis (Fig. 2A and
B). Radial sensory branch and extensor tendons were protected.
Entry point was determined 2 cm proximal to the radial styloid and
1 cm proximal to the physis, checked carefully with fluoroscopy.
Initially, closed reduction was attempted and when 3 attempts
were unsuccessful, the procedure was continued with open
reduction, which was performedwith a 2 cmmini-incision over the
fracture line. The special design of the radius nail implant does not
require a proximal fixation. Distal fixation of radius was made
based on the 3-point principle and especially after obtaining radial
curve. The entry of ulna was performed through the apophysis
(Fig. 2C and D). If closed reduction failed 3 times, open reduction
was performed with a 2 cm mini-incision over the fracture line.
Following fracture reduction, intramedullary ulna nail with
appropriate length and size was applied. The screws for the ulna
were checked by fluoroscopy to confirm the preservation of physis.
In late adolescent patients, fixation was performed with both distal
and proximal screws. However, distal and proximal screw fixation
are not necessary in early adolescent patients. Otherwise, all



Fig. 2. Surgery technique, incision and entry point for radius and ulna.
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adolescent patients did not need compression for ulna. Forearm
screwswere used in all patients; 3e4mm screws for the radius and
3.5e4.5 mm screws for the ulna. The nail thicknesses used were the
same in 50% of the patients, as 3mm, 3.5mm and 4 mm diameter.
No problems were experienced in any patient in respect of intra-
medullary diameter and length.
Follow-up

All the patients were discharged with a short-arm splint on
postoperative day 1. Elbow jointmovements and fingermovements
were started immediately after surgery. Patients were followed
with 2-week intervals with anteroposterior and lateral forearm
radiographs until achieved radiological union. At the postoperative
2-week visit, the splint and sutures were removed and wrist
movements were started. The patients returned to social and
school life in the 2nd week, and sports were resumed when the
bone union criteria were met. At the 1-year follow-up, the nails
were removed. Preoperative images of a 13-year-old male patient,
at 3 months after union and after removal of the implants, are
shown in Fig. 3.
Statistical analysis

Data obtained in the study were analyzed using SPSS 22 Win-
dows Package Program software. Values were stated as 95% confi-
dence interval (CI). Data were recorded as percentage, arithmetic
mean and standard deviation (SD). Compliance of the variables
included in the analysis with normal distribution was analyzed
with the KolmogoroveSmirnov test. Spearman's correlation anal-
ysis was used for correlation between parameters. Correlation be-
tween pronation, supination and grip strength of the treated and
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healthy forearms was evaluated with the ManneWhitney U test. A
value of p < 0.05 was considered statistically significant.
Results

The patients comprised 30 males and 6 females (ratio: 5:1) with
a mean age of (14.7 ± 2.1) years (range, 12e17 years). The fracture
was on the right side in 30 patients, on the left in 6 (R/L:5/1), and on
the dominant side in 32 (88.9%) patients. Among the patients, 32
had primer fracture (non-acceptable alignment), 2 had refracture, 2
had reduction loss; and the first application time to hospital was
longer than 14 days in 6 patients. Gustilo-Anderson type 1 open
fracturewas determined in 2 (5.6%) patients. The demographic data
are shown in Table 1.

Fractures were located proximal in 16.6%, mid-shaft in 66.7%
and distal in 16.6% of the patients. The fractures were transverse in
77.8% of patients and non-transverse in 22.2%. Open reductionwith
a mini incision was applied in 3 (8.3%) patients. The mean radial
curve point was located at 71.2% ± 6.4% of radius length. The mean
radial curve index was 6.8% ± 1.4%. According to the Price criteria,
the results were excellent in 33 patients, and good in 3 patients. The
mean supination range of motion was 82.35� (range, 75�-90�), and
pronation range of motion was 85.18� (range: 82�-90�) (Table 2).
The mean duration of surgery was (48 ± 13) min (range, 40e60
min), and mean fluoroscopy time was (40 ± 18) seconds (range,
30e70 seconds). The mean DASH score was 11.2 ± 3.8 (range,
4e28). No complications were observed during implant removal.

The overall mean time to union was (8.7 ± 2.2) weeks (range,
6e14 weeks), (11.1 ± 1.8) weeks for patients aged >15 years, and
(11.3 ± 1.8) weeks for patients who had initially treated by a
bonesetter. No non-union, refracture, physeal arrest, infection,
complication during implant removal, sensory radial nerve damage
or tendon rupture were observed (Table 3).



Fig. 3. (A) Images of a 13-year-old female patient preoperatively; (B & C) Postoperatively radiographs on day 1; (D & E) In cast and union of the case on 3-month; (F & G) After
removal of the implants on 12-month.

Table 1
Demographic data of the patients.

Variables n (%)

Age (mean ± SD) 14.7 ± 2.1
Early adolescent (<14 years) 20 (55.6)
Late adolescent (>14 years) 16 (44.4)
Gender
Male 30 (83.3)
Female 6 (16.7)

Side
Right 30 (83.3)
Left 6 (16.7)

Follow-up (year) (mean ± SD) 1.8 ± 0.6
Gustilo-Anderson type 1 open fracture 2 (5.6)
Dominant side
Dominant 32 (88.9)
Non-dominant 4 (11.1)

Etiology
Primer fracture (non-acceptable alignment) 26 (72.2)
Re-fracture 2 (5.6)
Reduction fail 2 (5.6)
First application time to hospital was longer than 14 days 6 (16.7)

SD: standard deviation.

Table 2
Comparation of pronation and supination values of patients in the healthy and
treated forearms, degree.

Variables Treated forearm Healthy forearm p value

Min Max Mean SD Min Max Mean SD

Pronation 84 90 85.1 6.6 90 95 91.1 2.1 0.182
Supination 75 90 82.3 7.8 85 90 88.2 2.2 0.246

SD: standard deviation.
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Discussion

Adolescence is the time of transition from childhood to adult-
hood involving biological, psychological, and social changes of an
individual. The World Health Organization defines the adolescence
as the period from 10 to 19 years of age, with 10e14 years accepted
as early adolescence and 15e19 years as late adolescence.15 Dif-
ferences in fracture mechanism in the adolescent period make
conservative treatmentsmore difficult due to reduced capability for
remodelling and difficulty in fracture manipulation. Therefore, the
criteria for acceptable reduction of paediatric forearm fractures
change inpatient aged over 10 years, and after plaster casting,
angulation of >10� is surgically evaluated as <50% cortex
continuity.

Titanium elastic nail and plate-screw osteosynthesis are among
the surgical treatment options for these fractures.16,17 There are
some disadvantages of the existing surgical options, especially for
the late adolescent age group, such as the inadequacy of the
intramedullary titanium elastic nail in terms of stability, and that
Table 3
Analyses of radiological and clinic results.

Variables Mean SD

Union time (weeks) 8.7 (6e14) 2.2
DASH score 11.2 (4e28) 6.1
Radial point 6.8 1.4
Radial index (%) 71.2 6.4
Fluoroscopy time (seconds) 48 (30e60) 13
Surgery time (mins) 40 (40e70) 18

SD: standard deviation; DASH: disabilities of the arm, shoulder and hand.
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plate screw applications are invasive and not biological. In this
study, the results are presented of the treatment of adolescent
forearm fractures with intramedullary locked nail, which is a stable
and biological method leading to good results in adults.

The study included a total of 36 patients applied with locked
intramedullary nail because of forearm fracture in adolescence.
According to the Price criteria, the results were excellent in 33
patients and good in 3, no moderate or poor results were observed.
The mean DASH score was determined to be high. No complica-
tions, such as infection, non-union, tendon, nerve or vascular
damage, were seen in any patient. Thus, this method is presented in
literature as a successful surgical treatment with high functional
scores and low complication rates.

Surgery is necessary for paediatric forearm fractures that do not
meet the reduction criteria and are unstable. Plate-screw osteo-
synthesis and intramedullary titanium nails are often used in sur-
gical treatment. In addition to successful results from both
treatments, studies compared the 2 methods have obtained similar
functional results.16,17 In the studies that have presented successful
results of titanium elastic nailing, the mean age of the patients was
usually 10e11 years old and the upper limit was 14 years. Intra-
medullary fixation is often used, with the advantages of being a
biological fixation method, requiring less tissue dissection and
there are better cosmetic results.18,19

Plate-screw fixations come to the fore in paediatric forearm
fractures in the age group where the stability of titanium elastic
nailing would be insufficient. The current study mostly consisted of
the advanced adolescent patients with a mean age of (14.72 ± 2.15)
years and an upper limit of 18 years; approximately half the pa-
tients were aged over 14 years. The greatest disadvantage of the
intramedullary elastic nail is the absence of rotational stability.
However, stability is provided by the locking screws located in the
proximal and distal parts of the intramedullary nail.

High functional scores have been obtained in adult forearm
fractures treated with intramedullary locked nailing.9,20,21 €Ozkaya
et al.9 compared plate-screw synthesis and intramedullary locked
nailing in a group of 42 adult patients. Similar functional results
were obtained from both surgical methods, but the time to union
was noticeably shorter in the intramedullary nailing group.

K€ose et al.20 obtained higher patient satisfaction in 18 adult
fractures by using the same design of intramedullary locking nail as
in the current study. Although there was no intraoperative damage
to neurovascular structures, they had late stage extensor tendon
damage (extensor pollicis longus) in 1 patient. There are 2 impor-
tant advantages of the intramedullary nails used in the current
study: (1) the surgical technique facilitates the restoration of radial
bowing and establishment of fracture reduction with the 3-point
principle, and (2) as there is no need for proximal locking, the
possibility neurovascular injury, primarily on the posterior inter-
osseous nerve, is reduced. With a 2 cm mini-incision made in the
distal radius, the extensor tendons were protected and it was
ensured that dorsal sensory branch of the radial nerve was pro-
tected, as well, thus possibility of tendon, vascular, or nerve damage
was minimized. There was no proximity to neurovascular struc-
tures during nailing of ulna. Current surgical implant allows on ulna
but there was no requirement for this in any of the adolescent
patients in the study. While incompatibility can be expected be-
tween the intramedullary diameter and the nail diameter in the
adolescent period, the surgical set used in this study was observed
to be suitable for adolescent fractures.

Plate screw fixation requires soft tissue dissection and causes
periosteal damage. The potential risks in this fixation method are
intraoperative neurovascular injury, compartment syndrome,
infection, non-union and refracture after plate removal. In previous
studies, Sage et al.22 mentioned the risk of intraoperative is nerve
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damage and Moerman et al.23 stated that nerve palsy was seen in
7%e10% of patients, postoperatively. In a study by Jones et al.24 that
compared plate-screw osteosynthesis with intramedullary locking
nail, infection was observed at a high rate in the plate-screw fixa-
tion group. Of the patients in the current study treated with
intramedullary locking nail, no intraoperative vascular, nerve or
tendon damage was seen, and postoperatively there were no cases
of non-union, refracture, or infection. The implants were removed
from all the adolescent patients included in this study. No com-
plications or deformities were observed during removal.

The most significant limitation of this study was the lack of a
control group. A comparison of a similar age group applied with
plate-screw synthesis in respect of time to union and complications
could be of more guidance in treatment. Another limitation of the
study was that it was retrospective. Nevertheless, the strong aspect
of the study is the application of intramedullary locking nail to a
large patient group of adolescents which is presented for the first
time in literature.

The locked intramedullary locked nailing technique, which is
minimally invasive and provides biological fixation, was found to
be successful and safe in the treatment of adolescent forearm
fractures. The use of intramedullary locked nail can be recom-
mended in adolescent forearm fracture surgery, where titanium
elastic nails could be insufficient.
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