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ABSTRACT

Aims: The current study investigates complication rates, timing of implant removal, and correlations between removal timing
and complications/refractures in pediatric forearm fracture patients who had exposed titanium-elastic nail (TEN) tips.

Methods: This retrospective single-center study analyzed pediatric forearm fractures in patients who underwent TEN with
exposed tips. Inclusion criteria covered cases between August 2018 and January 2022, focusing on children with both-bone
forearm fractures and unsuccessful conservative treatment. Data included demographics, fracture details, reduction type,
implant removal timing, complications, and refracture rates.

Results: Between August 2018 and August 2022, the study involved 65 children (54 boys, 11 girls), aged 4 to 15 years. Implant
removal occurred at 4 to 11 weeks, on average at 7.17+1.52 weeks. Fracture location was distal 1/3 (9.2%), middle 1/3 (78.5%),
proximal 1/3 (12.3%). The predominant causes of fractures were falls (89.2%). Fracture types consisted of open fractures
(6.2%) and closed fractures (93.8%). Reduction methods included mini-open reduction (9.2%) and closed reduction (90.8%).
Implant removal occurred at or before 6 weeks for 43.1% of cases, while it exceeded 6 weeks for 56.9% of cases. Complications
were noted in 21.5% of cases, encompassing delayed union (14.3%), hypertrophic granuloma (7.1%), infection (21.4%), skin
irritation (42.9%), and refracture (14.3%). Clinical outcomes were classified as excellent in 83.1% of cases and good in 16.9%
of cases. No statistically significant differences were observed in complications (p=0.351) or clinical outcomes (p=0.441) based
on implant removal timing.

Conclusion: Contrary to belief, exposing nail tips, not burying them, is safe, cost-effective, and leads to minimal complications
with positive clinical outcomes. Implant removal timing did not significantly impact clinical outcomes or complications. TENs

used in forearm fractures can be removed before 6 weeks when adequate union is observed.
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INTRODUCTION

Forearm fractures are frequently observed in the
paediatric population, ranking high in terms of
prevalence.”” While the treatment for most of these
fractures involves reduction and casting, unstable
fractures frequently necessitate fixation in order
to ensure proper alignment during the course of
recovery.”” The prevalence of surgical procedures has
grown in recent years.’ Titanium-elastic intramedullary
nails (TENs) have been employed in clinical practice
since the beginning of the 1980s. Superior outcomes
have been documented with TENs in comparison to
open reduction internal fixation (ORIF) due to its
inherent benefits, including reduced soft tissue trauma
and shorter surgical duration.”* Fixation of forearm
fractures in individuals with immature skeletons has
mostly shifted towards the use of TENs.**'"
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There is significant variation between institutions and
physicians in their adherents regarding the removal of
these implants, and a consensus has not been reached
regarding the optimal timing for removal.""> While
proponents of leaving exposed tips argue for their
removal within an average timeframe of 6 weeks,
advocates of burying subcutaneous tips recommend
elective removal within an average timeframe of 6
months.'*"” Exposing the tips of the implants during a
surgical procedure offers the advantage of facilitating
a simplified and effective operative process as well as
reducing the extent of anaesthesia required.'” Supporters
of early implant removal argue that keeping the exposed
tips of implants may offer the advantage of enabling
implant removal to be performed in an office setting,
thereby eliminating the necessity for a subsequent
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surgical procedure and exposure to anaesthesia. This
approach could potentially result in a secondary benefit
of decreased financial burden.18 The migration of
implants in TENs with buried tips can present challenges
due to the complexities associated with monitoring,
which are influenced by external variables. Previous
research in the field of literature has demonstrated
that the clinical and radiological outcomes of burying
or exposing the tips of TENs were found to be similar
in cases of forearm fractures in paediatric patients."
Nevertheless, the existing body of literature on the
complications associated with the removal of TEN nails
is limited in terms of studies that specifically investigate
the timing of removal. Early removal of TEN carries
a significant risk of refracture. The primary aim of
the current study was to investigate the complication
rates in paediatric patients who underwent TEN with
exposed tips for forearm fractures. The secondary aim
of the present study was to investigate the relationship
between the timing of TEN removal and the occurrence
of complications and refracture.

METHODS

The current study was carried out with the permission
of the Firat University Non-interventional Researches
Ethics Committee (Date: 10.08.2023, Decision No:
2023/11-16). All procedures were carried out in
accordance with the ethical rules and principles of the
Declaration of Helsinki.

The present investigation included a retrospective
analysis of a database from a single centre, focusing
on forearm fractures in children who underwent
TEN with an exposed tip. The consecutive patients
who underwent TEN with an exposed tip at our
hospital between August 2018 and January 2022 were
considered for inclusion in the cohort. The study
enrolled children who had both-bone forearm fractures
and received unsuccessful closed reduction and long-
arm splint treatment, as well as those with type 1 open
fractures and patients who experienced unacceptable
angulation (for mid and distal shaft fractures: >15°
angulation, >30° malrotation, and 100% displacement
for children under 8 years old; >10° angulation, >30°
malrotation, and 100% displacement for children over 8
years old; for proximal shaft fractures: >10° angulation,
>30° malrotation, and 100% displacement for children
under 8 years old; anatomic reduction with internal
fixation recommended for children over 8 years old)
during the post-reduction follow-up period.” After
conducting a comprehensive review of hospital records,
the study retrospectively analysed data including
age, gender, fracture type, fracture location, cause of
injury, whether the fracture was open or closed, type

of reduction performed, timing of implant removal (<
6 weeks or >6 weeks), complications encountered, and
rates of refracture development during the follow-up
period. The information was gathered at the time of
admission as well as at each subsequent appointment
until the treatment was over. Excluded from the study
were patients with fractures in close proximity to the
epiphyseal plate, individuals with isolated fractures of
the radius and ulna, individuals who had Monteggia or
Galeazzi injuries, individuals with additional fractures
in that specific extremity, individuals with multiple
injuries, patients who discontinued follow-up or were
unreachable, patients with type II-III open fractures, as
well as those with pathological fractures.

Surgical Procedure and Follow-up

In each instance, one single nail was employed for each
bone, with the use of a TEN (TST Istanbul Medical
Devices) across all cases. All surgeries were conducted
with the patient supine on the operating table, and
either a closed or open reduction was performed via
fluoroscopic assistance by the same team of five surgeons
with a combined five years of expertise in orthopaedic
trauma. Following appropriate preparation, the initial
insertion was made into the radial metaphysis through
the extensor carpi radialis brevis and extensor carpi
radialis longus tendons, specifically targeting the radius
lateral to the Lister tubercle. The antegrade technique
was employed to treat the ulna by positioning its
insertion point on the posterior side of the olecranon.
The potential risk of developing olecranon epiphyseal
injury was explained to the family and informed consent
forms were obtained. After three unsuccessful attempts
at closed reduction and nail penetration to the proximal
fragment, the reduction of fracture in radial fractures
was achieved through a dorsal approach using a mini-
Thompson incision, while for ulna shaft fractures,
reduction was performed from the lateral side using a
transcutaneous mini-incision. The determination of
nail diameter was conducted with the aid of fluoroscopic
control, ensuring that it was not less than 40% of the
total width of the medullary canal.”’ To avoid harming
the skin, the tips of all applied nails were curved and
exposed. Following surgery, the patient was given
intravenous pain medication, had their arm immobilized
in a long-arm splint, and began rapid finger and elbow
exercises. The long-arm splint was taken off after two
weeks. All cases underwent follow-up visits at biweekly
intervals starting from week 2 until the completion of 3
months. Subsequently, follow-up visits were conducted
at six months as well as one year. The presence of callus
in three out of four cortexes observed in the images,
along with the absence of tenderness upon palpation at
the location of the fracture during clinical examination,
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were deemed indicators of union.”” The patients who
were deemed to have achieved union underwent the
removal of their implants in an outpatient clinic setting,
followed by the acquisition of control images. The
durations for the removal of implants in the patients
were assessed and documented as follows: <6 weeks or
>6 weeks. The patients were monitored for a minimum
of one year, regardless of the timing of implant
removal. The rates of complications and refractures
were documented. The pain and supination/pronation
range of motion of patients were measured using a scale
proposed by Price CT et al.”” and Daruwalla et al.”* The
clinical assessment of Price CT, as used by Daruwalla,
is based on daily activity and loss of range of motion. It
involves categorising range of motion into 10 degrees,
11-30 degrees and 31-90 degrees. The clinical results
were evaluated using the Price and Flynn criteria.”

Statistical Analysis

The IBM SPSS Statistics 22 (IBM SPSS, Turkey)
programme was used for statistical analyses while
evaluating the findings obtained in the study. The
conformity of the parameters to the normal distribution
was evaluated by the Shapiro-Wilks test. In addition
to descriptive statistical methods (mean, standard
deviation, and frequency), Fisher's exact test and
continuity (Yates) correction were used to compare
qualitative data. Significance was evaluated at p<0.05
level.

RESULTS

The study was conducted between August 2018 and
August 2022 with a total of 65 children, 54 (83.1%) boys
and 11 (16.9%) girls, aged between 6 and 15 years. The
mean age of the children was 10.34+2.44 years (Table 1).
All 65 eligible patients were assessed and none of them
were unreachable.

Table 1. Distribution of demographics

Min-Max Mean+SD
Age 6-15 10.34+2.44
Gender n %
Male 54 83.1
Female 11 16.9

The timing of implant removal ranged between 4 and
11 weeks, with a mean of 7.17+1.52 and a median of 7
weeks. The duration of follow-up ranged between 12 and
16 months, with a mean of 13.51+1.21 and a median of
13 months (Table 2).

The location of the fracture was observed to be distal
1/3 in 9.2% of the children, middle 1/3 in 78.5% of the
children, and proximal 1/3 in 12.3% of the children. The
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primary cause of injury was attributed to falls in 89.2% of
cases, while direct strikes accounted for 4.6% and traffic
accidents accounted for 6.2%. The open fracture type
accounted for 6.2% of cases, while the closed fracture type
accounted for 93.8% of cases. The mini-open reduction
type was observed in 9.2% of cases, while the closed
reduction type was observed in 90.8% of cases (Table 2).

Table 2. Distribution of the operating parameters

Min-Max lz/llve[zgi_*asn?
Timing of implant removal (weeks) 4-11 7.17+1.52 (7)
Duration of follow-up (months) 12-16 13.51+1.21 (13)
n %

Fracture location

Distal 1/3 6 9.2

Middle 1/3 51 78.5

Proximal 1/3 8 12.3
Cause of injury

Fall 58 89.2

Direct Strike 3 4.6

Traffic accident 4 6.2
Fracture Type

Open 4 6.2

Closed 61 93.8
Reduction type

Mini-Open 6 0.2

Closed 59 90.8
Timing of implant removal (weeks) group

<6 28 43.1

>6 37 56.9
Complications

None 51 78.5

Delayed union 2 3.1

Hypertrophic graniiloma 1 L5

Infection 3 4.6

Refracture 2 3.1

Skin irritation 6 9.2
Complications Group

No 51 78.5

Yes 14 21.5
Complications (n=14)

Delayed union 2 14.3

Hypertrophic graniiloma 1 7.1

Infection 3 21.4

Skin irritation 6 42.9

Refracture 2 14.3
Clinical outcomes

Good 11 16.9

Excellent 54 83.1

In 43.1% of the cases, the duration for implant removal
in children was 6 weeks or less, whereas in 56.9% of the
cases, it exceeded 6 weeks. A total of 78.5% of individuals
experienced no complications, while 21.5% encountered
complications. The observed complications included
delayed union in 14.3% of cases, hypertrophic granuloma
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in 7.1% of cases, infection in 21.4% of cases, skin irritation
in 42.9% of cases, and refracture in 14.3% of cases (Figures
1 and 2). The clinical outcomes were deemed good in
16.9% of cases and excellent in 83.1% of cases (Table 2).

Figure 1. Initial postoperative radiograph of an 8-year-old male
patient.

Figure 2. The radiograph obtained at approximately six weeks after
the surgical procedure and just before to the extraction of the elastic
nail.

Upon comparing the complication rates based on the
timing of implant removal, no statistically significant
difference was observed between the groups (p=0.351,
p>0.05) (Table 3).

Table 3. Evaluation of the presence of complications and clinical
outcomes between implant removal time groups

Timing of implant removal
(weeks) group p
<6 n (%) >6 1 (%)

Complications Group 10.351

No 24 (85.7) 27 (73)

Yes 4(14.3) 10 (27)
Complications 20.175

Delayed union 0 (0) 2 (20)

Hypertrophic granuloma 0(0) 1(10)

Infection 0 (0) 3 (30)

Skin irritation 3 (75) 3 (30)

Refracture 1(25) 1(10)
1Continuity (Yates) Correction, 2Fisher’s Exact Test

No statistically significant difference was found between
the groups when comparing the clinical results based on
the time of implant removal (p=0.441, p>0.05) (Table
4).

Table 4. Evaluation of clinical outcomes between implant
removal time groups

Clinical Timing of implant removal (weeks) group
outcomes <6 n (%) >6n (%)
Good 4(14.3) 7 (18.9) 0.441
Excellent 24 (85.7) 30 (81.1)
Fisher’s Exact Test
DISCUSSION

The primary outcome of the current study revealed a
lack of association between the time of implant removal
and the incidence of complications and refractures
in paediatric individuals who underwent TEN with
exposed tips for forearm fractures. An additional
significant discovery of the research is its strong
emphasis on the low occurrence of complications and
the excellent clinical results associated with the use of
TENs with exposed tips. These findings support the
idea that exposing IM implants during the surgical
treatment of paediatric forearm fractures is a feasible
option.

According to a study conducted by Dinger et al."” in
2019, the clinical and radiological outcomes of both-
bone forearm fractures in children were found to be
comparable when the tips of TENs were either buried
subcutaneously or left exposed. Consistent with the
aforementioned study, existing literature indicates
that there are no significant disadvantages associated
with leaving the tips of the elastic nails exposed.'”*
The patients received a single administration of
general anaesthesia solely for the purpose of reduction
procedures. Implant removal can be efficiently
conducted in an outpatient clinic setting without the
requirement for anaesthesia. Moreover, drawing on
the data obtained in the current study, we would like
to highlight the high level of compliance shown by
patients who had TENs with exposed tips in terms of
adhering to follow-up appointments. This noteworthy
characteristic has potential advantages for ensuring
effective patient monitoring and continuity of care.

The research conducted by Kelly et al."” reported a
complication rate of 17.2% among a sample of 128
patients who had the implant tips exposed. The findings
from this study match closely with the current study,
which also observed a complication rate of 21.5%.
Dinger et al.”” found that among 74 patients with
exposed implant tips, 26 (35%) experienced at least
one complication, with skin irritation being the most
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prevalent. The complication rates observed in the
current study are comparatively lower than those
reported by Dinger et al."” However, it is noteworthy
that both studies identified skin irritation as the most
commonly observed complication.

The occurrence of nonunion and delayed union in
paediatric forearm fractures is rare. The literature
has shown a prevalence of nonunion in the range of
0.3% to 1% as a result of open reduction as well as
other contributing factors.””* Adolescents may have
difficulties with delayed union after TEN, particularly
after open fractures or open reduction of ulnar
fractures.”” No instances of nonunion were detected
in any of the patients included in the current study.
Delayed union was observed in two patients who
underwent TEN with an exposed tip. Both patients
underwent open reduction of their forearm bones, with
union times of 11 weeks and 10 weeks, respectively.

The migration of implants in TENs with buried tips
might present an obstacle due to the complexities
associated with follow-up, which can be influenced
by patient and external factors. With exposed TENS,
a second surgery is not necessary. In one instance
within the current study, a hypertrophic granuloma was
debrided subsequent to the extraction of the elastic nail.
The wound successfully healed without necessitating
suturing. It is well known that tendons (particularly
the extensor pollicis longus) and the superficial sensory
branch of the radial nerve may be irritated or damaged
by buried tip TEN implantation. The absence of any
detected tendon or nerve injury in our patient cohort
serves to further support the safety of using TENs with
an exposed tip. Infections of the bone and soft tissues
are another major concern for orthopaedic surgeons.
Similar to the literature, in three instances, accounting
for 4.6% of the cases, pintract infections occurred in
patients with exposed tips. Kelly et al."” identified an
infection incidence of 2.7% in patients with exposed
TENs, whereas another investigation evaluating distal
humeral fractures revealed a prevalence of 3%.”” The
infections were successfully cured within a period
of one week with the administration of adequate
antibiotherapy. There was no occurrence of a deep
infection among any of the patients.

The duration of the extraction of intramedullary
devices is a matter of concern due to the potential risk
of refracture. The literature reports a refracture rate
of approximately 5-10% in patients who are managed
conservatively.”*" In contrast, cases treated with TEN
have shown a rare occurrence of refracture, with a rate
of 0.5%.”"** The current study found refracture in two
individuals, accounting for 3.1% of the sample (Figures
3 and 4). Dinger et al.”” reported a surprising finding

1370

of refracture in 2.1% of exposed implants and 3.1%
of buried cases following removal. Lascombes et al."®
hypothesised that implants should be buried under
the skin for 6-12 months to provide biomechanical
support and reduce the risk of refracture. However,
this hypothesis contradicts both the present study
and the study conducted by Dinger et al.”” In a study
conducted by Qairul et al.” involving 100 paediatric
patients with forearm fractures, it was found that
the fractures typically healed within a period of 3-6
weeks. The preservation of the periosteum during
TEN applications, along with the slight movement of
the fracture, contributes to the promotion of callus
formation, thereby positively impacting the process of
fracture healing.”* In the current study, the likelihood
of refracture following the removal of implants within
6 weeks was comparable to the likelihood of refracture
following the removal of implants after 6 weeks. This
similarity may be attributed to the achievement of
adequate bone union before the 6-week mark. The
current study did not find any statistically significant
association between the timing of implant removal
and the incidence of any other complications (p>0.05).
Considering the complication rates associated with both
methods, it may be reasonable to remove TENs before
6 weeks, taking into consideration the level of union.

Figure 3: The child experienced a fall approximately 8 months after
the removal of the implant, resulting in a diagnosis of refracture
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Figure 4: Lateral radiograph of the patient with refracture. The
patient rejected the offer of surgery and discharged themselves from
the hospital.

An additional significant finding of the current study
was that the clinical outcomes were excellent in 83.1%
of cases and good in 16.9% of cases, regardless of the
timing of implant removal. The union was achieved in all
patients, and the removal of implants was performed in a
cost-effective manner within the outpatient clinic setting.

Limitations and Strengths

The present investigation is subject to several limitations.
The research is limited to a single tertiary institution
within our nation, making it a retrospective study with
inevitable drawbacks. The limited patient population and
low occurrence of complications restricted the possibility
of conducting a statistical analysis on some data. The
potential influence of patients' social and educational
backgrounds on complication rates and subsequent
study findings should be considered. An additional
limitation is the absence of age-specific analysis for the
complication rates of the patients included in the study.
A primary factor contributing to this is the insufficient
sample size, which rendered the statistical findings
insignificant. One notable strength of the research is
its comprehensive assessment of clinical outcomes and
complications, suggesting that the use of TENs for the
management of forearm fractures in paediatric patients
with exposed tips is a viable and efficacious therapeutic
approach. Another notable aspect of the current study is

its attempt to partially address the existing controversy
within the literature about the optimal timing for implant
removal.

CONCLUSION

Contrary to popular belief, the technique of allowing the
nail tip to be exposed is a secure treatment choice that
serves as an alternative to subcutaneously burying the tips.
The rates of complications are minimal, clinical outcomes
are highly favourable, and the process of removing the
implant is both cost-effective and straightforward. Our
observations indicate that the timing of implant removal
did not have a significant impact on clinical outcomes and
rates of complications. TENs used in forearm fractures
can be removed before 6 weeks when adequate union is
observed.
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