
Treatment and Management of Complications in Pediatric Forearm
Fractures
Abbas Tokyay , Sezai O€zkan , Necip Güven , Tülin Türközü , Cihan Adanas� ,
Mehmet Ata Gökalp
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BACKGROUND/AIMS
Forearm diaphyseal fractures are common in children. While closed reduction and casting are sufficient in most patients, surgical treat-
ment is required in some cases. The aim of this study is to determine the possible causes of complications occurring in patients with
intramedullary fixation with nail (IMN), as well as to evaluate the management of complications and their final results.

MATERIAL and METHODS
Between January 2017 and January 2020, 53 children under the age of 16 who had forearm fractures and surgically treated with IMN
were included in the study. Demographic data of the patients, type of surgery, surgical technique, postoperative care, complications,
and treatment modalities of complications were evaluated.

RESULTS
The mean age of 53 patients (41 boys and 12 girls) included in this study was 10.5 6 2.4 years. The average follow-up period of all our
patients was 23.4 months (12-34 months). Complications in our study were seen in 14 (26.4%) patients. These complications included pin-
track infection in six (11.3%), refracture in four (7.5%), injury of superficial branch of radial nerve in two (3.7%), extensor pollicis longus rup-
ture in one (1.8%), and pin migration in one (1.8%) patient.

CONCLUSION
As a result of the treatment and management of these complications, mild hypesthesia persisted along the superficial branch of the
radial nerve in only one case, and all other complications were fully recovered. Successful management of complications can be
achieved with close follow-up and appropriate treatment.
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INTRODUCTION
Forearm diaphyseal fractures in children are frequently seen and constitute approximately 5.4-14.9% of all childhood
fractures.1–3 Due to the high potential for union and remodeling in children, closed reduction and immobilization with
plaster cast are considered to be the first successful treatment in most patients. Surgical treatment is recommended in
cases that cannot be reduced closed, in unstable fractures, open fractures, and refractures.4,5 Although plate-screw and
intramedullary fixation with nails (IMNs) are used in the surgical treatment of forearm fractures, intramedullary fixation
is currently more often preferred in forearm fractures.6 Kirschner-wires (K-wires), rushrods, Steinmann pins, and elastic
stable intramedullary nails (ESINs) are used in intramedullary fixation.

The incidence rates of postoperative complications for pediatric forearm fractures range from 8.9 to 67%.7–9 The most
important of these complications are pin track infections, refracture, pin migration, extensor policislongus (EPL) tendon
injury, radial nerve superficial branch injury, nonunion, malunion, compartment syndrome, osteomyelitis, and synocytosis.
Our hypothesis is that surgical complications are seen at a high rate in pediatric forearm fractures, but these complica-
tions are almost completely healed with appropriate approaches. Our aim in this study is to determine the complications
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and possible causes that occur in patients who underwent IMN
for forearm fractures in our clinic, as well as to evaluate the
management of complications and their final results.

MATERIAL and METHODS
Patients who were operated in the clinic of our tertiary health
center for forearm fractures between January 2017 and January
2020 were included in this study. The data about the patients
were obtained from the automation records of our hospital
using the ICD Codes (International Statistical Classification of
Diseases and Related Health Problems). Patients younger than
16 years of age who underwent surgical treatment with IMN
and were followed-up for at least 1 year were included in this
study. Patients with pathological fractures, cases followed-up
for less than 1 year, those with multiple traumas, and those pre-
viously had undergone plate-screw osteosynthesis were not
included in this study. A total of 53 patients were included in this
study based on inclusion and excision criteria.

In determining the fracture site, three regions as proximal,
middle, and distal 1/3 were determined as described by Mehl-
man and Wall.10 In this study, in addition to the demographic
data of the patients, the type of surgery, surgical technique,
complications, and treatment modalities of complications were
also evaluated.

Surgical Technique
After the first-generation cephalosporin was administered to
all patients as surgical prophylaxis, they were placed on the
table in the supine position, and a pneumatic tourniquet was
wrapped around their forearms. In most of the cases, surgical
intervention was priorly started from the radius. Approximately
2 cm proximal to the radial physis, a small skin incision was
made on the dorsolateral aspect of the forearm to reach the
distal radius by preserving the EPL and the superficial branch
of the radial nerve.

Intramedullary nail was advanced through the entry hole previ-
ously opened through an appropriate site for the reduction of
the fracture under the guidance of fluoroscopy. For the ulna, a
mini-incision was made on the lateral edge of the olecranon,
and the nail was directed from proximal to distal. Both
approaches for radial and ulna fractures were performed as
previously described in the literature.11–13 In cases where closed
reduction cannot be applied on the fracture line, the pneumatic

tourniquet was inflated, and through a mini open incision, the
fracture line was reduced, and IMN was applied.

We took care not to force the pins beyond the epiphyseal lines,
and we ensured that the diameter of the pin filled more than
half of the diameter of the diaphysis. In some patients, the pins
were bent appropriately and left buried under the skin, while in
others, they were left unburied on the skin.

Postoperative Care
Postoperatively, a long-arm splint was applied for 2 weeks,
and then a short arm splint for 3-6 weeks. Joint movements
were initiated after the splint was removed. The patients were
followed-up clinically and radiologically at 2, 4, 6, and 12 weeks.
Union of the fracture was deemed to be achieved when the
formation of visible callus on the fracture line was noted on
radiograms, and pain, tenderness, and pathological movements
disappeared.

Statistical Analysis
Data were analyzed using Statistical Package for the Social
Sciences version 22.0 (IBM SPSS Corp.; Armonk, NY, USA). Nor-
mality of gender distribution between the two groups was
assessed using two-sample proportion test, and the normality
of age distribution was assessed using independent two-
sample t-test.

RESULTS
The mean age of 53 patients (41 boys and 12 girls) included in
this study was 10.5 6 2.4 years. The average follow-up period
of all our patients was 23.4 months, and pins were removed on
an average of 126 days in those with buried pins and on
67 days in those with unburied pins. The demographic data of
our patients are given in Table 1. It can be seen from the table
that our patients were mostly men (n ¼ 41, 77.4%) and fractures
of the left extremities (n ¼ 30, 56.6%) were encountered. Mostly
fractures of the middle 1/3 of the forearm were seen. In 34 of
our patients, fixation with IMN was achieved using K-wires,

Table 1. Demographic Data of Patients

Characteristics n (%)

Gender
Male 41 (77.4)
Female 12 (22.6)

Side
Right 23 (43.4)
Left 30 (56.6)

Fracture location
Proximal 8 (15.09)
Middle 1/3 32 (60.37)
Distal 13 (24.5)

Type of _IMN
K-wire 34 (64.2)
ESIN 19 (35.8)

Pin status
Buried 31 (58.5)
Unburied 22 (41.5)

Complications
Pin tract infection 6 (11.3)
Refracture 4 (7.5)
Radial nerve superficial branch injury 2 (3.7)
Ekstansör pollicis longus rupture 1 (1.8)
Pin migration 1 (1.8)

Main Points

• Forearm fractures are common in children. Nonsurgical
approaches are used for most of these fractures.

• Surgical intervention is required in displaced fractures,
and reduction cannot be achieved with a conservative
method.

• Many surgical methods have been described in these
patients. In addition to the success of these surgical meth-
ods, complications and their management are also
extremely important.

• In this study, we discussed the complications of surgically
treated pediatric forearm fractures and their
management.
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and in the remaining 19 patients, ESINs method was used for
fixation. The number of cases with embedded pins were more
numerous than those with unburied pins. In our study, complica-
tions were seen in 14 (26.4%) patients.

The most common complication was pin track infection in six
(11.3%) patients, five of which occurred in patients with unburied
pin tips. Refracture, another important complication in these
fractures, was seen in our four (7.5%) patients. It was found that
in three of these four patients, the pinheads were unburied, and
pins had been pulled out on postoperative 54, 62, and 72 days.
Refractures had occurred after spontaneous fall of pins on the
postoperative 8, 12, and 17 days after the pins were pulled out.
In the case whose pin was buried and pulled out after the 5th
month, refracture occurred after a fall from a height of about 1
m 12 days after the pin was pulled out. These refractures
occurred in the middle one-third of the forearm in three and in
its distal one-third in the other patient (Figures 1 and 2).

Another important complication was the injury of the superfi-
cial branch of the radial nerve in two of our patients. In their
follow-up, one completely recovered in the sixth month, and in
the other patient, mild hypesthesia still persisted in the postop-
erative 14th month.

EPL rupture was detected in one of our patients during pin
removal. Tendon repair was performed in the patient with EPL

rupture, and the patient recovered completely without any
sequelae. Pin migration was detected in the follow-up of a
patient whose pin tip was embedded in the radius. After heal-
ing of the fracture was achieved completely, the cortical
window was opened where the pin tip and the pin were
removed.

DISCUSSION
In this study, different complications were observed in 14
(26.4%) cases. The most common complication was pin track
infection in six (11.3%) patients. As another complication, refrac-
ture was observed in four (7.5%) patients. Three of our refrac-
tures were seen in the middle 1/3 of the forearm. In our study,
EPL rupture was found in only one patient (1.8%), which
occurred during the removal of IMN. In two (3.7%) patients,
damage to the sensory branch of the radial nerve was
detected. There are many methods for the treatment of pediat-
ric forearm fractures, and conservative methods such as closed
reduction and plaster casting often provide successful treat-
ment outcomes. The presence of thick periosteal tissue and
high potential for remodeling increase the success of conserva-
tive treatment.14,15

The remodeling potential decreases as the fracture location
approaches proximally and with aging.16,17 In cases where
closed reduction cannot be achieved and reduction cannot be
maintained, surgical treatment is performed. As surgical

Figure 2. In the same patient, the refracture occurred 5 months later, and the IMN was applied.

Figure 1. Pre- and postoperative radiographs of a 9-year-old patient with displaced radius fracture and nondisplaced ulna fracture.
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treatment alternatives plate-screw, osteosynthesis and IMN
are practiced. Recently, it has been observed that there is a
trend toward surgery among the authors due to difficulties
such as maintaining reduction of fracture in conservative treat-
ments and higher refracture rates.6,18,19 With advantages of
IMN, such as its being a mini-invasive procedure, easy applic-
ability, lower rates of complications, and cosmetic problems,
IMN has been preferred more frequently.6,9,20 In addition, fixa-
tion with an intramedullary nail allows micromovements in the
fracture site and earlier call us formation.21

In our study, it was found that forearm bone fractures in chil-
dren were mostly seen in males, on the left upper extremity
and mostly in the middle 1/3 of the forearm. These results are
similar to the literature.6 A wide range of complications up to
60% are seen in the surgical treatment of these fractures.9 The
diagnosis, treatment, and management of these complications
greatly affect the outcome of the treatment.

In this study, different complications were observed in 14
(26.4%) cases. The most common complication was pin track
infection in six (11.3%) patients. Tsukamoto et al.6 reported that
pin track infection rates were 11.7% in a study they conducted
on fracture complications. Meriç et al.22 treated their patients
using IMN treated, unlike our findings pin track infection was
seen in 22.2% of their patients. In our patients who developed
pin track infection, a swab sample was obtained from the pin
site, and their treatments were rearranged according to the cul-
ture results. Complete healing was achieved within 2-3 weeks
in five patients with unburied pin tips. In one of our patients,
whose pin tip was buried under the skin, the implants were
removed, and the wound debridement was performed when
the infection did not regress despite 2 weeks of oral antibiotic
treatment, and sufficient callus tissue was detected in the
radiograms. Full recovery was achieved after 3 weeks of anti-
biotherapy in the patients with a long arm splint. Pin track
infections seen in these patients are generally superficial, and
good results can be obtained with medical treatment. How-
ever, in cases that do not respond to the treatment of infection,
satisfactory results can be obtained with early intervention,
removal of the pins, and debridement of the wound site.

As another complication, refracture was observed in our four
(7.5%) patients. Three of our refractures were seen in the
middle 1/3 of the forearm. In the literature, the rates of refrac-
ture in forearm fractures vary between 4 and 8%, and they are
often seen in midshaft fractures. It has been suggested that
higher muscle mass percentage in the proximal part of the fore-
arm better protects the forearm, which explains lower rates of
refractures involving these regions.6,9,13 Cullen et al.23 reported
only one refracture in a series of 20 cases, in which they
applied intramedullary K-wires. Refractures are reported to
occur mostly in males, younger ages, and thin individuals.9,24

Three of our four refracture cases were male, and refractures
were seen in those whose pin tips were unburied. We think that
unburied pin tips tend to be removed within a short time. ESIN
was performed as revision surgery in the treatment of our three
cases of refracture. In our fourth case, osteosynthesis with
plate-screws was performed because the intramedullary
region was closed, and IMN could not be sent through. In such
cases of revision, it is recommended to have the plate screw
set ready together with the IMN, as an implant may be
required. Removal of the pins in the fracture line without

achievement of complete union was thought to play a role in
the development of refractures. In the literature, refractures
have been also observed more frequently in fractures whose
pins were removed prematurely.24,25 In our study, the main rea-
sons for the early removal of the pins were the patient’s fre-
quent requests to remove the pin due to the unburied pin
irritating the area, creating a risk for infection and the uneasi-
ness given to the patient. In these cases, we think that the
application of the fracture treatment protocol and communica-
tion with the patient are important factors rather than the
patient’s demand.

Surgeons may have different preferences about exposing or
buried the pin tips. As a matter of fact, different surgeons in our
study either unburied of buried pin tips. Here, during the follow-
up of our patients, we especially observed that infection
occurred less frequently in patients whose pin tips were buried,
and that joint movements were initiated much more earlier in
these patients. Some studies have demonstrated that the bury-
ing of the pins under the skin and retaining them for at least
four or six months prevents infection and reduction loss and
can initiate earlier mobility of the extremity.4,12,13,24,25 In our
study, the pin tips were left buried in 31 and unburied in 22
cases. We have observed that our tendency is to leave the pin
tips under the skin at an increasing rate. In line with the data
we detected in our study, we think that the buried of the pins is
safer for preventing development of complications such as
infection and refracture.

In forearm fractures, EPL injury is one of the complications that
occur while the nail is being implanted or removed.26,27 In our
study, EPL rupture was found in only one patient (1.8%), which
occurred during the removal of IMN. In this patient, intraopera-
tive EPL repair was performed, and by wearing a short-arm
splint with thumb support for three weeks, recovery was
achieved. Kruppa et al.13 found EPL damage at a rate of 1.5% in
their study. Flynn et al.28 detected tendon rupture in 1.9% of
their patients. The EPL complication rate we obtained was sim-
ilar to the literature findings.

Another complication is the damage to the sensory branch of
the radial nerve, which is an important structure, when access
through the Lister’s tubercle is selected for the management of a
radial bone fracture at the wrist level. In our study, this complica-
tion developed in two (3.7%) patients. While one of them recov-
ered in the 6th month with close follow-up, the other patient still
had mild hypesthesia in the postoperative 14th month. This latter
case did not receive any treatment related to hypesthesia, and
the patient is being followed-up. In the literature, it has been
reported that most of the nerve injuries seen in the treatment of
forearm fractures tend to heal spontaneously.18,29

Following the treatment of all complications that developed
after at least one year of, all of our patients recovered without
any sequelae, except for one patient who developed mild
hypoesthesia due to the injury of superficial branch of the
radial nerve. As our first result in forearm fractures, despite the
wide range of complications seen in patients undergoing surgi-
cal treatment with IMN, good follow-up and treatment with
appropriate surgical technique seriously affect the final result
of the treatment. The second result is that the buried of the pins
reduces the risk of infection and indirectly prevents develop-
ment of refracture from as it tendency for late removal.
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Our study have some limitations. The most important of these is
the small number of patients and the single-center study.
Another limitation was its retrospective nature. One of the rea-
sons for the low number of patients may be that they were
operated by us and followed-up in other centers.

In conclusion, although the first treatment in pediatric forearm
fractures is usually closed reduction and casting, we believe
that in cases treated surgically, complications that develop in
cases can be completely healed with timely and appropriate
interventions.

Ethics Committee Approval: Ethical committee approval was received
from local Ethics Committee (approval date: December 4, 2020,
approval number: 2020/09-17).

Informed Consent: Written informed consent was obtained from all par-
ticipants who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - A.T., S.O€ ., C.A., M.A.G.; Design - C.A.,
M.A.G.; Supervision - A.T., S.O€ ., N.G., M.A.G.; Resources - A.T., M.A.G.;
Materials - A.T., S.O€ .; Data Collection and/or Processing - S.O€ ., N.G.,
T.T., C.A.; Analysis and/or Interpretation - A.T., S.O€ ., N.G., T.T., M.A.G.;
Literature Search - S.O€ .; Writing Manuscript - A.T., S.O€ .; Critical Review -
A.T., N.G., T.T., C.A.

Acknowledgments: Thanks to Dr. Remzi Erten and Dr. Hamit Hakan Alp
for the design and statistical support of our study.

Conflict of Interest: The authors have no conflicts of interest to declare.

Financial Disclosure: The authors declared that this study has received
no financial support.

REFERENCES
1. Rennie L, Court-Brown CM, Mok JYQ, Beattie TF. The epidemiol-

ogy of fractures in children. Injury. 2007;38:913-922. [CrossRef]

2. Cheng JC, Ng BK, Ying SY, Lam PK. A 10-year study of the changes

in the pattern of 6,493 fractures. J Pediatr Orthop. 1999;19(3):344-

350.

3. Kokubo Y, Yamasaki T, Shiba T, Sato S. Statistical study on children

fractures. Seikeigeka. 2004;55(12):1621-1626.

4. Shoemaker SD, Comstock CP, Mubarak SJ, Wenger DR, Chambers

HG. Intramedullary Kirschner wire fixation of open or unstable

forearm fractures in children. J Pediatr Orthop. 1999;19(3):329-337.

5. Calder PR, Achan P, Barry M. Diaphyseal forearm fractures in chil-

dren treated with intramedullary fixation: Outcome of K-wire

versus elastics table intramedullary nail. Injury. 2003;34(4):278-282.

[CrossRef]

6. Tsukamoto N, Mae T, Yamashita A, et al. Refracture of pediatric

both-bone diaphyseal forearm fracture following intramedullary

fixation with Kirschner wires is likely to occur in the presence of

immature radiographic healing. Eur J Orthop Surg Traumatol.
2020;30(7):1231-1241. [CrossRef]

7. Salonen A, Salonen H, Pajulo O. A critical analysis of postopera-

tive complications of antebrachium TEN-nailing in 35 children.

Scand J Surg. 2012;101:216-221. [CrossRef]

8. Fernandez FF, Langendorfer M, Wirth T. Failures and complications

in intramedullary nailing of children’s forearm fractures. J Child
Orthop. 2010;4:159-167. [CrossRef]

9. Poutoglidou F, Metaxiotis D, Kazas C, Alvanos D, Mpeletsiotis A.

Flexible intramedullary nailing in the treatment of forearm frac-

tures in children and adolescents, a systematic review. J Orthop.

2020;20:125-130. [CrossRef]

10. Mehlman CT, Wall EJ. Injuries to the shaft of the Radius and ulna. In

Beaty JH, Kasser JR (eds.): Rockwood and Wilkins’ Fractures in Chil-
dren, 7th ed. Philadelphia: Lippincott Williams &Wilkins, 2010: 347-344.

11. Yung SH, Lam CY, Choi KY, Ng KW, Maffulli N, Cheng JCY. Percutane-

ous intramedullary Kirschner wiring for displaced diaphyseal forearm

fractures in children. J Bone Joint Surg. 1998;80-B:91-94. [CrossRef]

12. Lascombes P, Prevot J, Ligier JN, Metaizeau JP, Poncelet T. Elastic

stable intramedullary nailing in forearm shaft fractures in children:

85 cases. J Ped Orthop. 1990;10:167-171.

13. Kruppa C, Bunge P, Schildhauer TA, Dudda M. Low complication

rate of elastic stable intramedullary nailing (ESIN) of pediatric

forearm fractures: A retrospective study of 202 cases. Medicine
(Baltimore). 2017;96(16):e6669. [CrossRef]

14. Kay S, Smith C, Oppenheim WL. Both-bone midshaft forearm frac-

tures in children. J Pediatr Orthop. 1986;6:306-310. [CrossRef]

15. Jones K, Weiner D. The management of forearm fractures in chil-

dren: Aplea for conservatism. J Pediatr Orthop. 1999;19:811-815.

16. Larsen E, Vittas D, Trop-Pedersen S. Remodeling of angulated

distal forearm fractures in children. Clin Orthop. 1988;237:190-195.

17. Stern PJ, Drury WJ. Complications of plate fixation of forearm frac-

tures. Clin Orthop Relat Res. 1983;175:25-29.

18. Sinikumpu JJ, Lautamo A, Pokka T, Serlo W. The increasing inci-

dence of paediatric diaphyseal both-bone forearm fractures and

their internal fixation during the last decade. Injury. 2012;43:362-

366. [CrossRef]

19. Kosuge D, Barry M. Changing trends in the management of child-

ren’s fractures. Bone Joint J. 2015;97-B:442-448. [CrossRef]

20. Han B, Wang Z, Li Y, Xu Y, Cai H. Risk factors for refracture of the

forearm in children treated with elastic stable intramedullary nail-

ing. International Orthopaedics (SICOT). 2019;43(9):2093-2097.

[CrossRef]

21. Qidwai SA. Treatment of diaphyseal forearm fractures in children

by intramedullary kirschner wire. J Trauma. 2001;50(2):303-307.

[CrossRef]
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