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abstract

Purpose: to demonstrate the effectiveness of intramedullary fixation of displaced long 
bones shaft fractures in skeletally immature children using the elastic stable intramedu-
llary nails.

Patients and methods: the case records of 173 children who underwent fixation with 
titanium intramedulary nails because of long bones fractures were reviewed. the avera-
ge age of the patients was 11.7 years, and mean follow-up was 41.3 months. there were 
55 humeral, 42 forearm, 42 femoral and 36 tibial fractures. subjective satisfaction was 
assessed.

Results: all patients achieved complete healing at a mean of 7.5 weeks. complications 
were recorded in 11 (6.3%) patients and included: one neuropraxia, six entry site skin 
irritations, two protrusions of the wires through the skin and two skin infections at the 
entry site. in a subjective measure of outcome at follow-up, 89% of patients were very 
satisfied and 11% satisfied; no patients reported their outcome as not satisfied. the im-
plants were removed at a median time of six months from the index operation.

Conclusion: Elastic stable intra-medullary nailing is the method of choice for the pe-
diatrics patients, because it is minimaly invasive and shows very good functional and 
cosmetic results. it allows an early functional and cast-free follow-up with a quick pain 
reduction.
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INTRODUCTION

Surgical treatment of long bones fractures in children 
must first consider the fact that excellent results can 
be achieved with non-operative care, with reported 
union rates of more then 90%, and 100% full func-
tional recovery (1). Occasionally, reduction cannot be 

maintained due to excessive shortening, angulation, 
or malrotation at the fracture site, making operative 
intervention necessary (2). In other cases, surgical 
treatment is warranted because of polytrauma, open 
fracture, or compartment syndrome. Historically, ex-
ternal fixation and plate and screw fixation were the 
treatment options available for those unstable frac-
tures (1, 2). Over recent years the use of elastic stable 
intra-medullary nails has dramatically increased with 
the introduction of a variety of nails for pediatric 
fractures (3). The Titanium Elastic Nail (TEN) for 
Elastic Stable Intra-medullary Nailing (ESIN) is in-
tended for fixation of diaphyseal fractures of long 
bones where the medullary canal is narrow or flexi-
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bility of the implant is paramount. In pediatric ap-
plications, the flexibility of the TENs allows it to be 
inserted at a point which avoids disruption of the 
bone growth plate. The use of an intra-medullary de-
vice is indicated for open fractures, unstable fractures 
or irreducible fractures. The aim of this biological, 
minimally invasive fracture treatment is to achieve a 
level of reduction and stabilization that is appropriate 
to the age of the child. The biomechanical principal 
of the TEN is based on the symmetrical bracing ac-
tion of two elastic nails inserted into the metaphysis, 
each of which bears against the inner bone at three 
points (4, 5). This produces the following four proper-
ties that are essential for achieving optimal results: 
flexural, axial, translational and rotational stability 
(4). The ESIN has the benefits of early immediate sta-
bility to the involved bone segment, which permits 
early  mobilization  and  return  to  the  normal  activi-
ties of the patients, with very low complication rate 
(6, 7).

PATIENTS AND METHODS

From May 2002 trough May 2009, the case records were 
reviewed of 173 children (121 male and 52 female) treated 
with ESIN for a 175 long bones fractures in a Department 
of Pediatric Surgery, University Hospital Split. All patients 
operated with this method were included in this retrospec-
tive study except patients with osteogenesis imperfecta 
which were excluded from the study. The age range was 
4–17 years (mean 11.7 years) at the time of surgery. All 
patients were followed up until healing, with an average 
follow-up of 41.3 months (range 12–91 months). The diag-
nosis was based on typical X-ray imaging. Indications for 
surgery were open fracture, impending compartment syn-
drome, loss of reduction after closed treatment and casting, 
pathological fractures and inability to achieve stable initial 
reduction with closed treatment. Fractures resulted from 
sport activities, road traffic accidents, falling on the ground 
and motorbike or bicycle riding. There were 55 humeral 
(Fig. 1), 42 forearm (Fig. 2), 42 femoral (Fig. 3) and 36 tibial 
(Fig. 4) fractures. In 132 (76%) patients, the long bone frac-
ture was an isolated injury, and 42 (24%) patients had as-
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FIGURE LEGENDS 
 

                      Fig. 1. (A) Pre- and post-operative radiographs of proximal humeral fracture  

  

 

 

 

 

 

 

                   Fig. 1. (B) Pre- and post-operative radiographs of humeral shaft fracture 
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Fig. 1. (A) Pre- and post-operative radiographs of proximal humeral fracture.

Fig. 1. (B) Pre- and post-operative radiographs of humeral shaft fracture.
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                    Fig. 2. (A) Pre- and post-operative radiographs of forearm shaft fracture 

  

 

 

 

 

 

 

                       Fig. 2. (B) Pre- and post-operative radiographs of distal forearm fracture 

  

 

 

 

 

 

 

                    Fig. 3.  Pre- and post-operative radiographs of femoral shaft fracture. 
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                       Fig. 2. (B) Pre- and post-operative radiographs of distal forearm fracture 

  

 

 

 

 

 

 

                    Fig. 3.  Pre- and post-operative radiographs of femoral shaft fracture. 

 

 

 

 

 

Fig. 2. (A) Pre- and post-operative radiographs of forearm shaft fracture.

Fig. 2. (B) Pre- and post-operative radiographs of distal forearm fracture.
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                    Fig. 3.  Pre- and post-operative radiographs of femoral shaft fracture. 

 

 

 

 

 

Fig. 3. Pre- and post-operative radiographs of femoral shaft fracture.
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sociated injuries. Eleven (6.3%) fractures were open and 
one (0.6%) patient developed compartment syndrome dur-
ing the treatment course. Titanium intramedullary nails 
(TEN Synthes® GmbH, Oberdorf, Switzerland) were used 
in all patients. The diameter and length of the nails were 
selected according to bone length and child age. The surgi-
cal procedure has been described elsewhere (6). As part of 
a subjective assessment, patients were asked in question-
naire if they were very satisfied, satisfied or not satisfied 
with the outcome of treatment. In addition, a review of the 
medical records was undertaken. All of the patients denied 
any problems with the injured bone prior to surgery. Ra-
diological evaluation was carried out using standard an-
teroposterior and lateral radiographs. The radiographs 
were undertaken at defined intervals and were evaluated 
for deformity, shortening, fracture union and hardware-
related complications.

RESULTS

All patients underwent surgery under general anes-
thesia and titanium nails were used in each patient. 
In 139 (79.4%) patients the fracture was reduced by 
closed means, whilst in the other 36 (20.6%) open 
reduction was required. The commonest titanium nail 
size was 2.5 mm for humeral and forearm fractures, 
and 3 mm for femoral and tibial fractures. Length of 
hospital stay varied between 2–3 days for humeral 
and forearm fractures, and 5–7 days for femoral and 
tibial fractures. Physical therapy was started imme-
diately if it was possible because of related injuries. 
Post-operatively, mean follow-up was 41.3 months 
(range, 12–91 months). No major complications were 
observed in relation to surgery. Complications as a 
result of the procedure were recorded in 11 (6.3%) 
patients and included: one neuropraxia involving the 
superficial radial nerve, which resolved after several 
weeks with no long term complication; six entry site 
skin irritations; two protrusions of the wires through 
the skin although they had been buried during the 
procedure and skin infections at the entry site. These 

nails required removal 2–3 weeks prior to the planned 
date of removal. There was no instance of loss of re-
duction, or nail migration during the post-operative 
period. No clinically significant deformities were ob-
served. All patients achieved complete radiographic 
healing at a mean of 7.5 weeks (range 4–15 weeks). 
Closed fractures healed more quickly (mean 7.3 
weeks) than open fractures (mean 9.6 weeks). In a 
subjective measure of outcome at follow-up, 154 
(89%) of the patients were very satisfied and 19 (11%) 
satisfied; no patients or parents reported their out-
come as not satisfied. Routine removal of the nails 
was undertaken in all patients. The implants were 
removed under general anesthesia as a day surgery 
procedure without difficulty at a median time of six 
months from the index operation. At follow-up all 
patients went on to osseous union and regained a full 
range of movement after rehabilitation. There were 
no cases of delayed union, nonunion or mal-union. 
After removal of the nails all patients regained full 
function and all complications resolved.

HUMERAL FRACTURES

Fifty-five children (37 male, 18 female) have under-
gone ESIN for humeral fracture. The age range was 
4–17 years (mean 11.8 years) at the time of surgery. 
There were 24 proximal humeral fractures, 8 proxi-
mal humeral physeal injuries, 17 humeral shaft frac-
tures, 4 supracondylar humeral fractures and 2 pat-
hological fractures. In this group we reported only 5 
minor complications (3 entry site skin irritation, 1 
skin infection and 1 neuropraxia involving the super-
ficial radial nerve, which resolved after several weeks 
with no long term complication). In 47 patients the 
fracture was reduced by closed means, whilst in the 
other 7 open reduction was required due to difficulty 
in reduction and soft tissue interposition. All patients 
achieved complete radiographic healing at a mean of 
7.2 weeks (range 5–11 weeks).

Fig. 4. Pre- and post-operative radiographs of tibial shaft fracture.
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                     Fig. 4.  Pre- and post-operative radiographs of tibial shaft fracture
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FOREARM FRACTURES

In our series 42 children have undergone elastic sta-
ble intramedullary nailing for diaphyseal forearm 
fractures. The age range was 5–17 years (mean 11.8 
years) at the time of surgery. Of that number 40 chil-
dren were operated because of dislocated forearm 
fracture, one child because of Monteggia fracture, 
and one because of dislocated fracture of the ulna. 
Three fractures were open. In 37 patients the fracture 
was reduced by closed means, whilst in the other 15 
open reduction was required due to difficulty in re-
duction and soft tissue interposition. In this group we 
reported only 2 entry site skin irritation. All patients 
in this group achieved complete radiographic healing 
at a mean of 6.4 weeks (range 4–9 weeks).

FEMORAL FRACTURES

In our series 41 patient (30 male, 11 female) have un-
dergone elastic stable intramedullary nailing for di-
aphyseal femoral fracture. The age range was 4–16 
years (mean 10.9 years) at the time of surgery. The 
most common mechanism of injury was road traffic 
accidents and motorbike driving. Of that number 40 
children were operated because of traumatic femoral 
shaft fracture, and one because of pathological frac-
ture due to large femoral shaft iuvenile cyst. Only one 
patient presented with open fracture. In 32 patients 
the fracture was reduced by closed means, whilst in 
the other 9 open reduction was required due to diffi-
culty in reduction and soft tissue interposition. In this 
group we reported only one asimptomatyc protru-
sion of the wires. All patients in this group achieved 
complete radiographic healing at a mean of 8.9 weeks 
(range 5–15 weeks).

TIBIAL FRACTURES

In our series 36 patients (22 male, 14 female) have 
undergone elastic stable intramedullary nailing for 
diaphyseal tibial fracture. The age range was 5–17 
years (mean 12.5 years) at the time of surgery. Of 
those patients one had distal tibial fracture. The most 
common mechanism of injury was road traffic acci-
dents and motorbike driving. Five patients presented 
with open fracture. In 31 patients the fracture was 
reduced by closed means, whilst in the other 5 open 
reduction was required due to difficulty in reduction 
and soft tissue interposition. In this group we re-
ported only three minor complications (one asymp-
tomatic protrusion of the wires, one skin infection at 
the entry site and one entry site skin irritation). All 
patients in this group achieved complete radiographic 
healing at a mean of 7.6 weeks (range 5–12 weeks).

DISCUSSION

The majority of emergency in most trauma centres 
are fractures of long bones. Although the majority of 
long bones shaft fractures in children can be treated 
with closed reduction and casting, occasionally sur-
gical stabilization is required. Historically, external 

fixation has been the treatment of choice; however, 
risks include pin-track infections, nonunion, and re-
fracture (2, 8). Reamed locked intramedullary nails, 
while shown to be effective in the skeletally mature, 
pose unnecessary risk to the long bones physis, and 
have limited indications in those children with 
growth remaining. For femoral fractures may incre-
ase risk of avascular necrosis if fossa piriformis is 
used as an entry point (2). The ESIN is now com-
monly used for the treatment of pediatric long bones 
fractures and their use has minimised the surgical 
scarring previously caused by open reduction and 
plating (3). This method achieve biomechanical sta-
bility from the divergent ‘‘C’’ configuration which 
creates six points of fixation and allows the construct 
to act as an internal splint (2, 9). The ESIN provide 
stable and elastic fixation, allowing for controlled 
motion at the fracture site which results in healing by 
external callus. Several studies have demonstrated 
the safety and efficacy of this technique (1, 4, 5, 7, 10, 
11). The ESIN is not without the possibility of com-
plication. Complications usualy are based on mista-
kes concerning the indication or technical errors (12, 
13). The most common reported complications associ-
ated with these techniques include infection, over-
growth, entry site skin irritation and re-fracture (2, 3, 
7). We found a complication rate of 6.3%. The most 
common complication was irritation of the skin at 
entry site. We have not observed any major complica-
tions. This is similar with the complication rate re-
ported by previous studies (2, 3, 12, 13).

HUMERAL FRACTURES

Fractures of the proximal humeral physis are relati-
vely uncommon in children and account for 0.45% of 
all paediatric fractures (3). Undisplaced or minimally 
displaced fractures historically have been managed 
nonoperatively. The treatment of severely displaced 
fractures in children is controversial. In the younger 
child with good remodelling potential a nonoperative 
approach is favoured, whilst surgery to achieve and 
maintain fracture reduction is advised in the older 
child with little remodelling potential. Various surgi-
cal techniques using staples, screws, pins and plates 
for fixation have been utilised, but these techniques 
have not been without complications (3).

Rajan et al. reported fourteen patients with displa-
ced proximal humeral physeal fractures treated by 
ESIN. All fractures were radiologically united at a 
median time of eight weeks. Subjectively 71% of pa-
tients were very satisfied and 29% were satisfied. 
They do not observed any major complications. Soft 
tissue irritation by the protruding distal end of the 
nail from the humerus was observed in three patients 
and one had radial nerve symptoms. They recom-
mend stabilisation using ESIN in the management of 
the displaced proximal humeral physeal fracture in 
older children (12).

Fractures of humeral shaft are result of direct force 
during a direct impact, traffic accidents or crush in-
juries. Indirect forces such as fall on elbow or ex-
tended arm or strong muscular contractions can re-
sult with a fractured humerus. The most frequent site 
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of the fracture is between the middle and the distal 
third of humerus (14, 15). Fernandez et al. reported 
31 children operated because of humeral shaft frac-
ture. After the treatment all children could take part 
in sports activities like before the accident. Thirty 
children and their parents were very satisfied with 
the treatment success and 1 patient was satisfied. 
They have reported a complication rate of 16.1% and 
concluded that ESIN of humerus shaft fractures has 
a low complication rate if attention is paid to biome-
chanical principles (12).

FOREARM FRACTURES

The majority of the pediatric diaphyseal forearm frac-
tures are treated with closed reduction and the appli-
cation of an above elbow cast for a varying period, 
depending on the age of the child. Some forearm di-
aphyseal fractures require osteosynthesis mainly be-
cause of the presence of an unacceptable angular de-
formity, fracture instability, presence of an open 
injury or failure of conservative management in the 
form of redisplacement in the cast after manipula-
tion.

Cumming et al. reported outcomes and complica-
tions of 19 consecutive paediatric patients that have 
undergone ESIN for diaphyseal forearm fractures. 
They recorded three complications (one extensor po-
llicis longus rupture, one extensor pollicis breves par-
tial rupture, and one superficial radial nerve injury) 
and concluded that ESIN offer good fixation to con-
trol deformity in midshaft forearm fractures for pe-
diatric patients. They also pointed that there is a high 
rate of possible complications around the radial in-
sertion point (3). Similar results were reported by 
Weinberg et al. in 77 children. They recorded posto-
perative complications in three patients, a superficial 
pin entry site infection (16). Garg et al. reported 21 
pediatric patient treated with ESIN for displaced and 
unstable diaphyseal forearm fractures. All their fixa-
tions were protected in an above elbow plaster cast. 
Clinical and radiologic union was achieved within 13 
weeks after the procedure in 19 children. They repor-
ted one patient that had delayed union of the ulna 
which finally united at 9 months after operation wit-
hout any further intervention and another patient 
that had nonunion of ulna that required autologous 
bone marrow injection after 1 year before full conso-
lidation occurred. All patients in their series achieved 
a good functional clinical outcome (17).

Monteggia and Galeazzi fractures are rare injuries 
of the forearm, but they are important because of 
their special biomechanics. Schmidt et al. reported 
clinical cases of pediatric Monteggia fractures that 
were operated upon using ESIN. In correct indicati-
ons ESIN could be used as a minimally invasive the-
rapeutic alternative to plate osteosynthesis for trea-
ting pediatric Monteggia injuries (18). Although in 
literature many complications including osteomyeli-
tis (19), superficial radial nerve injury (3), extensor 
pollicis longus rupture (3, 20), extensor pollicis bre-
ves rupture (3), delayed healing or nonunion were 
described (17, 21), we found only two entry site skin 
irritations.

FEMORAL FRACTURES

Femoral shaft fractures are a common and tempora-
rily disabling injury in children. While most femoral 
shaft fractures are associated with accidental trauma, 
child abuse must be considered, particularly in chil-
dren younger than 1 year. As many as 30% of femoral 
shaft fractures in children younger than 4 years may 
be the result of child abuse (8, 23). Age, fracture pat-
tern, fracture location, soft-tissue injury, the presence 
of other fractures, physician and family preference, 
and the social situation all affect the treatment of a 
child with a femoral shaft fracture. Treatment mo-
dalities include traction, immediate spica casting, 
traction followed by spica casting, external fixation, 
plating, flexible nailing, and intramedullary nailing 
(10, 23). Fixation by flexible nails is appropriate for 
patients over the age of five years (10, 23, 24). Usu-
ally, femoral shaft fractures in children younger the 
age of five years are treated conservatively.

Simanovsky et al. retrospectively reviewed 13 cases 
of diaphyseal femoral fractures treated with close re-
duction and TENs, in children aged 3–5 years. They 
do not noted cases of nonunion or malunion, only 
minor complications were observed in two children. 
Although the operative approach to simple diaphy-
seal fractures of the femur at such a young age is not 
routinely recommended, it can be a valuable option 
as an initial treatment, or when a conventional treat-
ment with a spica cast has failed (24). Buechsen-
schuetz et al. analyzed treatment of pediatric femoral 
fractures by traction and spica casting versus ESIN. 
They found that the ESIN was associated with a lower 
overall cost than traction and spica casting. The ESIN 
also resulted in better scar acceptance, and higher 
overall parent satisfaction (25).

Khazzam et al. evaluated use of TENs in the treat-
ment of femoral shaft fractures in 135 children. They 
recorded very good functional results, low complica-
tion rate and concluded that use of TENs in the treat-
ment of femoral shaft fractures in children is success-
ful regardless of patient age, fracture location, or 
fracture pattern (26). Nonunion and major complica-
tions are not very common in pediatric fractures. 
Fixation of complicated pediatric femoral fractures 
with ESIN is also a good option (27). With the incre-
asing rate of childhood obesity and tendency for sa-
gittal and coronal angulation of femur fractures trea-
ted with TENs, it is necessary to determine the load 
at which permanent sagittal and coronal deformation 
of the nails occurs because this may result in an un-
favorable outcome. Li et al. provided biomechanical 
evidence that patients weighing more than 40 to 45 
kg who undergo stabilization of a transverse mids-
haft femur fracture with TENs are at risk for loss of 
reduction in the sagittal and coronal planes (4).

Although in literature many complications includ-
ing osteomyelitis (7, 10, 27), varus or valgus malali-
gnments (7, 15, 25), refractures (10, 15, 25), asympto-
matic proximal nail migration (7, 25), delayed healing 
or nonunion were described (7, 25), in our series we 
reported only one asimptomatyc protrusion of the 
wires.
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TIBIAL FRACTURES

The tibia is the most commonly fractured bone of the 
lower limb in children. Fractures of the shaft can ge-
nerally be managed with casting. Less than 10° of 
angulation should be the goal in older children. Varus 
angulation remodels better than valgus or posterior 
angulation. The recent literature trends toward more 
aggressive intervention, but cast treatment remain as 
a high standard. Occasionally, reduction cannot be 
maintained due to excessive shortening, angulation, 
or malrotation at the fracture site, making operative 
intervention necessary (2). The ESIN of long bone 
fractures in the skeletally immature has gained wide-
spread popularity because of its clinical effectiveness 
and low risk of complications (2, 15). Sankar et al. 
reported a series of 19 children with tibial shaft fac-
tures treated with ESIN. All patients in their series 
achieved complete healing at a mean of 11 weeks. At 
final follow-up, mean angulation was 2° in the sagi-
ttal plane and 3° in the coronal plane. Five patients 
complained of irritation at the nail entry site; there 
were no leg length discrepancies or physeal arrests as 
a result of treatment (2). O’Brien et al. reported a se-
ries of 16 children with tibial shaft fractures treated 
with ESIN. All patients went on to radiographic hea-
ling by an average of 9 weeks. No patients had grea-
ter than 10° of angular deformity at final follow-up, 
and no clinically significant leg length discrepancies 
resulted from treatment (28). Similarly, Goodwin et 
al. reviewed 19 patients with tibial shaft fractures 
treated with ESIN. After a mean follow-up of 13 mon-
ths, all achieved union. Two patients had angular 
deformities in excess of 10°, and one child developed 
a clinically insignificant physeal arrest (29). Several 
studies have described irritation at the nail entry site 
as the most common complication following the use 
of titanium elastic nails, ranging in incidence from 7 
to 40% (2, 10, 14, 26). Although in literature many 
complications including osteomyelitis (30), angular 
deformity (2), refractures (28), asymptomatic proxi-
mal nail migration (2, 28), delayed healing or non-
union were described (14, 30), we reported only three 
minor complications.

CONCLUSION

The ESIN shows very good functional and cosmetic 
results. It allows an early functional and cast-free fo-
llow-up with a quick pain reduction. The ESIN for 
shaft fractures is a minimally invasive, simple and 
well reproducible technique with a steep learning 
curve. Because of the excellent objective and subjec-
tive results, the operative stabilization of long bones 
fractures with ESIN should be recommended to the 
pediatrics patients. This technique has many merits 
over a more traditional plating technique including a 
minimally invasive technique, a less time consuming 
procedure and easier metal work removal. Cosmesis 
is perhaps the most important to our patients because 
the wounds are small and less conspicuous than the 
traditional approach for plating.

REFERENCES

01. El-Adl G, Mostafa MF, Khalil MA, et al. Titanium elastic nail 
fixation for paediatric femoral and tibial fractures. Acta Orthop 
Belg 2009;75:512–520

02. Sankar WN, Jones KJ, David Horn B, et al: Titanium elastic 
nails for pediatric tibial shaft fractures. J Child Orthop 2007; 
1:281–286

03. Helenius I, Lamberg TS, Kääriäinen S, et al: Operative treat-
ment of fractures in children is increasing. A population-based 
study from Finland. J Bone Joint Surg Am 2009;91:2612–2616.

04. Li Y, Stabile KJ, Shilt JS: Biomechanical analysis of titanium 
elastic nail fixation in a pediatric femur fracture model. J Pe-
diatr Orthop 2008;28:874–878

05. Mahar A, Sink E, Faro F, al: Differences in biomechanical stabil-
ity of femur fracture fixation when using titanium nails of in-
creasing diameter. J Child Orthop 2007;1:211–215
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