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Abstract

Background Elastic stable intramedullary nailing (ESIN)

may be complicated by the loss of reduction following

push out of the nails at the entry site in unstable femoral

and tibial fractures, especially in older and heavier children

and following technical failures. An end cap system

addressing this complication was evaluated clinically.

Methods In a retrospective case series, 49 femoral and

five tibial fractures in 54 pediatric patients treated by ESIN

and end caps were documented in two European tertiary

centers. End caps were used to interlock standard ESIN

nails. The results were evaluated regarding difficulties in

the placement and removal of the end cap system, fracture

stability and healing, and return to normal activities by

analyzing patient charts and X-rays.

Results Fifty-three of 54 fractures were stabilized suffi-

ciently with ESIN and end caps. Loss of reduction was

observed in one patient, requiring additional surgery. Six

complications were observed, five of which were not

related to end caps. There were no significant leg length

differences or varus/valgus deformities. A rotational

difference of[10�–20� was found in one patient. Removal

of the end caps and nails was rated as simple and

uncomplicated in 35/37 cases.

Conclusions End caps avoided postoperative instability

in the majority of pediatric patients with lower limb shaft

fractures, even in heavier, older patients and those with

instable fracture types. End caps, however, will not com-

pensate for operative technical insufficiency concerning

reduction or nail placement. To maximize the stability of

ESIN-instrumented unstable fractures, end caps require

properly placed nails.

Keywords End cap system � ESIN � Femoral fracture �
Tibial fracture � Pediatric

Introduction

In children, femoral and tibial shaft fractures present the

most frequent traumatic orthopedic inpatient diagnoses [1].

During the last two decades, elastic stable intramedullary

nailing (ESIN) has become the method of choice for

internal fixation of femoral [2–5] and tibial shaft [6–9]

fractures in children aged 4–14 years. However, in unstable

fracture types of the lower limb, these implants may prove

to be more elastic than stable, especially in patients older

than 12 years, with higher body weight, and when com-

bined with intraoperative technical difficulties [10, 11].

Such technical problems may be the use of nails that are

too thin, inadequate prebending, too large a cortical

opening at the entry site, insufficient proximal and distal

crossing of the nails, crossing at the fracture site, and

twisting of the nails (the cork-screw phenomenon) [12].

Technical imperfections, unstable fracture type, and heavy

body weight may combine to cause push out of the nail
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Dübendorf, Switzerland

J. B. Hunter

Department of Orthopedic Surgery, Queen’s Medical Center,

Nottingham University Hospitals, Nottingham, UK

Eur J Trauma Emerg Surg (2011) 37:305–312

DOI 10.1007/s00068-011-0091-8



ends at the entry site, with subsequent loss of stability,

resulting in shortening or angulation at the fracture site. The

rate of this complication, detected by nail migration with

subsequent soft tissue and skin irritation, was previously

reported to be as high as 5–12% [13–15]. Therefore, a

method to lock the nails was sought. Previous methods to

lock elastic nails and similar devices required additional

incisions to bring in either locking screws [16] or to apply

screws at the crossing points of the nails (the ‘‘miss-a-nail’’

technique [17]). The end caps were designed by the mem-

bers of the pediatric group of the AO Technical Commission

and tested at the AO Research Institute in Davos, Switzer-

land. In vitro testing suggested that the use of end caps

increased stability sixfold in a model of an unstable femoral

fracture. So far, only a handful of cases treated with this

method have been reported [18, 19]. The goal of this study

was to evaluate the end cap system for the stabilization of

ESIN-treated pediatric lower limb shaft fractures and the

prevention of secondary loss of fracture reduction.

Materials and methods

Two European pediatric surgery or pediatric orthopedic

referral centers (Bern, Switzerland, and Nottingham, UK)

participated in this investigation, including all pediatric

lower limb shaft fractures treated with ESIN and end caps

between January 2005 and June 2009. Data were collected

retrospectively, including patient demographics, fracture

classification according to the AO pediatric comprehensive

classification of long-bone fractures (PCCF) [17], operative

details, intra- and postoperative complications, and date of

the child’s return to full unrestricted activities. X-rays taken

immediately postoperatively, at the end of treatment, and at

final examination were evaluated regarding fracture heal-

ing, possible malunion, and positioning of the implants. The

primary outcome was the occurrence of the loss of reduc-

tion/stability, which was defined as any change in fragment

position at follow up examination compared to postopera-

tive X-rays.

Follow up results were assessed at 4 weeks and

2–3 months after the operation (end of treatment), and a

final examination was performed after removal of the

material. In some patients, the final examination was still

due at the time of writing of this article. Data were entered

into a Windows Access� database. All statistical data are

given as mean ± standard deviation, unless otherwise

indicated. Statistical data analysis was performed using

Stata� software (StataCorp LP, Texas, USA).

Implant description

End caps (produced by Synthes GmbH) are made of the

same material as the titanium elastic nails (titanium—6%

aluminum—7% niobium alloy), have a length of 25 mm,

and an inner diameter of 4.4 mm (designed for nails of

3–4 mm in diameter). The outer diameter is 5.7 mm

(7.5 mm maximum diameter at the helix). This end cap can

be used for 2.5-mm nails as well. One part of the diameter

of the closed end of the end cap is flattened to form the

shape of a D, and this allows the cap to be inserted with a

custom socket driver. Smaller end caps are now available

for fitting with titanium elastic nails of 1.5–2.5 mm in

diameter (Fig. 1). In the current study, only the larger end

caps were used. The caps are relatively radiolucent due to

the thinness of the material, thus, the position of the nail

inside the end caps can be visualized intraoperatively by

fluoroscopy.

Operative technique

The fracture is reduced in the usual manner under fluoro-

scopic control and stabilized with ESIN nails. No special

considerations have to be made for the use of end caps;

however, cutting the nails to the correct length is manda-

tory. The beveled impactor should be used to introduce the

Fig. 1 Dimensions and design

of small (a, for ESIN up to

2.5 mm in diameter) and large

(b, for ESIN up to 4 mm in

diameter) end caps
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nail after cutting them, since its recess corresponds to the

portion of the nail that should remain outside the bone to be

covered by the end cap (Fig. 2). When the nail is brought to

its final position, the external portion should be bent away

from the cortical bone a fraction by lifting the impactor.

Too much bending may prevent the end caps from sliding

over the nail. Too little bending may result in inadequate

anchoring of the cap (Fig. 3). If the nail is cut too long, the

end cap thread does not grip the cortical bone.

Results

Patients

Fifty-four patients (age range 2–15 years; mean age

8.6 ± 3.7 years) with femoral (49) or tibial (5) shaft

fractures were documented, including 46 cases from Berne

and eight cases from Nottingham. The cases were treated

by a total of 13 surgeons (nine from Berne and five from

Nottingham), and the number of cases per surgeon ranged

from 1 to 17.

Patient characteristics

The boy to girl odds was 2.4 (38:16) (Fig. 4). The mean body

weight of the patients was 37 ± 15 kg (range 17–80 kg).

Height measurements were available for 34 patients. The

mean height of these patients was 141 ± 21 cm, with a range

from 108 to 180 cm, and their mean body mass index (BMI)

was 18.1 ± 3.1 (range 13.0–24.7).

Fracture types and type of nailing

There were 46 fractures of the femoral diaphysis (PCCF

classification: 32-D) receiving retrograde nailing and end

caps, and three other 32-D fractures receiving antegrade

nailing plus end caps. Five fractures of the tibial diaphysis

(42-D) were treated by antegrade ESIN and end caps. The

classification of the fractures is detailed in Table 1.

Fig. 3 Correct and incorrect positioning of nails in end caps.

a Schematic drawing of ideal nail anchoring in the end cap. b Two

correctly positioned end caps. c Nails bent too much, leading to

difficult placement of the end cap (left nail) or insufficient anchoring

of the nail (right nail)

Fig. 2 Method to prepare nail

ends for end cap application.

a Nails are cut at 2–2.5 cm from

the entry level. b Nails are

advanced 1 cm by the beveled

impactor and bent slightly

outwards. c End caps are

positioned over the nail ends
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Timing and detail of operations

Thirty-eight operations (70.4%) were performed on the day

of the accident, while 15 operations were performed on the

next day (27.8%). Only one (1.9%) operation was delayed

for 3 days. In 51 cases, closed reduction of the fracture was

possible, and only three fractures were reduced openly (one

32-D/4.2, one 32-D/5.1, and one 42-D/5.2 fracture). The

definitive position of the nails prior to application of the

end caps was achieved using a beveled impactor in 52

cases (96.3%). In the remaining two cases, the nails were

positioned by other instruments.

Nail diameters

Nails of 2.5–4 mm in diameter were used. Most fractures

were stabilized by 3- and 3.5-mm nails. Details of the nail

diameters with respect to the affected bone segment are

given in Table 2.

Fitting of end caps

No problems with the insertion of end caps were reported

in any of the 54 cases. From radiologic evaluation, ade-

quate contact of the nail end with the end cap was achieved

in 53 of 54 cases at the lateral and medial nail each.

Hospital stay

Children stayed in the hospital for a mean of

6.8 ± 7.8 days. The median of the stay duration was

5 days, and the range was 2–39 days. In three cases, hos-

pital stays exceeded 1 SD of the mean stay ([15 days), two

of which were not fracture-related but due to other injuries.

Duration and type of mobilization/immobilization

In two patients (4.2%), only passive motion by a physio-

therapist was allowed immediately postoperatively. Thirty-

one children (57.4%) were allowed to move their injured

leg freely but without weight bearing, and 20 children

(37%) could bear partial weight. One child (1.9%) was

allowed to bear their full weight. Mobilization with partial

or non-weight bearing was achieved by walking aids

(crutches in patients above 6 years of age or an assistant for

younger children). Inside the hospital, mobilization was

supported by the use of continuous passive motion (CPM)

in 13 (24.1%) or physiotherapy in 39 (72.2%). In two

patients, other means (e.g., nurse support) were used to

improve mobilization.

Additional means of immobilization such as plaster

splints were used in five patients, either for 2–4 weeks for

fracture protection (n = 3), 2 weeks for pain at the fracture

site (n = 1), or 4 weeks due to joint instability (n = 1).

Time to return to full activity

Full activity was achieved in those 46 patients that were

controlled at the end of treatment after a mean of

9.6 ± 4.4 weeks (median 8 weeks, range 4–22 weeks).

Among the six patients that needed more than 14 weeks to

return to full activity, there were three tibial shaft fractures

and three femoral shaft fractures. The age spectrum and

Fig. 4 Age and gender distribution of the patient cohort

Table 1 Distribution of bone segments and fracture types

Bone fractured AO fracture

classification

Total % of

all fractures

Femur 32-D/4.1 3 5.6

32-D/4.2 5 9.3

32-D/5.1 26a 48.1

32-D/5.2 15 27.8

Tibia 42-D/5.1 2 3.7

42-D/5.2 3 5.6

Total 54

a Including two pathological fractures

Table 2 Fracture type/bone segment and nail diameter used

Bone segment fractured Nail diameter (mm) Total

2.5 3 3.5 4

Femoral diaphysis 2 24 16 7 49

Tibial diaphysis 1 0 3 1 5

Total 3 24 19 8 54
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fracture type distribution of the subgroup with delayed full

activity was not different from the remaining cohort.

Implant removal

Fifty-two of 54 implants were initially planned to be

removed electively, while implant removal was not plan-

ned in two. Nail and end cap removal was simple and

unproblematic in 35 of 37 cases evaluated.

Complications

There were six complications reported in six patients (6/

54 = 11.1%; 95% confidence interval: 2.7–19.5%). Three

complications were intraoperative and attributable to

insufficiencies in the operative technique. They included

one severe insufficient fracture reduction and fixation in

external rotation, one nail perforation into a joint, and, in

the third, the medial end cap came off because it did not

come into contact with the cortical bone. None of the

intraoperative complications caused additional surgical

treatment.

The other three complications were postoperative,

including two losses of reduction (2/54 = 3.7%; 95%

confidence interval: 1.1–6.2%) and a delayed healing. All

were considered as mild. One loss of reduction, leading to

10� varus deviation visible on X-rays, was caused by a fall

3 weeks after the initial fracture fixation, and the other

occurred after physiotherapy due to insufficient fracture

fixation in a polytraumatized patient requiring additional

external fixation. Delayed healing of one tibial fracture was

related to the injury.

Follow up results

The end of treatment was defined in 46 patients at a mean

of 64.7 ± 40.8 days after trauma (median 53 days, range

17–220 days). A final examination was performed in 37

patients at a mean of 244.2 ± 127.1 days (median

213 days, range 84–667 days). There were no losses to

follow up; in eight patients, the end of treatment had not

yet been reached. End of treatment results were obtained in

the remaining 46 patients; the final examination, however,

was still due in nine of these patients, since the time for

implant removal had not been reached upon the writing of

this article.

At the end of treatment, fracture healing was classified

as visible callus in 10, complete callus bridging in 30, and

partial remodeling in six of the patients. At the final

examination, fracture healing had progressed to partial

remodeling in 11 and full remodeling in 26 cases.

Varus or valgus deviation was evaluated at the last

available examination for each case. A varus or valgus

deviation greater than 10� was found in none of the 37

cases at the final examination, at the end of treatment

(n = 9), or after surgery (n = 8).

Antecurvation of between 10� and 20� was present in

two cases after surgery. This normalized to anatomical

alignment in all patients by the final examination (n = 36).

Recurvation of between 20� and 30� was seen only in one

case after surgery and normalized by the end of treatment.

In those cases seen only until the end of treatment (n = 9)

or postoperatively, non ante- or recurvation greater than

10� was seen.

Leg length differences were seen in none of the 37

patients at the final examination. No length differences

were encountered among the patients which were only seen

at the end of treatment (n = 9) or postoperatively (n = 8)

yet. External rotation of greater than 10� was seen in one

patient at the final examination. Rotation was symmetrical

in the 53 other patients upon the last available examination.

The follow up results of fracture alignment are summarized

in Table 3.

Discussion

Study background and study design

Technical difficulties in ESIN may result in angulation at

the fracture level, push out of nails at the entry site, and

loss of reduction [11, 14, 20, 21]. To compensate for this,

prolonged splint immobilization or bed rest are used

sometimes, contrary to the concept of ESIN, which should

allow for early non-weight bearing mobilization [15]. Rigid

interlocking nails of the adult type might be used instead,

as soon as the bone marrow canal is wide enough; however,

complications have been reported, including valgus of the

femoral neck and necrosis of the femoral head. There have

been reports of interlocking pediatric nails in older children

Table 3 Fracture fragment position (axial, longitudinal, and rota-

tional deviation) at different time points

Parameter After

surgery

End of

treatment

Final

examination

n = 54 n = 46 n = 37

Varus/valgus [10�–20� 1 0 0

Varus/valgus ±10� 53 46 37

Ante/recurvation [10� 3 2 0

Ante/recurvation ±10� 51 44 37

Shortening [1 cm 1 0 0

Shortening [0.5–1 cm 3 0 0

Shortening \0.5 cm 50 46 37

Rotation [10� 1 1 1

Rotation \10� 53 45 36
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or more instable fractures by placing screws on the cross-

ing points of the nails or by the use of specially designed

nails [22]. The use of end caps is the first described method

to interlock a standard ESIN. With end caps, stability can

be added to ESIN with a minimum of extra effort. The

stability of the system was demonstrated in a previously

published biomechanical study [23]. In this study, axial

stability of ESIN was significantly increased in human

cadaveric bones and in plastic model bones by the use of

end caps.

This study is a retrospective investigation of the initial

use of end caps. The cases were performed by many sur-

geons of differing experience. The lead investigators in

each center were among those who devised and designed

the end caps and they gave instructions to their colleagues

on their use. These results do, however, represent the

learning curve in the use of end caps at these centers. Since

the complications related to end caps were mainly due to

intraoperative technical problems (of nailing and/or of end

cap insertion), there is room for improvement through

education, training, and experience [12].

The incidence of difficulty in applying (0/54, 0%) or

removing (2/37 or 5%; 95% confidence interval 0–12.7%)

the end caps was low. With specific education on the

implantation of the caps, these difficulties should be

eliminated.

The number of end cap-related complications was also

low (n = 2). One case was seen with inadequate fixation of

the medial end cap which, later on, lost contact to the

femur, but without subsequent loss of reduction or relevant

soft tissue irritation. Soft tissue/skin irritation by nail ends

was not reported in the patients with functioning end caps.

This complication, thus, appears to be less frequent than in

reports on the use of ESIN without end caps [10, 24, 25].

All failures of the implant were caused by defective tech-

nique and not by instability of the implant itself. Loss of

reduction did not occur in any case with adequately

anchored end caps.

Fig. 5 Proximal femoral shaft

long spiral fracture with a large

wedge fragment (32-D/5.2) (9-

year-old boy, 36-kg body

weight) stabilized with ESIN

and end caps. a Initial X-ray.

b Intraoperative X-rays.

c Follow up at 5 weeks after

fracture. d Follow up at

5 months. e Follow up at

8 months after the removal of

nails. Proper nail and end cap

placement allowed for stable

fixation and rapid consolidation,

even in a very unstable fracture

type
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Technical difficulties and complications appeared to be

related to not using the recommended beveled impactor.

End caps cannot give stability when not adequately

anchored in the cortical bone. End caps may improve sta-

bility in the majority of otherwise problematic fracture

types (oblique, spiral, comminuted) in heavier children. An

example of such a fracture is given in Fig. 5. The spectrum

of ESIN can probably be somewhat expanded with the use

of end caps by increasing the safety of its use in older

children and less stable fractures.

Return to full activity

The time to return to full activity is comparable in the

current study to results reported by others after ESIN sta-

bilization of lower limb fractures in children of comparable

age [20, 26]. This is due to the fact that weight bearing was

often only allowed after radiographic signs of fracture

consolidation, especially in oblique and unstable fracture

types. The potentially increased stability of the nailed

fracture by the addition of end caps did not generally

translate to earlier weight bearing and activity. This was

presumably because the hospitals continued to use the

same rehabilitation protocols as prior to the use of end

caps. Biomechanical studies, however, indicate that earlier

weight bearing is probably possible with end caps as

compared to ESIN used alone [27]. The question on whe-

ther end caps might be beneficial in all femoral fracture

types with respect to earlier weight bearing remains to be

studied.

The use of end caps did not lead to an increased rate of

delayed and non-union; this had been a concern because of

the dramatic increase in stability achieved in the in vitro

biomechanical studies.

Removal of end caps and nails

In most cases, removal of the implants was rated simple

and uncomplicated. In fact, end caps prevent cortical bone

overgrowth over nail ends, and, after removal of the end

cap, a small channel remains around the nail at the entry

site, which facilitates removal of the nail. In general, ESIN

implants are usually removed after the complete consoli-

dation of respective fractures. In a recent study [28], where

removal was not intended in a cohort, a rather large sub-

group received unplanned removal due to pain and dis-

comfort. Although end caps might decrease discomfort

from nail ends protruding into soft tissue, the intention of

using end caps is not to avoid removal but, rather, to

facilitate it.

The use of end caps as an addition to elastic nailing has

been shown in this study to be simple and safe. They have

been shown to be easy to apply and remove in the majority

of cases. Attention to detail in the original elastic nailing

and the end cap application has been confirmed to be

important. This study does not demonstrate the increased

stability of nailed fractures suggested by our biomechanical

studies, as there was no comparison group; however, the

results are sufficiently encouraging for this method to be

included in comparative studies of either simple elastic

nailing or other methods, such as formal interlocking nails

or sub-muscular plating.
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3. Till H, Hüttl B, Knorr P, Dietz HG. Elastic stable intramedullary

nailing (ESIN) provides good long-term results in pediatric long-

bone fractures. Eur J Pediatr Surg. 2000;10(5):319–22.

4. Anglen JO, Choi L. Treatment options in pediatric femoral shaft

fractures. J Orthop Trauma. 2005;19(10):724–33.

5. Kanlic E, Cruz M. Current concepts in pediatric femur fracture

treatment. Orthopedics. 2007;30(12):1015–9.

6. Srivastava AK, Mehlman CT, Wall EJ, Do TT. Elastic stable

intramedullary nailing of tibial shaft fractures in children. J Pe-

diatr Orthop. 2008;28(2):152–8.

7. Setter KJ, Palomino KE. Pediatric tibia fractures: current con-

cepts. Curr Opin Pediatr. 2006;18(1):30–5.

8. O’Brien T, Weisman DS, Ronchetti P, Piller CP, Maloney M.

Flexible titanium nailing for the treatment of the unstable pedi-

atric tibial fracture. J Pediatr Orthop. 2004;24(6):601–9.

9. Kubiak EN, Egol KA, Scher D, Wasserman B, Feldman D, Koval

KJ. Operative treatment of tibial fractures in children: are elastic

stable intramedullary nails an improvement over external fixa-

tion? J Bone Joint Surg Am. 2005;87(8):1761–8.

10. Narayanan UG, Hyman JE, Wainwright AM, Rang M, Alman

BA. Complications of elastic stable intramedullary nail fixation

of pediatric femoral fractures, and how to avoid them. J Pediatr

Orthop. 2004;24(4):363–9.

11. Sink EL, Gralla J, Repine M. Complications of pediatric femur

fractures treated with titanium elastic nails: a comparison of

fracture types. J Pediatr Orthop. 2005;25(5):577–80.

12. Slongo TF. Complications and failures of the ESIN technique.

Injury. 2005;36(Suppl 1):A78–85.

13. Wall EJ, Jain V, Vora V, Mehlman CT, Crawford AH. Compli-

cations of titanium and stainless steel elastic nail fixation of

pediatric femoral fractures. J Bone Joint Surg Am. 2008;90(6):

1305–13.

14. Luhmann SJ, Schootman M, Schoenecker PL, Dobbs MB, Gor-

don JE. Complications of titanium elastic nails for pediatric

femoral shaft fractures. J Pediatr Orthop. 2003;23(4):443–7.

End caps and ESIN in pediatric femoral and tibial fractures 311



15. Lascombes P, Haumont T, Journeau P. Use and abuse of flexible

intramedullary nailing in children and adolescents. J Pediatr

Orthop. 2006;26(6):827–34.

16. Linhart WE, Roposch A. Elastic stable intramedullary nailing for

unstable femoral fractures in children: preliminary results of a

new method. J Trauma. 1999;47(2):372–8.

17. Dietz HG, Schmittenbecher PP, Slongo T, Wilkins KE. AO

manual of fracture management. Elastic stable intramedullary

nailing (ESIN) in children. Biomechanics. New York: Thieme;

2006. p. 7–8.

18. Slongo T. New pediatric products. End cap for elastic nails. AO

Dev News. 2006;1(1):16–7.

19. Nectoux E, Giacomelli MC, Karger C, Gicquel P, Clavert J. Use

of end caps in elastic stable intramedullary nailing of femoral and

tibial unstable fractures in children: preliminary results in 11

fractures. J Child Orthop. 2008;2:309–14.

20. Vierhout BP, Sleeboom C, Aronson DC, Van Walsum AD, Zijp

G, Heij HA. Long-term outcome of elastic stable intramedullary

fixation (ESIF) of femoral fractures in children. Eur J Pediatr

Surg. 2006;16(6):432–7.

21. Ho CA, Skaggs DL, Tang CW, Kay RM. Use of flexible intra-

medullary nails in pediatric femur fractures. J Pediatr Orthop.

2006;26(4):497–504.

22. Beaty JH, Austin SM, Warner WC, Canale ST, Nichols L.

Interlocking intramedullary nailing of femoral-shaft fractures in

adolescents: preliminary results and complications. J Pediatr

Orthop. 1994;14(2):178–83.

23. Schwieger K, Slongo T, Schneider E. News from the AO

Research Institute (ARI). Performance of the end cap system.

Biomechanical study of elastic stable intramedullary nailing

(ESIN) in pediatric fractures. AO Dev News. 2006;1(1):28–9.

24. Bopst L, Reinberg O, Lutz N. Femur fracture in preschool chil-

dren: experience with flexible intramedullary nailing in 72 chil-

dren. J Pediatr Orthop. 2007;27(3):299–303.

25. Flynn JM, Luedtke L, Ganley TJ, Pill SG. Titanium elastic nails

for pediatric femur fractures: lessons from the learning curve. Am

J Orthop. 2002;31(2):71–4.

26. Dietz HG, Schmittenbecher PP, Slongo T, Wilkins KE. AO

manual of fracture management. Elastic stable intramedullary

nailing (ESIN) in children. New York: Georg Thieme Verlag;

2006.

27. Hunter J, Slongo T, Schwieger K, Windolf M, Matthys R, Linke

B, Clacert J, Reynolds R. Biomechanical investigations into

improving the stability of elastic nails with screw-in end caps.

Personal communication. 2008.

28. Morshed S, Humphrey M, Corrales LA, Millett M, Hoffinger SA.

Retention of flexible intramedullary nails following treatment of

pediatric femur fractures. Arch Orthop Trauma Surg. 2007;

127(7):509–14.

312 T. Slongo et al.


	Clinical evaluation of end caps in elastic stable intramedullary nailing of femoral and tibial shaft fractures in children
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Implant description
	Operative technique

	Results
	Patients
	Patient characteristics
	Fracture types and type of nailing
	Timing and detail of operations
	Nail diameters
	Fitting of end caps
	Hospital stay
	Duration and type of mobilization/immobilization
	Time to return to full activity
	Implant removal
	Complications
	Follow up results

	Discussion
	Study background and study design
	Return to full activity
	Removal of end caps and nails

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


