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Abstract

Purpose: To describe patient characteristics and to compare outcomes of children undergoing 
rigid intramedullary nailing of tibial fractures as compared with those operated on using 
elastic intramedullary nailing.

Methods: A retrospective review of 26 children who have undergone flexible 
intramedullary nailing of tibial fractures and 30 children with rigid nailing at our university 
hospital between 2008 and 2017. The patient charts and radiographs were evaluated to 
identify demographic characteristics and several variables were measured preoperatively, 
as well as 6–12 weeks postoperatively in addition to final follow-up radiographs.

Results: Twenty-six patients (26/26, 100%) treated with a flexible nail and 14 patients 
(14/30, 46.7%) treated with a rigid nail had open proximal tibial physis (p < 0.001). An 
acceptable postoperative alignment was obtained in 20 patients (20/26, 76.9%) in the 
elastic stable intramedullary nail group and in 29 patients (29/30, 96.7%) in the rigid group 
(p = 0.026). Some complications occurred in four patients (4/26, 15%) in the elastic stable 
intramedullary nail population and seven patients (7/30, 23%) in the rigid intramedullary 
nail population (p = 0.46). Malunion occurred in six patients (6/26, 23%) in the elastic stable 
intramedullary nail group and in none of the patients treated with a rigid intramedullary 
nail (p = 0.005).

Conclusion: Younger children with tibial fractures who weight 50 kg or less and with 
proximal tibial growth plates wide open can be treated with elastic stable intramedullary 
nail while more mature adolescents benefit from rigid intramedullary nailing.
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Introduction

Tibial fractures are the third most common fracture 
site in pediatric patients under 16 years (1, 2). Non-
operative management using closed methods and cast 
immobilization is usually the treatment of choice for 
closed, minimally displaced fractures (3, 4). Operative 
techniques using elastic intramedullary nailing, plate 
fixation, or external fixation are, however, indicated 
when it is not possible to achieve and maintain accept-
able alignment by non-operative means until union 
occurs. These indications include open fractures, frac-
tures complicated by compartment syndrome and 
with comminuted and unstable fractures (5, 6). In 
addition, internal fixation has become increasingly 
popular as operative treatment of pediatric fractures is 
increasing in general (7). In a recent study, Stenroos 
et al. stated that one in three pediatric tibia shaft frac-
tures is currently treated operatively (1). Elastic nail-
ing is preferred in surgical stabilization of pediatric 
shaft fractures because the low risk of infection; it 
allows early mobilization and it does not cross the 
physis. Several studies have shown good outcomes 
with flexible intramedullary nailing (3, 8, 9). However, 
possible complications using this technique include 
axial deviations and delayed unions. The lack of rigid-
ity of flexible nailing is associated with a higher risk of 
malunion in older and heavier children (10–12).

There is very limited data on rigid intramedullary 
nailing in the pediatric population. It has been gener-
ally contraindicated to use rigid intramedullary nail-
ing across the open proximal tibial physis except at the 
end of the growth period because of concerns about 
growth disturbance (5).

Our aim was to describe the pediatric patient popu-
lation undergoing rigid intramedullary nailing and to 
compare its surgical outcomes with those children 
receiving elastic intramedullary nailing. The hypoth-
esis was that younger and more light patients with 
displaced tibial fractures more often received elastic 
intramedullary nails, and this resulted into less accu-
rate reduction than in older adolescents treated with 
rigid intramedullary nailing.

Material and Methods

Patients and Study Design

This was a retrospective study of 56 patients under 
16 years with a tibial diaphyseal fracture who were 
treated with intramedullary nailing at our university 
hospital during 2008–2017. Twenty-six patients were 
treated with a flexible intramedullary nail (see Figs 1 
and 2) and 30 patients with a rigid nail (see Figs 3 to 5).

Clinical examinations, radiographs preoperatively 
and immediately postoperatively, at 6–12 weeks, and 
at the final follow-up were systematically analyzed. 
The mean follow-up time in elastic stable intramedul-
lary nail (ESIN) group was 12 months and 10 months 
in rigid intramedullary nail (RIN) group. Clinical 

Fig. 1. Anteroposterior and lateral radiographs of a 10-year-old boy 
with a left open tibial fracture.

Fig. 2. Anteroposterior and lateral radiographs of the patient in Fig. 
1 3 years after flexible intramedullary nailing showing union of the 
fracture.

Key words: Tibial fracture; elastic stable intramedullary nail; flexible intramedullary nail; rigid intramedullary 
nail
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examinations included skin (wound, viability, and 
tension due to fracture dislocation), neurovascular 
status (dorsalis pedis and posterior tibial arteries, 

color of skin, capillary reaction; motor and sensory 
function of peroneal and tibial nerve), and signs of 
compartment syndrome (pain not responsive to opi-
oids, passive lengthening of muscles, and active 
movement of lower leg muscles). Compartment syn-
drome was diagnosed based on clinical status.

Operative Methods

The RIN was inserted using the transligamentory 
approach. Two precontoured ESINs were inserted 
through two skin incisions made on the lateral and 
medial sides below the proximal tibia metaphysis 
(0.4× medullary canal). No tourniquet was used dur-
ing intramedullary nailing.

Definitions

An acceptable postoperative alignment was defined 
as less than 5° of angulation in any direction, less than 
10 mm shortening, and less than 10 mm dislocation. 
Significant lower limb length discrepancy was 
>10 mm. (13.) Malunion was defined as more than 5° 
of angulation in any direction, more than 10 mm short-
ening, or significant rotatory malalignment (>30°). 
When a patient did not demonstrate a three-cortex 
union at 16 weeks, a term delayed union was used.

Fig. 3. 14-year-old boy with a right open tibial fracture. Anteroposterior and lateral radiographs on a splint before surgical management.

Fig. 4. Anteroposterior radiograph of the patient in Fig. 3 
immediately after rigid intramedullary nailing.
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Statistical Methods and Ethical 
Committee Approval

Mean values (standard deviation (SD)) are given. For 
incidence calculations, numbers (percentages) are 
reported. An X2-test was used for categorical compar-
isons. Ethical committee approval was granted by our 
university hospital. Due to the retrospective nature of 
the research, no informed consent was requested by 
the committee.

Results

Patient Characteristics

The mean age of the children undergoing elastic 
intramedullary nailing was significantly lower as 
compared with those undergoing rigid intramedul-
lary nailing (mean age 11.47 years, SD 2.43 vs 15.02, SD 
0.74, p < 0.001). Twenty-six patients (26/26, 100%) 
treated with flexible nail and 14 patients (14/30, 
46.7%) treated with rigid nail had open proximal tibial 
physis (p < 0.001). Four (4/26, 15.4%) of the ESIN 
patients and 12 of the rigid population (12/30, 40%) 
had an open tibial fracture (p = 0.042). Four (4/26, 
15.4%) of the ESIN group and 10 of the RIN group 
(10/30, 30%) developed compartment syndrome and 
required fasciotomy (p = 0.122). Of the fasciotomies, 
three fasciotomies in the ESIN group (3/4, 75%) and 
eight fasciotomies in the RIN group (8/10, 80%) were 
performed at the time of index surgery and the remain-
der as separate surgeries (see Table 1).

In the ESIN group, an associated fibular fracture 
was present in 12 cases (12/26, 46.2%) and 20 cases 
(20/30, 66.7%, p = 0.12) in the RIN group, respectively. 
Two patients (2/26, 7.7%) in the ESIN group had other 
associated injuries (metacarpal fracture and skin exco-
riation) and eight patients (8/30, 26.7%) in the RIN 
group; these injuries included the following: traumatic 
pneumothorax, rib fracture, vertebral fracture, talus 
fracture, metatarsal fractures, spleen rupture, rhabdo-
myolysis, and humeral fracture (p = 0.15). Four (4/26, 
15.4%) patients in the ESIN group and six (6/30, 20%) 
patients in the RIN group had no associated injuries 
(p = 0.65). The mean operation time in ESIN patients 
was 1 h 23 min (SD 35 min, median 1 h 22 min) and in 
RIN patients 2 h 50 min (SD 1 h 17 min, median 2 h 
15 min).

Radiographic Outcomes

An acceptable postoperative alignment was obtained 
in 20 patients (20/26, 76.9%) in the ESIN group and in 

Table 1
Clinical characteristics of the study groups.

ESIN (n = 26) RIN (n = 30) Significance

Age at the surgery (years) 11.47 (4.48–15.95) 15.02 (13.27–16.33) <0.001
Sex 0.037
  Male 14 24  
  Female 12 6  
Open fracture 4 (15%) 12 (40%) 0.042
Weight 43.85 (10.5–64.0) 64.08 (50.0–90.0) <0.001
Open proximal tibial physis 26 (100%) 14 (47%) <0.001
Fasciotomy 4 (15%) 10 (33%) 0.12
  Index 3 (75%) 8 (80%)  
  Separate 1 (25%) 2 (20%)  
Associated fibular fracture 12 (46%) 20 (67%) 0.12
Other associated injury 2 (8%) 8 (27%) 0.15
Isolated tibial fracture 4 (15%) 6 (20%) 0.65

ESIN: elastic stable intramedullary nail; RIN: rigid intramedullary nail.

Fig. 5. Anteroposterior and lateral radiographs of the patient in 
Figs 3 and 4 3 years after internal fixation. Proximal tibial physis 
has grown normally along the nail and has now been closed.



 Intramedullary nailing of paediatric tibial fractures 5

29 patients (29/30, 96.7%) in the rigid group (p = 0.026). 
The mean coronal angulation was 2.4° (SD 2.2) in ESIN 
group and 1.4° (SD 1.4) in RIN group (p = 0.07). The 
mean sagittal angulation was 3.4° (SD 2.9) in ESIN 
patients and 1.8° (SD 1.4) in RIN patients (p = 0.019). 
Of those not fulfilling the acceptable alignment, two 
patients in the ESIN group (2/6, 33.3%) and one 
patient in the RIN group (1/1, 100%) had a persisting 
coronal malalignment (varus or valgus angulation of 
more than 5°). The rest of the ESIN patients not fulfill-
ing the acceptable alignment (4/6, 66.7%) had sagittal 
malalignment. In the ESIN population, all patients 
showed evidence of fracture healing within 16 weeks. 
In the RIN group, five patients (5/30, 17%, p = 0.029) 
had a delayed union during the follow-up and two of 
these patients (2/5, 40%) had dynamization as an 
additional surgery. Malunion occurred in six patients 
(6/26, 23%) in the ESIN group versus none of the 
patients treated with RIN (p = 0.005). Radiographic 
outcomes are shown in Table 2.

Effect of Weight (<50 kg vs >50 kg)

Twelve patients treated with ESIN weighed <50 kg 
and eight patients >50 kg (five patients had no weight 
data). The mean weight of the patients was 43.9 kg (SD 
13.20 kg). Of those not fulfilling the acceptable align-
ment, one patient aged 12 years and weighed >50 kg 
(1/6, 16.7%). No patient weighted less than 50 kg in the 
rigid population, and the mean weight was 64.1 kg (SD 
11.84 kg). The mean weight of the ESIN group was sta-
tistically lower than that of the RIN group (p < 0.001).

Complications

Any complication occurred in four patients (4/26, 
15%) in the ESIN population and seven patients (7/30, 
23%) in the RIN population (p = 0.46). One patient 
(1/26, 3.8%) in the ESIN group and five patients (5/30, 
17%) in the RIN group had soft tissue healing prob-
lems. Two ESIN patients (2/26, 7.7%) had limb length 

inequality as did two patients in the RIN group (2/30, 
6.7%) at the end of the follow-up.

Eighteen patients in the ESIN group underwent 
nail removal (18/26, 69.2%). In the RIN group, re-
operation was needed for 11 patients (11/30, 36.7%, 
p = 0.005; five dynamization, one nail removal, one 
skin graft, two fasciotomies, no re-nailing, and one 
proximal locking screw was placed through open 
proximal tibial physis and later needed repositioning 
to a lower position). One death occurred due to multi-
organ failure after rigid intramedullary nailing. The 
nail removals were performed as planned surgeries.

Discussion

Rigid intramedullary nailing at the end of the growth 
period is not associated with a risk of clinically signifi-
cant growth disturbance. Flexible intramedullary nail-
ing does not provide similar control of the fracture 
alignment as rigid nailing does. Elastic nailing is one 
of the most commonly used fixation methods for pedi-
atric long bone fractures, but it may result in non-
union in older and heavier children (3, 11, 14).

Validity of the Data

This single-center study is limited due to its retrospec-
tive, non-randomized nature, and limited number of 
cases. A small number of patients (n = 4) were lost dur-
ing follow-up, and the patients were not routinely fol-
lowed until skeletal maturity. The radiographic quality 
of reduction and internal fixation was analyzed by an 
independent reviewer. Patients in the rigid intramed-
ullary nailing group were significantly older and 
heavier than children in the flexible intramedullary 
nailing group.

Comparison with Previous Studies

Despite the many advantages of flexible intramedul-
lary nailing, it does allow potential loss of reduction 

Table 2
Radiographic outcomes of the study groups.

ESIN (n = 26) RIN (n = 30) Significance

Acceptable post-op alignmenta 20 (77%) 29 (97%) 0.026
Coronal malalignmentb 1 (4%) 2 (7%) 0.92
Delayed fracture healingc 0 5 (17%) 0.029
Any complication 4 (15%) 7 (23%) 0.46
  Soft tissue healing problem 1 (4%) 5 (17%) 0.12
 L imb length inequality 2 (8%) 2 (7%) 0.83
  Shortening >5 mm 1 (4%) 2 (7%) 0.64
  Shortening >10 mm 0 0  
Re-operation 18 (69%) 11 (37%) 0.005
Maluniond 6 (23%) 0 0.005

ESIN: elastic stable intramedullary nail; RIN: rigid intramedullary nail.
aAn acceptable postoperative alignment was defined as less than 5° of angulation in any direction, less than 10 mm shortening, and less 
than 10 mm dislocation.
bVarus or valgus angulation of more than 5°.
cNo evidence of a three-cortex union at 16 weeks post-op.
dMalunion was defined as more than 5° of angulation in any direction, more than 10 mm shortening, or significant rotatory malalignment 
(>30°).
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as compared with rigid nailing. In addition, a short 
period of immobilization is usually needed. In pre-
vious studies, the rate of delayed healing was shown 
to vary by around 10% (4, 15). Gordon et al. found 
that patients with delayed union were older 
(14.1 years) than their study population as a whole 
(11.7 years), and they concluded the lack of stability 
to be the key factor behind the delayed healing (11.) 
Court-Brown et  al. reported a series of 36 adoles-
cents with tibial fractures and open proximal physes 
treated with reamed intramedullary nailing. There 
were no long-term complications associated with the 
injury to their proximal tibial physes and no malun-
ions (16.)

There are no previous comparative studies evaluat-
ing the outcomes of flexible versus rigid intramedul-
lary nailing in children with open tibial physis. In this 
study, rigid intramedullary nailing controlled the frac-
ture alignment significantly better than flexible 
intramedullary nailing and was not associated with a 
risk of growth disturbance. We hypothesize that ado-
lescents with an open physis may undergo rigid 
intramedullary nailing as the smooth nail fills the 
entry point through the physis and continued growth 
is possible.

Conclusion

Younger children with tibial fractures who weight 
50 kg or less and with proximal tibial growth plates 
wide open can be treated with elastic stable intramed-
ullary nailing while more mature adolescents benefit 
from rigid intramedullary nailing as rigid nailing 
allows more precise fracture alignment without 
increased risk of growth disturbance.

Author Contributions

S.W.-K. contributed to the data acquisition, analysis, and 
interpretation of data. I.H. contributed to study design, data 
analysis, and interpretation of data. Both the authors con-
tributed to drafting and critical revision of the manuscript.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of 
interest with respect to the research, authorship, and/or 
publication of this article: I.H. is the consultant for 
Medtronic.

Funding 

The author(s) received no financial support for the research, 
authorship, and/or publication of this article. 

ORCID iD 

S. Widbom-Kolhanen  https://orcid.org/0000-0001-6717 
-4820

References
	 1.	Stenroos A, Laaksonen T, Nietosvaara N et al: One in three of 

pediatric tibia shaft fractures is currently treated operatively: 
A 6-Year Epidemiological Study in two university hospitals in 
Finland treatment of pediatric tibia shaft fractures. Scand J Surg 
2018;107(3):269–274.

	 2.	Kinney MC, Nagle D, Bastrom T et  al: Operative versus con-
servative management of displaced tibial shaft fracture in ado-
lescents. J Pediatr Orthop 2016;36(7):661–666.

	 3.	Heo J, Oh CW, Park KH et  al: Elastic nailing of tibia shaft 
fractures in young children up to 10 years of age. Injury 
2016;47(4):832–836.

	 4.	Pennock AT, Bastrom TP, Upasani VV: Elastic intramedullary 
nailing versus open reduction internal fixation of pediatric tibial 
shaft fractures. J Pediatr Orthop 2017;37(7):e403–e408.

	 5.	Gordon JE, O’Donnell JC: Tibia fractures: What should be fixed? 
J Pediatr Orthop 2012;32:52–61.

	 6.	Cruz AI Jr, Raducha JE, Swarup I et al: Evidence-based update 
on the surgical treatment of pediatric tibial shaft fractures. Curr 
Opin Pediatr 2019;31(1):92–102.

	 7.	Helenius I, Lamberg TS, Kääriäinen S et al: Operative treatment 
of fractures in children is increasing: A population-based study 
from Finland. J Bone Joint Surg Am 2009;91(11):2612–2616.

	 8.	Kubiak EN, Egol KA, Scher D et al: Operative treatment of tibial 
fractures in children: Are elastic stable intramedullary nails 
an improvement over external fixation. J Bone Joint Surg Am 
2005;87(8):1761–1768.

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

	10.	Moroz LA, Launay F, Kocher MS et al: Titanium elastic nailing 
of fractures of the femur in children: Predictors of complications 
and poor outcome. J Bone Joint Surg Br 2006;88(10):1361–1366.

	11.	Gordon JE, Gregush RV, Schoenecker PL et al: Complications 
after titanium elastic nailing of pediatric tibial fractures. J Pedi-
atr Orthop 2007;27(4):442–446.

	12.	Lascombes P, Haumont T, Journeau P: Use and abuse of flexible 
intramedullary nailing in children and adolescents. J Pediatr 
Orthop 2006;26(6):827–834.

	13.	Heinrich SD, Mooney JF: Fracture of shaft of the tibia and fibula. 
In: Beaty JH, Kasser JR (Eds) Rockwood and Wilkins Fractures 
in Children. Philadelphia, PA: Lippincott Williams & Wilkins, 
2010, pp. 949–50.

	14.	O’Brien T, Weisman DS, Ronchetti P et al: Flexible titanium nail-
ing for the treatment of the unstable pediatric tibial fracture. J 
Pediatr Orthop 2004;24(6):601–609.

	15.	Kc KM, Acharya P, Sigdel A: Titanium elastic nailing system 
(TENS) for tibia fractures in children: Functional outcomes and 
complications. JNMA J Nepal Med Assoc 2016;55(204):55–60.

	16.	Court-Brown CM, Byrnes T, McLaughlin G: Intramedullary 
nailing of tibial diaphyseal fractures in adolescents with open 
physes. Injury 2003;34(10):781–785.

Received: March 24, 2020
Accepted: August 14, 2020

https://orcid.org/0000-0001-6717-4820
https://orcid.org/0000-0001-6717-4820

