Volume 5 Issue 12 December 2022

ACTA SCIENTIFIC ORTHOPAEDICS (ISSN: 2581-8635)

Research Article

Risk Factors for Delayed Union in Diaphyseal Fractures of the Tibia Treated with Stable Elastic
Intramedullary Nailing in Children and Adolescents

Cristian Olmedo Garate*

Received: August 26, 2022

Director Fellow Traumatologia Infantil Universidad del Desarrollo Santiago, Santiago

Metropolitan Region, Chile

*Corresponding Author: Cristian Olmedo Garate, Director Fellow Traumatologia

Published: November 07, 2022
© All rights are reserved by Cristian Olmedo

Garate.

Infantil Universidad del Desarrollo Santiago, Santiago Metropolitan Region, Chile.

Abstract

Introduction: Elastic stable intramedullary nailing (ESIN) is an alternative treatment for tibial shaft fractures in skeletally immature

patients. Although consolidation rates are high, factors associated with delayed union have not been well established.

Objective: To identify risk factors for delayed union in tibial shaft fractures in skeletally immature patients treated with ESIN.

Methods: Consecutive retrospective cohort of patients with tibial shaft fractures treated with ESIN between 2006 and 2019 in the

same pediatric trauma service. Demographic data, injury mechanism, fracture characteristics, surgical details and timing of initial

weight bearing were analyzed. The outcome evaluated was the presence of delayed union at 6 months evaluated on leg anteroposte-

rior and lateral radiographs. For the statistical analysis, a univariate and multivariate regression was performed.

Results: Totally, 32 patients with tibial shaft fractures were included. We found 10 patients with delayed union. Multivariate logistic

regression showed that transverse and multifragmentary fractures were predictors of delayed union.

Conclusions: Transverse, multifragmentary and delayed onset of load (4.8 weeks) in tibial shaft fractures are directly associated

with delayed union in patients treated with ESIN.
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Introduction

There is an increase in the incidence of fractures in the pedi-
atric population before 17 years of age. The main causes are traf-
fic accidents, falls, direct impact and sports injuries. Leg fractures
are the second to require surgical treatment (13%) after the distal
forearm (24%). The most common fracture site requiring surgical
managementwas the distal forearm (24%), followed by the tibial/
fibular shaft (13%). Treatment for most leg fractures in pediatric
population is through cast immobilization and/or closed reduc-
tion. For those fractures that require surgical treatment, differ-
ent fixation alternatives have been described, such as plates, solid

nails, external fixators and stable elastic intramedullary nailing.

In recent times, an increase in the use of ESIN in the treatment
of tibial fractures has been described (Essilfie 2019). There have

been reports of good clinical results and low complication rates
with this strategy. Advantages include pin insertion through small
incisions, preservation of the fracture site, low risk of infection, and
preservation ofthe growth plate. And among the disadvantages, spe-
cific training in the technique is required and stabilization is more
difficult to obtain in overweight children and those with unstable

fractures.

Complications of treatment with ESIN are infrequent, these in-

clude delayed union, nonunion, and malunion.

Some discrepancy between studies was observed in the defini-
tion of delayed union and non-union. Delayed union was variably

defined as fracture healing time greater than 12 weeks, 10 weeks,
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or 24 weeks. Nonunion or nonunion was defined as the absence of

callus formation at 24 weeks or 36 weeks of follow-up.

Inameta-analysis, Fanelli observed a union rate of 97.5%, with a
mean time to union of 11.9 + 7.3 weeks, delayed union was found
in 32 cases (3.8%), and only one patient (0.1%) required reinter-
vention. Taking into account the specific complications, malunion
was observed in 71 cases (8.5%) as the most frequent, of which
only 16 required surgical intervention (1.9%), two of them were
early malunion and were treated with manipulationunder anesthe-
sia. Gordon determines that a conservative approach in unstable
or open fractures could increase the rate of complications due to
union defects, for which this type of injury must count on an ad-
equate therapeutic approach according to specific patient factors
(age, weight).

Very few studies have described factors that make it possible to
predict delayed consolidation and non-union after ESIN in pediat-
ric population. The objective of our study is to identify risk factors
for delayed union in tibial diaphysis fractures in patients with im-

mature skeletons treated with ESIN.

Materials and Methods

After the approval of the Ethics Committee (IRB) of our institu-
tion, a consecutive retrospective cohort study of patients with di-
aphyseal fractures of the tibia treated with stable elastic intramed-
ullary nailing was carried out between July 2006 and December
2019.

The inclusion criteria were: 1) diaphyseal fracture of the tibia, 2)
open distal and proximal physes, 3) treatment with ESIN, 4) clinical
follow-up until radiographic consolidation. The exclusion criteria
were; 1) fracture with joint or physeal involvement, 2) pathological
bone fracture and 3) loss of radiographic follow-up. Demographic
data of the patients were gathered (age and gender), mechanism of
injury (high and low energy), characteristics of the fracture trait
(short oblique, long oblique or transverse), presence of focus com-
minution, location of the fracture (proximal, middle or distal third),
presence of concomitant fibular fracture, closed vs. open fracture,
operative details (focus opening, TENS diameter, canal filling and

use of end caps) and time of load starting after surgery.

The outcome evaluated was the presence of delayed union,
which was defined as lack of union after 24 weeks from surgery.

Union was defined as radiological evidence, on anteroposterior and
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lateral radiographs, of bridging bone calluses in at least three out
of four cortices. The surgical procedure was performed by certified
pediatric orthopedists, using the standard technique described by
Lascombes. To determine the diameter of the nails, the canal was
measured on the radiograph with the aim of obtaining 80% canal
filling. The nails were molded in a C shape, leaving the apex of the
curvature at the level of the fracture site. The stability and fixation of
the constructwas verified with intraoperative fluoroscopy. Patients
were evaluated in serial clinical controls at least until confirmation
of bone consolidation on radiography. Those patients in whom no
consolidation was observed in 3 of the 4 cortices at 24 weeks were
considered in the delayed consolidation group. The variables were
compared between the groups with normal consolidation and

those with delayed consolidation.

Statistic analysis

A univariate analysis was performed to explore the influence of
individual factors on outcomes, and Homer-Lemeshow multivari-
ate logistic regression models were subsequently used to under-
stand the interaction between the prognostic factors themselves.
Statistical analysis was performed using the statistical software
STATA16.

Results

The sample consisted of 32 patients with tibial diaphysis frac-
ture. 72% were men and 28% women. The study includes pediat-
ric patients between 5 and 17 years old with a mean age of 12.1
+ 2.9 years at the time of surgery. 31.1% of the fractures involved
high-energy accidents. The most frequent location of the frac-
ture occurred in the middle third (n = 23, 71.9%). Simple fractures
were 65.6% (n = 21) of the cases. A concomitant fracture of the
fibula was observed in 78.1% of cases (n = 25) and in 7 patients the
fractures were open. The most used nail diameters were 3.5 and 4
mm in 34.4% (n = 11) of the cases each. The most used nail diam-
eters were 3.5 and 4 mm in 34.4% (n = 11) of the cases each. Med-
ullary canal filling greater than 80% was achieved in 46.9% (n =
15) cases, while only 1 case did not reach 60% canal filling. Radio-
graphic follow-up in all cases was made until fracture consolidation.
The analysis groups are categorized as 22 patients with normal
consolidation and 10 patients with delayed consolidation. These
groups were comparable in gender and age. Of the 10 patients who
experienced delayed union, 40% (n = 4) had a transverse fracture
and 70% (n = 7) had a comminuted fracture, with an average of 4.8

+ 1.9 weeks from the start of partial load.
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The univariate analysis showed that the type of transverse trait,
the opening of the focus, open fracture, comminuted fracture and

the weeks of loading had an influence on the time of consolida-
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tion with a p < 0.05 as observed in table 1. The linear regression

analysis determined that the longest waiting time to indicate
initiation of loading was related to consolidation delay and was sta-

tistically significant (x 2: p value < 0.005).

Factors consoli::tl;gl:l(n = 22) ((;ZT:;(llild:tlig;] Odd ratio | p Value 0.05 IC 95%
Gender(masculine/feminine) 17/5 6/4 2.3 0.319 0.45-11.3
Trasverse type 6 4 133 0.046 1.05-169.5
Age of surgery (years) 11.5+£0.6 13.2+09 1.28 0.141 0.92-1.77
Energy mecahism Low /High 17/5 5/5 3.4 0.132 0.69-16.7
Focus (No/Yes) opening 19/3 4/6 0.1 0.012 0.018 -0.61
Closed Fracture / Exposed 20/2 4/6 15 0.006 2.18-103.03
Simple Fracture | /conminute 18/4 3/7 10.5 0.008 1.86-59.4
Filling of medular canal 12/10 5/5 1.2 0.811 0.27-5.36
<80% />80%
Partial load weeks 3.36x1.5 8+19 1.72 0.048 1.0-2.93

Table 1: Univariable analysis of risk factors.

Other factors such as age, gender, energy mechanism and canal
filling did not reach statistical significance to determine associa-

tion with delayed consolidation.

Given the interaction between the first risk factors as important

prognostic factors, a multivariate stepwise logistic regression anal-

ysis with the Homer-Lemeshow criterion showed that for p < 0.1,
the transverse type, the comminuted fracture and the time of onset
of load has an important association as a risk factor for delayed

consolidation table 2.

Factors 0dds Ratio Standard Error VA p value 0.05 IC95%
Transverse type 25.9 48.2 1.74 0.082 0.66 -1007.6
Comminuted fracture 28.3 42.78 2.21 0.027 1.46 - 546.9
Weeks of partial load 217 0.89 1.89 0.058 0.97 - 4.84
Table 2: Multivariate Analysis of Risk Factors for consolidation delay.
Discussion the focus, open fracture, comminuted fractures and the weeks of

Stable elastic intramedullary nailing is an alternative with good
results in the treatment of diaphyseal fractures of the tibia in pa-
tients with an immature skeleton. It has the advantage of being a
minimally invasive technique, with preservation of physis, favoring

early mobilization of the patient.

In our study, univariate analysis showed a statistically signifi-

cantrelationshipbetweenthe type oftransversetrait, the opening of

loading with the consolidation delay. Out of the 10 patients who ex-
perienced delayed union, 40% (n = 4) had a transverse fracture and
70% (n = 7) had a comminuted fracture, with an average of 4.8 *
1.9 weeks from the start of partial load. Griffet recommends weight
bearing on day 15 in transverse fractures, day 21 in short oblique
fractures, day 30 in long oblique or spiral fractures and day 45 in
comminuted fractures. In addition, the exposed fracture and the

opening of the fracture focus presented a higher rate of consolida-
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tion delay in the univariate analysis with 60% (n = 6) of the cases,
but this was not replicated in the multivariate analysis, probably
because the sample it was scarce. Treatment of open, unstable tibi-
al fractures, such as those resulting from high- energy injury, repre-
sents a clinical challenge for which taking a conservative approach
could result in higher rates of nonunion and malunion. Fanelli not-
ed that higher rates of delayed union appear to be associated with
higher-grade Gustilo-Anderson pediatric tibial fractures, as well as
a higher incidence of post-surgical infections. Srivastava reported
five delayed unions and twononunionsinaseries of sixteen children
with open tibial shaft fractures treated with ESIN.
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Figure 1: CURVA ROC.

The interesting new finding of our study is that the multivariate
analysis showed that prognostic risk factors for delayed union as a
complication of tibial diaphysis fractures in the pediatric popula-
tion are the transverse type, comminuted fracture and late onset
of weight bearing, with a validation of its ROC curve of 0.89, as a
measure of discrimination figure 1. Having high specificity for their
association. It is 25.9 and 28.3 times more likely to have delayed
consolidation or post-surgical complications, in case of having
transverse and comminuted fractures, as well as for every 2.17 +
0.89 weeks (approximately 15 days) that the start of weight bear-
ing is delayed. Therefore, early loading is suggested, according to
the type of fracture, the location and depending on whether we are
facing a comminuted fracture, this should be within a period of no

more than 45 days.

We believe that comminuted fractures that are not given early
loading have the highestrate of delayed union, so it would be recom-
mended to evaluate partial weight bearing assisted with a splint in
patients with 250% cortical contact. in the transverse plane, which

should not be painful, similar to that of the group of Kubiak and
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Jenkins, given that we believe that the rate of bone consolidation
would considerably improve, for in the group of patients with com-
minuted fracture without consolidation delay, the average number
of days from the start of partial weight bearing was 3.1+0.99 weeks
(16-28 days) with encouraging results.

The current study has several limitations. Channel fill does
not represent a true three-dimensional percentage, as it was only
measured as an approximation from radio occupancy in AP/lateral
projections. In addition, we do not know the clinical or radiological
specifications each surgeon employed as criterion to begin partial
load on patients, or on other patient characteristics such as weight
and age. Finally, the control radiographic projections prior to 6
months did not have specific times to be taken after surgery, which
leaves us in the dark as to whether there were better consolidation

times for those patients with earlier loading [1-23].
Conclusions

Transverse fractures and comminuted fractures are directly as-
sociated with delayed union in patients with diaphyseal fractures
of the tibia treated with stableelastic intramedullary nailing. In ad-
dition, postponing the start of partial weight bearing in these pa-
tients could also predispose to consolidation delay, these being the

only independent factors with statistical significance in this study.

Identifying and characterizing the type of fracture in these pa-
tients with an adequate surgical plan, in addition to having a reha-
bilitation and follow-up program with early loading and providing
means of additional stability, should be a main objective when deal-

ing with this type of injury.
Bibliography

1. Hedstrom EM,, et al. “Epidemiology of fractures in children
and adolescents”. Acta Orthopaedica 81 (2010): 148-153.

2.  Ho CA. “Tibia Shaft Fractures in Adolescents: How and When
Can They be Managed Successfully With Cast Treatment?”
Journal of Pediatric Orthopaedics 36.1 (2016): S15-18.

3. Jung ST, et al. “Residual angulation of distal tibial diaphyseal
fractures in children younger than ten years”. Journal of Ortho-
paedic Surgery and Research 9 (2014): 84.

Citation: Cristian Olmedo Garate. “Risk Factors for Delayed Union in Diaphyseal Fractures of the Tibia Treated with Stable Elastic Intramedullary Nailing

in Children and Adolescents”. Acta Scientific Orthopaedics 5.12 (2022): 32-36.


https://pubmed.ncbi.nlm.nih.gov/27078230/
https://pubmed.ncbi.nlm.nih.gov/27078230/
https://pubmed.ncbi.nlm.nih.gov/27078230/
https://josr-online.biomedcentral.com/articles/10.1186/s13018-014-0084-5
https://josr-online.biomedcentral.com/articles/10.1186/s13018-014-0084-5
https://josr-online.biomedcentral.com/articles/10.1186/s13018-014-0084-5

Risk Factors for Delayed Union in Diaphyseal Fractures of the Tibia Treated with Stable Elastic Intramedullary Nailing in Children and
Adolescents

10.

11.

12.

13.

14.

15.

Goodwin RC,, et al. “Intramedullary flexible nail fixation of un-
stable pediatric tibial diaphyseal fractures”. Journal of Pediat-
ric Orthopaedics 25 (2005): 570-576.

Srivastava AK,, et al. “Elastic stable intramedullary nailing of
tibial shaft fractures in children”. Journal of Pediatric Ortho-
paedics 28 (2008): 152-158.

Griffet J., et al. “Elastic stable intramedullary nailing of tibial
shaft fractures in children”. Journal of Children’s Orthopaedics
5 (2011): 297-304.

Kubiak EN., et al. “Operative treatment of tibial fractures in
children: are elastic stable intramedullary nails an improve-
ment over external fixation?” Journal of Bone and Joint Surgery
87 (2005): 1761-1768.

Kc KM, et al. “ Titanium Elastic Nailing System (TENS) for tibia
fractures in children: functional outcomes and complications”.
JNMA Journal of Nepal Medical Association 55 (2016): 55-60.

Lascombes P, et al. “Flexible intramedullary nailing in chil-
dren: nail to medullary canal diameters optimal ratio”. Journal
of Pediatric Orthopaedics 33 (2013): 403-408.

Goodbody CM,, et al. “Titanium elastic nailing for pediatric
tibia fractures: Do older, heavier kids do worse?” Journal of Pe-
diatric Orthopaedics 36 (2016): 472-477.

Heo ], et al. “Elastic nailing of tibia shaft fractures in young
children up to 10 years of age”. Injury 47 (2016): 832-836.

Pandya NK and Edmonds EW. “Immediate intramedullary fex-
ible nailing of open pediatric tibial shaft fractures”. Journal of
Pediatric Orthopaedics 32 (2012): 770-776.

Gicquel P, et al. “Problems of operative and non-operative
treatment and healing in tibial fractures”. Injury 36 (2005):
A44-50.

Pennock AT, et al. “Elastic intramedullary nailing versus open
reduction internal fxation of pediatric tibial shaft fractures”.
Journal of Pediatric Orthopaedics 37 (2017): e403-e408.

Deakin DE,, et al. “Malunion following fexible intramedullary
nails for tibial and femoral fractures in adolescents”. Journal of
Children’s Orthopaedics 4 (2010): 571-577.

16.

17.

18.

19.

20.

21.

22.

23.

36
Fanelli D., et al. “Outcomes and complications following flex-
ible intramedullary nailing for the treatment of tibial fractures
in children: a meta-analysis”. Archives of Orthopaedic and
Trauma Surgery (2021).

Gordon JE and O’Donnell JC. “Tibia fractures: what should be
fixed?” Journal of Pediatric Orthopaedics 32 (2012): S52-61.

Firica A, et al. “Lostéosynthése stable élastique, nouveau
concept biomécanique”. Revue de Chirurgie Orthopedique 67
(1981): 82-92.

Griffet ]., et al. “Elastic stable intramedullary nailing of tibial
shaft fractures in children”. Journal of Children’s Orthopaedics
5.4 (2011): 297-304.

Parikh SN, et al. “Complications of Elastic Stable Intramedul-
lary Nailing in Pediatric Fracture Management”. The Journal of
Bone and joint Surgery-American 94.24 (2012): e184-1-14.

Jenkins MD., et al. “Early weight bearing after complete tibial
shaft fractures in children. Journal of Pediatric Orthopaedics B
18.6 (2009): 341-346.

Essilfie., et al. “An Increasing rate of surgical management of
closed tibia fractures in an adolescent population: a national
database study”. Journal of the American Academy of Orthopae-
dic Surgeons 27 (2019): 816-822.

Lascombes P. “Flexible Intramedullary Nailing in Children”.
Berlin, Heidelberg: Springer-Verlag (2010): 317.

Citation: Cristian Olmedo Garate. “Risk Factors for Delayed Union in Diaphyseal Fractures of the Tibia Treated with Stable Elastic Intramedullary Nailing

in Children and Adolescents”. Acta Scientific Orthopaedics 5.12 (2022): 32-36.


https://pubmed.ncbi.nlm.nih.gov/16199933/
https://pubmed.ncbi.nlm.nih.gov/16199933/
https://pubmed.ncbi.nlm.nih.gov/16199933/
https://pubmed.ncbi.nlm.nih.gov/18388707/
https://pubmed.ncbi.nlm.nih.gov/18388707/
https://pubmed.ncbi.nlm.nih.gov/18388707/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3234892/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3234892/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3234892/
https://pubmed.ncbi.nlm.nih.gov/28029668/
https://pubmed.ncbi.nlm.nih.gov/28029668/
https://pubmed.ncbi.nlm.nih.gov/28029668/
https://pubmed.ncbi.nlm.nih.gov/23653030/
https://pubmed.ncbi.nlm.nih.gov/23653030/
https://pubmed.ncbi.nlm.nih.gov/23653030/
https://pubmed.ncbi.nlm.nih.gov/25887826/
https://pubmed.ncbi.nlm.nih.gov/25887826/
https://pubmed.ncbi.nlm.nih.gov/25887826/
https://www.sciencedirect.com/science/article/abs/pii/S0020138315006269
https://www.sciencedirect.com/science/article/abs/pii/S0020138315006269
https://pubmed.ncbi.nlm.nih.gov/23147618/
https://pubmed.ncbi.nlm.nih.gov/23147618/
https://pubmed.ncbi.nlm.nih.gov/23147618/
https://www.sciencedirect.com/science/article/abs/pii/S0020138304004978
https://www.sciencedirect.com/science/article/abs/pii/S0020138304004978
https://www.sciencedirect.com/science/article/abs/pii/S0020138304004978
https://pubmed.ncbi.nlm.nih.gov/28777278/
https://pubmed.ncbi.nlm.nih.gov/28777278/
https://pubmed.ncbi.nlm.nih.gov/28777278/
https://journals.sagepub.com/doi/10.1007/s11832-010-0300-8
https://journals.sagepub.com/doi/10.1007/s11832-010-0300-8
https://journals.sagepub.com/doi/10.1007/s11832-010-0300-8
https://pubmed.ncbi.nlm.nih.gov/33635402/
https://pubmed.ncbi.nlm.nih.gov/33635402/
https://pubmed.ncbi.nlm.nih.gov/33635402/
https://pubmed.ncbi.nlm.nih.gov/33635402/
https://pubmed.ncbi.nlm.nih.gov/22588105/
https://pubmed.ncbi.nlm.nih.gov/22588105/
https://pubmed.ncbi.nlm.nih.gov/22852036/
https://pubmed.ncbi.nlm.nih.gov/22852036/
https://pubmed.ncbi.nlm.nih.gov/22852036/
https://pubmed.ncbi.nlm.nih.gov/19602988/
https://pubmed.ncbi.nlm.nih.gov/19602988/
https://pubmed.ncbi.nlm.nih.gov/19602988/
https://pubmed.ncbi.nlm.nih.gov/31658120/
https://pubmed.ncbi.nlm.nih.gov/31658120/
https://pubmed.ncbi.nlm.nih.gov/31658120/
https://pubmed.ncbi.nlm.nih.gov/31658120/
https://link.springer.com/book/10.1007/978-3-642-03031-4
https://link.springer.com/book/10.1007/978-3-642-03031-4

