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Abstract
Background: Casting is the standard method of treatment 
for pediatric diaphyseal fracture of tibia. It has some 
limitations in treating an unstable fracture. Various options 
are available but still debate on optimal treatment strategy 
in 8-15 years age group. To compare the complications 
and Radiological Union of cast immobilization versus 
intramedullary nailing in the treatment of Children and 
adolescent with closed unstable tibial diaphyseal fractures. 
Materials and methods: This is a Quasi-Experimental 
study and patients aged between 8 to 15 years with 
unstable closed fracture of tibial shaft came to the 
Department of Orthopedic Surgery of CMCH were 
included. Eligible patients were allocated according to 
inclusion criteria selected for fracture management either 
by closed reduction and cast immobilization or by flexible 
intramedullary nailing. Patients were followed-up for at 
least six months after surgery and casting. Outcome 
measures were radiological union, complications and 
functional outcome were assessed by Flynn’s criteria at 
final follow-up. Data were collected with pretested 
structured case record form and analyzed by using SPSS-
26 with appropriate statistical methods. 
Results: Among58 patients, average mean ± SD age was 
9.86 ± 1.91 (Range: 8-14) years. Most of the children 
(79.3%) were male in both groups. According to mode of 
injury, 72.4% was due to RTA. Associated fibular fracture 
was absent among 65.5% patients. According to types of 
fracture, short oblique was 58.6%, comminuted 17.2% and 
spiral 24.2%. There was no significant difference in 
complications among the two groups according to p value. 

Mean ± SD union time in nailing group was 10.56 ± 1.21 
and in casting group was 10.46 ± 1.41 weeks. After 6 
months follow up, in nailing group, 21 (80.8%) patient’s 
functional outcome was excellent and 4 (15.4%) patient’s 
functional outcome was satisfactory and 1(3.8%) poor. In 
casting group, 17 (65.4%) patient’s functional outcome 
was excellent and 8 (30.8%) patient’s functional outcome 
was satisfactory and. 1(3.8%) poor. Functional outcome 
was better in nailing group, but statistically non-significant 
(p=0.416). 
Conclusion: Despite the popularity of casting in the 
treatment of tibial shaft fracture in children and adolescent, 
present study shows flexible titanium nailing is safe and 
effective surgical approach of treatment for closed unstable 
tibial shaft fracture in children and adolescent age group.

Key wotds: Children; Flexible titanium nailing; Unstable 
tibial shaft fractures.

Introduction 
Tibia fractures are among the most common long-
bone fractures in children.1 Third most common 
pediatric long bone fracture after forearm bones 
and femur. The peak incidence occurs in children 
between the age of 10 and 14 years with an 
approximate 2:1 ratio of males to females injured. 
70% of pediatric tibial fracture are isolated 
injuries, ipsilateral fibula fracture occur with 30% 
of tibial fracture. 51% occurred in distal third, 
39% in middle third and 10% proximal third. 35% 
of pediatric tibial fracture is oblique, 32% 
comminuted, 20% transverse and 13% spiral.2

Fractures are commonly described by location, in 
the proximal, middle or distal thirds of the tibia, 
by associated injury, with or without an associated 
fibula fracture; and by fracture configuration: 
transverse, oblique, spiral, comminuted, or 
segmental. Fracture configuration is further 
defined by characterizing the associated deformity 
into valgus, varus, procurvatum, recurvatum, 
internal or external rotation and by the amount of 
displacement noted on the initial radiographs.3

The younger the child, the more accelerated the 
healing of a fracture will be. Most fractures can be 
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treated conservatively. For rapid healing, the 
disadvantages of immobilization are less 
significant than in adults. However, conservative 
treatment may be associated with prolonged 
immobility, hospital stay and costs.4

Most tibial shaft fractures in pediatric patients 
have been traditionally treated with closed 
reduction and cast immobilization with good 
long-term outcomes.5 
There are numerous publications defining 
treatment strategies of tibia shaft fractures in 
children and adolescents.6,7 
The development of flexible intramedullary nails 
has allowed an increasing number of surgeons to 
use this type of nail for treating pediatric long 
bone fractures. There are several advantages of 
this technique. Three-point fixation with in the 
medullary canal allows maintenance of both 
alignments and rotation for most fractures. 
Flexible intramedullary nails provide fixation that 
is stable as well as elastic, allowing micro-motion 
at the fracture site when load is applied.8

Flexible intramedullary nails have recently gained 
more and more popularity in the treatment of tibia 
shaft fractures in pediatric patients who weigh 
less than 50 kg. RIN is advocated in heavier 
adolescents close to skeletal maturity.9 However, 
children and adolescents with comminuted or 
unstable fractures may benefit from internal or 
external fixation.10 Yet, open treatment of 
fractures does come with inherent risks. Painful 
hardware necessitating removal, deep infection 
requiring reoperation, persistent malalignment on 
final radiographs were complications documented 
among displaced fractures undergoing initial 
operative management.11,12

In this study both techniques-casting and flexible 
intramedullary nailing are being practiced for the 
management of closed unstable tibial shaft 
fracture in children and adolescent. This study is 
designed to compare outcomes of closed, unstable 
tibial shaft fractures in children and adolescents 
who will be subjected to closed reduction and 
casting versus those who will be treated with 
operative intervention by nailing (FINs).
In tibial shaft fracture,casting is the gold standard 
before 8 years and rigid intramedullary nail after 
15 years. Though various options like casting,

FINs, Plate fixation are available between this age 
group (8-15years) but no definite recommendation 
of ideal treatment strategy. Popularity of FINs has 
been increasing for last few years but casting is 
the mainstay of treatment in many center still now. 
Although both procedures have some advantages 
and limitations, it is very much rational and 
essential to evaluate and compare the outcome and 
complications of both techniques. 
Materials and methods 
This is a quasi experimental study was carried out 
in the Department of Orthopaedic and 
Traumatology, Chittagong Medical College 
Hospital (CMCH) Chattogram from August 2020 
to July 2022. Children and Adolescent patients of 
unstable tibial diaphyseal fracture admitted during 
the study period. Purposive sampling done. Two 
groups of patients Group A: Underwent closed 
reduction and internal fixation by TENs and 
Group B: Underwent closed reduction and 
immobilization by casting were taken considering 
inclusion & exclusion criteria.
Total of 58 patients were selected. Patients with 
Age 8-15 years, closed unstable tibial diaphyseal 
fracture, displaced tibial shaft fracture that require 
reduction were included and open fracture, 
associated head injury, pathological fracture, tibial 
metaphyseal fracture were excluded. 
Ethical clearance was obtained from the Ethical 
Review Committee (ERC) of CMCH,
Memo no- CMC/PG/2022/829, Date: 25/08/2020.	 

Image 1 Entry point of nail and placement of an awl that 
will create that entry point
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Image 2 Both nail crossed the fracture entered up to distal 
physis

Results
For this quasi-experimental study, a total number 
of 58 patients with unstable closed fracture of 
tibial shaft were selected on the basis of the 
inclusion and exclusion criteria. Three patient 
from each group were lost from the study. Final 
outcome was measured by using Flynn’s criteria. 
All the data was compiled and sorted properly, 
analyzed statistically and placed.
Table I Demographic profile of the study population 
(n=58)

Statistical analysis was done by student t-test (#) and Chi-
square test (*).

Table II Distribution of the patients according to mode of 
injury, type of fracture and associated fibular fracture with 
type of management (n=58)

Table IV Functional outcome after 2 weeks (n=58), 4 
weeks (n=58), 8 weeks (n=56) and 3 months (n=55)

Figure 1 Patients according to functional outcome at 6 
months final follow up (n=52)

Age	 Nailing	 Casting	 Total	 p value 
(Years)	 (n=29)	 (n=29)	 (n=58)

Mean ± SD	 10.28 ± 2.19	 9.45 ± 1.53	 9.86 ± 1.91	 0.100#

Range	 (Weeks) (8-14)	 (8-13)	 (8-14)	 (ns)
Gender	 n (%)	 n (%)	 n (%)	
Male	 23 (79.3%)	 23 (79.3%)	 46 (79.3%)	 1.00*

Female	 6 (20.7%)	 6 (20.7%)	 6 (20.7%)	 (ns)

Pattern of injury	 Nailing	 Casting	 Total	 p value
	 n	 %	 n	 %	 n	 %	
Type of fracture	 	
short oblique 	 19	 65.5	 15	 51.7	 34	 58.6	
Comminuted	 4	 13.8	 6	 20.7	 10	 17.2	0.175ns	
Spiral 	 6	 20.7	 8	 27.6	 14	 24.2	
Mode of injury	 	 	 	
RTA	 22	 75.9	 20	 69.0	 42	 72.4	0.557ns	
Fall from height	 7	 24.1	 9	 31.0	 16	 27.6	
Associated Fibular fracture	 	 	 	 	 	 	
Present	 9	 31.0	 11	 37.9	 20	 34.5	0.581ns

Absent	 20	 69.0	 18	 62.1	 38	 65.5.	

l Statistical analysis was done by Chi-square test.

Outcome	 Nailing	 Casting	 Total	 p value
	 n	 %	 n	 %	 n	 %	

Limb length discrepancy	 	
No	 26	 100	 26	 100	 52	 100	
Yes	 0	 0	 0	 0	 0	 0	 ---	
Malalignment	 	 	 	
No	 22	 84.6	 17	 65.4	 39	 75	
Varus	 2	 7.7	 5	 19.2	 7	 13.5	 0.136ns	
Valgus	 2	 7.7	 4	 15.4	 6	 11.5	

Unresolved pain	 	 	 	
Absent	 26	 100	 26	 100	 52	 100	
Present	 0	 0	 0	 0	 0	 0	 …..	

Complications	 	
No	 19	 73.2	 17	 65.4	 36	 69.3	
Varus angulation	 2	 7.7	 5	 19.2	 7	 13.5	
Valgus angulation	 2	 7.7	 4	 15.4	 6	 11.5	 0.408ns	
Superficial infections	 1	 3.8	 0	 0	 1	 1.9	
Deep infection	 1	 3.8	 0	 0	 1	 1.9	
Delayed union	 1	 3.8	 0	 0	 1	 1.9	

Table III Post-operative final follow-up outcome (n=52)

l Statistical analysis was done by Chi-square test.

Outcome	 Nailing	 Casting	 Total	 p value
	 n	 %	 n	 %	 n	 %

After 2 weeks	 	
Poor	 0	 0	 2	 6.9	 2	 3.4
Satisfactory	 29	 100	 27	 93.10	 56	 96.6	 0.352ns

Excellent	 0	 0	 0	 0	 0	 0
After 4 weeks	 	 	 	
Poor	 1	 3.4	 2	 6.9	 3	 5.2
Satisfactory	 28	 96.6	 27	 93.1	 55	 94.8	 0.469ns

Excellent	 0	 0	 0	 0	 0	 0
After 8 weeks	 	 	 	
Poor	 1	 3.6	 1	 3.6	 2	 3.6
Satisfactory	 3	 10.7	 8	 28.5	 11	 19.6	 0.229ns

Excellent	 24	 85.7	 19	 67.9	 43	 76.8
After 3 months	 	
Poor	 1	 3.6	 1	 3.7	 2	 3.6
Satisfactory	 4	 14.3	 8	 29.6	 12	 21.8	 0.230ns

Excellent	 23	 82.1	 18	 66.7	 41	 74.6
l Statistical analysis was done by Chi-square test.
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Discussion
Conservative treatment is considered ideal for 
tibial diaphyseal fracture in children and 
adolescents for a long time due to avoidance of 
surgical intervention and it’s associated 
complication. Different studies suggest that 
unstable tibial diaphyseal fracture with 
conservative management fails at a high rate and 
usually ends up with displacement, malrotation 
and malunion.13 Despite their recommendation, 
there is no published reports directly comparing 
the outcome of cast immobilization for closed 
pediatric tibial fracture with those of surgical 
stabilization.14 
This study includes 58 patients, 6 of them 
dropped out in the middle of the follow up. 
Group-A, patients treated with closed reduction 
and internal fixation by TENs (Double C 
Construct) and Group-B, patient treated with 
closed reduction and immobilization by casting. 
Final outcome of both procedure was determined 
using Flynn’s criteria at 6 months.
The results of current study demonstrate, average 
mean ± SD age was 9.86 ± 1.91 (Range: 8-14) 
years. According to p value (< 0.05) indicates, age 
of the children was statistically higher in nailing 
group. Similarly, found the average age of the 
patients was 11.3 (Range 6 to 14) years.15 Another 
study by reported the 20 patients comprised with a 
mean age at injury of 8.9 ± 2.78 (Range of 3–14) 
years  revealed mean age at injury was 11 years 
and 5 days (Range of 8–17 years).16

Present study shows, among 58 patients, most of 
the children (79.3%) were male inboth groups. 
According to p value statistically no significant 
differences were found between the groups 
regarding gender. Male prominence was found in 
a study, 85.1% male (63/74).17 Similarly, male 
prominence was found in thestudy.18 The 20 
patients comprised of 16 (80%) boys and4 (20%) 
girls. also found 17(68%) boys and 8 (32%) girls, 
in their study.18 Another study describe that, there 
were 92 (69.7%) boys and 40 (30.3%) girls.18

Regarding the type of injury, out of 58 cases, 
58.6% patients had short oblique fracture and 
17.2% patients had comminuted fracture and 
24.2% patient had spiral fracture. Non-significant 
difference was found in case of type of fracture 
among the group (p=.175).

Associated fibular fracture was absent among 
65.5% patients in present study. NoSignificant 
difference between nailing and casting groups 
according to associatedfibular fracture (p=0.581) 
in present study. 
Among 52 patients at final follow up at 6 months, 
in case of TENs (26)7 patients develop 
complication (Table-III). 1 patient developed 
superficial infection (3.8%), 1 patient developed 
deep infection (3.8%), 1 developed delayed union 
(3.8%), 2 valgus angulation (7.7%), 2 varus 
angulation (7.7%). In case of casting (26) 9 
patients develop complications (Table III). 4 
patients develop valgus angulation (15.4%) and 5 
patients develop varus angulation (19.2%). There 
was no significant difference incomplications 
among the two groups according to p value. A 
study revealed the operative group had a lower 
proportion of inadequate alignment at final follow 
up (7%) compared with those with CRC (21%). 
Another study revealed, no patient had an 
angulation of over 10 and 9 (45%) patients had 
anangulation of 5–10. One patient had a leg-
length inequality of 10 mm, 2 of them had 
superficial wound infections and the other patient 
had a deep wound infection.19

A study published that 10% of there pediatric tibia 
fracture treated with flexible nails had angular 
deformity >10 degree and similarly reported a 
12% rate of malangulation >10 degree. In a report, 
in children andadolescent casted tibias was 5% 
rate of angulation >5 degree in coronal plane and 
3%rate of angulation >10 degree in sagittal 
plane.19,20 Another study found angular deformity 
in 2 patients and superficial infection 2 patients. A 
study reviewed the complications TENs, he found 
angular malunion and limb length discrepancy are 
relatively common whereas rotational 
misalignment is quite uncommon.21,22 Superficial 
infection was controlled by debridement, 
irrigation, antibiotic according toculture 
sensitivity and retention of the implant. Deep 
infection was managed with debridement, 
irrigation, antibiotic according to culture 
sensitivity and retention of implant. But it remains 
unresolved. Thereafter managed by removal of 
implant after 6 weeks, wound debridement, 
irrigation, serial dressing. Intravenous antibiotic 
was given according to culture sensitivity. Inj 
cefuroxime 750 mg T.D.S continued for 2 weeks
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followed by oral antibiotic (Tab Ciprofloxacin 
250 mg BD and Cap Clindamycin 150 mg T.D.S) 
for another 6 weeks. When CRP and ESR 
appeared normal, long leg cast was given for 4 
weeks followed by a patellar weight-bearing cast 
for another 4 weeks. Here radiological union 
achieved after 24 weeks.

Finally the outcome was determined by Flynn’s 
criteria. Table IV shows, functional outcome after 
2 weeks, 4 weeks, 8 weeks and 3 months. There 
were no significantdifferences among the two 
groups according to p value regarding functional 
outcome. After 6 months follow up, among 52 
patients, 38 (73.1%) patient’s functional outcome 
was excellent and 12 (23.1%) patient’s functional 
outcome was satisfactory and 2(3.8%) poor. In 
nailing group, 21 (80.8%) patient’s functional 
outcome was excellent and 4 (15.4%) patient’s 
functional outcome was satisfactory and 1(3.8%) 
poor. Incasting group, 17 (65.4%) patient’s 
functional outcome was excellent and 8 (30.8%) 
patient’s functional outcome was satisfactory and 
1(3.8%) poor. Functional outcomewas better in 
nailing group, but statistically non-significant 
(p=0.416) (Figure 1).23

Another study shows among 19 patients 13 
(68.42%) has excellent result, 5 (26.31%) 
satisfactory and 1 (5.26%) patient has poor 
result.24 In other study, the final outcome based on 
titanium elastic nailing outcome scoring system 
by Flynn are as follows.25 They had 18 excellent 
results, 4 satisfactory results and no poor results. 
Another study, also stated that according to 
Flynn’s criteria, 12 (60%) patients had an 
excellent outcome and 8 (40%) patients had a 
satisfactory outcome.26 Another study, described 
that according to Flynn’s criteria, 16 (64%) 
patients had an excellentoutcome and 9 (36%) 
patients had a satisfactory outcome.27 Another 
study also found, according to the scoringcriteria 
for ESINs by Flynn, 15 (75%) cases had excellent 
results.28,20

Although no statistically significant difference 
was not found between the treatment modalities, 
Flexible Titanium Nailing shows better outcome 
than casting in present study.

Limitations
The study was conducted as a single center 
study, so multicentric study will be more 
acceptable. Patients admitted after mal treatment 
was not eligible for operative treatment Small 
sample size which is  not represent the actual 
scenario of the country.

Conclusion
Despite the popularity of casting in the treatment 
of tibial shaft fracture in children and adolescent, 
present study shows flexible titanium nailing is 
safe and effective surgical approach of treatment 
for closed unstable tibial shaft fracture in 
children and adolescent age group. 

Recommendations
To make more conclusive results some 
recommendations are proposed for further 
studies. Similar type of study can be done with 
large sample size, to represent whole 
community, multicentric study can be done, RCT 
and blinding should be done to avoid bias in the 
study.
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