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Introduction

Pediatric fractures remain a significant public
health issue globally.! According to recent
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Abstract

Background:

Pediatric tibial diaphyseal fractures are common long bone injuries, often
managed either conservatively with casting or operatively with Titanium Elastic
Nailing System (TENS). This study aimed to compare the clinical and
radiological outcomes of TENS wversus conservative management in children.
Methods:

This prospective observational study was conducted in the Department of
Orthopaedic Surgery, Jinnah Postgraduate Medical Centre (JPMC), Karachi from
August 2024 to February 2025. A total of 82 children aged 5-11 years with
tibial diaphyseal fractures were enrolled, with 41 managed by the TENS and 41
by conservative casting. Patients were followed at scheduled intervals until
radiological union was confirmed. Time to partial and full weight bearing along
with duration of hospital stay and complication rates were noted.

Results:

Excellent and acceptable functional outcomes were significantly more frequent
with TENS (53.7% wvs. 24.4%, p = 0.022; and 97.6% wvs. 75.6%, p = 0.004,
respectively). The TENS group demonstrated earlier mobilization, with shorter
mean time to partial (2.85 +0.76 vs. 5.94 +1.13 weeks, p <0.001) and full
weight bearing (8.05 +1.35 vs. 11.88 +£1.93 weeks, p <0.001). Hospital stay
was longer in the TENS group (4.07 +0.96 vs. 2.07 £0.91 days, p <0.001).
Delayed union occurred more frequently in the conservative group (p =0.007),
while rates of malunion, infection, limb-length discrepancy, and re-fracture were
comparable between groups.

Conclusion:

TENS demonstrated superior outcomes in terms of earlier mobilization and
reduced incidence of delayed union compared to conservative management, though
at the cost of a slightly longer hospital stay.

estimates in the Global Burden of Disease (GBD)
study, over 33 million new cases of fractures in

children and adolescents were reported
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worldwide in 2019, with South Asia alone
accounting for approximately 8.3 millions of
those cases.” The global age-standardized
incidence rate of fractures among children and
adolescents was about 1,716.9 per 100,000
population in 2019.° Long bone fractures
especially of the tibia are among the more
common injuries in the pediatric population due
to both falls and high-energy trauma.*’ These
injuries can lead to significant morbidity
including  malunion, infection, prolonged
immobilization, and delayed return to function.
In children, management of diaphyseal fractures
historically has been conservative with closed
reduction and casting.® However, operative
fixation methods such as the Titanium Elastic
Nailing System (TENS) have gained popularity in
unstable or displaced fractures because they may
allow earlier weight bearing, decreased time to
union, and potentially fewer complications.’
Several studies have reported favorable outcomes
with TENS in pediatric tibial fractures showing
reduced hospital stay and earlier mobilization
compared to conservative methods.*'® However,
many of these studies are retrospective, single-
center, or from settings different from high-
volume public hospitals in low-middle income
countries.

This study aims to compare outcomes of TENS vs
conservative ~ management  specifically  for
pediatric tibial diaphyseal fractures in Karachi,
Pakistan, conducted at a large public sector
hospital. Given the lack of locally relevant high-
quality data, especially from metropolitan public
hospitals in Pakistan, this study will help to
elucidate treatment effectiveness, hospital stay,
functional recovery, and complication rates in
this context. Furthermore, this study will provide
evidence to guide clinician decision-making in
similar resource-limited settings and may inform
national guidelines on optimal management of
these fractures.

Subjects and Methods

This prospective observational study was
conducted at the Department of Orthopaedic
Surgery, Jinnah Postgraduate Medical Centre

(JPMC), Karachi, Pakistan from August 2024 to
February 2025 after synopsis approval from
CPSP. Written informed consent was taken from
parents or guardians of all participants.

Children aged 5 to 11 years of either gender
presenting with diaphyseal fractures of the tibia
were eligible for inclusion. Closed fractures and
Gustilo-Anderson type 1 and II open fractures
with a duration of injury not exceeding seven
days were included through consecutive
sampling. Patients with Gustilo-Anderson type
IIl open fractures, pathological fractures,
polytrauma, ipsilateral femur fractures, metabolic
bone disease, or those medically unfit for
anesthesia were excluded.

A difference of twenty percent between the rates
of acceptable outcome is set to represent a
clinically significant difference between the two
treatment methods. Assuming an acceptable
outcome of seventy-five percent in the cast group
and ninety-five percent in the TENS group, with
a type I error of 0.05 and a type II error of 0.2,
thirty-nine patients will be required in each
group. To account for a possible ten percent
drop-out, the sample size will be increased.
Therefore, a total of eighty-two patients with tibia
diaphyseal fracture will be included in the study,
with forty-one children allocated to each group.
Consecutive eligible patients were enrolled and
followed prospectively. Treatment decisions were
made by the attending orthopedic surgeon in
consultation with the caregivers according to
clinical judgment and routine practice.
Accordingly, patients were managed either with
operative fixation using the TENS or with
conservative treatment involving closed reduction
and immobilization in an above-knee plaster cast.
Patients were subsequently grouped into the
TENS cohort and the conservative cohort.

TENS was performed under general or spinal
anesthesia. Two flexible titanium nails were
inserted retrograde through medial and lateral
entry points at the proximal tibia and advanced
across the fracture site under fluoroscopic
guidance. The nail ends were cut and secured at
the entry point. Following fixation, the operated
limb was immobilized in an above-knee plaster
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cast for six weeks. Postoperatively, all patients
received intravenous antibiotics and analgesics as
per institutional protocol, and the limb was kept
elevated to reduce swelling. Once pain subsided,
patients were mobilized with a walker under strict
non-weight-bearing instructions.

Conservative surgery was performed using closed
reduction under anesthesia or sedation when
required. The limb was immobilized in an above-
knee plaster cast with the knee flexed 30-40° and
the ankle in neutral position. Casts were
inspected regularly for tightness and skin
complications. Conversion to a below-knee cast
was performed after four to six weeks if adequate
healing was observed. Weight-bearing was
restricted until radiological evidence of callus
formation, after which patients gradually
advanced from partial to full weight-bearing.

All patients were followed at three weeks, six
weeks, and three months after treatment, and
then monthly until union was achieved. At each
visit,  clinical  assessment and  standard
anteroposterior and lateral radiographs of the
tibia were performed to evaluate callus formation,
fracture alignment, and implant position. At six
weeks, radiographs were reviewed for signs of
union. If callus formation was evident, the above-
knee cast was removed and partial weight-bearing
was initiated, progressing to full weight-bearing as
healing advanced. At the three-month follow-up,
limb length was measured and compared with the
contralateral side to evaluate for limb-length
discrepancy as part of the functional outcome
assessment.

The primary outcome was radiological union,
defined as bridging callus visible in at least three

cortices on standard anteroposterior and lateral
radiographs.  Secondary outcomes included
functional outcome, time to partial and full
weight bearing, duration of hospital stay, and
complication rates such as malunion, delayed
union, infection, limb-length discrepancy, and re-
fracture. Patients were followed till six weeks.
Data were collected on a predesigned proforma,
including demographics, fracture characteristics,
treatment details, and outcomes. Statistical
analysis was performed using SPSS version 27.
Continuous variables such as age, time to union,
time to weight bearing, and hospital stay were
expressed as mean * standard deviation and
compared using the independentsample t-test.
Categorical variables such as gender and
complications were expressed as frequencies and
percentages, and comparisons were made using
Chisquare or Fisher’s test where
appropriate. A pvalue < 0.05 was considered
statistically significant.

exact

Results

A total of 82 patients were enrolled. The mean
age of the patients was 8.29 *1.34 years. There
were 51 (62.29%) males and 31 (37.8%) females.
Road traffic accident (RTA) as mechanism of
injury was observed in 18 (22.0) patients, fall in
42 (51.2%), and assault in 22 (26.8%) patients.
Type I fracture was observed in 11 (13.4%), type
1T in 49 (59.8%), and closed type of fracture in 22
(26.8%). No statistically significant difference of
any baseline characteristics was observed in
between group (p-value >0.05). (Table 1)

Table 1: Comparison of baseline characteristics of the patients with respect to group

Total Conservative
Variables (n=82) TENS (n=41) Management p-value
(n=41)
n (%) n (%) n (%)
Age, years 8.29 +1.34 8.21 +1.44 8.36 +1.24 0.623*
<8 43 (52.4) 22 (51.2) 21 (48.8) 0.875
>8 39 (47.6) 19 (48.7) 20 (51.3) ’
Gender
Male | 510622 | 24471 | 27 (52.9) | 0.494
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Female 31378) | 17(54.8) | 14 (45.2)

Mechanism of Injury

RTA 18 (22.0) 10 (55.6) 8 (44.4)

Fall 42 (51.2) 21 (50.0) 21 (50.0) 0.817

Assault 22 (26.8) 10 (45.5) 12 (54.5)

Type of Fracture

Type | 11 (13.4) 7 (63.6) 4 (36.4)

Type 11 49 (59.8) 24 (49.0) 25(51.0) 0.601

Closed 22 (26.8) 10 (45.5) 12 (54.5)

n: number, RTA: Road Traffic Accident, TENS: Titanium Elastic Nailing
“Independent ttest applied, "Chi-Square test/Fisher-Exact test applied

Radiological union was observed in 72 (87.8%)
patients. Outcome of the treatment showed that
32 (39.0%) reported excellent, 46 (56.1%)
reported satisfactory, and 4 (4.9%) reported poor
treatment outcome. Acceptable outcome was
observed in 71 (86.6%) patients.

Radiological union was significantly higher in
TENS group as compared to conservative
management group, i.e., 41 (100%) vs. 31

(75.6%) (p-value 0.001). Excellent outcome was
significantly higher in TENS group as compared
to conservative management group, i.e., 22
(53.7%) wvs. 10 (24.4%) (pwvalue 0.022).
Acceptable outcome was significantly higher in
TENS group as compared to conservative
management group, i.e., 40 (97.6%) vs. 31
(75.6%) (p-value 0.004). (Table 2)

Table 2: Comparison of outcome of treatment in between group

Total (n=82) TENS Conservative *
Variables (n=41) Management (n=41) p-value
n (%) n (%) n (%)
Radiological Union
Yes 72 (87.8) 41 (100) 31(75.6) 0.001
No 10(12.2) 0 (0) 10 (24.4) ’
Outcome
Excellent 32 (39.0) 22 (53.7) 10 (24.4)
Satisfactory 46 (56.1) 18 (43.9) 28 (68.3) 0.022
Poor 4 (4.9) 1(2.4) 3(7.3)
Acceptable Outcome
Yes 71 (86.6) 40 (97.6) 31(75.6) 0.004
No 11(13.4) 1(2.4) 10 (24.4) )

n: number, RTA: Road Traffic Accident, TENS: Titanium Elastic Nailing
*Chi-Square test/Fisher-Exact test applied

The mean time to partial weight bearing was 2.85 + 0.76 weeks in the TENS group compared to 5.94 + 1.13
weeks in the conservative group (p < 0.001). Similarly, the time to full weight bearing was significantly
shorter in the TENS group (8.05 + 1.35 weeks) than in the conservative group (11.88 + 1.93 weeks, p <
0.001). Duration of hospital stay was also longer in the TENS group (4.07 + 0.96 days vs. 2.07 + 0.91 days,
p < 0.001). Regarding complications, delayed union was significantly more frequent in the conservative
group 11 (84.6%) compared to TENS 2 (15.4%) (p = 0.007). Other complications such as malunion,
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infection, limb-length discrepancy, and re-fracture showed no statistically significant differences between the

two groups. (Table 3)

Table 3: Comparison of clinical outcomes and complications between TENS and conservative
management groups in pediatric tibial diaphyseal fractures.

e
Variables (n=41) (n=41) p-value
Mean + SD Mean + SD

Time to partial weight bearing (weeks) 2.85 +0.76 594 +1.13 <0.001
Time to full weight bearing (weeks) 8.05 + 1.35 11.88 + 1.93 <0.001
Number of hospital stays, days 4.07 £ 0.96 2.07 £0091 <0.001
Complications n (%) n (%) p-value
Malunion 1(16.7) 5(83.3) 0.090
Delayed union 2(15.4) 11 (84.6) 0.007
Infection 9(75.0) 3(25.0) 0.061
Limb-length discrepancy 3(75.0) 1(25.0) 0.305
Refracture 2 (50.0) 2 (50.0) 0.05

Values are presented as mean + standard deviation for continuous variables and as frequency
(percentage) for categorical variables. p-values calculated using independent ttest for continuous
variables and Chi-square/Fisher’s exact test for categorical variables.

Discussion

The present study demonstrated that radiological
union was achieved in 87.8% of patients overall,
with significantly higher rates in the TENS group
compared to conservative management. These
findings underscore the effectiveness of TENS in
ensuring reliable bone healing, particularly in
pediatric tibial diaphyseal fractures where early
consolidation is crucial to restore mobility and
minimize complications. Comparable results have
been reported previously. Gupta et al., 2024
observed that the majority of their patients
treated with TENS achieved radiological union
within 8-12 weeks, reflecting the capacity of
elastic intramedullary fixation to provide
adequate stability while preserving periosteal
blood supply.'" Similarly, Kictik et al.'* in 2022
documented bony union in all children managed
with intramedullary fixation, lending further
support to the findings of the current study that
TENS provides predictable healing outcomes and
can be considered a reliable modality for such
fractures.

Functional outcomes in the present study also
favored the use of TENS, with excellent and
acceptable results being significantly higher
compared to conservative management. More
than half of the patients in the TENS group
achieved excellent outcomes. This observation
aligns with the work of Choudhury et al.”, who
reported excellent results in over 80% of cases
assessed using Flynn’s criteria. Similarly, Rahman
et al.'® documented excellent or satisfactory
results in all their patients treated with TENS for
pediatric long bone fractures. These consistent
findings reinforce the idea that operative fixation
with TENS not only ensures radiological union
but also translates into improved functional
outcomes. Conversely, Niazi et al.'"* did not
observe significant differences between TENS
and conservative casting. The discrepancy with
the current study may be attributable to
methodological differences, as their trial involved
a smaller sample size and relatively shorter follow-
up duration, potentially underestimating long-
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term functional benefits of early mobilization
afforded by TENS.

Another important observation in the current
study is that TENS facilitated earlier
mobilization, with significantly shorter times to
partial and full weight bearing compared to
conservative management. Early mobilization is a
well-recognized advantage of elastic stable
intramedullary nailing. Uludag et al.” highlighted
that children with unstable tibial fractures treated
with TENS achieved early weight bearing
alongside satisfactory clinical outcomes. Likewise,
Nayak et al.” emphasized that elastic nails
promote callus formation by maintaining
micromotion at the fracture site, thereby
accelerating recovery and reducing the period of
immobility. This advantage is of particular
children, as  prolonged
immobilization can predispose joint stiffness,
muscle atrophy, and psychosocial stress. Thus,
the findings of the present study support the
broader consensus that early mobilization is a key
clinical benefit of TENS compared with
conservative methods.

In terms of complications, delayed union was
significantly more frequent in the conservative
management group. This is consistent with
reports by Baig et al.'’, who noted that although
conservative treatment typically results in
eventual union, it carries a higher risk of delayed
healing, malunion, and plaster-related problems.
The higher frequency of delayed union in cast-
treated patients may be explained by less stable
fracture immobilization and the absence of

relevance in

controlled micro-movement that stimulates callus
formation in intramedullary fixation. In contrast,
the present study found no significant differences
between groups in terms of malunion, infection,
limb-length discrepancy, or re-fracture. These
findings mirror existing literature  which
demonstrates that while TENS may be associated
with certain implantrelated complications such
as nail migration or irritation, overall
complication rates remain low and are generally
manageable.'*°

The strength of this study lies in its prospective
design, adequate sample size, and execution

within a large publicsector tertiary care hospital
in  Karachi. These factors enhance the
generalizability of the results to real-world
practice in Pakistan, particularly in high-volume
metropolitan hospitals where both operative and
conservative methods are routinely employed.
Importantly, the study provides locally relevant
data, addressing a gap in the regional literature
where most existing studies originate from
different healthcare settings.

Nonetheless, several limitations should be
acknowledged. The single-center design may limit
external validity across varied institutional
practices. The absence of randomization
introduces the possibility of selection bias,
although efforts were made to adjust baseline
differences between groups. Furthermore, the
follow-up period was relatively short, which may
not capture late complications such as growth
disturbances, angular deformities, or limb length
discrepancies that can emerge over time in
skeletally immature patients.

Future research should aim to build on these
findings by conducting multicenter randomized
controlled trials with larger sample sizes and
extended follow-up durations. Such studies
would help to validate the superiority of TENS in
diverse clinical settings and provide more robust
evidence for its widespread adoption. In
addition,  costeffectiveness  analyses  are
warranted, particularly in low- and middle-
income countries where healthcare resources are
constrained. Evaluating the balance between the
higher upfront costs of surgery and the potential
long-term benefits of reduced complications and
earlier functional recovery will be critical for
policymaking. Finally, patient-reported outcomes,
including quality of life and return to school or
daily activities, should be incorporated into
future studies to provide a more holistic
assessment of treatment success.

Conclusion

TENS provides superior outcomes compared to
conservative management for pediatric tibial
diaphyseal fractures. TENS achieved significantly
higher rates of radiological union and excellent
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functional results, facilitated earlier partial and

full weight bearing, and reduced the incidence of

delayed union. Although hospital stay was slightly
longer, complication rates were comparable
between groups.

References

Hu X, Lin X, Dai Z, Fang K. Global burden of
pediatric  fracture (1992-2021) and
projections of future disease burden
trends. BMC Pediatr. 2025;25(1):416.
https://doi.org/10.1186,/512887-025-
05767-6.

Chen S, Zhang Q, Ouyang Z, Ning Y, Zheng ],
Chen S. Global, regional, and national
burdens of fracture in children and
adolescents from 1990 to 2019. BMC
Public Health. 2025;25(1):1055.
https://doi.org/10.1186,/512889-025-
21958-3.

Sleem B, Khalek JA, Hajj A. Pediatric Tibial
Shaft  Fractures: A  Comprehensive
Review. ] Surg Res Pract. 2024;1:1-9.
https://doi.org/10.46889/JSRP.2024.53
06

Beck JJ, Mahan ST, Nowicki P, Schreiber VM,
Minkowitz B. What Is New in Pediatric
Bone Health. ] Pediatr Orthop.
2021;41(8):594-¢599.
https://doi.org/10.1097/BPO.00000000
00001896.

Dmytrovych ~ PM,  Volodymyrovych ~ HP,
Orestovych  KI, Georgiyovych DV.
Pediatric high-energy and other traumatic
injury: cases and reviews. Int ] Health

Sci. 2022;6(S3):8241-51.
https://doi.org/10.53730/ijhs.v6nS1.77
90.

Hansen RT, Borghegn NW, Gundtoft PH,
Nielsen KA, Balslev-Clausen A, Viberg B.
Change in treatment preferences in
pediatric diaphyseal forearm fractures: a
Danish nationwide register study of
36,244 fractures between 1997 and
2016. Acta Orthop. 2023 Feb 1;94:32-

Venkataraman S, Ethiraj P, Shanthappa AH,
Vellingiri K. Treatment of Diaphyseal
Fractures of the Femur in Paediatric Age
Group: A Comparative Study of Locking
Compression Plate Versus Titanium
Elastic Nailing System (TENS). Cureus.
2022 Sep 8;14(9):28924.
https://doi.org/10.7759/cureus.28924.

Khan AQ, Jilani LZ, Istiyak M. Titanium elastic
nail system in compound tibial fractures
in children and adolescents. Int ] Burns
Trauma. 2025;15(1):11-20.
https://doi.org/10.62347/WMXS7935.

Uludag A, Tosun HB. Treatment of Unstable
Pediatric Tibial Shaft Fractures with
Titanium  Elastic ~ Nails. Medicina

(Kaunas). 2019;55(6):266.
https://doi.org/10.3390/medicina55060
266.

Rahman MM, Ahmed MK, Sarwar MG, H.asan
M, Rahman ST. Outcome of Titanium
Elastic Nailing System in Diaphyseal
Femoral Fractures of Children in the Age
Group of 4-12 years. East Med Coll ]
2024;9(1):1-6.
https://doi.org/10.3329/emcj.v9i1.7197
2

Gupta RK. A clinical study on Titanium elastic
nail system in the treatment of
diaphyseal tibial fracture in paediatric age
group. Int ] Life Sci Biotechnol Pharm
Res. 2024;13(5):557-61.

Kucik A, Asfuroglu ZM, Kose N. Closed
reduction and titanium elastic nailing in
diaphyseal femoral and tibial fractures in
children. Cukurova Med ].
2022;47(2):563-9.

Choudhury G. A clinical study on titanium
elastic nail system in the treatment of
diaphyseal tibial fractures in paediatric
age group. Int ] Health Clin Res. 2020
Oct 4;3:124-31.

Niazi MU, Shah SW, Qadeer R, Qadir A, Habib
Z, Dahal S, Amjad U. Comparison of

37. casting versus elastic nail for the
https://doi.org/10.2340,/17453674.202 treatment of pediatric tibial diaphyseal
3.7132. fractures. Annals of PIMS-Shaheed
https://fmhr.net | Ali et al., 2025 | Page 1435



Volume 3, Issue 3, 2025

Frontier n

Medical & Health
Research

Zulfigar Ali Bhutto Medical University.
2019;15(4):148-53.

Nayak AK, Chandrahas A, Kotireddy P, Nagaraj
MC. Surgical intervention and results of
diaphyseal fractures in the lower limb
long bones among pediatric patients
treated using the titanium elastic nailing
system. MGM ] Med Sci 2024;11(1):53-
60.
https://doi.org/10.4103/mgm;j.mgmj_1
05_23

Baig MS, Thutari N, Kodandapani K, Vadlamani
KV, Tilak M. Comprehensive study of
management of diaphyseal fractures of
long bones in children by titanium elastic
nailing system. ] Evol Med Dent Sci.
2019;8(13):969-74.
https://doi.org/10.14260/jemds/2019/
217.

Jolly A, Patil NV, Bansal R, Pattanshetti V.
Comparative study of the outcome of
pediatric femur diaphyseal fractures
treated with titanium elastic nails vs.
compression plates. Int ] Res Orthop.
2017;3(1):80-5.
https://doi.org/10.18203/issn.2455-
4510.IntJResOrthop20164829

Suggu SR, Karuppanan S, Sivanandan HM,
Moitra S. A Prospective Study on the
Functional Outcome of Diaphyseal
Fractures of Femur Treated with TENS
Nailing in Pediatric age Group (5-15
years). ]  Orthop Case  Rep.
2022;12(9):102-109.
https://doi.org/10.13107 /jocr.2022.v12.
i09.3338.

Sanjay N, Seenappa H, Shanthappa AH, Kumar
K V. Functional Outcome of Pediatric
Subtrochanteric Fractures Treated With
a Titanium Elastic Nailing System
(TENS)  Versus  Plating.  Cureus.
2023;15(6):e40036.
https://doi.org/10.7759/cureus.40036.

Kumar A, Gupta A, Thirugnanam B, Kareem SA.
Titanium Elastic Nailing System (TENS)
in paediatric tibia fractures. Ann Int Med

Dent Res. 2020;6(5):11.
https://doi.org/10.21276/2imdr.2020.6.
5.0R2.

https://fmhr.net | Ali et al., 2025 | Page 1436



