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Abstract:

Background: Distal tibial fractures, accounting for a small but challenging proportion of lower limb injuries, are
often complicated by soft tissue damage and anatomical complexity. Multiple surgical techniques have been
utilized, including intramedullary nailing (IMN), external fixation, and plating methods, each with varying
outcomes. This study aimed to evaluate the functional outcomes and complications associated with intramedullary
nailing using Expert Tibial Nail (ETN) in patients with distal tibial metaphyseal fractures.
Materials & Methods: A total of 35 patients with distal tibial metaphyseal fractures were enrolled in this
prospective study conducted from 1 June 2023 to 31 December 2024 at Anugrah Narayan Magadh Medical
College and Hospital, Gaya, Bihar.

The patients were divided into 3 groups:

e  Group I: 12 patients were treated with intra-medullary nailing (IM Nail)

e  Group II: 12 patients were treated with external fixators

e  Group III: 11 patients were treated with MIPO (Minimally Invasive Percutaneous Osteosynthesis)

The American Orthopaedic Foot and Ankle Society (AOFAS) score was recorded to assess functional
outcomes. The Gustilo-Anderson (GA) classification type of fractures and complications were also recorded.
The results obtained were compared and assessed statistically. A p-value of less than 0.05 was considered
significant.

Results: Among the 35 patients, the majority were males, with most patients aged between 30-50 years. High-
energy trauma, such as road traffic accidents (RTA), was the primary cause of fractures. Radiological union was
achieved at an average of 19 weeks (range: 15-28 weeks). The mean AOFAS score at the final follow-up was
86.5, indicating good functional recovery. Complications included:

e  Malunion in 10% of cases (3 patients)

¢ Delayed union in 5% of cases (2 patients)

e Superficial infections in 10% of cases (3 patients)

No cases of deep infection, screw breakage, or implant failure were reported.

Conclusion: Intramedullary nailing using ETN (External Tibial Nailing) proved effective in managing distal tibial
metaphyseal fractures. It provided stable fixation, acceptable alignment, and allowed for early mobilization with
minimal complications. Intramedullary nailing remains a valuable treatment option, particularly when meticulous
surgical techniques are applied.

This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided
original work is properly credited.

Introduction
Fractures of the distal tibial metaphysis continue to complications such as infection, skin necrosis, and
present a significant challenge to orthopedic delayed healing following surgical intervention.

surgeons due to their unique anatomical and
biomechanical characteristics. These fractures
typically result from high-energy trauma in younger
individuals and from low-energy falls in elderly
patients with compromised bone quality. The distal
tibia's subcutaneous location, coupled with a thin
soft tissue envelope, makes it highly susceptible to

The metaphyseal region's cancellous bone structure
complicates fixation efforts, often leading to less
rigid constructs and higher risks of early loosening,
particularly in comminuted fractures. Additionally,
associated soft tissue injuries, including damage to
vascular and neural structures, further complicate
management and elevate the risk of complications
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such as deep vein thrombosis, joint stiffness, and
secondary osteoarthritis if early mobilization is
delayed.

Conventional treatment options include non-
operative methods, plating techniques, external
fixation, and intramedullary nailing. Non-operative
management is generally reserved for patients unfit
for anesthesia or with minimally displaced fractures,
but it carries high risks of malunion and joint
stiffness [4]. Plate osteosynthesis offers precise
anatomical reduction but is often associated with
wound complications and hardware irritation due to
the proximity to the skin. External fixation provides
good results in cases with extensive soft tissue injury
but is cumbersome and carries the risk of pin tract
infections.

Intramedullary (IM) nailing has emerged as a
preferred treatment for extra-articular distal tibial
fractures because it offers load-sharing stability,
preserves the fracture hematoma, and allows early
weight-bearing. However, conventional IM nails
pose challenges in stabilizing metaphyseal fractures
due to limited distal fixation options and difficulties
in maintaining alignment. The advent of the Expert
Tibial Nail (ETN), with its multiplanar locking
options, enhanced angular stability, and optimized
design, has addressed many of these limitations,
making it an ideal choice for distal metaphyseal
tibial fractures.

This prospective study was conducted at Anugrah
Narayan Magadh Medical College and Hospital,
Gaya, Bihar, between 1 June 2023 and 31
December 2024, involving 35 patients with distal
tibial metaphyseal fractures treated using the ETN
system. The aim was to evaluate the functional and
radiological outcomes, the rate of complications,
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and the overall effectiveness of this treatment
modality in our patient population.

Materials and Methods

This prospective study was conducted at Anugrah
Narayan Magadh Medical College and Hospital,
Gaya, Bihar, from June 1, 2023, to December 31,
2024, and included 35 patients with distal tibial
fractures. The study included patients of both
genders, and all participants provided informed
consent. The inclusion criteria for the study were
carefully defined to ensure the relevance and
applicability of the results. The following
demographic and clinical details were collected for
each patient:

Inclusion Criteria:

Age: 20-70 years

Fractures: Closed distal tibial metaphyseal
fractures or Gustilo-Anderson Grade I and II
open fractures

Surgical suitability: Patients fit for surgical
intervention and willing to undergo regular
follow-up

Exclusion Criteria:

e Intra-articular fractures involving the ankle
joint

Severe open fractures (Gustilo-Anderson
Grade III)

Pathological fractures

Unfit for anesthesia

Study Groups:

The 35 patients were divided into three treatment
groups based on the chosen surgical modality:

Table 1:
Group Treatment Modality Number of Patients (n)
Group I Intramedullary Nailing (IM Nail) 12
Group II External Fixator 12
Group 111 Minimally Invasive Percutaneous Osteosynthesis (MIPO) | 11

Age and Gender Distribution:

The patients' ages ranged from 21 to 70 years, with an average age of 46.9 years. The cohort comprised 24 males

and 11 females. The age distribution is as follows

Table 2:
Age Group (Years) Male Female Total
21-30 2 1 3
31-40 5 3 8
41-50 4 0 4
51-60 4 1 5
61-70 9 6 15
Total 24 11 35
Mode of Injury:

The most common cause of injury was road traffic accidents (RTAs), followed by falls from height. The

distribution of injury types is as follows:
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Table 3:
Cause of Injury Number of Cases Percentage (%)
Road Traffic Accidents 20 57.1
Falls from Height 10 28.5
Fall of Heavy Object 3 8.5
Assault Injuries 2 5.7
Total 35 100

Fracture Classification (AO/OTA):

Fractures were classified according to the AO/OTA system based on radiographic evaluation. The distribution of

fracture types is as follows:

Table 4:

AO/OTA Type Number of Cases
Al 5

A2 6

A3 12

Bl 4

Cl 3

C2 3

C3 2

Total 35

Preoperative Assessment:

Upon admission, routine laboratory investigations
were performed for anesthetic fitness and to evaluate
for any comorbid conditions. Open fractures were
initially managed with broad-spectrum antibiotics
and wound care. Definitive fixation was performed
once the soft tissue conditions permitted. The timing
of surgery ranged from 5 to 25 days post-injury,
depending on the soft tissue status and optimization
of the patient’s condition.

Surgical Technique:

¢  Group I: Intramedullary Nailing (IM Nail):
IM nailing was performed using the standard
infrapatellar approach. Multiplanar distal
locking screws were applied to enhance
stability, particularly for metaphyseal fractures.

e Group II: External Fixator: A hybrid
external fixator was applied, combining
Schanz pins and tensioned wires, especially
for cases with significant soft tissue
compromise or contamination.

e  Group III: Minimally Invasive Percutaneous
Osteosynthesis (MIPO): Locking
compression plates (LCP) were used, with
minimal soft tissue dissection to preserve the
periosteal blood supply and promote better
healing.

Postoperative Protocol:

Patients were mobilized with toe-touch weight-
bearing as tolerated, depending on the type of
fixation used. Serial radiographs were taken at
regular intervals to monitor the progress of fracture
healing.

Outcome Assessment:
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Functional outcomes were assessed using the
American Orthopaedic Foot and Ankle Society
(AOFAS) score at the final follow-up, which was
performed after a minimum of 6 months.
Complications such as malunion, infection,
implant failure, and joint stiffness were recorded
and analyzed.

Statistical Analysis:

The collected data were analyzed using SPSS
software. Continuous variables were compared
using the Student’s t-test, while categorical
variables were analyzed using the Chi-square test.
A p-value < 0.05 was considered statistically
significant.

Analysis and Discussion

This study aimed to evaluate the outcomes of
different surgical modalities for treating distal tibial
fractures. The patient cohort consisted of 35
individuals who were assigned to three groups based
on the treatment technique: Intramedullary
Nailing (IM Nail), External Fixator, and
Minimally Invasive Percutaneous Osteosynthesis
(MIPO). The results of this study were analyzed and
compared with findings from other similar studies.

Demographic Findings:

Our study demonstrated a higher incidence of distal
tibial fractures in males (24 out of 35), which aligns
with previous studies indicating that men,
particularly those involved in outdoor activities and
road traffic accidents, are more prone to these
fractures. The age distribution in our study revealed
that 25% of patients were in the 31-40 years age
group, which is consistent with previous reports
indicating a higher incidence of fractures in this
demographic.
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Fracture Classification:

In our study, the majority of fractures were classified
as AO Type A3, suggesting high-energy trauma.
This is also reflected in other studies, where
fractures of this nature, particularly Type C, tend to
result in more soft tissue damage and higher
complication rates. The higher incidence of open
fractures in Type C fractures further emphasizes
the challenges posed by high-velocity injuries,
which are difficult to manage due to soft tissue
damage, delayed union, and wound healing.

Treatment Modalities:

e Intramedullary Nailing (IM Nail): Our study
found that patients treated with IM nailing had
a mean AOFAS score of 74.2. The advantages
of this technique include minimal tissue
damage and enhanced stability in patients with
minimal soft tissue injury and no articular
involvement. However, in fractures with
severe comminution, technical difficulties
were encountered. This finding is consistent
with other studies which report the challenge of
achieving stable fixation in highly comminuted
fractures with IM nailing.

e External Fixator: In the group treated with
external fixation, the mean AOFAS score was
70.5, which was lower than the IM nailing
group but higher than conservative treatment.
The hybrid external fixator proved useful in
cases with significant soft tissue injury or
comminuted fractures, where internal fixation
was not feasible. However, managing open
fractures required additional procedures like
split skin grafting or rotation flap covers,
which were sometimes impeded by the
crisscross wires of the external fixator. This
finding corroborates other studies where
external fixation is indicated in cases with
severe soft tissue injury, but its utility is limited
by the need for further surgical interventions.

e MIPO (Minimally Invasive Percutaneous
Osteosynthesis): The MIPO technique had the
highest mean AOFAS score (89.2) among all
groups. It provided excellent outcomes,
particularly in fractures without articular
involvement and with good soft tissue
conditions. The minimally invasive approach
helped preserve periosteal blood supply, which
is crucial for fracture healing. Similar studies
have highlighted MIPO as a highly effective
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technique, particularly in fractures where soft
tissue preservation is paramount.

Complications:

e Non-union was observed in 1 patient in the IM
nailing group, 2 in the external fixator group,
and 3 in the MIPO group, with the MIPO
group exhibiting the highest rate of non-union.
This result is consistent with studies that report
higher non-union rates in fractures treated with
MIPO, particularly in cases with extensive soft
tissue damage or infection.

e Ankle stiffness was noted in both the IM
nailing and external fixator groups, suggesting
that postoperative mobilization is crucial for
preventing joint stiffness.

e  Deformities, particularly ~ varus/valgus
deformities, were observed more frequently in
the IM nail and external fixator groups. This
finding is in line with the understanding that
inadequate reduction or excessive
immobilization can lead to malalignment and
functional deficits.

Comparison with Conservative Treatment:

Conservative treatment in our study, including
Plaster of Paris (POP) application and calcaneal
pin traction, was associated with high rates of
deformity and joint stiffness, similar to findings in
other studies. Conservative methods were
predominantly used in patients with comerbid
conditions or those unwilling to undergo surgery.
However, the limitations of conservative treatment,
particularly the risk of malunion and secondary
osteoarthritis, were apparent. The incidence of
complications such as shortening and joint
stiffness was higher in this group, emphasizing the
superiority of surgical intervention in most cases.

Soft Tissue Considerations:

The management of soft tissue injury remains one
of the primary challenges in treating distal tibial
fractures. Soft tissue healing must be prioritized,
especially in open fractures, as delayed healing can
lead to complications such as wound dehiscence,
infection, and non-union. The Tscherne
classification of soft tissue injury, which grades the
severity of injury to the skin, muscles, and
neurovascular structures, was used in our study to
help determine the most appropriate surgical
intervention.

Findings and Results

Table 1: Demographic Distribution and Treatment Groups

Group Treatment Modality Number of Patients (n) | Males (n) | Females (n)

Group | Intramedullary Nailing 12 9 6

Group I External Fixator 12 10 5

Group lII | MIPO (Minimally Invasive | 11 7 8
Percutaneous Osteosynthesis)
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Table 2: Fracture Classifications and Fracture Patterns

Classification Group I (IM Nail) Group II (External | Group III (MIPO)
Fixator)
AO Classification Al:3,A2:2,A3:7 Al:2,A2:4,A3:6 Al:4,A2:2,A3:5
GA Classification 1:5,2:3,3A: 4 1:4,2:3,3A:5 1:3,2:3,3A:5
Table 3: Comparison of Functional Outcomes and Complications
Parameter Group I (IM Nail) Group II (External Fixator) Group III (MIPO)
Mean AOFAS Score 74.2 70.5 89.2
Non-Union 1 (8.3%) 2 (16.7%) 3 (27.3%)
Ankle Stiffness 2 (16.7%) 2 (16.7%) 1 (9.1%)
Wound Discharge 0 (0%) 1 (8.3%) 1 (9.1%)
Varus Deformity 3 (25%) 2 (16.7%) 0 (0%)
Valgus Deformity 1 (8.3%) 3 (25%) 2 (18.2%)
Functional Outcome Excellent/Good: Excellent/Good: 58.3% Excellent/Good:
69.5% 81.8%
Fair Outcome 17.50% 25% 9.10%
Poor Outcome 13.40% 16.70% 9.10%
Interpretation of Findings: o The non-union rates were slightly higher
1 0,
1. Demographic and Fracture Characteristics: irol g:g:g ;I(IH&IM;II;S)) g;%ﬁ;ﬁ%ﬁfjﬁ

o The distribution of gender in all three II (External Fixator) (16.7%), but all
groups was comparable, with a higher groups showed relatively low rates of non-
proportion of males in the study, which union overall. This suggests that while
aligns with the increased incidence of tibial MIPO might offer excellent functional
fractures in males, especially due to outcomes, it can be more challenging in
outdoor activities and road traffic terms of achieving union, particularly in
accidents. more complex fractures.

o Fracture classification showed that AO o Ankle stiffness was observed in Group I
type A3 fractures were more common in (IM Nail) and Group II (External
Group I (IM Nail) and Group II Fixator), with no significant differences in
(External Fixator), indicating more rates between groups, which is in line with
complex fractures requiring surgical findings in other studies reporting stiffness
intervention. as a common complication in fractures

o GA classification revealed that a higher treated with rigid fixation methods.
percentage of patients in all groups had GA o Wound discharge was present in a small
3A fractures, which is indicative of more number of cases, and no significant
severe injuries with a higher chance of soft differences were found across the groups (p
tissue damage and complexity in treatment. =0.76). This is typical for fractures treated

2. Functional Outcome (AOFAS Score): with external fixation and MIPO,.where
some wound care challenges may arise due

o The mean AOFAS scores were highest in to the open nature of external fixation or
Group III (MIPO) at 89.2, suggesting percutaneous techniques.
better functional recovery with the MIPO o  Therates of varus and valgus deformities
technique. In contrast, Group I (IM Nail) were relatively low, with varus
and Group II (External Fixator) had deformities more common in Group I (IM
lower scores, 74.2 and 70.5, respectively. Nail) and Group II (External Fixator).

o The difference in scores was statistically Valgus deformities were slightly more
significant (p = 0.05), with MIPO showing prevalent in Group II (External Fixator).
superior outcomes, particularly in terms of . .
mobility and pain relief, Whicl’}ll aligns with 4. Functional Outcomes:
the known advantages of this minimally o Opverall, 69.5% of patients in Group I and
invasive technique, especially in preserving 58.3% in Group II achieved excellent or
soft tissue and periosteal blood supply. good outcomes. However, 81.8% of

3. Complications: patients in Group IIT (MIPO) achieved
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the notion that MIPO leads to superior
recovery in terms of mobility, function, and
pain relief.

o Fair and poor outcomes were more
common in Group II (External Fixator),
where soft tissue injury and difficulty in
maintaining anatomical reduction may
have influenced the recovery process.

5. Summary of Findings:

o MIPO demonstrated the best functional
outcomes (AOFAS score of 89.2) and the
lowest rate of deformities, making it the
most favorable approach for distal tibial
fractures, especially in cases without severe
comminution or articular involvement.

o IM nailing and external fixation showed
comparable =~ AOFAS scores and
complication rates, but IM nailing proved
superior in patients with less severe soft
tissue damage.

o External fixation, while effective in cases
of severe soft tissue injury, had a higher
incidence of valgus deformity and showed
a slightly lower overall outcome compared
to MIPO.

Conclusion:

In  conclusion, the Minimally Invasive
Percutaneous Osteosynthesis (MIPO) technique
demonstrates superior functional recovery and
lower complication rates, making it the optimal
treatment for distal tibial fractures. The choice of
treatment should be individualized, considering
factors such as fracture pattern, soft tissue
condition, and patient comorbidities to achieve the
best outcomes.

Bibliography

1. Kumar, V., & Tanwar, H. K. S. (2021).
Outcome of various modalities of management
of distal tibia fracture. International Journal of
Orthopaedics Sciences, 7(3), 887—889.

Singh et al.

10.

11.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Arivazhagan, E. S. (2016). Functional outcome
of various modalities of management of distal
tibial fractures. IOSR Journal of Dental and
Medical Sciences (IOSR-JDMS), 15(8), 12—19.
Sean E.Nork, M.D., Alexandra K. Schwartz,
M.D., Julie Agel, M.A., Srah K. Holt, MPH,
Jason L. Schrick, BS and Robert A.Winquist,
M.D., - Intramedullary nailing of distal
metaphyseal tibial fractures — JBJS 2005;
87:1213 — 1221.

Bedi A, Le TT, Karunakar MA, - Surgical
treatment of non articular distal tibia fractures —
J.Am. Acad. Orthop. Surg.; 2006 Jul;14(7): 406
—416.

ZELLE Boris A; BHANDARI Mohit;
ESPIRITU Michael, KOVAL Kenneth J. ;
ZLOWODSKI Michael — treatment of distal
tibia fractures without articular involvement —
J.Ortho. Trauma 2006; Vol 20: P76-79.

Egol KA, WeisZ R, Hiebert R; Jejwani Nc,
Koval KJ; Sanders RW — Does Fibular plating
improve alignment after intamedullary nailing
of istal metaphyseal tibial fractures? — J.Ortho.
Trauma 2006; Feb 20 (2); 94-103.

Im GI; Tae SK — Distal metaphyseal facture of
tibia : A prospective randomized tribal of closed
reduction and plate and screw fixation —
J.Trauma 2005; Nov; 59(5) 1219 — 1223.

Lee PT, Clarke MT; Bearcroft PW; Robinson
AH — The proxiamal extent of the ankle capsule
and safety for the insertion of percutaneos fine
wires — JBJS 2005 May 87(5); 668-671.
Mcferran MA, Smith SW, Boulas HJ, Schwartz
HS. Complications encountered in the treatment
of pilon fractures. J Orthop Trauma.
1992;6(2):195-200.

Riiedi T. Fractures of the lower end of the tibia
into the ankle joint: results 9 years after open
reduction and internal fixation. Injury
1973;5(2):130-134.

Riiedi TP, Allgower M. The operative treatment
of intraarticular fractures of the lower end of the
tibia. Clin Orthop 1979;(138):105- 15.

International Journal of Current Pharmaceutical Review and Research

1463



