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Abstract:

Background: Distal 'tibial fractures are challenging injuries due to limited soft tissue coverage and proximity to
the ankle joint. Locking compression plate (LCP) and intramedullary nailing (IMN) are commonly used fixation
methods, each with distinct advantages and limitations.

Aim: To compare the clinical, radiological, and functional outcomes of LCP and IMN in the management of
extra-articular distal tibial fractures.

Methodology: This prospective comparative study was conducted in the Department of Orthopedics, Nalanda
Medical College and Hospital, Patna, over six months. Eighty skeletally mature patients with extra-articular distal
tibial fractures were divided into IMN (n=40) and LCP (n=40) groups. Operative parameters, time to union, RUST
score, Olerud-Molander Ankle Score (OMAS), and complications were assessed over six months.

Results: IMN showed significantly shorter operative time, less blood loss, and earlier union compared to LCP
(p<0.05). RUST and OMAS scores at 3 and 6 months were significantly higher in the IMN group. Overall
complication rates were comparable, though anterior knee pain was more frequent with IMN.

Conclusion: IMN demonstrated superior operative efficiency, faster union, and better early functional outcomes
than LCP, making it a favorable option for extra-articular distal tibial fractures.

Keywords: Distal tibia fracture, intramedullary nailing, locking compression plate, RUST score, OMAS,
functional outcome.
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Introduction

Distal fractures of ‘the tibia are a problematic group
of lower limb injuries due to their anatomical, bio-
mechanical, and soft tissue peculiarities [1]. The
tibia anterior medial surface of the distal third is sub-
cutaneous most of the way and has a relative paucity
of muscular cover, with it being especially suscepti-
ble to open wounds and soft tissue injury. These
fractures are usually caused by high-energy trauma
including road traffic accidents and height-related
falls in younger people and the low-energy rota-
tional trauma in the elderly population by osteopo-
rotic bone [2]. Due to the ankle joint proximity, the
alignment, rotation and length restoration is vital in
order to achieve the best functional results and to
avoid post-traumatic arthritis. The treatment of dis-
tal tibial fractures has also experienced great
changes over the years and there has been a contro-
versy on the best modality of fixation to use in sta-
bilizing the union with the least number of compli-
cations.
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In the past, the selected undisplaced or minimally
displaced fractures were attended to with the help of
conservative management which involved casting or
functional bracing. Non-operative treatment is how-
ever mostly related to the long-term immobilization,
malalignment, joint stiffness, and delayed recovery.
Consequently, surgical stabilization has emerged as
the favorable modality in most displaced dislocation
of the tibia at the distal fractures. The two most pop-
ular and most common methods of surgical ap-
proaches include locking compression plating (LCP)
and intramedullary nailing (IMN) among the availa-
ble surgical options [3]. All methods have ‘their
unique biomechanical and biological benefits, but
both are also related to certain setbacks and compli-
cation rates.

The popularity of locking compression plates has in-
creased since biological fixation methods and mini-
mally invasive plate osteosynthesis (MIPO) meth-
ods became available [4]. The LCP system estab-
lishes angular stability through fixed-angle screw-
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plate constructs which serve as internal fixators and
provide special benefits for metaphyseal areas that
contain weak cortical bone and common bone frac-
tures. The LCP system uses two methods to achieve
its goal of better fracture healing because it offers
better blood circulation through its design and it re-
duces the need for surgical tissue removal. Plating
offers accurate anatomical reduction through its
ability to operate on fractures that extend near the
joint surface. The process of plate fixation for distal
tibia applications presents multiple issues which
need to be addressed [5]. The subcutaneous location
of the plate may predispose to wound complica-
tions, hardware prominence, and infection. The con-
struction may exhibit high stiffness which will affect
how callus develops depending on ‘the method ap-
plied.

Intramedullary nailing functions as a load-sharing
device which medical professionals insert through a
minimally invasive technique that uses either the pa-
tellar tendon-splitting method or the suprapatellar
entrance point [6]. The IMN system allows fractures
to maintain their hematoma and periosteal blood
flow while providing surgeons with smaller incision
options and reduced need for soft tissue removal and
faster patient mobility in most situations. Modern
nails provide surgeons with various distal locking
mechanisms which enhance their ability to handle
metaphyseal fragment and alignment challenges [7].
The IMN procedure for distal tibial fractures faces
obstacles in maintaining proper alignment because
of the enlarged metaphyseal canal and restricted
availability of distal bone material. The medical
community considers coronal and sagittal plane
malalignment as a common complication that arises
after surgical procedures. The two conditions of an-
terior knee pain and problems with managing distal
or intra-articular fracture extensions will affect how
well patients can function.

The choice between locking compression plating
and intramedullary nailing for distal tibial fractures
remains a subject of ongoing clinical research and
debate [8]. Studies that compared different groups
produced inconsistent findings about the success of
treatment in achieving union and the duration until
union occurred and the occurrence of infections and
the degree of bone misalignment and ‘the necessity
of additional surgeries and the level of functional
ability. Some evidence suggests that IMN may be
associated with shorter operative time and earlier
mobilization, whereas LCP may provide superior
alignment in certain fracture patterns. The procedure
of plating increases the chances of developing super-
ficial wound problems which become more likely
following high-energy accidents that involve dam-
aged soft tissue. The decision-making process
should begin with an assessment of fracture type and
the current state of soft tissues and existing medical
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conditions of the patient and the level of skill pos-
sessed by the surgeon.

The current medical field requires healthcare profes-
sionals to deliver treatments that are supported by
strong evidence while also providing personalized
care to their patients. The research conducted
through randomized controlled trials and meta-anal-
yses has examined the advantages and disad-
vantages of LCP and IMN methods for treating dis-
tal tibial fractures but the study results remain incon-
clusive because of different fracture types and surgi-
cal methods and evaluation standards used in the re-
search. The assessment of treatment success de-
pends on three key elements which include func-
tional scoring systems and radiological parameters
and complication profiles. The study requires a sys-
tematic comparison between locking compression
plating and intramedullary nailing because of the
clinical importance of distal tibial fractures and their
impact on patient recovery through different fixation
methods.

The current research study compares the clinical re-
sults and radiological findings and functional out-
comes of two different methods used to treat distal
tibial fractures which involve locking compression
plates and intramedullary nailing. The study intends
to advance existing Tresearch by examining union
rates and weight-bearing onset and alignment and
complication rates and total functional recovery to
help orthopedic surgeons choose the best fixation
method for treating distal tibial fractures.

Methodology

Study Design: The present study was a prospective,
comparative, hospital-based interventional study
conducted to evaluate and compare the clinical, ra-
diological, and functional outcomes of locking com-
pression plate (LCP) fixation and intramedullary
nailing (IMN) in the management of extra-articular
distal tibia fractures.

Study Area: The study was conducted in the De-
partment of Orthopedics, Nalanda Medical College
and Hospital, Patna, Bihar, India.

Study Duration: The study was carried out over a
period of 6 months from March 2025 to August
2025.

Study Participants: A total of 80 skeletally mature
patients diagnosed with extra-articular distal tibia
fractures and requiring surgical intervention were
enrolled in the study. Patients were divided into two
groups of 40 each:

e  Group [: Intramedullary Nailing (IMN)
e  Group II: Locking Compression Plate (LCP)

Inclusion Criteria

1. Patients diagnosed with extra-articular distal
‘tibia fracture.
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Age >18 years.

Individuals of either sex.

Closed distal tibia fractures.

Medically fit for surgical intervention and anes-
thesia.

6. Willingness to participate and provide informed
written consent.

nbkh v

Exclusion Criteria

1. Patients unwilling to participate in the study.

2. Patients unfit for surgery or anesthesia.

3. Intra-articular distal tibia fractures (Pilon frac-
tures).

4. Open fractures or pathological fractures.

5. Polytrauma patients.

6. Patients with immature skeleton.

7. Previous history of ankle fractures or deformi-

ties.

Sample Size: The total sample size was 80 patients,
with 40 patients allocated to each ‘treatment group
(IMN and LCP).

Procedure: The study participants were divided
into two treatment groups based on the surgical
method used. The study included 40 patients who
underwent intramedullary nailing and 40 patients
who received locking compression plate treatment.
The study documented all fractures which occurred
within 40-100 mm distance from the ankle joint and
documented and treated all connected fibular frac-
tures.

The preoperative assessment process involved three
steps which included taking detailed medical history
information and conducting a physical examination
and performing standard radiographic tests that re-
quired anteroposterior and lateral views of the leg
and its knee and ankle joints. The medical team con-
ducted standard pre-anesthetic tests which are per-
formed before anesthesia administration. The medi-
cal team used closed reduction methods to stabilize
the fracture while they maintained temporary immo-
bilization through the application of an above-knee
plaster slab. The medical team implemented skeletal
traction treatment for certain patients who required
surgery at a later time.

All surgeries were performed under spinal or general
anesthesia following standard aseptic protocols. The
IMN group underwent closed reduction and internal
fixation through interlocking intramedullary nail
procedures which used image intensifier equipment
for their operation. The LCP group received treat-
ment through either minimally invasive plate osteo-
synthesis (MIPO) or open reduction and internal fix-
ation with locking compression plate based on their
specific fracture patterns.

Postoperative treatment included three intravenous
doses of broad-spectrum antibiotics for all patients.
Wound inspection occurred on both ‘the 2nd and 5th
postoperative days while suture removal took place
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on the 14th day. The IMN group permitted patients
to begin weight-bearing activities whenever they felt
ready while the plating group required patients to
proceed with weight-bearing activities according to
their bone healing progress observed through radio-
logical assessments. Both groups began their ankle
mobilization exercises during the early stages of
their treatment.

The team conducted follow-up evaluations at four
different time points which included 4-week, 8-
week, 3-month, and 6-month intervals after the sur-
gical procedure. The medical team conducted both
clinical tests and radiological examinations during
each appointment to determine the status of fracture
healing and bone alignment and the condition of im-
planted devices and any medical issues that included
infections and delayed healing and two types of bone
healing failures and one type of bone healing failure.
The team used the Olerud-Molander Ankle Score
(OMAS) to measure functional results while they
used the Radiographic Union Scale in Tibial frac-
tures (RUST) score to assess radiological bone heal-
ing. The research team collected all data through a
pre-established data collection form which they’
then used to store information in Microsoft Excel for
data compilation purposes.

Statistical Analysis: Data were coded and entered
into Microsoft Excel and analyzed using Statistical
Package for Social Sciences (SPSS) version 27.0.
Descriptive statistics such as mean, standard devia-
tion, frequency, and percentage were used to sum-
marize demographic and clinical characteristics.
Continuous variables were compared between the
two groups using Student’s independent t-test. Cat-
egorical variables were analyzed using the Chi-
square test or Fisher’s exact test where applicable.
Analysis of variance (ANOVA) was applied for re-
peated comparisons where required. A p-value of
<0.05 was considered statistically significant.

Result

Table 1 presents the demographic characteristics of
the 80 study participants, equally distributed be-
tween the IMN (n=40) and LCP (n=40) groups. The
overall mean age of the participants was 33.2 + 10.9
years, with comparable mean ages in the IMN group
(32.4 £ 10.6 years) and the LCP group (34.1 + 11.2
years), indicating a similar age distribution between
groups. The majority of patients belonged to the 18—
30 years age group (42.5%), followed by 31-50
years (40%), while only 17.5% were above 50 years,
suggesting that fractures were more common in
younger and middle-aged adults. Males predomi-
nated in both groups, accounting for 63.75% of the
total sample, whereas females comprised 36.25%,
reflecting a higher incidence among males. Regard-
ing the side of fracture, right-sided fractures (55%)
were slightly more common than left-sided fractures
(45%) across both treatment groups. Overall, the
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baseline demographic variables were comparable

between the IMN and LCP groups.
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Table 1: Demographic Characteristics of Study Participants (n=80)
Variable IMN (n=40) LCP (n=40) Total (n=80)
Mean Age (years) 32.4+£10.6 341+£11.2 33.2+109
Age Group (years)
18-30 18 (45%) 16 (40%) 34 (42.5%)
31-50 15 (37.5%) 17 (42.5%) 32 (40%)
>50 7 (17.5%) 7 (17.5%) 14 (17.5%)
Gender
Male 26 (65%) 25 (62.5%) 51 (63.75%)
Female 14 (35%) 15 (37.5%) 29 (36.25%)
Side of Fracture
Right 23 (57.5%) 21 (52.5%) 44 (55%)
Left 17 (42.5%) 19 (47.5%) 36 (45%)

Table 2 presents the comparison of operative and in-
traoperative parameters between the IMN (n=40)
and LCP (n=40) groups. The mean duration of sur-
gery was significantly shorter in the IMN group
(72.5 % 12.4 minutes) compared to ‘the LCP group
(88.3 £ 15.6 minutes), with a highly significant p-
value (<0.001), indicating greater operative effi-
ciency with IMN. Similarly, mean blood loss was
significantly lower in the IMN group (95 + 20 ml)
than in the LCP group (150 + 35 ml), also showing

strong statistical significance (<0.001). Closed re-
duction was achieved more frequently in the IMN
group (85%) compared to the LCP group (65%),
with this difference being statistically significant
(p=0.03). Although fibula fixation was required
more often in the LCP group (45%) than in the IMN
group (30%), this difference was not statistically
significant (p=0.15). Overall, IMN demonstrated ad-
vantages in terms of shorter operative time, reduced
blood loss, and higher rates of closed reduction.

Table 2: Operative and Intraoperative Parameters
Parameter IMN (n=40) LCP (n=40) p-value
Mean Duration of Surgery (minutes) 72.5+124 883+ 15.6 <0.001
Mean Blood Loss (ml) 95+20 150 + 35 <0.001
Closed Reduction Achieved 34 (85%) 26 (65%) 0.03
Fibula Fixation Required 12 (30%) 18 (45%) 0.15

Table 3 shows the comparison of radiological out-
comes between the IMN (n=40) and LCP (n=40)
groups. The mean time to union was significantly
shorter in the IMN group (16.2 + 3.1 weeks) com-
pared to the LCP group (18.5 + 3.8 weeks), with a
statistically significant p-value of 0.002, indicating
faster fracture healing with IMN. The RUST score
at 3 months was higher in the IMN group (8.2 + 1.4)
than in the LCP group (7.6 £ 1.5), with a significant

p-value of 0.04. Similarly, at 6 months, the IMN
group demonstrated a significantly higher RUST
score (11.4 £+ 1.2) compared to the LCP group (10.8
+ 1.3), with a p-value of 0.03, suggesting better ra-
diological progression of healing. Although delayed
union and non-union were more frequent in ‘the LCP
group (15% and 5%) compared to the IMN group
(7.5% and 2.5%)), these differences were not statisti-
cally significant.

Table 3: Radiological Qutcomes (RUST Score & Time to Union)
Parameter IMN (n=40) LCP (n=40) p-value
Mean Time to Union (weeks) 16.2+3.1 18.5+3.8 0.002
RUST Score at 3 Months 82+1.4 7.6+£1.5 0.04
RUST Score at 6 Months 114+£1.2 10.8+1.3 0.03
Delayed Union 3 (7.5%) 6 (15%) 0.28
Non-union 1 (2.5%) 2 (5%) 0.55

Table 4 presents the comparison of functional out-
comes between the IMN and LCP groups using the
Olerud-Molander Ankle Score (OMAS). The mean
OMAS at 3 months was significantly higher in the
IMN group (62.5 + 8.6) compared to the LCP group
(563 + 9.4), with a statistically significant
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difference (p = 0.001). Similarly, at 6 months, the
IMN group demonstrated superior functional recov-
ery with a mean score of 84.2 + 6.8 versus 78.5+ 7.5
in the LCP group (p = 0.002), indicating better long-
term functional improvement. Regarding outcome
categories, 30% of patients in the IMN group
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achieved an excellent score compared to 20% in the
LCP group, while good outcomes were observed in
55% and 50% of patients, respectively. Fair and
poor outcomes were elatively more frequent in the
LCP group; however, the overall distribution of
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categorical outcomes between the two groups was
not statistically significant (p = 0.21). Overall, IMN
showed better functional outcomes compared to
LCP.

Table 4: Functional Qutcome (Olerud-Molander Ankle Score - OMAS)
Qutcome IMN (n=40) LCP (n=40) p-value
Mean OMAS at 3 Months 62.5+ 8.6 56.3+94 0.001
Mean OMAS at 6 Months 84.2+6.8 785+ 7.5 0.002
Excellent (91-100) 12 (30%) 8 (20%)
Good (61-90) 22 (55%) 20 (50%)
Fair (31-60) 5 (12.5%) 9 (22.5%) 0.21
Poor (<30) 1 (2.5%) 3 (7.5%)

Table 5 shows the distribution of postoperative com-
plications between the IMN (n=40) and LCP (n=40)
groups. Superficial infection was observed in 5% of
patients in the IMN group compared to 12.5% in the
LCP group (p=0.23), while deep infection occurred
in 2.5% and 7.5% of patients, respectively (p=0.3),
indicating no statistically significant difference.
Malunion was reported in 5% of IMN cases and 10%
of LCP cases (p=0.4), and implant irritation was

seen in 7.5% versus 15% of patients, respectively
(p=0.28), again without significant difference. How-
ever, anterior knee pain was significantly higher in
‘the IMN group (15%) compared to the LCP group
(2.5%) with a statistically significant p-value of
0.04. The overall complication rate was 35% in the
IMN group and 47.5% in the LCP group (p=0.24),
suggesting no significant overall difference between
the two treatment modalities.

Table 5: Postoperative Complications

Complication IMN (n=40) LCP (n=40) p-value
Superficial Infection 2 (5%) 5(12.5%) 0.23
Deep Infection 1 (2.5%) 3 (7.5%) 0.3
Malunion 2 (5%) 4 (10%) 0.4
Implant Irritation 3 (7.5%) 6 (15%) 0.28
Anterior Knee Pain 6 (15%) 1 (2.5%) 0.04
Overall Complication Rate 14 (35%) 19 (47.5%) 0.24

Discussion

The present study demonstrated that intramedullary
nailing (IMN) offered superior operative efficiency,
faster radiological union, and better early functional
recovery compared to locking compression plating
(LCP) in distal tibial fractures, with comparable
overall complication rates. These findings are
largely consistent with previously published litera-
ture comparing these two modalities.

The shorter operative duration and reduced in-
traoperative blood loss observed in the IMN group
in our study align with the findings of Im GI and
Tae SK (2005) [9], who reported a significantly
shorter mean surgical time in ‘the IMN group (76
minutes) compared to plating (94 minutes), along
with less soft tissue dissection. Similarly, Vallier
HA et al. (2008) [10] found that IMN required a
mean operative time of 88 minutes versus 104
minutes for plating, emphasizing the minimally in-
vasive nature of nailing. Our findings of higher rates
of closed reduction in the IMN group further support
the biological advantage of preserving periosteal
blood supply and fracture hematoma, which has
been highlighted in multiple comparative analyses.
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Radiological outcomes in our study favored IMN,
with a shorter mean time to union and better RUST
scores at 3 and 6 months. These results are in agree-
ment with the meta-analysis conducted by Yu J et al.
(2015) [11], which included over 600 patients and
demonstrated that IMN was associated with earlier
union by approximately 2-3 weeks compared to
plating. Likewise, Xue XH et al. (2014) [12], in a
systematic review, reported a mean union time of
16.8 weeks for IMN versus 19.2 weeks for plating,
indicating a statistically significant advantage of
nailing. Our study mirrors this trend, suggesting that
the intramedullary’ load-sharing mechanism and
limited soft tissue stripping promote faster callus
formation and consolidation.

However, contrasting findings have also been Te-
ported. Yang SW et al. (2007) [13] found no signif-
icant difference in union time between IMN (18.5
weeks) and plating (19.1 weeks), though the IMN
group demonstrated a slightly higher rate of
malalignment (13%) compared to plating (4%). In
our study, although delayed union and non-union
were numerically higher in the LCP group, the dif-
ference was not statistically significant, possibly due
to sample size limitations. These mixed findings in
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the literature suggest that while IMN often promotes
faster union, meticulous surgical technique remains
essential to avoid alignment issues.

Functional outcomes assessed using the Olerud-Mo-
lander Ankle Score (OMAS) in our study showed
significantly higher mean scores in the IMN group
at both 3 and 6 months. This observation is compa-
rable to the results reported by Seyhan M et al.
(2013) [14], who noted earlier return to full weight-
bearing in the IMN group (average 13 weeks) com-
pared to the plating group (15-16 weeks), with bet-
ter early functional scores. Similarly, Li Y et al.
(2012) [15] reported superior early ankle function in
patients treated with multidirectional locked nailing,
although long-term outcomes were comparable be-
tween groups. Our results reinforce the concept that
IMN facilitates earlier mobilization and rehabilita-
tion, translating into improved short-term functional
recovery.

With respect to complications, our study demon-
strated comparable overall complication rates be-
tween IMN and LCP, though anterior knee pain was
significantly more common in the IMN group. This
is consistent with the findings of Li B et al. (2015)
[16], who reported anterior knee pain in approxi-
mately 20-25% of patients ‘treated with IMN, com-
pared to less than 5% in plating groups. Conversely,
plating has been associated with higher rates of
wound complications due to extensive soft tissue ex-
posure. In the study by Vallier et al. (2008) [17], in-
fection rates were 8% in the plating group versus 3%
in the IMN group. Our findings of comparable in-
fection rates may reflect improved surgical tech-
niques and better soft tissue handling in modern
minimally invasive plating methods.

Malunion remains a debated issue. While some stud-
ies, including Yang et al. (2007), reported higher
malalignment rates with IMN, meta-analyses such
as that by Xue et al. (2014) concluded that differ-
ences in malunion rates were not statistically signif-
icant when appropriate reduction techniques were
used. In our study, malunion was slightly higher in
the LCP group but did not reach statistical signifi-
cance. This suggests that both modalities can
achieve satisfactory alignment when performed with
proper intraoperative imaging and adjunctive fixa-
tion techniques.

Overall, the present study shows that IMN offers
advantages in operative efficiency, earlier union,
and faster functional recovery, while LCP provides
reliable anatomical reduction and may reduce spe-
cific alignment-related complications. The choice
between these modalities should therefore be indi-
vidualized based on fracture morphology, soft tissue
condition, surgeon expertise, and patient factors.
Our findings strengthen the recommendation that
IMN can be considered a favorable primary option
for extra-articular distal tibial fractures, provided
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careful attention is given to entry point technique
and alignment control.

Conclusion

The present comparative study demonstrates that in-
tramedullary nailing offers significant advantages
over locking compression plating in the manage-
ment of extra-articular distal tibial fractures. IMN
was associated with shorter operative duration, re-
duced intraoperative blood loss, higher rates of
closed reduction, faster radiological union, and su-
perior early functional outcomes as reflected by bet-
ter OMAS and RUST scores. Although the overall
complication rates between the two groups were
comparable, anterior knee pain was more frequent in
the IMN group, while wound-related complications
were relatively higher in the LCP group. Both mo-
dalities achieved satisfactory fracture healing and
alignment when performed appropriately. There-
fore, IMN may be considered a preferable option for
most extra-articular distal tibial fractures, with treat-
ment decisions individualized according to fracture
characteristics and patient factors.
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