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Abstract

Tibial shaft fractures are a prevalent and challenging orthopedic injury, often resulting from high-energy
trauma. Optimal management of these fractures is crucial to prevent complications such as nonunion,
malunion, and prolonged functional impairment. Intramedullary nailing (IMN) is widely regarded as the
gold standard for treating these injuries due to its ability to provide stable fixation, preserve soft tissues, and
enable early mobilization. However, the timing of surgical intervention remains a topic of ongoing debate.
Early surgical intervention, defined as surgery within 24-48 hours of injury, is advocated for its potential to
reduce hospital stay, facilitate early mobilization, and decrease the risk of secondary complications such as
compartment syndrome. Conversely, delayed intervention allows for patient stabilization and reduction of
soft tissue swelling, potentially lowering the risk of infection and other complications. This comprehensive
review aims to evaluate the impact of surgical timing on fracture healing outcomes in tibial shaft fractures
treated with IMN. It explores the benefits and limitations of early versus delayed surgery, emphasizing their
influence on union rates, healing time, and complication rates. Furthermore, the review examines different
IMN techniques, including reamed versus unreamed and static versus dynamic nailing, to determine their
role in optimizing fracture healing. By synthesizing current evidence, this review provides critical insights
into the optimal timing and technique for IMN in tibial shaft fractures, ultimately aiming to guide clinical
decision-making and improve patient outcomes. Future research should focus on randomized controlled
trials to establish standardized surgical timing and technique selection guidelines in this patient population.

Categories: Internal Medicine, Medical Education, Medical Simulation
Keywords: delayed surgery, early intervention, fracture healing, intramedullary nailing, surgical timing, tibial shaft
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Introduction And Background

Tibial shaft fractures are among the most prevalent long bone fractures, representing approximately 15% of
adult fractures [1]. These injuries frequently result from high-energy trauma, such as motor vehicle
accidents, sports-related incidents, and falls from significant heights, making them a considerable concern
in both orthopedic and trauma care settings. The unique anatomical position of the tibia, being largely
subcutaneous along most of its length, predisposes it not only to fractures but also to complications such as
open wounds, soft tissue damage, and compromised vascular supply [2]. The implications of tibial shaft
fractures extend beyond the immediate injury, often leading to prolonged morbidity due to issues like
delayed union, nonunion, or malunion. These complications can significantly hinder a patient’s functional
recovery and overall quality of life. This underscores the need for timely and effective management
strategies that ensure proper alignment and stability to facilitate optimal fracture healing [3]. Achieving
optimal fracture healing is crucial for restoring limb function, particularly in the case of the tibia, which
plays a vital role in weight-bearing and locomotion. Inadequate or improper healing of tibial shaft fractures
can lead to chronic pain, instability, and long-term complications such as post-traumatic arthritis, especially
if joint congruity is not maintained [4]. These outcomes affect the patient’s physical capabilities and have a
significant socio-economic impact due to the extended recovery periods and rehabilitation required.
Therefore, it is imperative to establish effective treatment protocols that promote fracture healing and
minimize the risk of complications, ensuring a successful return to pre-injury functional levels [5].

Surgical timing plays a critical role in the management of tibial shaft fractures and has the potential to
significantly influence the course of fracture healing. Early surgical intervention, typically performed within
24-48 hours post-injury, is often recommended for its potential benefits, including reduced hospital stays,
facilitated early mobilization, and the prevention of secondary complications such as compartment
syndrome [6]. However, early surgery is not without its risks, such as increased chances of infection and
additional soft tissue damage, particularly in cases of open fractures. On the other hand, delayed surgical
intervention stabilizes the patient’s overall condition and resolves soft tissue swelling, potentially reducing
complications and improving surgical outcomes. Thus, the timing of surgery must be carefully considered,
balancing the benefits and risks to optimize patient outcomes and fracture healing [7]. Intramedullary
nailing (IMN) has become the preferred treatment method for tibial shaft fractures due to its biomechanical
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advantages and minimally invasive nature. This technique provides strong stabilization, preserves the
fracture hematoma, and enables early weight-bearing, which are critical factors in promoting effective
fracture healing. Despite these benefits, there is ongoing debate regarding the choice of nailing techniques,
such as reamed versus unreamed or static versus dynamic nailing, and the optimal timing for performing the
procedure [8]. The variations in these approaches can significantly impact clinical outcomes, making
establishing evidence-based guidelines for their use essential. This review aims to provide a comprehensive
analysis of the impact of surgical timing on the outcomes of different IMN techniques, highlighting the need
for a clear understanding of these factors to inform clinical practice and improve patient care [9].

The primary objective of this review is to compare the impact of early versus delayed surgical intervention
on fracture healing in tibial shaft injuries. By systematically reviewing the current evidence, this article
seeks to elucidate the benefits and drawbacks of each approach in terms of union rates, complications, and
overall functional outcomes. Additionally, the review aims to evaluate the various IMN techniques employed
in managing tibial shaft fractures, analyzing their respective outcomes and effectiveness. Through this
analysis, the review will offer insights into the optimal surgical timing and technique selection, providing
clinicians with evidence-based recommendations to enhance patient outcomes in treating tibial shaft
fractures.

Review
Anatomy and biomechanics of tibial shaft

The tibial shaft is the long, triangular segment of the tibia situated between the proximal and distal ends. It
is characterized by three distinct surfaces (posterior, medial, and lateral) and three borders (anterior,
interosseous, and medial). The anterior border is the most prominent and easily palpable, extending from
the tibial tuberosity to the distal portion of the bone. The interosseous border connects to the fibula via the
interosseous membrane, while the medial border is most pronounced along the medial aspect of the middle
third of the tibia [10]. The tibial shaft has a robust blood supply primarily from the nutrient artery, which
enters the bone proximal to the soleal line on the posterior surface. Additional blood flow is provided by the
anterior and posterior tibial arteries [11]. Fracture healing in the tibial shaft progresses through the same
general phases as other long bones. The process begins with the inflammatory phase, where bleeding at the
fracture site leads to hematoma formation and initiates an inflammatory response. This is followed by the
soft callus phase, during which fibroblasts and chondrocytes proliferate to form a fibrocartilage bridge across
the fracture gap. Next, the hard callus phase ensues, replacing the soft callus with a hard callus composed of
woven and lamellar bone, stabilizing the fracture. Finally, the remodeling phase restores the bone’s original
shape and strength [12]. Several mechanical and biological factors influence the healing of tibial shaft
fractures. Rigid fixation using intramedullary nails or plates promotes primary bone healing, while external
fixation or casting, which provides relative stability, leads to secondary bone healing through callus
formation [13]. Healing can be compromised by extensive soft tissue damage, devascularization, or large
bone defects caused by trauma or infection. Comminuted fractures, characterized by multiple bone
fragments, present additional challenges in stabilization and healing. Systemic factors such as diabetes,
smoking, and malnutrition further hinder the healing process [13].

IMN techniques

IMN has a rich history dating back to the early 20th century. The technique was pioneered by Gerhard
Kiintscher in 1939 during World War II when he used a V-shaped stainless-steel nail for femoral fractures.
This innovation significantly improved recovery times for injured soldiers [14]. Over the following decades,
IM nail designs evolved, with the cloverleaf-shaped nail introduced in the late 1940s. This new design
provided better rotational stability and reduced complication rates. Additional advancements, such as
reaming techniques and locking mechanisms, further improved the efficacy and safety of IMN, making it a
preferred method for treating various types of fractures [14]. IMN is primarily indicated for tibial shaft
fractures, especially diaphyseal and extra-articular fractures. It suits various fracture types, including spiral
and comminuted fractures [15]. The technique is favored for its minimally invasive nature and ability to
provide stable fixation while preserving soft tissue integrity. However, there are contraindications, such as
severely contaminated fractures, small medullary canals, and significant deformities due to prior
malunions. IMN is a highly effective option for managing tibial shaft fractures, promoting optimal healing
and recovery [15]. IM nails can be classified into two main categories: static and dynamic nailing. Static
nailing secures the nail without allowing movement at the fracture site, making it ideal for stable fractures.
In contrast, dynamic nailing allows controlled axial movement at the fracture site, promoting healing by
facilitating micro-movements that stimulate callus formation. This distinction is crucial in determining the
appropriate approach based on the specific characteristics of the fracture [16]. Another important
classification involves reamed versus unreamed nailing techniques. Reamed nailing involves enlarging the
medullary canal before inserting the nail, which can enhance stability and allow for the use of larger-
diameter nails and locking screws. However, this method may risk damaging the medullary blood supply.
Conversely, unreamed nailing is used when reaming poses risks, such as infection or pulmonary
complications. While unreamed nails are less invasive, they tend to be weaker and are associated with higher
reoperation rates due to mechanical failure [17]. IM nails can also be categorized as locking or non-locking.
Locking nails use interlocking screws to secure the nail to the bone cortex, providing greater stability against
rotational forces. This design is especially beneficial for unstable fractures or fractures requiring additional
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Reamed
intramedullary
nailing [17]

Unreamed
intramedullary
nailing [22]

Locked
intramedullary
nailing [23]

Expandable
intramedullary
nailing [24]

Elastic
intramedullary
nailing
(flexible nails)
[25]
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healing support. In contrast, non-locking nails have simpler designs without locking mechanisms, making
them easier to insert but potentially less stable for complex fracture patterns [18]. IMN offers several
biomechanical advantages, making it a preferred choice for fracture management. It provides strong internal
fixation for early patient mobilization, leading to faster recovery. Using locking mechanisms enhances
stability, reducing the risks of malrotation or collapse during healing [19]. Despite these benefits, IMN is not
without complications and limitations. Infection remains a concern, particularly in cases of open fractures
or poor surgical technique. Malalignment can occur if the nail is improperly positioned during surgery,
potentially leading to limb deformities after healing. Additionally, soft tissue damage at the entry point may
cause irritation or injury to surrounding tissues. Some patients may also experience long-term sequelae,
such as persistent knee stiffness or pain, even years after surgery [20]. A comparative overview of IMN
techniques for tibial shaft fractures is provided in Table I.

Description

Involves the insertion of a metal
rod into the medullary cavity of
the tibia to stabilize the fracture.

The medullary canal is reamed to
a larger diameter before nail
insertion.

The nail is inserted without
reaming the medullary canal,
preserving the endosteal blood

supply.

Use locking screws to secure the
nail proximally and distally,
providing rotational and axial
stability.

Nail expands within the
medullary canal to achieve
fixation without the need for
reaming or additional locking
screws.

Use flexible nails that provide
relative stability, allowing some
movement at the fracture site.

Indications

Diaphyseal tibial
fractures, closed or
open fractures.

Complex fractures,
polytrauma, unstable
fracture patterns.

Open fractures,
fractures with minimal
comminution, patients
with risk of fat
embolism.

Segmental fractures,
metaphyseal fractures,
unstable fractures.

Diaphyseal fractures,

osteoporotic bones, low-

energy fractures.

Pediatric fractures, low-
energy fractures,
minimally displaced
fractures.

Advantages

Minimally invasive,
strong fixation, early
weight-bearing.

Increased stability and
higher union rates are
suitable for

comminuted fractures.

Reduced risk of fat
embolism, less blood
loss, shorter operative
time.

Enhanced stability,
reduced risk of
malrotation, suitable
for complex fractures.

Shorter operative
time, less blood loss,
minimally invasive.

Less invasive,
reduced risk of soft
tissue damage,
suitable for growing
bones.

Disadvantages

Risk of malalignment, risk of
anterior knee pain, potential for
infection.

Increased risk of fat embolism and
higher intraoperative blood loss.

Potential for reduced stability,
higher rate of delayed union or
nonunion, and potential nail
breakage.

Increased operative time, technical
difficulty, and potential for screw
loosening or breakage.

Limited availability, potential for
inadequate fixation in high-energy
fractures, expensive.

Limited to specific fracture
patterns, unsuitable for adults or
complex fractures, risk of
malalignment or hardware
migration.

TABLE 1: Comparative overview of intramedullary nailing techniques for tibial shaft fractures

Surgical timing and fracture healing

The timing of surgical intervention is a crucial factor in fracture management, as it can significantly
influence the healing process and overall patient outcomes. Early intervention, typically defined as surgery
performed within 24-48 hours post-injury, aims to stabilize the fracture promptly, potentially reducing
complications associated with prolonged immobilization. Conversely, delayed intervention, which occurs
after 48 hours post-injury, may be required in cases of significant soft tissue swelling or when surgical
resources are limited [26]. The physiological effects of surgical timing on fracture healing are profound. The
inflammatory phase begins immediately following the injury, peaks within 24 hours and lasts up to seven
days. Performing surgery too early can disrupt this process, potentially causing increased local tissue
damage and delayed healing [12]. Surgical timing also impacts the expression of growth factors like the
Vascular Endothelial Growth Factor (VEGF), which is essential for forming new blood vessels at the fracture
site. Studies suggest that optimal surgery timing enhances angiogenesis, promoting better healing
outcomes. Moreover, the formation of a callus, vital for bone healing, can be affected by the timing of
surgery. Early intervention may interfere with natural callus formation if it occurs during the acute
inflammatory phase [27]. Several clinical considerations are essential when determining the appropriate
timing for surgical intervention. Patient-specific factors such as age, general health, and comorbidities are
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Timing
of

surgery

Early

surgery

(<24
hours)
[29]

Delayed
surgery

(24-72
hours)
(30]

Late

surgery

(>72
hours)
(31]

Definitive

early

Surgery

[32]

Staged

surgery

[33]
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critical in recovery. Older patients or those with preexisting health conditions may benefit from delayed
surgery to allow for a more comprehensive assessment of their overall condition. The nature of the fracture -
whether open or closed-also significantly affects timing. Open fractures typically require urgent surgery to
prevent infection, while closed fractures may permit a more measured approach [28]. Additionally, systemic
factors such as the availability of surgical resources and the presence of concurrent injuries can influence the
timing of surgery. In some instances, logistical constraints necessitate delaying surgery until resources are

available or other injuries have been stabilized [28]. Table 2 illustrates the impact of surgical timing on
fracture healing in tibial shaft injuries.

Description

Surgical intervention within
24 hours of injury.

Surgery is performed
between 24 to 72 hours
post-injury.

Surgical intervention after
72 hours of injury.

Early surgery was
performed definitively with
internal fixation.

Initial external fixation is
followed by definitive
internal fixation once the
patient stabilizes (often >72
hours).

Impact on fracture
healing

Promotes early
stabilization and
reduces
inflammatory
response.

Allows optimization
of patient condition
and initial swelling
reduction.

There is a higher risk
of complications like
infection, nonunion,
and delayed union.

Improved fracture
healing and reduced
complications.

Minimizes
complications by
addressing soft
tissue and systemic
issues.

Advantages

Reduced risk of
complications (e.g.,
infection, nonunion),
shorter hospital
stays.

A balanced
approach for patient
optimization and
reduced
complication rates.

Allows full
assessment of soft
tissue injury and
patient stabilization.

Promotes early
mobilization and
functional recovery.

Effective in
managing complex
injuries and high-
risk patients.

Disadvantages

Increased risk of
intraoperative
complications in
polytrauma patients.

Increased hospital
stays, potential for
delayed weight-
bearing.

Increased risk of
deep infection,
longer rehabilitation,
delayed functional
recovery.

High-risk in unstable
or multi-trauma
patients.

Prolonged treatment
course, multiple
surgeries.

TABLE 2: Impact of surgical timing on fracture healing in tibial shaft injuries

Recommendations

Preferred in stable, isolated
fractures without major soft
tissue injury or in
hemodynamically stable
patients.

Suitable for patients
requiring stabilization of
other injuries or optimization
of physiological status.

Considered when a
patient’s condition
contraindicates earlier
surgery or in severe
polytrauma cases.

Ideal for isolated fractures
with good soft tissue
condition.

Recommended in cases of
severe soft tissue damage
or hemodynamic instability.

Comparative analysis of early vs. delayed surgery

Literature reviews and meta-analyses have shed light on the significant impact of surgical timing on patient
outcomes across a range of orthopedic conditions [34]. In elderly patients with hip fractures, a systematic
review revealed that early surgery (within 24-72 hours) can reduce mortality risk by 19% [35]. In contrast,
delayed surgery not only increased the one-year mortality rate by 32% but also raised the risk of pneumonia.
Similarly, in cases of acute spinal cord injuries, early surgical intervention (within 24 hours) was associated
with improved neurological outcomes without an increase in postoperative complications. Regarding
anterior cruciate ligament (ACL) injuries, a meta-analysis showed that delaying surgery elevated the risks of
meniscus tears, cartilage damage, and lower functional scores compared to early surgical treatment [36].
When comparing outcomes, early surgical interventions typically result in higher union rates and faster
recovery times than delayed surgeries. For instance, IMN is associated with a significantly shorter average
union time than minimally invasive plate osteosynthesis [37]. Numerous studies confirm that early surgery
correlates with quicker bone healing, with tibial fractures treated through early nailing showing an average
union time of approximately 18 weeks, whereas delayed approaches often prolong this period. However,
early surgery may carry an increased risk of complications such as infections, particularly in cases of open
fractures [37]. Early surgical intervention offers multiple advantages, including shorter hospital stays due to
faster recovery and earlier mobilization, which are key to improving overall outcomes. In contrast, delayed
surgery can provide more time for medical stabilization, careful surgical planning, and reduced
inflammation, leading to improved surgical conditions and outcomes. Nevertheless, prolonged delays can
slow the healing process and increase the likelihood of nonunion, especially in fractures where timely
stabilization is essential [38].
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Impact of IMN techniques on healing outcomes

Literature reviews and meta-analyses have provided valuable insights into the impact of surgical timing on
patient outcomes across various orthopedic conditions. In elderly patients with hip fractures, a systematic
review indicated that early surgery (within 24-72 hours) can reduce the mortality risk by 19% [39]. In
contrast, delayed surgery was associated with a 32% increase in one-year mortality and a higher risk of
pneumonia. Similarly, early intervention in acute spinal cord injuries (within 24 hours) significantly
improved neurological outcomes without increasing the risk of postoperative complications. For

ACL injuries, a meta-analysis found that delayed surgery led to higher risks of meniscus tears, cartilage
damage, and lower functional scores compared to early intervention [36]. When comparing outcomes, early
surgical interventions generally result in higher union rates and faster recovery times than delayed

surgeries. For example, IMN is associated with a significantly shorter average union time than MIPO [37].
Studies consistently show that early surgery correlates with quicker bone healing, with tibial fractures
treated through early nailing achieving an average union time of approximately 18 weeks, while delayed
approaches often extend this period. However, early surgery may carry a higher risk of complications, such as
infections, especially in cases of open fractures [37]. Early surgical intervention offers several benefits,
including shorter hospital stays due to faster recovery and earlier mobilization, which are critical for
improving overall outcomes. On the other hand, delayed surgery allows for better medical stabilization,
more careful planning, and reduced inflammation, which can improve surgical conditions and outcomes.
Nevertheless, prolonged delays can lead to slower healing processes and increase the risk of nonunion,
particularly in fractures where timely stabilization is essential [38]. The impact of IMN techniques on
healing outcomes in tibial shaft fractures is illustrated in Table 3.

Healing outcomes

Provides effective
stabilization and
alignment.

Enhances stability,
especially in comminuted
fractures.

Preserves endosteal
blood supply, suitable for
open fractures.

It provides additional
stability with locking
screws and prevents
rotational and axial
instability.

Minimally invasive
technique with rapid
expansion to achieve
fixation.

Allows micro-movement
at the fracture site,
promoting callus
formation in pediatric
fractures.

Union rate

High union rates
in simple
fractures.

Higher union
rates compared
to unreamed
nailing.

Slightly lower
union rates in
complex
fractures.

High union
rates, especially
in segmental
fractures.

Comparable
union rates to
standard nailing
in selected
cases.

High union rates
in pediatric
fractures.

Time to
union

Average time
to union: 12-
16 weeks.

Slightly
shorter time to
union: 10-14
weeks.

Longer time to
union: 14-18
weeks.

Similar time to
union as

standard IMN:
12-16 weeks.

Time to union
varies
depending on
the fracture
pattern.

Rapid healing:
8-12 weeks.

Complications

Anterior knee pain,
risk of malalignment,
potential infection.

Increased risk of fat
embolism syndrome
and thermal
necrosis of bone.

Higher risk of
delayed union or
nonunion, potential
nail breakage.

Potential for screw
loosening,
breakage, and
increased operative
time.

Inadequate fixation
in high-energy
fractures, higher
cost, limited
availability.

Limited application
in adults, risk of
malalignment or
hardware migration.

Clinical recommendations

Suitable for most diaphyseal tibial
fractures, especially simple,
closed fractures.

Preferred for complex,
comminuted, and polytrauma
cases where higher stability is
needed.

Recommended for open
fractures, severe soft tissue
injury, and patients with
contraindications to reaming.

Best for unstable, segmental, and
metaphyseal fractures,
particularly in osteoporotic bones.

Suitable for low-energy fractures
in osteoporotic bone or patients
with contraindications to
traditional nailing techniques.

Recommended for pediatric
patients and simple diaphyseal
fractures with low energy in
young adults.

TABLE 3: Impact of intramedullary nailing techniques on healing outcomes in tibial shaft fractures

Complications associated with surgical timing and technique

The timing of surgical intervention and the choice of technique in treating tibial shaft fractures play a
critical role in influencing the risk of complications, including infection, nonunion, malunion, soft tissue
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damage, and implant failure [45]. Research indicates that delayed surgical intervention is associated with
increased infection rates. Specifically, a longer interval between diagnosis and surgery correlates with a
higher risk of major surgical complications, such as infections [46]. Early intervention, typically performed
within 24 to 72 hours of injury, has significantly reduced the risk of wound infections compared to delayed
procedures. Additionally, the surgical technique used also impacts infection rates. IMN, for example, is
associated with lower infection rates than other methods like MIPO, which has demonstrated higher
infection rates in certain studies [46]. Surgical timing also significantly impacts the rates of nonunion and
malunion in tibial shaft fractures. Early surgical intervention is linked to lower rates of these complications,
while delayed surgery complicates the healing process, increasing the likelihood of nonunion or
malalignment. A systematic review showed that early IMN reduced infection risks and improved union rates
compared to delayed nailing. Furthermore, the surgical technique can mitigate these risks; the use of
blocking screws during IMN enhances fracture stability and reduces the likelihood of nonunion and
malalignment by providing better structural support during the healing process [47]. Other complications
associated with both surgical timing and technique include soft tissue damage, implant failure, and
compartment syndrome. Delayed surgery can exacerbate soft tissue injuries, increasing the risk of
complications such as compartment syndrome. Early intervention tends to minimize soft tissue damage by
reducing swelling and achieving better fracture alignment during the initial treatment [48]. Surgical timing
also influences implant failure, as delayed surgeries can place additional mechanical stress on implants due
to poor alignment or inadequate stabilization during healing. Furthermore, compartment syndrome, a
serious complication, is more likely to develop when there is a significant delay in addressing tibial
fractures, particularly when swelling occurs before surgery [48]. Immediate surgical intervention helps to
alleviate pressure and reduce the risk of compartment syndrome. Table 4 summarizes the complications
associated with surgical timing and IMN techniques for tibial shaft fractures.
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Associated Associated
Category Complication Description surgical nailing Prevention/management
timing technique
Late surgery Reamed i X
. . . . . Early debridement, prophylactic
. Superficial or Infection at the surgical site or (>72 hours), nailing, L i
Infection [49] . . . . antibiotics, staged surgery in severe
deep infection within the bone (osteomyelitis). open standard cases
fractures IMN ’
Early (<24 Unreamed . ) - )
) Delayed or . . Optimal surgical timing, appropriate
Nonunion Failure of the fracture to heal hours) or nailing, X X
absence of . . technique selection, use of bone
[50] . within the expected timeframe. late (>72 standard
fracture healing graft or BMPs.
hours) IMN
Angular, L )
. . . Early Unlocked or  Use of locked nailing, intraoperative
Malalignment rotational, or Incorrect alignment of the . . X .
. surgery (<24 standard imaging, and precise surgical
[51] shortening fractured bone segments. .
. hours) IMN technique.
deformities
Fat embolism Fat emboli Characterized by respiratory Early Reamed Use unreamed nailing in high-risk
syndrome entering the distress, cerebral symptoms, and  surgery (<24 nailin patients and monitor oxygenation
ili
[52] bloodstream petechial rash. hours) g and hemodynamics.
Increased . Early (<24 X i . .
Compartment . This leads to reduced blood flow Early diagnosis, fasciotomy, avoid
pressure within a . i hours) or Any i o _ i
syndrome and tissue damage and requires . tight cast or splinting, monitor limb
muscle . . delayed (24- technique i X
[53] emergency intervention. perfusion postoperatively.
compartment 72 hours)
Pain in the . . X Use proper entry points, consider a
. . Commonly associated with nail Standard . N .
Anterior knee anterior knee, . X K . . semi-extended position for nail
) . . insertion point, affecting long- Any timing IMN, locked . . . . .
pain [54] particularly in the . n insertion, and avoid prominent nail
. term functional outcomes. nailing
patellar region heads.
. Delayed (24- Optimize patient health, monitor
Prolonged time Fracture takes longer than i i .
Delayed 72 hours), Unreamed fracture healing with radiographs,
. for fracture expected to heal but eventually . i X .
union [55] ) i late (>72 nailing and consider bone stimulators if
healing unite.
hours) needed.
Breakage or loosening of Unreamed  Proper technique, appropriate nail
Hardware Nail or screw intramedullary nails or locking Late surgery nailing, size, adequate locking, follow-up for
failure [56] breakage screws due to mechanical stress  (>72 hours)  elastic early detection, and timely surgical
or poor healing. nailing intervention.
Bone damage Earl Use low-speed and intermittent
arl
Thermal due to heat It can compromise bone healing v (<24 Reamed reaming with cooling and consider
surge
necrosis [57] generated during  and lead to nonunion or infection. h ¢ ;y nailing the unreamed technique in high-risk
ours
reaming cases.
o i X Early (<24 Minimize soft tissue handling, use
. Damage to latrogenic injury during nail ) ) .
Soft tissue . . hours) or Any meticulous surgical technique, and
. muscles, tendons, insertion or due to prolonged .
injury [58] . late (>72 technique ensure proper exposure and
or nerves surgery duration. )
hours) retraction.

TABLE 4: Complications associated with surgical timing and intramedullary nailing techniques for

tibial shaft fractures

Guidelines for optimal surgical timing and technique selection

Evidence-based guidelines emphasize the benefits of early surgical intervention - preferably within 24 to 72

hours - for tibial shaft fractures. Early stabilization is linked to reduced complications, shorter hospital

stays, and improved functional recovery. This prompt approach minimizes soft tissue complications and
facilitates quicker rehabilitation. However, surgical timing may vary depending on the fracture type. For
instance, complex fractures or those accompanied by significant soft tissue injury may require a delayed

approach to allow for swelling reduction and patient stabilization before surgery [59]. Patient-specific factors
such as age, overall health, and activity level are also critical in determining the optimal timing for surgery.
Elderly patients or those with significant comorbidities may necessitate a more cautious approach, delaying
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surgery until their health status is carefully evaluated [59]. The choice of IMN technique is another crucial
factor in optimizing outcomes for tibial shaft fractures. Deciding between reamed and unreamed nails
depends largely on the fracture's characteristics and location. Reamed nails offer enhanced stability but may
disrupt blood flow to the fracture site, which can be a disadvantage in certain cases. In contrast, unreamed
nails are often preferred for less severe fractures or when minimizing infection risk is a priority, such as in
open fractures [60]. Surgical approach selection is equally important; the suprapatellar approach is gaining
popularity over the traditional infrapatellar technique because it allows for better fracture reduction control,
reduces radiation exposure during fluoroscopy, and improves alignment during nail insertion. For fractures
in patients with compromised bone quality, such as osteoporosis, unreamed nails may be the better option
due to their flexibility and lower risk of complications from reaming [60]. A structured decision-making
algorithm is useful for orthopedic surgeons in determining the appropriate timing and technique for
surgery. The process starts with evaluating the fracture type - whether simple or complex, open, or closed.
Following this, patient factors such as age, comorbidities, and activity level are considered. Early nailing
within 24 to 72 hours is typically recommended for simple fractures. In contrast, complex fractures with
significant soft tissue damage may require temporary external fixation before definitive nailing can occur
[61]. Once the surgical timing is decided, the next step involves selecting the appropriate nailing technique.
For mid-diaphyseal fractures, the decision between reamed or unreamed nails is based on bone quality. The
suprapatellar approach is generally favored for distal tibial fractures due to its advantages in achieving
better alignment and reducing operative time. Postoperative management should closely monitor potential
complications such as infection or malalignment while implementing a rehabilitation plan tailored to the
patient’s recovery [62]. Adhering to these guidelines and utilizing a structured decision-making approach,
orthopedic surgeons can make informed decisions regarding surgical timing and technique selection,
ultimately optimizing outcomes for patients with tibial shaft fractures [63]. Table 5 outlines the guidelines
for optimal surgical timing and technique selection in tibial shaft fractures.
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Clinical scenario

Isolated closed tibial
shaft fracture [64]

Polytrauma with tibial
fracture [65]

Open fracture (Grade |
& 11) [66]

Open fracture (Grade
1) [66]

Severe soft tissue
injury [67]

Pediatric tibial shaft
fracture [68]

Metaphyseal or
segmental fracture [69]

Severe osteoporotic
bone [70]

Comminuted or highly
unstable fracture [71]

High-risk patients
(e.g., coagulopathy,
severe COPD) [72]

Optimal

surgica
timing

Early
surgery

(<24 hours)

Delayed
surgery
(24-72
hours)

Early
surgery

(<24 hours)

Staged
surgery

Late
surgery

(>72 hours)

Early
surgery

(<24 hours)

Early
surgery

(<24 hours)

Delayed
surgery
(24-72
hours)

Early
surgery

(<24 hours)

Delayed
surgery
(24-72
hours)

Published via DMIHER Datta Meghe Medical
College

Recommended . . )

| ) Rationale Considerations
technique
Standard Early stabilization promotes . X .
i . Ensure patient hemodynamic stability and
intramedullary nailing faster recovery and reduced L i i

L adequate preoperative imaging for planning.

(IMN) complications.

Allows time for patient

. - stabilization and
intramedullary nailing )
comprehensive assessment.

Prioritize life-threatening injuries first;
optimize patient’s physiological status before
surgery.

Reamed locked

Adequate debridement is crucial; ensure
proper wound management and use of
prophylactic antibiotics.

Reduces risk of infection,
provides early stability.

Unreamed
intramedullary nailing

Initial external
fixation, followed by
reamed locked IMN

Manages soft tissue and
systemic issues before
definitive fixation.

Early wound coverage and soft tissue
management are critical; delay definitive
surgery until soft tissue healing.

Staged approach L . . )
L Minimizes risk of infection
(external fixation then

IMN) and wound complications.

Requires careful monitoring and planning;
consider flap coverage if needed.

L Minimally invasive,
Elastic intramedullary

nailing

Ensure proper fracture alignment and

preserves growth plate and o ) .
stability; avoid growth plate injury.

blood supply.

Use locking screws to prevent rotational or
axial instability; consider plate augmentation
if needed.

Reamed locked
intramedullary nailing

Provides better stability and
alignment.

Provides adequate fixation

Expandable X i K .
. - in fragile bone with minimal
intramedullary nailing -

invasion.

Monitor bone quality intraoperatively;
consider bone graft or augmentation for
additional support.

Use larger diameter nail for increased
strength; consider adjunctive fixation
methods if necessary.

Reamed locked
intramedullary nailing

Ensures optimal stability and
alignment.

Close monitoring of patient condition; ensure
perioperative optimization and use of
prophylactic measures.

Unreamed
intramedullary nailing

Minimizes intraoperative
stress and risk.

TABLE 5: Guidelines for optimal surgical timing and technique selection for tibial shaft fractures

Future directions and research gaps

Recent advancements in IMN techniques for tibial shaft fractures have focused on enhancing patient
recovery and improving surgical outcomes. Among these innovations, the suprapatellar nailing approach has
gained popularity due to its potential benefits over the traditional infrapatellar method. Studies suggest that
this approach reduces operative times, reduces radiation exposure, and improves functional recovery.
Additionally, it is associated with fewer complications such as malunion and infection rates, making it a
preferred method in certain clinical scenarios [73]. Another promising development is the use of poller-
blocking screws, which have proven effective in preventing malalignment and nonunion, particularly in
distal tibial fractures. While these screws improve fracture stability, they may increase surgical time and
radiation exposure due to the need for precise placement. In parallel, advancements in MIPO are being
explored as alternatives to IMN, particularly in patients with poor soft tissue conditions. These minimally
invasive techniques aim to reduce complications related to more traditional open surgeries and are valuable
options in challenging cases [73]. However, several gaps remain in the current literature concerning the
long-term efficacy of these newer techniques. There is a need for extensive longitudinal studies to assess
long-term functional recovery and complications, which would provide a clearer picture of the relative
benefits of different approaches over time [74]. In addition, comparative studies between the suprapatellar
and infrapatellar approaches and between IMN and MIPO are required to define the most effective treatment
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Area of focus

Optimal surgical
timing [76]

Advanced
imaging
techniques [77]

Biomechanical
studies on
nailing
techniques [78]

Minimally
invasive surgical
techniques [79]

Patient-specific
factors [80]

Enhanced
recovery
protocols [81]

Augmentation
techniques [82]

Complication
management
strategies [83]

Long-term
functional
outcomes [84]

Cost-
effectiveness
analysis [85]

College
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protocols for various fracture types. Standardizing these protocols, especially in low-resource settings, is
critical to ensure global consistency in care, as current practices vary significantly across regions based on
available resources [74]. The future of tibial shaft fracture treatment will likely focus more on personalized
medicine, with treatment decisions tailored to each patient's unique profile. Surgical timing and techniques
could be customized based on age, comorbidities, and specific fracture characteristics, enhancing treatment
outcomes. For instance, while early surgical intervention may benefit certain patients, others might require
a more conservative approach due to soft tissue damage or other medical concerns. Moreover, personalizing

surgical techniques based on anatomical variations or previous injuries may lead to more favorable outcomes

by aligning the surgical plan with the patient’s specific needs [75]. Integrating advanced imaging techniques
and computer-assisted navigation into surgery also promises to enhance precision in treating tibial shaft
fractures, allowing surgeons to tailor interventions further to each patient's anatomy [75]. Table 6 outlines
the future directions and research gaps in IMN and surgical timing for tibial shaft fractures.

Future directions

Investigate specific patient and injury
factors influencing ideal surgical timing.

Utilize advanced imaging (e.g., 3D CT,
MRI) for better preoperative planning and
postoperative assessment.

Develop new intramedullary nails with
improved biomechanical properties (e.g.,
expandable, bioabsorbable nails).

Research on less invasive approaches to
minimize soft tissue damage and promote
early recovery.

Studies on how age, bone quality,
comorbidities, and fracture characteristics
influence technique selection.

Develop and evaluate enhanced recovery
protocols specific to tibial fractures (e.g.,
pain management, rehabilitation).

Research using bone grafts, growth
factors, and other augmentation
techniques in nonunion cases.

Develop standardized guidelines for
preventing and managing complications
like infection and nonunion.

Investigate the impact of surgical timing
and technique on long-term functional
outcomes (e.g., mobility, pain).

Analyze the cost-effectiveness of different
surgical timings and techniques in various
healthcare settings.

Research gaps

Limited high-quality randomized controlled
trials (RCTs) on timing impact, especially in
polytrauma and open fractures.

Lack of standardized protocols for imaging
in complex fracture patterns and soft tissue
assessment.

Insufficient data on the long-term
performance and complications of new nail
designs.

Limited studies comparing minimally
invasive vs. standard approaches in
diverse patient populations.

Lack of large-scale, multicenter studies
addressing patient-specific outcomes.

Few studies integrate multidisciplinary
recovery approaches (e.g., physiotherapy,
pain management, nutritional support).

Limited high-quality evidence on the
efficacy and safety of various augmentation
methods in intramedullary nailing.

Inconsistent management strategies across
different centers; lack of consensus on best
practices.

Limited long-term follow-up studies
focusing on functional and quality-of-life
outcomes.

Few studies evaluating the economic
impact of different treatment strategies in
low-resource settings.

Potential impact

Improved patient outcomes
and tailored surgical timing
strategies.

Enhanced preoperative
planning and better
prediction of healing
outcomes.

Improved fixation stability,
reduced complications, and
faster healing.

Reduced surgical morbidity,
faster recovery times, and
better functional outcomes.

Personalized treatment
plans, optimized outcomes
for diverse patient groups.

Shorter hospital stays, faster
return to function, improved
quality of life.

Increased union rates,
reduced time to union, lower
reoperation rates.

Lower complication rates,
standardized care, better
long-term outcomes.

Better understanding of
patient satisfaction and
functional recovery.

Optimized resource
allocation, cost-effective
treatment planning.

TABLE 6: Future directions and research gaps in intramedullary nailing and surgical timing for
tibial shaft fractures

Conclusions

In conclusion, the timing of surgical intervention and the choice of IMN technique play pivotal roles in
determining the outcomes of tibial shaft fracture healing. Early surgical intervention offers the potential for
reduced hospital stays, quicker mobilization, and prevention of secondary complications; however, it may
also increase the risk of infection and soft tissue damage, particularly in cases of open fractures. Conversely,
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delayed surgery allows for better preoperative preparation and soft tissue recovery but may result in delayed
healing and higher nonunion rates. IMN has proven to be the gold standard for stabilizing tibial shaft
fractures due to its biomechanical superiority and minimally invasive nature. Yet, the debate over the
optimal nailing technique - whether reamed versus unreamed or static versus dynamic - remains, with each
approach presenting unique benefits and challenges. This review underscores the importance of
individualized patient care, considering the fracture characteristics, patient comorbidities, and the clinical
context to optimize surgical timing and technique. Ultimately, evidence-based guidelines integrating these
variables are crucial to improving patient outcomes, minimizing complications, and enhancing the
functional recovery of individuals with tibial shaft fractures.
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