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Abstract

This study examines the effectiveness of using titanium plates in the treatment of tibia
fractures, analyzing clinical outcomes and identifying complications associated with this
method. Titanium, recognized for its biocompatibility and corrosion resistance properties,
offers a durable and safe solution in orthopedic surgery. The study included a systematic
review of the medical literature and an analysis of data from patients treated with titanium
plates for tibia fractures over the past five years. The results indicate an improved bone healing
rate and a reduction in recovery time compared to other treatment methods. However,
complications, including infections and foreign body reactions, have been identified that
require additional medical attention. The conclusions stress the importance of careful
monitoring of post-operative patients and rigorous case selection to minimize risks. Finally, the
study suggests that titanium plates are an effective and safe option for the treatment of shin
fractures, with the potential to improve clinical outcomes in orthopedic practice.
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Introduction

Shin fractures are a significant challenge in the medical field due to the crucial role that
the tibia plays in supporting the body's weight and mobility. These injuries can have a profound
impact on patients' quality of life, generating an imperative need for effective and sustainable
treatment solutions [1-3].

In this context, titanium wafers are emerging as a promising option, due to their superior
biomechanical and biocompatible properties. Therefore, this review aims to evaluate the
effectiveness of titanium plates in the post-fracture recovery process of the tibia, providing a
detailed insight into their applicability and clinical results [1-3].

The tibia, being the largest bone in the lower segment, is frequently at risk of fracture,
either from direct causes, such as sports impact or road accidents, or indirect, through repetitive
stress or osteoporosis. Shin fractures range from simple cracks to complicated fractures that
require complex surgeries and lengthy recovery periods. The treatment of these fractures has
evolved, from conservative methods, such as casts and immobilizations, to advanced surgical
solutions, which include internal fixation with screws, rods, and metal plates [1-4].

Among the materials used, titanium stands out due to its unique characteristics. This
metal is extremely resistant to corrosion, and has excellent density and fatigue resistance, while
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being lightweight and completely biocompatible, which reduces the risk of rejection and side
effects. Moreover, the flexibility and mechanical strength of titanium allow for a stable fixation,
which is essential for proper bone healing. These properties make titanium plates an attractive
option for orthopedic surgeons, especially in complex cases or in patients with specific
biomechanical requirements [2-4].
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Fig 1. Felix N. classification for tibial fractures. An additional suffix is added based on component stability. A - the
implant is well-fixed, B - the implant is slightly loose, and C - intraoperative fractures [4].

In this review, we will explore the literature in detail, to determine the efficacy of
titanium plates in different clinical scenarios of tibial fractures. We will look at comparative
studies that evaluate titanium wafers against other materials such as stainless steel or cobalt-
chromium-based alloys, providing a broad perspective on the advantages and limitations of
each option. Through this analysis, our goal is to provide a solid knowledge base for physicians
and patients in choosing the most appropriate treatment method, thus contributing to improving
clinical outcomes and accelerating the recovery process for patients [4-6].

Anatomy and biomechanics of the tibia

The tibia, commonly called the shin bone, is an essential component of the skeleton of
the lower limb, being located between the knee and the ankle. It is the larger of the two calf

86 MED MATER 4, 2, 2024: 85-92



EFFECTIVENESS OF TITANIUM PLATES IN POST-FRACTURE RECOVERY OF THE TIBIA

bones, its partner being the fibula, thinner and located laterally to the tibia. Functionally, the
tibia plays a primary role in supporting body weight and in the biomechanics of walking,
making it susceptible to various types of fractures [4-6].

The tibia is a long bone, with a robust central diaphysis and two epiphyses, one proximal
and one distal, which form the joints at the knee and ankle, respectively. The proximal part
articulates with the femur and fibula, forming the knee joint complex, while the distal part
forms a major component of the ankle joint. The bone is surrounded by multiple layers of soft
tissue, including muscles that contribute to foot and calf movements [5-7].

Superficially, the tibia features a ridge known as the tibial crest, which is the attachment
point for the tendons of several important muscles. This ridge is also one of the most exposed
parts of the bone, making it vulnerable to direct blows and injuries [5-7].
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Fig 2. The regions used for analyzing the proximal tibia metrics. The images show the different regions used in the
analysis of FE results of the proximal tibia. The lateral regions are positioned on the right side, while the medial regions
are on the left side of the image [7].

Biomechanically, the tibia transfers the forces generated by the movements of the body
and its weight from the knee to the ankle. The distribution of this weight and forces is essential
for effective movement and for minimizing stress on other body structures, such as joints and
other bones. During walking, the tibia absorbs and dissipates significant forces, which exposes
it to an increased risk of fractures, especially in contexts of direct impact or repetitive stress [7-
10].

The stability of the tibia and the ability to withstand mechanical loads depend not only
on its structural integrity but also on the quality and functionality of the associated muscle and
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ligament systems. Any weakness in these structures can alter the distribution of force and
increase susceptibility to fractures or other injuries [7-11].

A detailed understanding of the anatomy and biomechanics of the tibia is crucial for
proper diagnosis and planning effective fracture treatments. This includes choosing the type of
immobilization, surgical techniques, and implant materials, such as titanium plates, that must
adequately align and support the geometry and natural function of the tibia [8-12].

Modern technologies, including advanced imaging and biomechanical simulations, play
a key role in optimizing treatments for shin fractures, allowing interventions to be customized
according to the specifics of the injury and the individual characteristics of each patient. Thus,
by applying the knowledge of anatomy and biomechanics, the prognosis of patients with tibia
fractures can be significantly improved, reducing recovery time and maximizing post-treatment
functionality [9-12].

Titanium plates in the treatment of tibia fractures

Titanium is a material of choice in orthopedic surgery, preferred for its biomechanical
properties and superior biocompatibility. As a lightweight and highly resistant metal, titanium
provides significant mechanical strength needed in the repair of heavily loaded bone structures
such as the tibia. Furthermore, its corrosion resistance and non-magnetic characteristics make it
ideal for long-term use and compatible with magnetic resonance imaging (MRI), avoiding
interference or the need to remove the implant for diagnosis [12-15].

Tibia fractures can range from simple cracks to complex fractures involving multiple
splits or crushing of the bone. In these cases, titanium plates prove to be essential for restoring
the structural integrity of the tibia. By using titanium plates and screws, surgeons can fix bone
fragments in an optimal position for healing, minimizing movement at the fracture site and
facilitating natural bone recovery. [15-17].

Titanium pads are designed to conform to the anatomy of the tibia, allowing for a custom
fit to each particular case. The varied configurations of the plates allow the approach of a wide
range of fracture types, from longitudinal to transverse or oblique [15-18].

The implantation of a titanium plate begins with a thorough evaluation of the fracture
through advanced imaging. In the operating room, the surgeon makes an incision to expose the
fractured area and carefully cleans the space of loose bone fragments or damaged tissue. The
plate is then shaped and adapted to the surface of the tibia, being fixed with titanium screws that
penetrate and stabilize the bone fragments [16-18].

This internal fixation technique allows the patient to start the rehabilitation process
earlier, reducing the risk of postoperative complications such as muscle atrophy or joint
stiffness. Titanium pads are also designed to evenly distribute mechanical forces while walking,
protecting the healing site and promoting faster and more efficient recovery [16-19].

Multiple clinical studies have highlighted the effectiveness of titanium plates in
accelerating the healing process and reducing the duration of hospitalization. The
biocompatibility of titanium minimizes the risks of inflammatory reaction and implant rejection,
making these pads a safe and durable option for patients [17-19].

Therefore, titanium plates represent an advanced solution in the treatment of shin
fractures, offering an optimal combination of mechanical strength, biocompatibility, and
flexibility in application, which makes them essential in the modern surgical arsenal. They
ensure not only effective healing but also excellent functional recovery, restoring patients'
mobility and quality of life [17-20].
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Fig 3 - A case study of a 33-year-old woman with varus hyperextension at the tibial plateau, Schatzker type V fractures
resulting from a fall. Pre-operative radiographic images in A) frontal and B) lateral views. Pre-operative three-
dimensional CT scan showing fractures across three columns. C) Front view. D) Left side lateral view. E) Rear view. F)
Right side lateral view. G) Transverse view. H) Image of a 3.5 mm rebuilt titanium plate, placed horizontally,
displaying its location during the surgical procedure. Radiographs immediately after surgery in 1) frontal and J) lateral
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positions. Radiographs one year post-surgery in K) frontal and L) lateral views, show that the fractures have healed with
no loss of reduction. M and N) General functional position of the patient one year post-operation [15].

Clinical outcomes and complications

The use of titanium plates in the treatment of tibia fractures has demonstrated positive
clinical outcomes, marking a significant improvement in healing rates and post-treatment
functionality. Studies show that patients with titanium plates experience a reduction in the time
it takes for bone strengthening, allowing for early mobilization and a faster return to daily
activities. Also, due to the superior mechanical stability and optimal integration of titanium
implants, patients benefit from an improvement in bone alignment and a decrease in the risk of
malunion (healing of bones in an incorrect position) or nonunion (absence of bone healing) [18-
20].

Although titanium pads are generally well-tolerated and safe, there are potential
complications associated with their use. Complications can range from minor to severe,
including any surgical procedure that carries a risk of infection. In the case of titanium implants,
infections can be superficial at the incision or deeper around the implant. Treatment may
require antibiotics or, in severe cases, removal of the implant. Although rare, some people may
develop reactions to the implant metal, manifested by pain, inflammation, and joint dysfunction.
In cases of persistent infection, implant slippage, or plate fracture under mechanical stress, new
surgery may be required to adjust or replace the implant. Titanium pads can sometimes irritate
surrounding soft tissues, such as muscles or tendons, leading to pain or discomfort [18-20].

To minimize the risk of complications, proper patient selection and the use of precise
surgical techniques are essential. Careful post-operative monitoring and effective
communication with patients about potential signs and symptoms of complications can help
identify and manage any issues promptly. In addition, recent developments in implant design
and manufacturing technology continue to improve the safety and efficacy of titanium pads [18-
21].

Therefore, although titanium plates offer many advantages in the treatment of tibial
fractures, it is vital for physicians to be aware of possible complications and to handle each case
with particular care to ensure the best clinical outcomes for patients [19-21].

Conclusions

Titanium plates are effective in stabilizing shin fractures, providing robust support, and
facilitating rapid healing, allowing patients to begin the rehabilitation process sooner. Titanium
is distinguished by its excellent biocompatibility, minimizing the risk of side effects, including
implant rejection and local inflammation, compared to other metal materials used in orthopedic
surgery.

Due to its corrosion and fatigue resistance properties, titanium provides a durable
solution for orthopedic implants, ensuring long-term functionality without requiring repeated
surgery to replace or adjust the implant. Although the use of titanium plates may be associated
with certain complications, such as infections or soft tissue irritation, these risks remain
relatively low and can be effectively managed through appropriate surgical techniques and close
monitoring.
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Titanium plates are available in various shapes and sizes, allowing surgeons to precisely
tailor them to the specifics of the fracture and the anatomy of each patient, which improves
bone alignment and optimizes the healing process.

It is crucial to carefully monitor patients after surgery for titanium plate implantation to
detect and intervene promptly in case of any complications, thus ensuring the best long-term
results.

Further research and development in the design and technology of titanium plates is
essential to further improve the effectiveness and safety of these implants, adapting them to the
dynamically changing needs of patients and the healthcare environment.
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