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Orthopedic screws play a fundamental role in modern musculoskeletal surgery 
by providing stable fixation for bone fractures, osteotomies, and joint fusion 
procedures. The increasing prevalence of fractures due to aging populations, 
sports injuries, and trauma-related incidents has led to continuous 
advancements in screw design and material technology(1). These screws are an 
essential component of internal fixation, working in conjunction with plates, 
rods, and intramedullary nails to facilitate bone healing while minimizing 
complications such as malunion, nonunion, and implant failure(2). 
The biomechanical performance of orthopedic screws depends on factors such 
as thread design, material composition, and the interaction between the screw 
and bone tissue. Cortical and cancellous screws, locking screws, cannulated 
screws, and bioabsorbable screws each serve distinct purposes, reflecting the 
complexity of bone fixation techniques(3). Innovations in 3D-printed implants, 
smart screws with embedded sensors, and bioactive coatings have further 
expanded the functional capabilities of orthopedic screws, enhancing their role 
in patient-specific treatments(4). 
The history of orthopedic screws dates back to the early 19th century when 
metal implants were first introduced for bone fixation. The earliest designs, 
primarily made of stainless steel, provided limited biocompatibility and were 
prone to corrosion and fatigue failure(5).  
 

Abstract 
Orthopedic screws play a crucial role in internal fixation for fracture stabilization, joint fusion, and osteotomy 
procedures. Recent advancements in material science and biomechanics have led to the development of various 
screw designs aimed at optimizing fixation strength and reducing postoperative complications. Understanding the 
biomechanical properties, classifications, and technological innovations of orthopedic screws is essential for 
improving surgical outcomes. This study presents a comprehensive review of the classification, design, 
biomechanical characteristics, and clinical applications of orthopedic screws. A systematic analysis of scientific 
literature was conducted to evaluate different screw types based on their material composition, mechanical 
properties, and fixation techniques. Additionally, emerging technologies, including bioabsorbable screws, locking 
screws, and smart implants, were examined for their potential impact on modern orthopedic surgery. The findings 
indicate that locking screws provide superior fixation in osteoporotic bone and complex fractures, reducing 
implant failure risks. Bioabsorbable screws have shown promise in eliminating the need for secondary implant 
removal surgeries; however, challenges such as degradation rate control remain unresolved. Drug-releasing 
screws have demonstrated effectiveness in lowering post-surgical infection rates, yet further studies are needed 
to determine optimal drug dosage and release kinetics. Advancements in orthopedic screw technology, including 
material innovation and improved mechanical design, have significantly enhanced clinical outcomes. However, 
challenges remain regarding the long-term stability of bioabsorbable screws, the optimization of mechanical 
properties, and the reduction of implant-related complications. Future research should focus on developing 
patient-specific implants and refining biomechanical designs to further improve surgical success rates. 
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In the mid-20th century, the introduction of titanium 
alloys revolutionized implant technology due to their 
superior strength-to-weight ratio and corrosion 
resistance(6). 
The AO (Arbeitsgemeinschaft für 
Osteosynthesefragen) Foundation, established in the 
1950s, played a critical role in standardizing 
orthopedic screw designs and surgical techniques, 
leading to widespread adoption of cortical and 
cancellous screw systems(7).  
Over the years, advances in biomaterials research 
have introduced bioabsorbable screws, which 
eliminate the need for hardware removal, and locking 
plate technology, which improves fixation stability in 
osteoporotic bone(8). The development of patient-
specific implants using additive manufacturing has 
recently emerged as a promising approach to 
enhance surgical outcomes(9). 
Despite technological advancements, orthopedic 
screws still pose clinical challenges. One of the 
primary concerns is implant failure due to screw 
loosening, which is particularly problematic in 
osteoporotic patients with poor bone quality(10). This 
issue has led to the development of locking screws 
and augmentation techniques, such as cement 
reinforcement, to enhance fixation strength(11). 
Another challenge is infection risk, especially in open 
fractures where hardware-associated infections can 
lead to severe complications, necessitating implant 
removal and prolonged antibiotic therapy(12). 
Additionally, improper screw placement can result in 
iatrogenic injuries, such as nerve damage or joint 
penetration, underscoring the need for 
intraoperative imaging guidance(13). 
Moreover, the selection of screw type, diameter, and 
length must be carefully considered based on the 
biomechanical properties of the bone and the 
mechanical load it bears. Improper selection can 
result in inadequate stability, leading to delayed 
healing or implant failure(14). Research into bioactive 
coatings, which enhance osseointegration and 
antimicrobial resistance, aims to address these 
limitations and improve clinical outcomes(15). 
This paper aims to provide a comprehensive review 
of the classification, biomechanical properties, and 
technological advancements in orthopedic screws. 
The primary objectives are: 

1. To analyze the fundamental principles of 
orthopedic screw design, including material 
composition and biomechanical interactions. 

2. To classify different types of screws based on 
their design features and clinical applications. 

By exploring these topics, this paper will provide 
orthopedic surgeons and researchers with a detailed 
understanding of current trends and future directions 
in orthopedic screw technology. 

Biomechanical Principles 
Orthopedic screws play a critical role in fracture 
fixation and bone stabilization. Their structural 
design, material composition, biomechanical 
performance, and interaction with bone significantly 
influence their clinical effectiveness and longevity. 
Understanding these fundamental principles is 
essential for optimizing surgical outcomes. 
Orthopedic screws are composed of various 
components, including the head, body, threads, and 
tip (Figure 1), each serving a specific function in 
providing stability and fixation. The screw head is 
responsible for engaging with the screwdriver, 
facilitating insertion and removal, and providing 
support for bone fragments or fixation plates. The 
design of the screw head directly affects its 
interaction with surgical instruments, with hexagonal 
heads ensuring a firm grip and reducing slippage, 
while Phillips and Torx heads distribute torque more 
efficiently and prevent screw damage during 
insertion(16). 
 

 
Figure 1: Components of the Screw. Reference: 

AO Surgery, 
https://surgeryreference.aofoundation.org 
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The screw body, consisting of the inner and outer 
diameter (Figure 2), influences its bending resistance 
and load-bearing capacity. The inner diameter 
determines the screw’s flexural strength, while the 
difference between the inner and outer diameters 
(known as thread depth) is a key determinant of 
pullout strength and maximum torque resistance 
before thread stripping. Solid-core screws offer 
greater structural stability, whereas cannulated 
screws allow guided insertion through a guide pin, 
making them advantageous in minimally invasive 
techniques(17). 
 

 
Figure 2: Screw Shaft, Reference: AO Surgery, 
https://surgeryreference.aofoundation.org 

 
The screw thread pattern plays a crucial role in its 
mechanical engagement with bone. Cortical screws 
have finer threads designed to penetrate denser 
bone, whereas cancellous screws, with deeper 
threads, achieve better purchase in spongy bone(18). 
The pitch of the screw, defined as the distance 
between threads, determines the screw’s 
advancement per 360-degree rotation. Screws with a 
smaller pitch have more threads per unit length and 
advance less per full turn than screws with a larger 
pitch. 
The screw tip varies depending on surgical 
requirements. Self-drilling tips eliminate the need for 
pre-drilling, self-tapping tips create their own 
threads, and blunt tips reduce the risk of injury to soft 
tissues and neurovascular structures(19). 
Understanding the biomechanics of screws is crucial 
for their effective use in orthopedic surgery. The 
primary goal is to achieve adequate fixation and 
compression without compromising screw-bone 
contact integrity. Over-tightening a screw can lead to 
plastic deformation of the bone, jeopardizing 

structural stability. In this regard, computational 
simulations have been employed to study stress 
distribution and bone remodeling around different 
screw designs, highlighting the importance of 
biomechanical compatibility. 
The torque applied to screws in bone plate 
applications directly affects contact area and fixation 
strength. Research has shown that using a lower 
torque than currently applied in clinical practice does 
not negatively impact the final mechanical strength 
of the construct. These findings further support the 
idea that the level of applied torque may play a role 
in pathological bone responses following plate 
fixation, particularly in conditions such as 
osteoporosis (osteopenia). 
The material properties of orthopedic screws 
determine their mechanical performance, 
biocompatibility, and degradation characteristics. 
Titanium and its alloys are widely used due to their 
corrosion resistance, lightweight nature, and high 
biocompatibility, which reduces the risk of allergic 
reactions and implant rejection(20). Additionally, their 
lower stiffness compared to stainless steel minimizes 
stress shielding effects and allows for better load 
sharing with bone(21). Stainless steel screws, 
commonly used in trauma surgery, provide superior 
mechanical strength and cost-effectiveness but are 
more susceptible to corrosion in high-stress 
environments(22). Cobalt-chrome alloys exhibit 
excellent wear resistance and are ideal for high-load-
bearing applications such as joint replacements and 
spinal instrumentation, although their high density 
and stiffness may lead to localized stress 
concentrations(23). Bioabsorbable materials, including 
polylactic acid (PLA) and polyglycolic acid (PGA)-
based screws, degrade over time and eliminate the 
need for implant removal, making them suitable for 
pediatric applications and sports medicine. However, 
their lower initial mechanical strength and variable 
degradation rates pose challenges in maintaining 
stability during the healing process(24). 
The biomechanical principles governing orthopedic 
screws involve inner and outer diameter dynamics, 
thread pitch effects, force distribution, and stress 
patterns. The inner and outer diameters define the 
screw’s resistance to bending forces and its pullout 
strength. A larger outer diameter enhances bone 
engagement, while a smaller inner diameter 
increases the risk of implant failure under high loads. 
The difference between these diameters, known as 
thread depth, plays a critical role in optimizing bone 
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purchase and minimizing stress concentrations at the 
bone-implant interface(25). Thread pitch, or the 
distance between consecutive threads, affects 
insertion torque, pullout strength, and bone-screw 
engagement. Screws with a smaller pitch create a 
higher number of thread-bone contacts, improving 
fixation strength, especially in osteoporotic bone(26). 
Force distribution across the screw is influenced by 
axial loading, shear forces, and torque application. 
Proper torque management prevents over-
tightening, which can lead to bone microfractures 
and implant loosening(27). Stress patterns vary 
depending on the bone type and loading conditions. 
Cortical bone screws experience higher localized 
stresses due to the dense bone structure, whereas 
cancellous screws distribute loads over a larger 
surface area, reducing stress concentrations(28). 
The screw-bone interface is a critical determinant of 
implant stability, healing potential, and long-term 
success. Cortical bone interaction involves a higher 
degree of mechanical engagement due to the density 
of cortical bone, requiring precise pre-drilling and 
appropriate insertion angles to minimize stress 
fractures(29). Cancellous bone interaction, on the 
other hand, relies on deeper and more aggressive 
threads to maximize purchase in porous bone 
structures. However, excessive tightening can lead to 
bone resorption and reduced stability over time(30). 
Interface stability is initially achieved through primary 
fixation, where mechanical interlocking secures the 
screw in place, and secondary stability, which 
develops as the bone remodels around the implant. 
Enhanced interface stability can be achieved through 
bioactive coatings that promote osseointegration(31). 
The biological response to screw implantation 
involves bone remodeling, osteointegration, and 
potential foreign body reactions. While titanium and 
bioabsorbable materials generally promote favorable 
osteointegration, stainless steel and cobalt-chrome 
implants may trigger localized inflammatory 
responses, leading to implant loosening in some 
cases(32). 

Classification of Orthopedic Screws 
Orthopedic screws are categorized based on their 
design characteristics and functional applications. 
The classification of screws plays a crucial role in 
determining their mechanical performance, clinical 
utility, and surgical outcomes. The major 
classification includes cortical screws, cancellous 
screws, and locking screws, each designed to 

accommodate specific bone densities, loading 
conditions, and fixation needs(33).  

Design-Based Classification  
Orthopedic screws can be classified based on their 
design parameters, including thread pattern, shaft 
characteristics, and head configuration. The primary 
design-based classification consists of cortical screws, 
which are designed for compact bone, cancellous 
screws, which are used in spongy bone structures, 
and locking screws, which provide angular stability 
when used with locking plates. These variations 
ensure optimal fixation strength and mechanical 
stability for different anatomical regions and fracture 
types(34).  

Cortical Screws  
Cortical screws are specifically designed for dense 
cortical bone, which is found in the diaphyseal 
regions of long bones. Their design features include a 
smaller thread depth and closer thread spacing, 
which enhances their purchase in hard bone (Figure 
3).  
 

 
Figure 3: Cortical Screw. Image Source: AO 

Surgery Reference, 
https://surgeryreference.aofoundation.org 

 
Unlike cancellous screws, cortical screws require pre-
drilling to prevent excessive stress that could lead to 
microfractures(35). The mechanical properties of 
cortical screws are characterized by high insertion 
torque and pullout resistance, ensuring strong 
fixation in dense bone. The fine threads enable better 
load distribution, reducing the risk of implant failure. 
However, due to the high stress concentrations in 
cortical bone, over-tightening can lead to bone 
resorption and screw loosening(36). The clinical 
applications of cortical screws are extensive, 
including diaphyseal fracture fixation, bone plate 
fixation, and interfragmentary compression. They are 
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often used in long bone fracture management, spinal 
fixation, and joint fusion procedures. Their primary 
function is to provide rigid stabilization in cortical 
bone environments, ensuring minimal micromotion 
that could interfere with bone healing(37). Despite 
their advantages, cortical screws have certain 
limitations. They are less effective in osteoporotic 
bone due to the reduced bone density, which 
diminishes screw purchase. Additionally, they may 
require higher insertion torque, increasing the risk of 
bone microfractures and screw stripping during 
application(38).  

Cancellous Screws  
Cancellous screws are designed to engage with 
spongy bone, which is typically found in the 
epiphyseal regions of long bones and the vertebrae. 
Their thread depth is greater, allowing them to 
anchor more effectively in porous bone, and their 
wider thread spacing facilitates greater bone 
purchase in cancellous structures(39).  

Partial Thread Cancellous Screws  
Partial-thread cancellous screws have a smooth, 
unthreaded proximal shaft, allowing 
interfragmentary compression when inserted across 
fracture sites (Figure 4).  
This design characteristic enables dynamic 
stabilization, making them ideal for fracture healing 
in trabecular-rich areas such as the femoral neck, 
humeral head, and tibial plateau(40). The usage 
scenarios for partial-thread screws include fracture 
compression in metaphyseal and epiphyseal regions, 
particularly in hip and knee fractures. They are 
commonly used in sliding hip screws, cannulated 
fixation systems, and arthrodesis procedures(41). The 
compression mechanics of partial-thread screws rely 
on their differential thread engagement. The 
unthreaded portion allows movement between the 
fragments, while the threaded distal segment 
engages the far cortex, generating axial compression 
across the fracture plane. This mechanism enhances 
bone healing by promoting direct bone-to-bone 
contact(42).  

Full Thread Cancellous Screws  
Full-thread cancellous screws have a uniformly 
threaded shaft, making them ideal for applications 
where interfragmentary compression is not required 
(Figure 5). Their design features include deep, widely 
spaced threads, which maximize bone purchase in 
spongy structures, ensuring secure fixation in 
osteoporotic or low-density bone(43). 

 
Figure 4: Partially Threaded Cancellous Screws, 

Image Source: AO Surgery Reference, 
https://surgeryreference.aofoundation.org 

 

 
Figure 5: Partially Threaded Cancellous Screws, 

Image Source: AO Surgery Reference, 
https://surgeryreference.aofoundation.org 

 
The application areas for full-thread cancellous 
screws include fracture fixation in weight-bearing 
regions such as the proximal femur, tibial plateau, 
and vertebral bodies. These screws are particularly 
useful in bone grafting procedures and revision 
surgeries, where stable fixation is necessary for long-
term integration(44).  
The biomechanical properties of full-thread 
cancellous screws emphasize load distribution across 
a larger surface area, reducing localized stress 
concentrations.  
Their deep threads provide enhanced resistance to 
pullout forces, making them particularly effective in 
cases where screw loosening is a concern, such as in 
osteoporotic patients(45).  

Locking Thread Screws  
Locking thread screws are specialized fixation devices 
that provide angular stability when used with locking 
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plates. Unlike conventional screws, which rely on 
friction between the plate and bone, locking screws 
thread directly into the plate, forming a rigid 
construct that prevents micromotion(46).  
The thread pattern specifics of locking screws feature 
self-tapping, self-drilling, and unicortical or bicortical 
configurations, allowing for customized fixation 
based on anatomical requirements. Their primary 
advantage is the ability to minimize screw toggle, 
reducing the risk of implant failure in unstable 
fractures(47).  
The fixation mechanics of locking screws depend on 
their ability to secure both the screw-plate and 
screw-bone interfaces simultaneously.  
This dual fixation enhances construct rigidity, making 
them suitable for complex fractures, periprosthetic 
fractures, and osteoporotic bone stabilization(48). The 
clinical indications for locking screws include 
fractures requiring absolute stability, osteoporotic 
bone fixation, and polytrauma cases where early 
weight-bearing is needed.  
Locking screws are widely used in proximal humeral 
fractures, distal femoral fractures, and periarticular 
injuries, where they help reduce implant-related 
complications(49) (Figure 6). 
 

 
Figure 6: Locking Screws. Image Source: AO 

Surgery Reference, 
https://surgeryreference.aofoundation.org 

 

Standard Locking Screws 
In standard locking screws, the design mechanism 
includes a threaded screw head that locks into the 
plate hole, preventing micromotion between the 
plate and the screw (Figure 7).  
This feature provides angular stability and reduces 
the need for absolute compression between the 
screw and bone(47).  
The integration of the screw with the plate allows 
them to function as a single structural unit, effectively 
distributing load and minimizing the risk of implant 
failure, particularly in fractures involving weakened 
bone(50).  
 

The fixation stability in osteoporotic patients is 
enhanced, as the locking mechanism maintains a rigid 
structure and reduces the likelihood of screw 
loosening and implant failure(51). 
 

 
Figure 7: Standard Locking Screws. Image Source: 

AO Surgery Reference, 
https://surgeryreference.aofoundation.org 

 

Variable-Angle Locking Screws 
Variable-angle locking screws offer a range of entry 
angles, enabling surgeons to optimize fixation points 
based on fracture geometry.  
Unlike standard locking screws, which are positioned 
at a predetermined angle, variable-angle screws can 
be inserted at angles of up to 15 degrees, providing 
greater flexibility in complex fractures(52).  
Technical considerations include the use of precise 
drilling guides and angle control to ensure proper 
screw locking, as incorrect angles can compromise 
fixation stability(53).  
The clinical applications of variable-angle screws are 
particularly beneficial in periarticular fractures, distal 
radius fractures, and tibial plateau reconstructions, 
where multidirectional fixation is necessary(54) (Figure 
8-10). 
 

 
Figure 8: Variable Angle Locking Screws. Image 

Source: AO Surgery Reference, 
https://surgeryreference.aofoundation.org 
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Figure 9: Variable Angle Locking Screws. Image 

Source: AO Surgery Reference, 
https://surgeryreference.aofoundation.org 

 

 
Figure 10: Variable Angle Locking Screws. Image 

Source: AO Surgery Reference, 
https://surgeryreference.aofoundation.org 

 

Cannulated Screws 
Cannulated screws are designed with a hollow central 
shaft, allowing them to be guided over a thin metallic 
wire (guide wire) for precise placement. This design 
enhances surgical accuracy and minimizes trauma, 
particularly in minimally invasive and percutaneous 
procedures(55,56) (Figure 11). 
The design features of cannulated screws include a 
threaded outer surface and a central hollow core, 
enabling insertion over a guidewire while maintaining 
a strong bone hold. They are available in fully 
threaded and partially threaded configurations, with 
partially threaded screws providing compression 
across fracture sites(57). The guide wire technology 
ensures optimal screw trajectory, reducing the risk of 
malalignment during insertion, particularly in 
complex anatomical regions such as the femoral 
neck, ankle, and scaphoid bones(58). 

The percutaneous applications of cannulated screws 
are valuable in treating fractures with minimal soft 
tissue disruption, reducing post-operative pain and 
recovery time. Their use is widespread in hip 
fractures, foot and ankle injuries, and scaphoid 
fractures, where precision and minimal exposure are 
essential for bone healing(59). Surgical considerations 
involve careful guidewire placement before definitive 
screw insertion to prevent misalignment or screw 
migration. Furthermore, biomechanical studies 
suggest that cannulated screws with larger core 
diameters provide greater strength, reducing the risk 
of failure in weight-bearing applications(60). 
 

 
Figure 11: Cannulated Screws. Image Source: AO 

Surgery Reference, 
https://surgeryreference.aofoundation.org 

 

Self-Drilling Screws 
Self-drilling screws eliminate the need for pre-drilling, 
streamlining the implantation process and reducing 
surgical steps. Their cutting features include sharp, 
fluted tips, which allow the screws to penetrate bone 
without the need for a separate drill bit, making them 
ideal for rapid fixation in trauma settings(61). 
The installation technique for self-drilling screws 
involves direct insertion using rotational torque, 
allowing them to tap their own pathway into bone. 
This feature is particularly useful in percutaneous 
fixation, spinal surgery, and small fragment fracture 
management, as it eliminates additional bone drilling 
and preserves bone stock(62). Usage guidelines 
emphasize careful torque control, as excessive force 
during insertion can cause bone splitting or thermal 
necrosis(63). 
Self-drilling screws are widely used in hand and foot 
surgeries, as well as vertebral stabilization, where 
precision and minimal drilling trauma are critical. 
They are especially beneficial in osteoporotic bone, 
where excessive drilling can lead to structural 
weakening and potential fixation failure(49). 

Bioabsorbable Screws 
Bioabsorbable screws have emerged as a promising 
alternative to traditional metallic implants, 
particularly in orthopedic surgeries requiring 
temporary fixation. These screws eliminate the need 
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for secondary removal surgery, reducing patient 
morbidity and healthcare costs. 
The primary materials used for bioabsorbable screws 
include poly-L-lactic acid (PLLA), polyglycolic acid 
(PGA), poly-DL-lactic-co-glycolic acid (PLGA), and 
magnesium-based alloys. These polymers are chosen 
based on their mechanical properties, degradation 
rates, and biocompatibility. PLLA offers high 
mechanical strength but a slow degradation rate, 
while PGA has faster degradation but lower strength. 
Recent studies also explore magnesium-based 
bioabsorbable screws, which promote 
osseointegration and bone regeneration(64, 65). 
The degradation of bioabsorbable screws depends on 
hydrolysis and enzymatic activity, leading to a gradual 
loss of mechanical integrity and eventual resorption 
into the body. The degradation rate varies with 
polymer composition, molecular weight, crystallinity, 
and implant environment. Magnesium-based screws 
degrade via oxidation and dissolution, with hydrogen 
gas evolution being a potential side effect. 
Researchers have been exploring surface coatings 
and alloying elements such as calcium and zinc to 
control degradation rates and enhance 
biocompatibility(66, 67). 
Bioabsorbable screws are extensively used in fracture 
fixation, ligament reconstruction, and osteotomy 
stabilization. They have been widely applied in 
anterior cruciate ligament (ACL) reconstruction, 
maxillofacial surgeries, and pediatric orthopedics. 
One of the main advantages is their ability to 
eliminate implant-related complications such as 
migration, stress shielding, and implant failure, which 
are common with permanent metallic implants(68,69). 
Clinical studies indicate that bioabsorbable screws 
provide comparable fixation strength to metal 
screws, with satisfactory fracture healing rates. 
However, complications such as inflammatory 
reactions, foreign body responses, and cystic 
formations have been reported in some cases. 
Innovations in polymer chemistry and composite 
materials, such as PLGA reinforced with 
hydroxyapatite, aim to improve mechanical strength 
and biological safety(70, 71). 

Drug-Releasing Screws 
Drug-releasing screws represent an advanced 
orthopedic technology designed to deliver 
therapeutic agents locally at the site of implantation. 
These screws aim to reduce infection rates, enhance 
bone healing, and mitigate inflammation. 

The integration of drug-eluting technology into 
orthopedic screws involves polymer coatings, porous 
structures, and nano-encapsulation techniques. 
Drugs such as antibiotics (gentamicin, vancomycin), 
growth factors (BMP-2), and anti-inflammatory 
agents are incorporated into the screw matrix or 
surface coatings for controlled and sustained 
release(72, 73). 
Drug-releasing screws are primarily used in trauma, 
revision surgeries, and joint arthroplasty to prevent 
post-operative infections and improve 
osseointegration. In infected fracture fixations, 
antibiotic-loaded screws have demonstrated a 
significant reduction in bacterial colonization and 
improved patient outcomes. Growth factor-releasing 
screws are gaining attention for their role in 
accelerating bone healing and reducing non-union 
rates(74, 75). 
Recent clinical trials have reported positive outcomes 
with antibiotic-releasing screws, demonstrating a 
50% reduction in deep infection rates in high-risk 
patients. However, the efficacy of growth factor-
releasing screws remains under investigation, with 
ongoing studies exploring their long-term impact on 
bone remodeling. Challenges such as drug stability, 
burst release, and regulatory approvals remain 
barriers to widespread clinical adoption(76, 77). 

Function-Based Classification 
Orthopedic screws can also be classified based on 
their functional role in fracture fixation and joint 
stabilization. 

Lag Screws 
Lag screws are mechanically designed to create 
interfragmentary compression, which enhances bone 
healing by reducing motion at the fracture site. 
The lag screw principle is based on differential thread 
engagement, where the near cortex is overdrilled, 
allowing the screw to pull the fracture fragments 
together. This technique increases primary stability 
and facilitates early mobilization(78, 79) (Figure 12). 
Proper lag screw placement requires precise drilling, 
countersinking, and torque application. The drill hole 
size, insertion angle, and tightening force influence 
the compressive force generated across the fracture. 
Inadequate countersinking or excessive tightening 
may lead to cortical damage or screw failure(80, 81). 
Lag screws are widely used in long bone fractures 
(humerus, femur, tibia), periarticular fractures, and 
pelvic ring injuries. They are commonly employed in 
ankle fractures, radial head fractures, and scaphoid 
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non-unions. Headless lag screws, such as Herbert 
screws, are preferred in articular surfaces to minimize 
implant prominence(82, 83). 
Clinical studies have demonstrated that lag screw 
fixation significantly improves fracture stability and 
reduces healing time compared to non-compression 
techniques. However, complications such as screw 
pullout, cortical cracking, and implant breakage are 
reported in cases of poor surgical technique or 
osteoporosis. Advancements in titanium and 
bioabsorbable lag screws aim to improve mechanical 
longevity and biological integration(84, 53). 
 

 
Figure 12: Lag screw.  Image Source: AO Surgery 

Reference, 
https://surgeryreference.aofoundation.org 

 

Compression Screws 
Compression screws function based on dynamic 
compression principles, where the design and 
biomechanical properties allow controlled 
interfragmentary compression during fracture 
healing(85).  
These screws are commonly used in fracture fixation, 
particularly in cancellous bone, due to their ability to 
promote primary bone healing without excessive 
stress shielding(86) (Figure 13). The technical 
considerations of compression screws include the 
need for proper placement and torque application to 
avoid over-compression, which can lead to bone 
necrosis or implant failure(87).  
Studies have demonstrated that locking compression 
screws offer enhanced biomechanical stability 
compared to non-locking designs, particularly in 
osteoporotic bone(88).  
In clinical usage, these screws are widely applied in 
the fixation of ankle fractures, proximal femoral 
fractures, and scaphoid fractures, with research 
supporting improved functional outcomes and 
reduced nonunion rates(89)  
 

 
Figure 13: Compression screw. Image Source: AO 

Surgery Reference, 
https://surgeryreference.aofoundation.org 

 

Cortex Screws 
Cortex screws are designed to provide rigid fixation in 
cortical bone, with a narrow pitch and a smaller 
thread profile that enhances engagement with the 
dense outer cortical structure(90). The design features 
of cortex screws include a fully threaded shaft, 
ensuring strong hold and resistance to loosening 
under load-bearing conditions(91). These screws are 
frequently used for small fragment fixation, 
particularly in fractures involving the distal radius, 
metacarpals, and foot bones(92). Clinical indications 
for cortex screws include their use in fracture 
compression, plating constructs, and syndesmotic 
stabilization in the ankle joint(93). Recent 
biomechanical studies suggest that dual cortical 
screw fixation offers superior rotational stability 
compared to single screw constructs in treating distal 
fibular fractures(94) (Figure 14). 
 

 
Figure 14: Cortex screw. Image Source: AO 

Surgery Reference, 
https://surgeryreference.aofoundation.org 
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Push-Pull Screws 
Push-pull screws are utilized as reduction tools in 
complex fractures, particularly for achieving 
anatomical alignment before definitive fixation(95). 
The reduction technique involves inserting the push-
pull screw into a fractured bone segment, applying 
controlled traction, and subsequently securing the 
fracture with plate or nail fixation(96).  
These screws play a critical role in length restoration 
following long bone fractures, including femoral shaft 
fractures and tibial malunions(97). Application 
methods vary depending on the fracture type; 
however, recent advancements in guided reduction 
tools and push-pull devices have improved precision 
and reduced complications related to 
malalignment(98). Clinical trials have demonstrated 
that push-pull screw-assisted reduction leads to 
enhanced post-operative alignment and reduced 
revision surgery rates in high-impact fractures(99) 
(Figure 15). 
 

 
Figure 15: Push-pull screw. Image Source: AO 

Surgery Reference, 
https://surgeryreference.aofoundation.org 

 

Midfoot Fusion Bolt 
The Midfoot Fusion Bolt (MFB) is an advanced 
intramedullary fixation device developed to provide 
rigid stabilization for midfoot arthrodesis, especially 
in patients suffering from severe deformities, 
neuropathic conditions, or midfoot collapse(100). 
Traditional fixation methods, including plates and 
screws, have been associated with complications 
such as hardware failure, inadequate load 
distribution, and stress shielding. The Midfoot Fusion 
Bolt aims to overcome these limitations by offering 
strong intramedullary support while reducing soft 
tissue disruption and ensuring optimal weight-
bearing properties. 

The MFB is typically composed of titanium or 
stainless steel and features a solid or cannulated 
design that allows for optimal bone purchase and 
stability.  
It is available in different diameters and lengths, 
depending on the anatomical requirements of the 
patient. The bolt is designed with threaded and non-
threaded sections, which enhance osseointegration 
and load distribution across the fusion site. Some 
models incorporate variable-angle locking features, 
which allow customized positioning and provide 
enhanced stability in complex midfoot fusion 
cases(101) (Figure 16). 
 

 
Figure 16: Midfoot Fusion Bolt (MFB) screw. 

Image Source: AO Surgery Reference, 
https://surgeryreference.aofoundation.org 

 
The primary application of the Midfoot Fusion Bolt is 
in Charcot neuroarthropathy, Lisfranc injuries, and 
midfoot arthritis, where conventional fixation 
techniques may fail to provide adequate mechanical 
stability. The MFB can be implanted using either an 
open or percutaneous approach, with the 
percutaneous method reducing surgical trauma and 
minimizing infection risks.  
Studies have demonstrated that intramedullary 
fusion techniques using the Midfoot Fusion Bolt lead 
to higher rates of fusion success compared to 
traditional plating techniques(102). 
Several biomechanical and clinical studies have 
evaluated the efficacy of the Midfoot Fusion Bolt in 
providing superior stability, improved load 
distribution, and reduced implant failure rates.  
Compared to standard plates and screws, the MFB 
has shown higher resistance to shear and axial 
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loading, which contributes to improved patient 
outcomes and shorter recovery periods. Clinical trials 
have also reported a significantly lower rate of 
implant-related complications, making the Midfoot 
Fusion Bolt an effective solution for midfoot 
reconstruction surgeries(103). 

Positional Screws 
Positional screws are widely utilized in orthopedic 
surgery for applications where bone-to-bone 
compression is not required. Unlike lag screws, which 
actively create interfragmentary compression, 
positional screws maintain structural integrity by 
ensuring firm bone alignment without exerting 
excessive compressive forces(104). 
The primary function of positional screws is to 
maintain the spatial relationship between two bone 
fragments while preventing undesired displacement. 
This is particularly useful in cases where bone 
segments need to be held in place without 
compression, such as in syndesmotic fixation, 
osteotomy stabilization, and joint fusions.  
The ability to securely hold bone fragments together 
while avoiding excessive compression is particularly 
beneficial in complex fractures and osteotomies, 
where improper load distribution could lead to 
implant failure(105) (Figure 17). 
 

 
Figure 17: Positional screw. Image Source: AO 

Surgery Reference, 
https://surgeryreference.aofoundation.org 

 
When using positional screws, precise drilling and 
screw selection are essential to prevent 
complications such as screw pullout or cortical 
damage.  
Surgeons must carefully assess the bone density and 
mechanical stability before deciding the appropriate 
screw length and diameter. Positional screws require 
pre-drilled pilot holes to ensure accurate positioning, 
and it is crucial to ensure bi-cortical engagement for 

maximum stability. Intraoperative fluoroscopy is 
often used to verify correct screw placement, 
reducing the risk of malpositioning and implant 
failure(106). 
The most common applications of positional screws 
include syndesmotic fixation, osteotomy 
stabilization, and securing bone grafts.  
These screws are particularly useful in ankle, wrist, 
and elbow surgeries, where maintaining anatomical 
bone relationships is critical for functional recovery. 
Recent studies have emphasized the importance of 
using positional screws in non-compressive joint 
fusions, as they provide stability without interfering 
with natural healing processes(107). 

Polar Screws 
Polar screws are primarily used as blocking screws in 
intramedullary nailing, where they function to 
prevent malalignment and enhance the stability of 
the intramedullary implant. These screws are 
particularly effective in cases where short-segment 
fractures require additional stabilization to 
counteract rotational or axial displacement(108). 
Polar screws are typically inserted adjacent to an 
intramedullary nail, where they act as a mechanical 
block that prevents excessive motion of the nail 
within the medullary canal. This technique is 
especially beneficial in proximal or distal fractures of 
long bones, where the nail alone may not provide 
sufficient rotational control. By reducing the risk of 
malalignment, polar screws significantly enhance 
post-operative stability and fracture healing(109). 
The placement of polar screws ensures precise 
control of alignment, particularly in cases of 
metaphyseal fractures, where the potential for 
rotational deformity is high. By restricting 
micromotion, these screws contribute to early bone 
healing and reduce complications associated with 
implant loosening. Polar screws are often placed 
under fluoroscopic guidance, allowing the surgeon to 
achieve optimal positioning while minimizing surgical 
trauma(110). 
For optimal biomechanical function, polar screws 
must be positioned strategically around the 
intramedullary nail to counteract forces in all 
directions. Proper cortical engagement and screw 
angulation are critical to maximizing fixation strength 
and avoiding implant failure. Recent research has 
demonstrated that placing polar screws at specific 
anatomical locations can significantly improve load 
distribution, thereby reducing implant-related 
complications(111). 
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Interlocking Screws 
Interlocking screws are an integral component of 
intramedullary nailing systems, providing 
longitudinal and rotational stability to fracture sites. 
These screws are commonly used in long bone 
fractures to prevent axial displacement and enhance 
overall implant strength(112) (Figure 18). 
 

 
Figure 18: Interlocking screw. Image Source: AO 

Surgery Reference, 
https://surgeryreference.aofoundation.org 

 
The primary function of interlocking screws is to 
secure an intramedullary nail within the bone, 
preventing excessive motion and implant migration. 
This locking mechanism ensures rigid fixation, which 
is crucial for successful bone healing in high-load-
bearing fractures such as those of the femur, tibia, 
and humerus(113). 
Studies have shown that interlocking screws enhance 
resistance to axial loads, reducing the risk of implant 
failure and malunion. Their ability to distribute 
mechanical stress across the bone minimizes stress 
shielding, a common issue in orthopedic surgery 
where bone resorption occurs due to uneven load 
transfer. Innovations in titanium alloy screws have 
further improved biomechanical performance, 
making them a preferred choice in modern 
orthopedic trauma management(114). 
Interlocking screws are widely used in femoral, tibial, 
and humeral fractures, particularly in cases where 
intramedullary nailing alone is insufficient to 
maintain alignment. 
By providing additional stability, these screws 
contribute to faster rehabilitation, reduced pain, and 
lower complication rates. Clinical studies indicate 
that patients treated with interlocking screws 
experience better functional recovery, emphasizing 

their critical role in orthopedic fixation 
techniques(115). 

Technical Considerations 
Drill Bit Selection and Usage 
Drill bit selection is a critical factor in orthopedic 
surgery, influencing both the precision of screw 
placement and the mechanical stability of the fixation 
construct. The diameter, length, and material 
composition of the drill bit must be carefully chosen 
based on the type of bone (cortical or cancellous) and 
the specific surgical application(116). Studies indicate 
that high-speed drilling generates excessive heat, 
which can lead to thermal necrosis, compromising 
bone integrity and healing outcomes(117). In contrast, 
low-speed drilling with adequate irrigation minimizes 
heat generation, reducing the risk of osteonecrosis 
and improving screw purchase(118). The geometry of 
the drill bit, including flute design and tip angle, also 
affects the efficiency of bone removal and insertion 
torque during screw placement(119). Another essential 
factor is the use of pilot holes, which help in precise 
screw placement and minimize stress fractures 
around the drilled area(120). Pre-drilled holes reduce 
insertion torque and prevent excessive bone 
compression, which is particularly relevant for self-
tapping screws(121). Furthermore, using sharp, well-
maintained drill bits enhances the accuracy of 
insertion and decreases mechanical resistance, 
thereby improving the long-term success of 
orthopedic implants(122). A comparative study of 
various drill bit types found that carbide-tipped drill 
bits produce less heat and are more durable than 
standard stainless steel drill bits, making them the 
preferred choice for repeated surgical use(123) (Figure 
19). 

Torque Management Principles 
Proper torque application is essential for achieving 
stable fixation while avoiding complications such as 
screw loosening or stripping of bone threads. Torque 
refers to the rotational force applied during screw 
insertion, which determines the stability of the bone-
implant interface(124). Studies show that optimal 
insertion torque should be within 70-80% of the 
maximum pullout strength to achieve adequate 
fixation without compromising bone integrity(125). 
Excessive torque can cause microfractures or 
stripping of the bone threads, whereas insufficient 
torque may result in implant instability and 
failure(126). 
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Figure 19: Drill Size Based on Screw Size. Image Source: AO Surgery Reference, 

https://surgeryreference.aofoundation.org 
 

Torque control is particularly important in 
osteoporotic patients, where lower bone density 
reduces the screw's ability to grip the bone 
effectively(127). To address this, torque-limiting 
devices have been developed to prevent over-
tightening, ensuring consistent screw engagement 
while minimizing the risk of implant failure(128). 
Additionally, cement augmentation techniques can 
be used in cases of poor bone quality to enhance 
fixation strength by increasing screw-bone contact 
area(129). Some modern orthopedic screws are 
designed with built-in torque indicators, allowing 
surgeons to precisely control insertion force and 
reduce the incidence of biomechanical failure(130). 

Insertion Techniques 
Screw insertion techniques vary depending on the 
type of screw used and the anatomical location of the 
implant. The traditional hand-driven insertion 
method provides tactile feedback to the surgeon, 
allowing for precise control over torque application 
and depth(131). However, power-assisted screwdrivers 
are increasingly used for faster and more consistent 
insertion, particularly in procedures requiring 
multiple screws(132). A study comparing manual 
versus power-driven insertion found that power tools 
reduce intraoperative time but may increase the risk 
of over-tightening if not properly controlled(133).  
Another key consideration is the trajectory of screw 
insertion. Orthopedic screws should be placed 
perpendicular to the fracture plane to maximize 

compression and stability(134). In cases where 
angulated insertion is required, preoperative 
planning with computer navigation systems can 
enhance accuracy and prevent malpositioning(135). 
Cannulated screws, commonly used for minimally 
invasive procedures, require precise guidewire 
placement before final insertion to ensure optimal 
alignment(134). In spinal surgery, robotic-assisted 
insertion techniques have been introduced to 
improve screw accuracy and reduce the risk of neural 
or vascular injury(136). 

Fixation Methods 

Intramedullary Approach 
Intramedullary fixation involves placing screws or 
nails within the medullary cavity of long bones to 
provide internal support while minimizing disruption 
to the periosteal blood supply. This method is 
commonly used in femoral and tibial fractures, where 
it offers superior biomechanical stability compared to 
plate fixation(137).  
Studies have shown that intramedullary screws 
distribute load more evenly along the bone axis, 
reducing stress concentrations and lowering the risk 
of implant failure(138). However, precise insertion 
technique is critical, as malalignment can lead to 
rotational instability and delayed healing(139). Recent 
advancements in intramedullary fixation include the 
development of expandable nails that conform to the 
medullary canal, providing enhanced stability 
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without the need for multiple locking screws(140). 
Additionally, biomechanical evaluations suggest that 
hybrid constructs, combining intramedullary screws 
with external fixation, can improve outcomes in 
complex fractures where conventional methods are 
insufficient(141). 

Extramedullary Techniques 
Extramedullary fixation methods, such as plating and 
external fixation, are used when direct mechanical 
support is required without disturbing the medullary 
canal. These techniques are particularly effective in 
periarticular fractures, where intramedullary nails 
may not provide adequate fixation due to anatomical 
constraints(142). Locking plates, which allow for fixed-
angle screw insertion, have become the gold 
standard for complex fractures, providing superior 
resistance to shear and torsional forces(143). 
Biomechanical studies indicate that dual plating 
techniques, where two plates are applied at different 
angles, provide greater stability than single-plate 
constructs, especially in distal femoral fractures(144). 
Another innovation in extramedullary fixation is the 
use of variable-angle locking plates, which allow 
surgeons to customize screw trajectories based on 
patient-specific anatomy(145). Although 
extramedullary fixation provides strong mechanical 
support, potential drawbacks include increased 
surgical exposure, soft tissue irritation, and higher 
infection risk compared to intramedullary 
techniques(146). 

Future Directions 
The future of orthopedic screw technology is set to 
witness significant advancements driven by material 
innovations, biomechanical optimizations, and the 
integration of smart monitoring systems. One of the 
key directions in orthopedic screw development is 
the enhancement of bioabsorbable materials. 
Current bioabsorbable screws degrade at fixed rates, 
which may not always align with the healing process 
of the bone. Future research aims to develop 
bioadaptive materials that can modulate their 
degradation rate based on the physiological state of 
the surrounding bone tissue.  
These innovations will help reduce complications 
related to premature degradation or prolonged 
presence of implants in the body, which can interfere 
with natural bone remodeling processes. Another 
major direction in orthopedic screw evolution 
involves the refinement of biomechanical properties. 

Current screws often suffer from issues such as 
inadequate pullout strength or suboptimal load 
distribution, leading to implant failure or prolonged 
healing times. Future screw designs will likely 
incorporate surface modifications, nanotechnology 
coatings, and advanced thread geometries to 
enhance osseointegration and minimize stress 
shielding. The development of variable-angle screws 
with increased customization capabilities will also 
provide better adaptability to diverse anatomical 
structures, particularly in complex fracture fixations. 
In addition to material and mechanical innovations, 
the incorporation of smart implants equipped with 
real-time monitoring capabilities is set to transform 
orthopedic surgery. Smart screws embedded with 
micro-sensors can provide valuable data on bone 
healing progression, implant stability, and 
mechanical loads experienced by the implant. Such 
technologies can enable early detection of 
complications such as screw loosening, infection, or 
delayed union, allowing for timely intervention and 
improved patient outcomes.  
Furthermore, the application of artificial intelligence 
and machine learning in orthopedic surgery is 
expected to enhance the precision of screw 
placement through automated preoperative 
planning and intraoperative guidance. 
As research continues to evolve, interdisciplinary 
collaboration among materials scientists, biomedical 
engineers, and orthopedic surgeons will play a critical 
role in translating laboratory innovations into clinical 
applications. Future orthopedic screws will not only 
offer superior mechanical performance but also 
provide a more dynamic and interactive role in 
patient recovery, minimizing the need for revision 
surgeries and enhancing overall surgical success 
rates. While the challenges in achieving these 
innovations remain considerable, the rapid 
advancements in biomaterials, computational 
modeling, and implant design suggest that the future 
of orthopedic fixation is poised for transformative 
breakthroughs. 

 
Orthopedic screws have been a fundamental 
component of fracture fixation and reconstructive 
surgeries for decades, and their evolution has been 
shaped by advancements in biomaterials, 
biomechanical understanding, and surgical 
techniques.  

Conclusion 
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The extensive classification of screws based on their 
design and function highlights the level of 
customization available to orthopedic surgeons, 
allowing for precise and efficient fracture 
stabilization across various anatomical regions. The 
ongoing developments in screw technology, 
particularly in the fields of bioabsorbable materials, 
smart implants, and drug-releasing mechanisms, 
reflect a growing emphasis on patient-specific 
solutions and enhanced clinical outcomes. 
Despite the significant strides made in improving 
orthopedic screw performance, several challenges 
remain. Issues such as screw loosening, infection, 
improper fixation, and implant-related complications 
continue to impact patient recovery and long-term 
success rates.  
The integration of advanced materials, such as 
magnesium and hybrid polymer composites, 
alongside innovative fixation techniques, is expected 
to mitigate these challenges. Furthermore, the 
adoption of digital technologies, including 
intraoperative navigation and robotic-assisted 
surgery, is revolutionizing the precision of screw 
placement and optimizing biomechanical stability. 
The future of orthopedic screw technology is 
centered around achieving greater biocompatibility, 
enhanced mechanical properties, and the ability to 
provide real-time feedback on bone healing. As the 
field moves toward patient-specific implant solutions 
and personalized medicine, the role of 3D printing 
and computational modeling will become 
increasingly prominent in the design and 
manufacturing of orthopedic screws. Additionally, 
continued research into minimally invasive surgical 
techniques will help reduce complications associated 
with open surgeries and expedite recovery times for 
patients. 
In conclusion, the evolution of orthopedic screws is a 
testament to the continuous efforts in medical 
engineering and surgical innovation.  
By addressing current challenges and leveraging 
emerging technologies, the next generation of 
orthopedic screws will not only improve fixation 
stability but also contribute to better patient 
outcomes through enhanced integration, reduced 
risk factors, and increased longevity.  
The field remains dynamic, and with ongoing 
research and collaboration among multidisciplinary 
teams, orthopedic fixation is expected to reach new 
heights in safety, efficacy, and functionality. 
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