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2010;187:295-8. doi: 10.1016/j.cbi.2010.01.005. PubMed PMID: 20060815; PubMed Central PMCID:
PMC2998607.
eJavan S, Tabesh M. Action of carbon dioxide on pulmonary vasoconstriction. J Appl Physiol. In press 2005
Complete Book:
¢ Guyton AC: Textbook of Medical Physiology. 8th ed. Philadelphia, PA, Saunders, 1996.
Chapter in Book:
e Young VR. The role of skeletal muscle in the regulation of protein metabolism. In Munro HN, editor:
Mammalian protein metabolism. Vol 4. San Diego; Academic; 1970. p. 585-674.
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Bone Surface Preparation: Proper preparation

of bone surfaces before cementation is

essential to ensure adequate cement

penetration into the bone and has been shown

to significantly reduce component

micromovement. Bone debris, blood, and fat
should be removed using pulsatile lavage.

Pulsatile lavage provides better cleaning,

increases the depth of cement penetration into

the bone, and improves the bond strength

between the cement and bone!3%:32,

Drying: Bone surfaces should be completely dry
before cementation. Drying can be achieved
using suction, swabs, or intraosseous negative
pressure suction catheters. Ensure that no
debris, soft tissue, fat, or blood obstructs the
spongy bone surface*”33),

Drilling: Sclerotic surfaces should be drilled to
ensure adequate cement penetration. Drilling
improves both cement penetration and pull-
out strength434),

The Role of a Tourniquet in TKA and Cement
Application Tourniquet Use: While tourniquets
can provide a bloodless surgical field,
improving visualization and creating a dry bone
surface for cement application which can
improve fixation®, recent studies, such as that
by Ahmed et al., suggest that their use in TKA
might be associated with increased risks of
postoperative complications like venous
thromboembolism, infection, reoperation, and
pain®®®. Despite the initial advantages of a
tourniquet-free technique, concerns remain
about the long-term effects of cement
contamination by blood, which could lead to
poor component fixation and reduced implant
survival. However, surgeons who continue to
use tourniquets generally agree that it should
at least be inflated during the cementing
process?.

Generally, these recommendations
considered for cement application®:
Cement Viscosity and Additives: Medium or
high-viscosity cement with an antibiotic is
generally recommended.

Mixing: Cement should be mixed under
vacuum.

should be
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Cement Application: Apply cement to both the
posterior surfaces of the femoral and tibial
components, as well as to the bone surfaces.
Also, the tibial component keel should also be
coated with cement.

If there is blood, water or fat on the surface of
the cement, it must be removed before placing
the implant.

Applying cement to the posterior aspect of the
tibial component can prevent contamination
and improve pull-out strength.

Instruments may facilitate cement application
during the wet phase, and cement guns have
been shown to improve both cement
penetration and coverage.

Component Pressurization: Both femoral and
tibial components should be pressurized using
an impactor.

Post-operative Positioning: The knee should be
held in a fixed position during the cement
curing phase to minimize micromovement.
Avoid Extreme Positions: Avoid hyperflexion or
hyperextension of the knee.

Conclusion

The cementing technique is associated with the
loosening of the prosthesis and can lead to early or
late joint replacement failure and the need for joint
replacement.

Therefore, it is essential to use a precise cementing
method at the time of placing the joint prosthesis to
avoid aseptic loosening and, as a result, early failure
of TKA.
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Cementing Techniques

There are two primary techniques for applying
cement in TKA®:

1. Fully Cementing: In this technique, the entire
tibial plateau and tibial canal are filled with
cement.

2. Surface Cementing: Here, only the surface of

the tibial plateau is covered with cement.
There is ongoing debate about which technique is
superior®. Previous studies have shown that full
cementing provides better fixation, reduced
micromovement, and greater long-term stability®.
However, other studies have indicated that surface
cementing offers adequate prosthesis stability and,
by applying more load to the tibial plateau surface,
helps maintain bone density and underlying bone
structure”?®),  Conversely, opponents of surface
cementing argue that this technique does not provide
sufficient fixation®. A laboratory study demonstrated
that full cementing, compared to surface cementing,
applies less stress to the cancellous bone beneath the
tibial component and confirmed that full cementing
leads to greater bone ingrowth in the proximal tibia®.

Cement Viscosity

Cement can be classified into three categories based
on viscosity?”28);

High Viscosity Cement (HVC): This cement has a short
doughing phase and a long working phase.

Medium Viscosity Cement (MVC): This cement
has both a long doughing phase and a long
working phase.

Low Viscosity Cement (LVC): This cement has a
long doughing phase and a short working
phase.

An example of a high-viscosity cement is Palacos,
which contains the antibiotic gentamicin and is
manufactured by Zimmer®??. An example of a
medium-viscosity cement is Simplex, which contains
the antibiotic tobramycin and is manufactured by

Stryker(3),
In general, bone cements are sensitive to
temperature, and any increase or decrease in

temperature (whether from the environment, the
cement components, or the mixing equipment) from
the recommended 73 degrees Fahrenheit (23
degrees Celsius) affects the properties of the cement
and its working time. It is recommended that the
unopened product be stored at 73 degrees
Fahrenheit for at least 24 hours before use. Manual

(
{
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handling of the cement and transferring body heat to
it can shorten the working time of the cement.
Simplex Cement Mixing!*>3%: All of the powder should
be placed in an empty container, and then the liquid
should be added (the powder should not be added to
the liquid). When the cement is to be manually
applied at the implantation site, the mixing of the
liquid and powder should continue until a doughy
form is created that does not adhere to the surgical
glove. This mixing process takes at least 4 minutes.
For use with a cement gun, the mixing process takes
1 to 2.5 minutes. The cement is then loaded into the
injection device and used.

Palacos Cement Mixing®®: The liquid is first poured
into a container, and then the powder is added and
mixed with a spatula until it becomes doughy, which
usually takes about 30 seconds. It is important to
avoid trapping air in the cement during mixing. After
mixing, the cement should rest for 1-2 minutes to
reach the appropriate viscosity. The end of the
resting phase is when the cement no longer adheres
to the surgical glove, and at this point, a syringe or
other cement application methods can be used.
When the cement becomes rubbery, the working
time of the cement is over, and the cement should
not be applied.

Depuy Cement: Application and Technique Mixing:
The powder is placed in a container first, followed by
the liquid. Mixing continues until a doughy
consistency is achieved that does not adhere to the
surgical glove. The mixing process takes 2 minutes,
and the working time is approximately 6 minutes. It is
crucial to avoid trapping air during the mixing
process. Cement Gun Use: When using a cement gun,
the surgeon should visually assess the injection time.
A small amount of cement should be extruded from
the syringe to ensure that the cement surface is
opaque and that there is no excessive flow of cement
under gravity. It is recommended to place a cement
restrictor in the prepared bone cavity at an
appropriate depth before injecting the cement.
Application: After filling the canal, sufficient pressure
should be applied, and the component should be
placed when the cement has sufficient viscosity to
resist excessive component displacement. Note:
Additives such as antibiotics should not be mixed with
this cement as they can alter the cement's properties.
Expert Consensus on Cementing Technique (2023)
Based on a 2023 Expert Consensus study, the
following technique is presented as the most
comprehensive cementing technique in TKA®?):

]
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With the increasing prevalence of TKA, it is essential
to improve surgical techniques, particularly
cementing techniques, to prevent increased failure
rates in primary TKA and reduce the associated costs
of revision surgery?. In general, the factors affecting
cementation include cementing technique and the
properties of the cement itself. To date, there is no
consensus on which patients should receive
cemented or cementless TKA@. In the following
sections, we will explore the various factors that
influence cement application to investigate the most
appropriate cementing techniques for knee
replacement.

This narrative review involved a search of the
MEDLINE electronic database for articles published
between 2000 and 2024. The inclusion was limited to
articles on total knee replacement in adult patients.
The exclusion criteria were non-English-language
articles. All articles were initially screened based on
title and abstract. Eventually, articles related to TKA
cementing techniques were included. Also, the
references of the extracted articles have been used
as a source in writing this paper.

The most important factors that influence the
outcomes of cement application will be discussed
below:

Cement Penetration

Studies have shown that the penetration of cement
into the bone plays a key role in the strength of the
prosthesis. Factors that improve cement penetration
include: a dry and porous bone bed, venting of the
tibial metaphysis, use of low or medium viscosity
cement, hand packing, a working time of 3-4 minutes,
low room temperature, and storing the cement at a
low temperature®,

Depending on the quality of the bone and the
porosity of the cancellous bone, the cement can
penetrate to varying degrees from the bone cut
surface, creating a bond between the cement and the
bone!”®.

The amount of cement penetration into the
cancellous bone indicates the stability of the implant
in joint replacement with cementing®. For cement to

(
\
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penetrate at least one level of bone trabeculae, a
cement thickness of 2 mm is required, and a thickness
of 3-4 mm is optimal*®-?,

Cement penetration of 1.5 mm or less into the
cancellous bone usually results in higher radiolucency
and lower tensile strength associated with early
implant micromotion*®. Other factors affecting
cement penetration include:

In cases where the tibial surface has sclerotic bone
and cement penetration into the bone trabeculae
may be impaired, drilling the sclerotic bone can
improve cement penetration*¥.

The use of pulsatile lavage increases the chance of
cement penetration compared to conventional
lavage as pulsatile lavage provides more effective
debridement*%9),

The bone can be adequately dried using suction and
laparotomy sponges®).

The negative pressure created by the holes in the
tibial jig pins increases the chance of cement
penetration into the bonel1%1617),

The use of a spatula or finger packing can ensure
adequate cement penetration(!>8),

Regarding the use of a cement gun, it is important to
note that one study reported excessive cement
penetration into the bone*?, while another study
reported that the cement gun provided the greatest
stability and the least micromovement®?,

In addition to the above, prolonging the setting time
of the cement increases the flow of the cement and
facilitates cement penetration. Using high-viscosity
PMMA compared to medium-viscosity PMMA
reduces the amount of penetration?®. On the other
hand, storing the cement at a low temperature and
high humidity during mixing prolongs the setting time
of the cement*2Y),

Mixing the cement under vacuum reduces the setting
time by 2 minutes??, and the time of application of
the cement after mixing is inversely proportional to
the amount of cement penetration(?,

Although the maximum setting temperature of
cement during hip replacement is 48°C, it should be
noted that the temperature of the knee joint with the
use of a tourniquet and without the cooling effect of
blood may be higher. Also, collagen denatures when
exposed to temperatures above 56°C for an extended
period*?3),

A thick cement layer, high ambient temperature, and
an increased monomer-to-polymer ratio increase the
temperature of the cement during the setting
phase®,

]
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Cementing Techniques in Total Knee Arthroplasty
(Review Article)

Abstract

Total Knee Arthroplasty (TKA) is a surgery performed to treat patients with advanced knee osteoarthritis. Currently,
about 95.3% of knee arthroplasties are performed using the cemented technique. Since the introduction of
Polymethylmethacrylate (PMMA) cement, it has played a primary role in arthroplasty. Cementless fixation may
lead to better survival rates in selected patients, while cemented TKA is believed to have lower infection rates.
With the increasing number of TKAs, improving cementing techniques is essential to reduce primary TKA failure
and avoid revision surgeries. A narrative review was conducted by searching the MEDLINE database from 2000 to
2024 to investigate the most appropriate cementing techniques in knee replacement. Recent studies have
identified several factors affecting the results of cement placement in TKA, such as cement penetration depth,
cementing technique, and cement viscosity. Preparing the bone surfaces before cementing is essential to ensure
adequate cement penetration. Bone surfaces must be thoroughly dried before cementing. For optimal cement
penetration, sclerotic surfaces should undergo drilling. Poor cementing technique is associated with loosening of
the prosthesis leading to early or late joint replacement failure. Therefore, it is essential to use an accurate
cementing method at the time of TKA to avoid aseptic loosening and, early failure of TKA.
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Introduction

Total Knee Arthroplasty (TKA) is an effective surgery for treating patients with
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SRR carly failure due to underlying factors®. Currently, about 95.3% of knee

(SO ETELRVIVESIRGHVECEIN arthroplasties are done using the Cemented technique?®. Since its
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introduction in 1950, Polymethylmethacrylate (PMMA) has played a major role
as the cement material in arthroplasty!®. Some studies suggest that cementless
fixation can provide better survival rates in younger or obese patients, while it
is believed that cemented TKA has fewer infectious complications. However,
there is no significant research showing a difference in survival rates between
the two methods over a 10-year follow-up, regardless of age or BMI®). With
advancements in technology for producing polyethylene and implants, along
with improvements in TKA surgical methods, aseptic loosening is now
recognized as a leading cause of TKA failure and revision and in new studies,
the prevalence of aseptic loosening has been reported in men and women
under 50 years at 5.9% and 6.4%, respectively®. Almost 11% of revisions
performed in the first year after primary TKA are due to tibial component
aseptic loosening at the cement-component interface. One study identified
that the most important factors responsible for early prosthesis loosening at
the cement-component interface of the tibial component were related to
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The patient reported no significant complications,
and functional recovery was assessed as satisfactory.
Preoperatively, the patient’s visual analog scale (VAS)
score was 9, which decreased to 1 at three months
postoperatively. Additionally, the Harris Hip Score
was reported as 83.

This report describes the surgical management of a
unique case of a young patient with a nondisplaced
femoral neck fracture and a history of knee
disarticulation. The novel Iateral decubitus
positioning used in this case provided the surgeon
with easier access to the injured site. Although
femoral neck fractures are more common in older
adults, their treatment in young and active patients—
particularly those with a prior knee disarticulation—
requires meticulous planning. The lateral positioning
technique recently described by Pisoudeh et al. offers
intraoperative advantages over traditional fracture
table approaches®. The total operative time in this
case was 90 minutes, which is longer than the
durations reported by Shuang G. Yan et al. .
However, the patient preparation time in this case
was shorter compared with single- and dual-C-arm
groups reported by Hee Lee et al. ®. It is important to
note that this report describes a single case, and
surgical times may vary depending on fracture
complexity and surgeon experience. This positioning
approach can be applied in patients with below-knee
amputations or hip/knee flexion contractures®. A
major advantage of this position is the reduced risk of
contamination of the surgical field during C-arm
imaging. In procedures performed on a fracture table,
optimizing intraoperative C-arm imaging can be
challenging and increases the risk of contamination
for both the sterile field and the surgeon. In the
lateral decubitus position described here, the C-arm
can be adjusted freely without obstructing the
surgical field, minimizing contamination risk.
Furthermore, in this patient, lateral views of the
proximal femur were obtained without repositioning
the injured limb, simply by adjusting the C-arm angle,
resulting in superior lateral visualization compared
with fracture table techniques. This approach also
reduces the risk of loss of reduction, particularly in
displaced fractures, and limits contamination of the
surgical site. Additionally, it optimizes surgical
workflow, keeping the C-arm outside the sterile field
without interfering with the surgeon’s movements or
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position. Despite the improved lateral visualization,
fluoroscopic imaging may be more challenging for
some surgeons. These results cannot be generalized;
although surgical outcomes were excellent, surgeon
comfort and visibility compared with other positions
may vary. To date, studies using this new positioning
technique are limited to case reports. Furthermore,
given the patient’s prior lower-limb amputation,
patient-reported outcome measures (PROMs) may
differ from those of individuals with intact lower
limbs.

Conclusion

The lateral decubitus position in patients with a

history of knee disarticulation demonstrated
promising intraoperative and  postoperative
outcomes for femoral neck fracture fixation.
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The right lower limb (the injured side) was then
carefully elevated, and a cushion and soft pad were
positioned underneath it to ensure alignment with
the trunk, prevent pressure injury, and minimize
muscle contraction. Once the legs were positioned,
the lateral decubitus posture was stabilized using two
side supports placed at the posterior and anterior
aspects of the trunk. Since the fracture was
nondisplaced, no reduction maneuver was required.
Before skin preparation and draping, the adequacy of
alignment was confirmed fluoroscopically. After
verifying proper patient positioning, the right lower
limb was prepared and draped from the iliac crest to
the distal end of the prosthetic limb, and the incision
site was marked. A 5-cm longitudinal incision was
made just below the greater trochanter. A guide pin
(K-wire) was first inserted from the same region
beneath the trochanter into the inferior portion of
the femoral neck along the tension side. Two
additional guide pins were then placed parallel to the
first, in the central and superior regions of the
femoral neck. Drilling was performed over the guide
pins using a cannulated drill bit. Fixation was
achieved with three 6.5-mm titanium cannulated
screws (lengths: 100 mm, 100 mm, and 105 mm) and
two washers. All steps were performed under
fluoroscopic guidance. To obtain an anteroposterior
(AP) view of the right hip, the C-arm was positioned
posterior to the patient, with its arm adjusted in a “C”

Figure 4: Intraoperative fluoroscopic images showing
the anteroposterior and lateral views of the hip,
as well as the positioning of the C-arm during the

procedure.
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configuration. For lateral imaging, the device was
kept in the standard zero-degree position without
additional angulation. In this setup, the contralateral
limb, being flexed, did not obstruct visualization of
the injured hip (Figure 4).
Estimated intraoperative
approximately 50 mL.

The total operative time was 10 minutes from patient
preparation to incision, and 80 minutes from skin
incision to wound dressing.

blood loss  was

Postoperative Details

Following surgery, the patient was instructed to
maintain a non—weight-bearing protocol for two
months, similar to standard management for patients
with nondisplaced femoral neck fractures without
amputation(®.

Due to the right knee disarticulation, he was also
advised to wear his prosthetic limb during this period
to reduce gravitational stress on the hip joint and
minimize compensatory leaning toward the
contralateral side while standing.

The patient was advised to avoid weight bearing on
the operated limb for two months postoperatively,
followed by partial weight bearing with the use of his
prosthesis and a walker for an additional month. At
the three-month follow-up, radiographic evaluation
demonstrated signs of bone union (Figure 5).

Figure 5: Three-month postoperative
radiograph showing fixation of the femoral
neck fracture with three screws and evidence
of partial bone healing.
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Preoperative Evaluation

A 40-year-old man presented to the hospital with
severe lateral hip pain following a low-height fall.
Radiographs and computed tomography confirmed a
nondisplaced femoral neck fracture (Figure 1 and 2).
No signs of associated hip joint injury or avascular
necrosis were identified. Due to the patient’s intense
pain and muscular rigidity, a complete assessment of
the hip joint was not feasible, although a noticeable
limitation in the range of motion was observed in all
directions. Two years prior to this admission, the

Figure 1: Preoperative anteroposterior radiograph
of the right hip showing a nondisplaced femoral
neck fracture

Figure 3:
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patient had undergone knee disarticulation due to
severe tibial trauma and was ambulating with a
transtibial prosthetic limb. Consequently, vascular
and neurological evaluation of the affected limb was
not feasible. The patient reported that before the
recent trauma, he had full range of motion of the hip
joint and was able to bear full weight on the affected
limb. The patient was admitted 24 hours before
surgery. Following induction of general anesthesia,
his position was changed from supine to left lateral
decubitus (Figure 3). A Mayo stand was placed
beneath the patient’s left lower limb (the sound
limb), and both the hip and knee were safely flexed
to approximately 45 degrees over the stand.

Figure 2: Preoperative coronal CT scan
demonstrating a nondisplaced
fracture of the right femoral neck.
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Lateral Decubitus Position for Hip Fracture Fixation

in a Knee Disarticulation Amputee
(Case Report)

(Abstract \

Femoral neck fracture is one of the most disabling affections in older patients. The usual surgical position in fixation
of femoral neck fracture is the supine position on radiolucent fracture table. A technique of placing the patient in
lateral decubitus position has been reported. This report describes this position in a patient with prior knee
disarticulation. A 40-year-old man with a right hip fracture (Pauwels I, Garden Il) fracture with a previous knee
disarticulation secondary to extensive tibial trauma underwent close reduction and internal fixation in left lateral
decubitus position. The knee and hip joint were flexed to 45° securely on the Mayo stand. Then, the patient's
affected limb was lifted, and a pillow - pad was placed under it. This position was supported by two side supports
-one on the back and one on back of trunk. Improving C-arm accessibility and adjustment, leading to reduction of
contaminating, a more accurate lateral view of the proximal femur, decreasing the risk of reduction loss, optimizing
the workflow, and more suitability in complex patients are the benefits seen in this case. On the other hand,
increasing total surgical time, and harder fluoroscopy adjustments were the challenges. In this patient with prior
disarticulation, lateral decubitus position for femoral neck fracture showed promising intra and post-operative
results.

Keywords: Femoral neck fractures, Patient positioning, Disarticulation, Knee.
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Introduction

Femoral neck fracture is among the most disabling injuries occurring in the
elderly population. It accounts for approximately 45% of all proximal femoral
fractures. With the progressive aging of societies, its incidence continues to
rise. Depending on the patient’s age, comorbidities, bone mineral density,
and level of daily activity, the surgical management options for elderly patients
range from closed or open reduction with internal fixation to arthroplasty or
hemiarthroplasty. However, in certain younger patients under 50 years of age,
internal fixation remains the preferred choice. The primary surgical goals in this
age group include prevention of nonunion and osteonecrosis, as well as
preservation of the femoral head??.

The most common surgical position for proximal femoral procedures is the
supine position on a fracture or radiolucent table. Other reported positions
include the lateral decubitus and prone positions on a radiolucent table*?. In
2023, Pisoudeh et al. introduced a novel surgical positioning technique in two
young patients with subtrochanteric fractures, in which the patient was placed
in a lateral decubitus position on a radiolucent table with anterior and
posterior supports. The uninjured leg was flexed at a 45-degree angle, and a
large cushion was positioned beneath the injured limb. The C-arm was placed
on the contralateral side of the surgeon, perpendicular to the long axis of the
table®. The present report describes the surgical technique, positioning
details, potential advantages and challenges, intraoperative lateral imaging
accuracy, and postoperative outcomes in a 40-year-old man with a femoral
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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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without the need for multiple locking screws®*?.
Additionally, biomechanical evaluations suggest that
hybrid constructs, combining intramedullary screws
with external fixation, can improve outcomes in
complex fractures where conventional methods are
insufficient4d),

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**?. 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'*,
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*¥.
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%, Although
extramedullary fixation provides strong mechanical
support, potential drawbacks include increased
surgical exposure, soft tissue irritation, and higher
infection risk compared to intramedullary
techniques*4®),

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.
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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.

Conclusion

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.
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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*?”). To address this, torque-limiting
devices have been developed to prevent over-
tightening, ensuring consistent screw engagement
while minimizing the risk of implant failure?®,
Additionally, cement augmentation techniques can
be used in cases of poor bone quality to enhance
fixation strength by increasing screw-bone contact
area®®, Some modern orthopedic screws are
designed with built-in torque indicators, allowing
surgeons to precisely control insertion force and
reduce the incidence of biomechanical failure3?.

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®3Y). However, power-assisted screwdrivers
are increasingly used for faster and more consistent
insertion, particularly in procedures requiring
multiple screws*3?. 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®?),
Another key consideration is the trajectory of screw
insertion. Orthopedic screws should be placed
perpendicular to the fracture plane to maximize
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compression and stability®**. In cases where
angulated insertion is required, preoperative
planning with computer navigation systems can
enhance accuracy and prevent malpositioning™®.
Cannulated screws, commonly used for minimally
invasive procedures, require precise guidewire
placement before final insertion to ensure optimal
alignment™*. In spinal surgery, robotic-assisted
insertion techniques have been introduced to
improve screw accuracy and reduce the risk of neural
or vascular injury®3®),

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®37),

Studies have shown that intramedullary screws
distribute load more evenly along the bone axis,
reducing stress concentrations and lowering the risk
of implant failure®®. However, precise insertion
technique is critical, as malalignment can lead to
rotational instability and delayed healing!*3®. Recent
advancements in intramedullary fixation include the
development of expandable nails that conform to the
medullary canal, providing enhanced stability

]
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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*'? (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®3),

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*4),

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
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their critical role in fixation

techniques*),

orthopedic

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*'®. Studies indicate
that high-speed drilling generates excessive heat,
which can lead to thermal necrosis, compromising
bone integrity and healing outcomes*”). In contrast,
low-speed drilling with adequate irrigation minimizes
heat generation, reducing the risk of osteonecrosis
and improving screw purchase*®. 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*'?, Another essential
factor is the use of pilot holes, which help in precise
screw placement and minimize stress fractures
around the drilled area™®. Pre-drilled holes reduce
insertion torque and prevent excessive bone
compression, which is particularly relevant for self-
tapping screws'*?Y), 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®??. 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*?® (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®?, Studies show that optimal
insertion torque should be within 70-80% of the
maximum pullout strength to achieve adequate
fixation without compromising bone integrity*?°.
Excessive torque can cause microfractures or
stripping of the bone threads, whereas insufficient

torque may result in implant instability and
failure?®),
J
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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!*®,

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 %%,

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™® (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
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maximum stability. Intraoperative fluoroscopy is
often used to verify correct screw placement,
reducing the risk of malpositioning and implant
failure(%®),

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(%”).

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(°%),

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!®.

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(*19,

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**Y,
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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®®®.
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®®,

These screws play a critical role in length restoration
following long bone fractures, including femoral shaft
fractures and tibial malunions®”. 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®®. 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®
(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*®,
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.

[ 142 )

Iranian Journal of Orthopaedic Surgery
Vol. 23, No. 3 (Serial No. 90), Summer 2025, p. 133-152

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!*® (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(*%?.

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




Iranian Journal of Orthopaedic Surgery
Vol. 23, No. 3 (Serial No. 90), Summer 2025, p. 133-152

non-unions. Headless lag screws, such as Herbert
screws, are preferred in articular surfaces to minimize
implant prominence® 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(®4 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®).

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® (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®”,

Studies have demonstrated that locking compression
screws offer enhanced biomechanical stability
compared to non-locking designs, particularly in
osteoporotic bone®,

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®

A Review on the Application and Role ...
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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®®. The design features
of cortex screws include a fully threaded shaft,
ensuring strong hold and resistance to loosening
under load-bearing conditions®¥. These screws are
frequently used for small fragment fixation,
particularly in fractures involving the distal radius,
metacarpals, and foot bones®?. Clinical indications
for cortex screws include their use in fracture
compression, plating constructs, and syndesmotic
stabilization in the ankle joint®®. Recent
biomechanical studies suggest that dual cortical
screw fixation offers superior rotational stability
compared to single screw constructs in treating distal
fibular fractures® (Figure 14).
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Figure 14: Cortex screw. Image Source: AO

Surgery Reference,
https://surgeryreference.aofoundation.org
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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(®* %,

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(©® &7,

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%9,
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!7% 74,

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.
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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’% 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
rates74 7%,

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’® 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’® 7 (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(®® 8%,
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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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®>>® (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®”). 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®®.

(
\

139 ]

A Review on the Application and Role ...

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®. 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®.

Cannulated screw

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®?.

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®?. Usage guidelines
emphasize careful torque control, as excessive force
during insertion can cause bone splitting or thermal
necrosis®.

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!®.

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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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®,

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!”).

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!*®). 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*® (Figure 6).

y

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 bonel*”),

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®,
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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®®?,
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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®®?,

Technical considerations include the use of precise
drilling guides and angle control to ensure proper
screw locking, as incorrect angles can compromise
fixation stability®3.

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®® (Figure
8-10).

Figure 8: Variable Angle Locking Screws. Image
Source: AO Surgery Reference,
https://surgeryreference.aofoundation.org
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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®”). 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®®®,

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®?,

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®”’). 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*?. 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®?,

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'*?.
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Figure 4: Partially Threaded Cancellous Screws,
Image Source: AO Surgery Reference,
https://surgeryreference.aofoundation.org
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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®?).

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“.

Locking Thread Screws
Locking thread screws are specialized fixation devices
that provide angular stability when used with locking
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purchase and minimizing stress concentrations at the
bone-implant interface®). 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!?®),
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?”). 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®.

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®. 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®?,
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®?.
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®?,

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
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accommodate specific bone densities,
conditions, and fixation needs®3.

loading

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®®4.

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).
=& 1
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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®. 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®®®. The clinical
applications of cortical screws are extensive,
including diaphyseal fracture fixation, bone plate
fixation, and interfragmentary compression. They are
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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™’).

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!*®.
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®,
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
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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®?. Additionally, their
lower stiffness compared to stainless steel minimizes
stress shielding effects and allows for better load
sharing with bone®V, 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®??.  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!?. 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®?.

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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In the mid-20th century, the introduction of titanium
alloys revolutionized implant technology due to their
superior strength-to-weight ratio and corrosion
resistance®.

The AO (Arbeitsgemeinschaft far
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!”),

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®. The development of patient-
specific implants using additive manufacturing has
recently emerged as a promising approach to
enhance surgical outcomes®.

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®?. This
issue has led to the development of locking screws
and augmentation techniques, such as cement
reinforcement, to enhance fixation strength*,
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™?.
Additionally, improper screw placement can result in
iatrogenic injuries, such as nerve damage or joint
penetration, underscoring  the need for
intraoperative imaging guidance!*3.

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®. Research into bioactive
coatings, which enhance osseointegration and
antimicrobial resistance, aims to address these
limitations and improve clinical outcomes*®,

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.

Iranian Journal of Orthopaedic Surgery
Vol. 23, No. 3 (Serial No. 90), Summer 2025, p. 133-152

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(®),

<«—— Major diameter —

< Single
g — depth
—— — P Crest
; — = _¥
=== *
& é ? ’ F’::h
¢ é?h [}
"
= — » L Root

Figure 1: Components of the Screw. Reference:
AO Surgery,
https://surgeryreference.aofoundation.org
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A Review on the Application and Role of Different Screws in Orthopedic Surgery
(Review Article)

ﬁbstract \

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.
Keywords: Orthopedic fixation devices, Internal fixators, Bone screws, Pedicle screws.
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Introduction

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™. 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'?.

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®. 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®.

The history of orthopedic screws dates back to the early 19th century when
metal implants were first introduced for bone fixation. The earliest designs,
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proximal region in 9 of 23 patients. Trabecular
necrosis was observed in 14 of 32 patients, and tissue
necrosis in 4 of 33 patients. Ultimately, 30 of 33
patients achieved solid bone union with this
method™,

In the study by Severo et al., vascularized grafts
demonstrated union rates ranging from 27% to 100%,
whereas patients with AVN had a minimum union
rate of 12.5%. Nonvascularized grafts showed union
rates between 52% and 100%, which remained
consistent even in the presence of necrosis*®.

In the present study, MRI findings revealed that most
patients exhibited nonunion, and 15 of 43 patients
had both AVN and nonunion simultaneously.
Nevertheless, we achieved 100% union with
nonvascularized grafting, even among patients with
AVN.

The recommended immobilization period for
nonvascularized grafts ranges from 4 to 6 months,
whereas for vascularized muscle-based grafts with
pin fixation, union and immobilization periods range
from 7 to 16 weeks?. In our study, the mean time to
radiographic union from surgery to complete
recovery was 5 months.

This study has few limitations. As a cross-sectional
study, causal relationships cannot be established. Its
descriptive nature limited further analysis and
interpretation of data. Additionally, the sample size
was relatively small.

Conclusion

The present study demonstrates that
nonvascularized bone grafting resulted in
radiographic union of the scaphoid in all patients,
including those with AVN, indicating that this method
can be effective in promoting scaphoid healing.
During the follow-up period, no signs of osteoarthritis
were observed. All patients were able to perform
daily activities with the affected hand, and none
reported functional limitations. Postoperative
complications occurred in 30.2% of patients,
manifesting as mild pain or limited wrist motion.
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Table 3: Clinical Characteristics of Patients

Variable Frequency Percentage
Postoperative Complication Yes 13
P P No 30
Limited Motion 6
Type of Postoperative Complication mt - I
Pain 7
L 1.0 mm K-wire 35
Type of Fixation Herbert Screw 8
Fracture Location Proximal 40
Waist 3
Yes 15
Presence of Avascular Necrosis
No 28
Nonunion 43
MRI Findings
inding Avascular Necrosis 15

Table 4: Duration of Surgery, Time from Fracture to Surgery, Time to First Radiographic Evidence of Union,

and Time to Complete Recovery

Nonvascularized bone grafting combined with rigid
internal fixation has been shown to successfully
improve healing in scaphoid nonunion fractures,
even in cases with vascular compromise, as
demonstrated by preoperative, intraoperative, and
histopathological evaluations*.

The present study was designed to assess
radiographic outcomes following surgical treatment
with nonvascularized bone grafting in scaphoid
nonunion, both with and without avascular necrosis
(AVN).

In this study, operative time, duration until union,
and union rates were evaluated. Reported union
rates for nonvascularized grafting in the literature
range from 60% to 95%, whereas vascularized grafts
demonstrate higher rates, ranging from 80% to
100%(1>:16),

Meta-analyses have shown that union rates in
vascularized graft groups are 1.13 times higher than
those in nonvascularized graft groups (P = 0.002).
Additionally, vascularized grafts achieve bony union
significantly earlier, by an average of 1.73 weeks
(P < 0.01). No significant differences were observed

§
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Variable Mean Star'1da'1rd Minimum Maximum
Deviation
Duration of Surgery (minutes) 49.16 5.98 42.00 65.00
Time from Fracture to Surgery (weeks) 36.59 47.42 6.00 206.83
Time from Surgery to First Radiographic Evidence of Union 36.59 47.42 6.00 206.83
(days)
Time from Surgery to Complete Recovery (weeks) 145.79 73.85 59.00 330.00
between the groups in functional outcomes,

including active range of motion and grip strength,
and the rates of reoperation were similar between
groups (P =0.65)"7),

In the study by Soleimanpour et al., 20 patients with
a mean age of 25.62 years (range, 17-40) were
evaluated, which is a smaller cohort than in the
present study. Seventeen fractures involved the
waist, and three the proximal pole. In contrast, in our
study, the proximal pole were the majority of the
fractures site. Pain and decreased grip strength were
reported in 11 and 9 patients, respectively.

The range of motion after surgery did not significantly
change. The number of cases reporting pain at final
follow-up decreased significantly (from 100% to
25%). Reported complications included pin fracture
(2 cases), change in occupation (2 cases), nonunion
(1 case), delayed union (1 case), and pin site irritation
(1 case)™8),

In our study, the most frequent postoperative
complications were pain in five patients and limited
wrist motion in five patients. Schneider and
colleagues treated patients with scaphoid nonunion
using nonvascularized grafts.

In their study, 35 nonunion cases were evaluated.
MRI results showed ischemia without necrosis in the
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Avascular necrosis (AVN) is a common complication
in orthopedic trauma patients. Studies have shown
that AVN occurs in 13-50% of scaphoid fractures in
the proximal fifth of the bone. AVN can result from
various causes, including alcohol consumption,
glucocorticoid use, hematologic disorders, anemia,
trauma, and fractures!®'?. This complication may
lead to nonunion or prolonged healing time, joint
destruction, and reduced treatment success!*%3,

Materials & Methods

This cross-sectional, retrospective study included
patients presenting with wrist pain to the orthopedic
departments of educational and treatment centers
affiliated with Mazandaran University of Medical
Sciences, who were diagnosed with scaphoid
nonunion. Patients were excluded if their medical
records were incomplete, radiographs were
unavailable, or if they had undergone a surgical
method different from that under investigation. The
study period spanned from 2015 to 2019.

A census sampling method was used, meaning that all
patients meeting the inclusion criteria were enrolled;
therefore, no sample size calculation was necessary.
Informed consent was assigned from the
participants. The time of operation was recorded
from the initial incision to complete skin closure.

All surgeries were performed by a hand surgery
specialist. Corticocancellous bone grafts were
harvested from the iliac crest. The Matthiessen
technique was used for grafting, and fixation was
achieved using either Herbert screws or 1.0 mm K-
wires. Postoperatively, a sugar-tong splint was
applied for two weeks and then was converted to a
thumb spica cast. Radiographs were obtained at six
weeks postoperatively to assess scaphoid union by
both the surgeon and a radiologist. Thereafter,
monthly radiographs were taken until radiographic
union was confirmed. Patients remained immobilized
in a cast throughout the follow-up period until
complete union was achieved, and healing and
complications were closely monitored. Data entry
and analysis were performed using SPSS version 24.
Continuous and categorical variables were
summarized using mean, standard deviation, median,
interquartile range, and percentages. The Shapiro—
Wilk test was used to assess normality. Comparisons
of variables were performed using the chi-square test
or Fisher’s exact test, while continuous variables
were compared between groups using independent
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t-tests or the nonparametric Mann—Whitney test, as
appropriate

A total of 43 patients were enrolled in this study. The
mean age of participants was 29.91 + 8.58 years
(range: 14-53 years). Twenty-five patients (58.1%)
had involvement of the right scaphoid, while 18
patients had the left hand affected. All patients
presented with scaphoid nonunion, and all bone
grafts used were nonvascularized. Demographic
characteristics of the study population are shown in
Table 1. The majority of fractures occurred in the
proximal region (40 patients), and all patients
presented with wrist pain. All patients underwent
MRI evaluation, with the most frequent finding being
scaphoid nonunion in 43 patients. Fifteen patients
(34.9%) also exhibited avascular necrosis (AVN)
(Table 2).

Table 1: Mean Age of All Patients

Variable | Mean Star.1da_1rd Maximum | Minimum
Deviation

Age 15901 | 858 53 14

(years)

Table 2: Frequency of Affected Side

Affected Side Frequency Percentage
Right 25 58.1
Left 18 41.9
Total 43 100.0

Fixation was achieved using 1.0 mm K-wires in 35
patients and Herbert screws in the remaining 8
patients. Complete scaphoid union was achieved in
all 43 patients following nonvascularized bone
grafting. Thirty patients reported no postoperative
complications, while 13 patients experienced
complications: six reported limited range of motion
and seven reported pain. All patients were able to
perform daily activities with the affected hand, and
none reported functional limitations. (Table 3). The
mean operative time, from the starting incision to
completion of surgery, was 49.16 £ 5.98 minutes. The
mean duration from scaphoid fracture to surgical
intervention was 36.59 t+ 47.42 weeks. The mean
follow-up period from surgery to complete recovery
was 145.79 = 73.85 weeks. The mean time from
surgery to the first radiographic evidence of union
was 36.59 + 47.42 days (Table 4).
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ﬁbstract \

Introduction: Bone grafting is the main treatment of scaphoid nonunion. In this study, we intend to evaluate
the radiographic results in patients with non-vascularized bone graft in scaphoid nonunion with or without AVN.
Materials & Methods: In a cross-sectional study, patients with scaphoid nonunion were chosen in a census
sampling method and were followed up and immobilized with plasterfor four weeks. Then a radiography was
taken and the patients were followed till the union were seen in radiography. Data were analyzed by SPSS 24.
Results & Discussion: In this study, 43 patients were admitted. The mean total age of patients was 29.91 + 8.58
years.13 patients had complications, 6 reported limited mobility and 7 reported pain. Fifteen patients (34.9)
had avascular necrosis. All patients were able to perform daily activities with hands, and none complained of
inactivity. The mean duration of first incision to the end was 49.16 + 5.98 minutes. The mean time elapsed from
scaphoid fracture to surgery was 36.59 + 47.42 weeks. The mean time from surgery to complete recovery was
145.79 + 73.85 weeks. The mean time from surgery to the first evidence of healing was 36.59 +47.42 days which
resulted in scaphoid union in all patients.

Conclusion: This study demonstrated that non-vascularized bone grafting resulted in radiographic union of the
scaphoid in all patients, including those with avascular necrosis. All participants regained the ability to perform
daily hand activities without functional complaints. Complications occurred in 30.2% of cases, mainly presenting
as mild pain and minor limitations in hand motion. These findings suggest that this technique is a safe and
effective option for treating scaphoid non-union.

Keywords: Scaphoid bone, Osteonecrosis, Bone transplantation.
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fractures are the most common fractures among carpal bones and
predominantly occur in young, active individuals. In the upper extremity,
scaphoid fractures are the second most common after distal radius fractures,
but unlike distal radius fractures, they are more frequent in young men in their
second and third decades of life®. The scaphoid is almost completely covered
by cartilage, which limits its periosteal healing potential, resulting in a high
incidence of delayed union and nonunion®*. Untreated scaphoid nonunion
may lead to degenerative changes in the wrist joint. Such degenerative
changes are more pronounced in proximal nonunions compared to distal
ones®#, Surgical intervention is indicated for scaphoid nonunion or fractures
that have failed conservative treatment. A key principle in managing the
nonunion of scaphoid is resection of fibrous tissue and nonlivable bone at the
fracture site. This procedure creates a bone defect that must be filled with a
bone graft®. Vascularized bone graft is indicated in nonunions of the proximal
scaphoid, especially in cases where the proximal fragment is necrotic or when
previous nonvascularized bone graft has been unsuccessful®. An alternative is
using of nonvascularized bone grafts, that constitute a traditional method for
achieving scaphoid union”®. Several studies have reported favorable
outcomes with nonvascularized grafts, highlighting advantages such as shorter
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Finally, TKA is a surgical procedure with significant
tissue trauma, some patients may experience
psychological distress such as depression, anxiety or
insomnia, so it is not yet clear whether the reduction
in symptoms is related to the drug's effect on mood
and anxiety or through its effect on pain pathways.

Conclusion

The findings suggest that low dose duloxetine (20 mg)
and memantine (10 mg) do not confer clinically
significant analgesic effects in TKA patients compared
to placebo. Future studies should:
1. Evaluate higher Duloxetine doses (30-60 mg)
and extended follow-up periods.
2. Investigate Memantine’s efficacy at alternative
dosages.
3. Conducting systematic reviews to harmonize
conflicting evidence on adjunctive analgesia in
orthopedic surgery
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The lack of significant differences between the
duloxetine, memantine, and placebo groups suggests
that the doses administered may not have been
sufficient to modulate pain pathways, even though all
groups followed a standardized perioperative
protocol including celecoxib, an intravenous
acetaminophen, and intravenous ketorolac.
Duloxetine is a SNRI which can modulate pain by
enhancing descending inhibitory pathways in the
CNS @ The analgesic mechanism works with
adjustment of serotonin and norepinephrine, so it
increases inhibition in pathways of pain in the brain
and spinal cord and activate parts from the prefrontal
lobe of the brain %), There are few studies suggested
that duloxetine works as an antinociceptive effect by
blocking Na* channels and inhibits nerve cell firing
due to peripheral injury ?®. Recent researches about
duloxetine’s role in TKA pain management have given
mixed findings. For instance, Piya Pinsornsak et al.
(2024) reported that low-dose duloxetine could
decrease the morphine consumption after surgery
and recovery of KOOS symptoms after six and twelve
weeks. Although, reduce pain at rest or in walking
was not significant, and consequently, low-dose
duloxetine could be wused as an adjunct to
contemporary multifaceted pain treatment after TKA
(2 This finding is consistent with our results. In our
study, duloxetine was associated with temporal
reductions in pain intensity; however, neither
intervention demonstrated statistically significant
superiority over placebo in mitigating postoperative
pain or reducing opioid demand. Yuan et al. (2022)
found that duloxetine could decrease acute pain after
surgery immediately, reduce opioid use, and facilitate
recovery, without increasing the risk of drug side
effects in patients after TKA 7).

Memantine is a non-competitive NMDA receptor
antagonist which is hypothesized to alleviate pain by
reducing central sensitization and hyperalgesia.
Memantine has a low dependency for NMDA-
receptor antagonist action and does not guide to
psycho-mimetic symptoms or dissociation at doses of
20-60 mg/day. The consumption of memantine as an
opioid-free adjunctive medication when
administered before surgery has been reported in
many studies with different results %),

The results of a systematic review and meta-analysis
by Nair et al. (2024) shows that using memantine
before operation could decrease the pain just after
surgery without uncommon adverse effects.
However, document in literature is not enough to
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recommend the use of memantine as a routine
before the elective surgeries ?®). M Saadat Fakhr et al.
(2025) in a RCT Evaluated memantine’s effectiveness
in decreasing acute pain postoperatively compared
to vitamin C in abdominal surgery patients.
Memantine significantly lowered pain scores at
24 hours and reduced narcotic use. Both groups
experienced declining pain, but memantine showed
greater reductions over time 9, Similarly in our study
both duloxetine and memantine were associated
with temporal reductions in pain intensity, neither
intervention demonstrated statistically significant
superiority over placebo in mitigating postoperative
pain or opioid demand.

According to our study a multivariate GEE model was
employed to compare pain intensity among the three
study groups while controlling for confounding
variables. Results demonstrated that only the time
variable exerted a statistically significant effect on
pain intensity reduction (P<0.05). No significant
differences were observed between the groups or
other variables in terms of pain intensity (P>0.05).
After adjusting for covariates, the mean pain intensity
decreased by 0.06 units per postoperative day, which
was statistically significant (P<0.05).

Higher opioid consumption correlated with lower
educational attainment (P<0.05P<0.05) and baseline
pain intensity, aligning with psychosocial models of
pain perception. Similarly to our study, individuals
with lower educational attainment may experience
diminished health literacy, which can lead to
heightened perception of pain or less efficient pain
coping mechanisms V). A study conducted by Hadden
et al. in 2016 revealed that reduced health literacy
correlates with higher opioid use and worse pain
results in orthopedic patients, emphasizing the role
of psychosocial factors. The intensity of preoperative
pain was a significant predictor of opioid usage 2.

Limitations

First, our clinical results were based on a small sample
size and should therefore be interpreted with
caution. Second, pain assessment was based solely
on VAS questionnaire. Combining multidimensional
tools, such as the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC), could
provide a stronger assessment of pain and functional
outcomes. Third, the three-month follow-up duration
might not reflect ongoing postoperative pain. Forth,
the study did not assess central sensitization which
are known to modulate pain perception.

]
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Table 3: Comparison of the Amount of Opioid (Morphine) Consumed Among the Three Groups,
Controlling for Confounding Effects Using a Multiple Linear Regression Model

Variable (Reference Level) Coefficient (95% Confidence Interval) P-value
Group (Placebo) - -
Memantine -0.61 (-0.87,0.12) 0.73
Duloxetine -0.70(-0.72, 0.01) 0.97
Age -0.02 (-0.05, 0.01) 0.37
Pre-Surgery Pain Intensity 0.54 (0.21, 0.87) 0.001*
Gender (Female) - -
Male -0.13 (-1.61, 0.79) 0.77
Education Level (llliterate) - -
Below Diploma -1.93 (-2.66, -0.20) 0.01*
Diploma and Above -0.28 (-1.16, 0.58) 0.51
Marital Status (Married) - -
Widowed -0.20 (-1.54, 0.67) 0.13
Family Income (Low/Medium) - -
High/Excellent -0.36 (-1.43, 0.53) 0.24
Heart Disease (No) - -
Heart Disease (Yes) -0.99 (-1.61, 0.18) 0.64

*Statistically significant (P < 0.05)

Table 4: Pain intensity in the Three Groups: Placebo, Memantine, and Duloxetine, Based on Measurement

Times

Group Before Surgery 2 Weeks after Surgery 3 Months after Surgery P-value
Placebo 8.87 +£0.90 3.96 + 0.96 1.68 £+ 0.60 <0.001*
Memantine 8.94 +0.92 3.53+0.93 1.65+0.79 <0.001*
Duloxetine 8.81+0.92 3.52+1.00 1.55+0.59 <0.001*
P-value 0.65 0.56 0.88

*Statistically significant (P < 0.05)

A multivariate Generalized Estimating Equations
(GEE) model was employed for comparison of pain
intensity among the three study groups (memantine,
duloxetine, and placebo) while controlling for
confounding variables. Results demonstrated that
only the time variable exerted a statistically
significant effect on pain intensity reduction (P<0.05).
No significant differences were observed between
the three groups or other variables in pain intensity
(P>0.05). After adjusting for covariates, the mean
pain intensity decreased by 0.06 units per
postoperative day, which was statistically significant
(P<0.05). At baseline (preoperative measurement),
the mean pain severity in the memantine and
duloxetine was 0.13 and 0.05 units higher,
respectively, compared to the placebo group.
However, these differences were not statistically
significant  (P>0.05). Furthermore, daily pain
reduction rates in the memantine and duloxetine
groups (0.0015 and 0.0012 units/day, respectively)
did not differ significantly with the placebo group
(P>0.05). A 0.15-unit higher pain intensity was

§
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observed in rural residents compared to urban
residents, though this difference was not statistically
significant (P>0.05).

This randomized controlled study aimed to instigate
the analgesic efficacy of duloxetine (20 mg) and
memantine (10 mg) administered pre- and
postoperatively in patients undergoing total knee
arthroplasty (TKA). Key findings include:

Time-Dependent Pain Reduction: Pain intensity
decreased significantly over time across all groups,
consistent with typical postoperative recovery
trajectories where inflammation and tissue trauma
gradually subside and this is consistent with Cheng,
H. Y et al system review (2025) which found that
postoperative pain declines over weeks, regardless of
pharmacological interventions 2. In our study,
neither duloxetine nor memantine demonstrated
statistically significant superiority over placebo in
reducing postoperative pain or opioid consumption.
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According to the Table 2, 28.60% of patients in the
placebo group, 6.50% in the memantine, and 19.40%
of in the duloxetine group had heart disease and
there was a statistically significant difference among
the three groups (P < 0.05). However, the observed
difference in frequency distribution of the variables
underlying disease, diabetes, hypertension, and
hyperlipidemia among the three groups studied was
not statistically significant (P > 0.05). According to the
Table 3, the comparison of the amount of opioid
(morphine  sulfate) consumed during the
hospitalization period among the three groups
studied was performed using the Kruskal-Wallis test.
The results demonstrated that the mean amount of
opioids consumed during the hospitalization period
was 5.2 £ 70.01 mg in the control group, 6.2 £ 11.29
mg in the memantine group, and 5.2 + 76.07 mg in
the duloxetine group. There was no statistically
significant difference in the mean amount of opioid
(morphine) consumed during the hospitalization
period among the three groups (P > 0.05). To
compare the amount of opioids consumed among the
three study groups while controlling for confounding
effects, a univariate linear regression model was first
fitted to the data, and then all variables that had a P
< 0.25 in the univariate state were included in the
multiple linear regression model. By adjusting the
effect of other variables in the model, the variables of
education level (below high school diploma
compared to illiterate) and preoperative pain
intensity had a statistically significant relationship
with the amount of opioid (morphine) consumed
during the hospitalization period (P < 0.05). There
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was no significant relationship between the three
groups and other variables with the amount of opioid
consumed during the hospitalization period (P >
0.05).

Specifically, by controlling the effect of another
variables in the model, the mean opioid consumption
in the memantine and duloxetine groups was 0.12
and 0.01 units higher, respectively, compared to the
placebo group, but this difference in the amount of
opioid consumed among the three groups was not
statistically significant (P > 0.05). Also, the mean
opioid consumption in patients with education below
high school diploma was 0.93 units lower compared
to illiterate individuals, and this difference was
statistically significant (P < 0.05).

The mean consumption of opioid in individuals with a
high school diploma and higher education was also
0.28 units lower than illiterate individuals, without
statistically significant difference (P > 0.05).
Furthermore, for each unit increase in pre-operative
pain intensity, the mean opioid consumption during
the hospitalization period increased by 0.54 units,
which was also statistically significant (P < 0.05).
Similarly, for each unit increase in patients' age,
opioid (morphine) consumption increased by 0.01
units, without statistically significant differences (P >
0.05). The interpretation for other variables is similar.
According to the Table 4, the comparison of severity
of pain among the three groups studied was
performed at the times before surgery, two weeks
after surgery, and three months after surgery. At all
three times studied, according to the results of the
one-way.

Table 2: Data of Patients Among the Three Groups: Placebo, Memantine, and Duloxetine

Variable Duloxetine (n=62) Memantine (n=62) Placebo (n=63) P-value
Underlying Disease 0.89
No 20 (32.30%) 22 (35.50%) 20 (31.70%)
Yes 42 (67.70%) 40 (64.50%) 43 (68.30%)
Diabetes 0.46
No 48 (77.40%) 51 (82.30%) 46 (73.00%)
Yes 14 (22.60%) 11 (17.70%) 17 (27.00%)
Hypertension 0.65
No 30 (48.40%) 30 (48.40%) 26 (41.30%)
Yes 32 (51.60%) 32 (51.60%) 37 (58.70%)
Hyperlipidemia 0.50
No 37 (59.70%) 43 (69.40%) 42 (66.70%)
Yes 25 (40.30%) 19 (30.60%) 21 (33.30%)
Heart Disease 0.006*
No 50 (80.60%) 58 (93.50%) 45 (71.40%)
Yes 12 (19.40%) 4 (6.50%) 18 (28.60%)
*Statistically significant (P < 0.05)
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distribution of quantitative variables, the
Kolmogorov-Smirnov test was used.

One-way ANOVA compared quantitative variables
across groups, while chi-square or Fisher’s exact tests
assessed gualitative variable associations.
Generalized Estimating Equations (GEE) and multiple
linear regression models were used for confounders
in comparing pain intensity and opioids use across
groups. After obtaining written informed consent,
eligible participants were requested to complete a
socio-demographic questionnaire, which collected
information on their age, gender, education level,
job, body mass index (BMI), residency, income level
and marital status and medical history, Smoking.
anesthesia duration, surgery duration, disease type
were collected from hospital documents.

All groups followed a standardized perioperative
protocol. Pain intensity was assessed preoperatively
and after two weeks and three months
postoperatively using the Visual Analog Scale (VAS;
0-10)*9). Its validity and reliability are confirmed
internationally®?® and in Iran (r = 0.88)?Y). Comparing
the analgesic effects of duloxetine and memantine on

Comparing the Analgesic Effects ...

post-TKA pain and then comparison of the amount of
opioid (morphine sulfate) consumed during the
hospitalization period among the three groups was
done.

In the present study, 187 TKA patients participated.
According to the Table 1, the mean age of patients in
the placebo, memantine and duloxetine groups were
65.97 + 7.22 years, 64.98 + 9.85 years, and 66.24 +
7.99 years, respectively. One-way ANOVA showed no
significant differences in mean age or BMI among
groups (p > 0.05).

The Chi-square test, showed that there was no
statistically significant difference between the three
groups in terms of the gender variable (P > 0.05).
Therefore, the three groups were homogeneous in
terms of age, body mass index, and gender variables.
Also, there was a statistically significant difference in
the frequency distribution of patients in the three
groups according to the level of education (P < 0.05).

Table 1: Demographic data of Patients in Three Groups: Placebo, Memantine, and Duloxetine.

Variable Placebo (n=63) Memantine (n=62) Duloxetine (n=62)
Age (Mean + SD) 65.97 +7.22 64.98 +9.85 66.24 +7.99
BMI (Mean * SD) 29.12 +3.97 29.58 +4.15 30.08 + 3.58

Gender

Female 53 (84.10%) 54 (87.10%) 53 (85.50%)

Male 10 (15.90%) 8 (12.90%) 9 (14.50%)
Education

Illiterate 24 (38.10%) 21 (33.90%) 25 (40.30%)

Below Highschool Diploma

28 (44.40%)

17 (27.40%)

25 (40.30%)

Highschool Diploma and Above

11 (17.50%)

24 (38.70%)

12 (19.40%)

Marital Status

Married 56 (88.90%) 50 (80.60%) 55 (88.70%)
Divorced or widowed 7 (11.10%) 12 (19.40%) 7 (11.30%)
Job
Homemaker 47 (74.60%) 45 (72.60%) 42 (67.70%)
Employee/Retired 5(7.90%) 13 (21.00%) 8 (12.90%)
Other 11 (17.50%) 4 (6.50%) 12 (19.40%)
Residence
City 49 (77.80%) 44 (71.00%) 41 (66.10%)
Village 14 (22.20%) 18 (29.00%) 21 (33.90%)
Income Level
Low/Medium 54 (85.70%) 45 (72.60%) 50 (80.60%)
High 9 (14.30%) 17 (27.40%) 12 (19.40%)
Smoking Status
Smoker 59 (95.20%) 56 (93.30%) 55 (91.70%)
Non-Smoker 3 (4.80%) 4 (6.70%) 5 (8.30%)

*Statistically significant (P < 0.05)

—

122

N/



Arezoo Batebi et al.

Evidence suggests that administering memantine one
hour before TKA significantly reduces postoperative
pain and morphine requirements*¥, Effectiveness of
memantine in pain relief is much greater compared
to dextromethorphan in patients undergoing
orthopedic surgery, leading to greater patient
satisfaction®®. However, the findings of various
studies on the analgesic effects of duloxetine in
postoperative pain control have been contradictory
so far. For instance, one study found duloxetine
improved chronic back pain with good patient
tolerability®, while another showed no benefit
when added to multimodal analgesia for TKA
patients®),

Despite various pain management strategies and
surgical and anesthetic techniques, pain remains a
major postoperative challenge for TKA patients™”).
Given that joint replacement is an invasive and costly
procedure performed to reduce pain, minimize
analgesic use, and improve function, effective
postoperative pain control is critical. Patients with OA
often rely on analgesics like NSAIDs or opioids, which,
particularly in the elderly, may cause significant and
sometimes irreversible side effects. Thus, identifying
drugs with fewer side effects and shorter durations of
prescription can play a significant role in pain control,
patient satisfaction, functional outcomes, and reduce
the financial burden of analgesics and opioids. This
study was designed to compare the analgesic effects
of these drugs, namely duloxetine and memantine on
post-TKA pain and reducing the need for opioids in
patients referred to Imam Khomeini and Shafa
Hospitals in Sari in 2024 (1403 Iranian calendar).

Materials & Method

This study was in accordance with the Declaration of
Helsinki. The reporting followed the CONSORT 2025
statement: extension to randomized trials and this
randomized, double-blind placebo controlled clinical
trial. The sample size was calculated according to the
study by Kim et al.*® and using the sample size
formula for the difference between population
means with only type | error control and considering
a significance level of 5%, according to the following
formula, a total of 180 patients (60 per group) was
determined.

The study was designed on 187 patients scheduled
for TKA at Imam Khomeini and Shafa Hospitals in Sari
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diagnosis of Major Depressive Disorder or other
acute and severe psychiatric disorders, no intellectual
disability, no psychotropic drug use in the past 8
weeks, absence of cognitive disorders (e.g., dementia
or delirium), and no opioid use. Exclusion criteria
included drug hypersensitivity or severe adverse
reactions, changes in treatment protocol during the
study, inability to take oral medications, pregnancy,
lactation, or use of drugs interacting with duloxetine
or memantine. Ultimately, 180 patients (60 per
group) were enrolled and evaluated for outcomes for
every protocol. They were randomly assigned to
three groups—placebo, duloxetine, and memantine.
Due to the lack of visual similarity, the drugs were
packaged in 28 packages that were completely similar
and identical in appearance by this person
- Group 1 received one 20 mg duloxetine
capsule (manufactured by Actoverco, same
batch).

- Group 2 received one 10 mg memantine tablet
(manufactured by Loghman Pharmaceutical
Co., same batch).

- Group 3 received a placebo tablet.
Patients, investigators, and staff involved in
intervention, data collection, and follow-up were
blinded to group assignments. An independent
individual, uninvolved in other study phases,
numbered and packaged the drugs.
On the morning of surgery, all patients received one
200 mg celecoxib cap and an intravenous ketorolac
injection immediately post-surgery. Postoperatively,
all received 1 g Apotel IV TDS and ketorolac IV BD. If
pain persisted despite these measures before
discharge, patients received 2 mg morphine sulfate
IV, and the amount of this medication was recorded.
Spinal anesthesia was used for all patients. Patients
were mobilized with a walker the day after surgery
and discharged on day two with 200 mg celecoxib and
325 mg acetaminophen every 8 hours for 6 weeks.
Study drugs were administered for two weeks post-
surgery, with other analgesics continued for three
months.
Demographic data and VAS scores were recorded
pre-surgery, at 14 days, and at 3 months post-
surgery. Drug’s adverse effects were monitored and
documented at each visit.
Descriptive analysis of the collected data was
performed. The data were summarized using central
tendency (mean, standard deviation) for quantitative

2024. Inclusion criteria were: inclination to variables and frequency (percentage) for qualitative
participate with informed consent, age over 18, no variables. To evaluate the normality of the
( ]
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Comparing the Analgesic Effects of Duloxetine and Memantine after Total Knee
Arthroplasty: A Double-Blind Randomized Placebo Controlled Clinical Trial

Gstract

Introduction: Osteoarthritis (OA) is a prevalent and debilitating musculoskeletal disease characterized by chronic
pain. Given the suboptimal efficacy of current analgesic drugs, identifying novel therapeutic strategies remains a
clinical priority. This double-blind randomized controlled trial aimed to compare the efficacy of duloxetine and
memantine in managing postoperative pain following total knee arthroplasty (TKA). A randomized, double-blind
placebo controlled.

Materials & Methods: A clinical trial was conducted on 187 patients undergoing TKA. Participants were assigned
into three groups: placebo (n=63), Memantine (10 mg/day, n=62), and Duloxetine (20 mg/day, n=62). All groups
followed a standardized perioperative protocol. Pain intensity was assessed preoperatively and at two weeks and
three months postoperatively using the Visual Analog Scale (VAS; 0-10). Demographic variables and opioid
consumption (morphine sulfate equivalents) were recorded during hospitalization.

Results & Discussion: The mean opioid consumption during hospitalization was 70.5 +2.01, 71.29 + 2.6, and 76.07
+ 2.5 mgin placebo, memantine and duloxetine respectively. One-way ANOVA revealed no statistically significant
intergroup differences in opioid consumption (p > 0.05). Similarly, no significant differences in mean pain intensity
were observed across groups at any timepoint (p > 0.05). However, longitudinal analysis (Friedman test)
demonstrated a statistically significant reduction in pain intensity over time within all groups (p < 0.05), consistent
with typical postoperative recovery trajectories.

Conclusion: While both Duloxetine and Memantine were associated with temporal reductions in pain intensity,
neither intervention demonstrated statistically significant superiority over placebo in mitigating postoperative
pain or opioid demand. Further research into optimal dosing regimens, longer follow-up periods, and synergistic
effects with these drugs may provide different findings in TKA pain management.

Keywords: Total knee arthroplasty, Pain, Memantine, Duloxetine.
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Introduction

Osteoarthritis (OA) is the most common joint disease, affecting approximately
15% of the population*®.However, in cases of joint destruction with clinical
symptoms such as pain, deformity, and limitation of motion, total knee
arthroplasty (TKA) is a final treatment for knee problems“® Pain is the most
important complication of all surgeries, especially TKA, and half of the patients
experience persistent pain for up to one month after TKA, which can be
distressing!®. Common interventions include prescribing non-opioid and
opioid analgesics to alleviate pain®. Duloxetine, an inhibitor of serotonin and
norepinephrine reuptake (SNRI) antidepressant with analgesic effects*?), has
approving by the U.S. Food and Drug Administration (FDA) for major depressive
disorder, generalized anxiety disorder, peripheral neuropathic pain due to
diabetic neuropathy, fibromyalgia, and chronic musculoskeletal pain
syndromes™¥, It is also recommended in some guidelines as a first choice for
treatment of neuropathic pain®?. Another analgesic, memantine, is a non-
competitive N-methyl-D-aspartate (NMDA) receptor antagonist with low-to-
moderate affinity, acting directly on the phencyclidine site of the NMDA
receptor channel®,
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absence of imaging assessments (MRI or serial
radiographs) to confirm structural changes; (3)
dropout of five patients in the intervention group,
which, although addressed by intention-to-treat
analyses, may have reduced statistical power; and (4)
lack of measurement of serum inflammatory markers
or cartilage biomarkers, which could have
strengthened clinical-laboratory correlations. Future
multicenter studies with larger sample sizes, at least
six months of follow-up, and inclusion of biochemical
indices are recommended to better establish the
durability and long-term safety of the drug.
Regarding safety, no serious adverse events were
reported in the intervention group, and the dropout
of five participants was due to mild side effects. This
finding is consistent with the favorable safety profiles
of the drug’s components reported in previous
studies®?. Nevertheless, caution is advised regarding
potential interactions of glucosamine with
anticoagulants and monitoring of renal function
during long-term MSM use

Conclusion

Daily administration of the kind of nutritious
supplement for up to two months, in addition to
standard therapy, can provide clinically remarkable
improvements in pain, symptoms, physical function,
and total WOMAC score in patients with
osteoarthritis of knee, showing a clear superiority
over placebo. Given its lower cost compared with
biologic agents and ease of administration, the kind
of nutritious supplement may serve as a valuable
adjunct in the first-line management of OA. Longer-
term trials with direct comparisons against other
common supplements are warranted to consolidate
the evidence base.
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The present study demonstrated that adjunctive
administration of the kind of nutritious supplementin
osteoarthritis of knee over a 30—60 day period led to
significant improvements in the WOMAC subscales of
pain, symptoms, physical function, and total score
compared with placebo. These differences remained
robust even after adjustment for potential
confounding factors including age, sex, and baseline
values. Only in the stiffness subscale, despite an
increase in the mean score in the intervention group,
no statistically significant difference was observed
after adjustment. This pattern suggests that the
active components of the kind of nutritious
supplement primarily exert their effects through
reducing inflammation and pain and enhancing
cartilage matrix repair, while mechanisms underlying
the perception of stiffness may require longer
intervention durations or may be more dependent on
disease burden.

Our findings are compatible with prior documents
about the beneficial effects of the key constituents of
the present formulation. The efficacy of glucosamine
and chondroitin in improving pain and function as
well as slowing joint space narrowing has been
documented in recent meta-analyses. These agents
stimulate type Il collagen and proteoglycan synthesis
and inhibit metalloproteinase production, thereby
shifting the cartilage anabolic—catabolic balance
toward repair. Methylsulfonylmethane (MSM), with
its anti-inflammatory and antioxidant properties, can
suppress NF-kB signaling and pro-inflammatory
cytokine production, thus reducing cartilage
degradation®. Vitamin D supplementation has also
been shown in both animal and human studies to
reduce pain, prevent cartilage breakdown, and inhibit
expression of MMPs, TNF-a, and IL-6*%; clinical trials
have reported that adequate dosing of vitamin D
reduces VAS pain and improves strength and quality
of life in OA patients*?). The synergistic action of
these components in a single preparation may
therefore  produce cumulative effects on
inflammatory and reparative pathways, as supported
by our findings.

It is noteworthy that improvements were also
observed in the control group, likely attributable to
standard treatments (diclofenac, physiotherapy, heat
therapy) and educational support. However, the
effect size in the intervention group was significantly
greater. Multivariate ANCOVA demonstrated that the

§
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adjusted mean differences in pain and function
scores were 16.11 and 11.19 units, respectively, in
favor of the kind of nutritious supplement.
Considering that the minimal clinically important
difference (MCID) for pain and function on the 100-
point WOMAC scale has been reported to be
approximately 10-12 units®, these results indicate
that the observed improvements are not only
statistically but also clinically meaningful.

With regard to stiffness, the absence of a significant
difference may be explained by two factors: first, the
reduced effective sample size after patient dropout
(n = 27), which limited statistical power to detect
small changes; second, the possibility that longer
treatment duration is required to improve stiffness
arising from structural alterations in the capsule and
synovium. Studies with follow-up beyond three
months have demonstrated that chondroprotective
compounds exert more pronounced delayed effects
on stiffness®; thus, future trials should be designed
with longer follow-up intervals.

Comparison with previous studies on individual
components is also important. In a systematic review,
Henrotin et al. reported that chondroitin sulfate
reduced WOMAC pain by an average of 11 units®.
The present study showed greater pain relief, which
may be attributable to the combined effect of MSM
and vitamin D. Furthermore, in a meta-analysis by
Meng et al. on biologic agents for OA, mean pain
reduction was approximately 8 units and functional
improvement about 6 units®. Therefore, the kind of
nutritious supplement provides comparable or even
superior effects within a relatively short timeframe,
and from a cost-effectiveness perspective, may hold
particular value in national treatment protocols.
From a mechanistic standpoint, the components of
the kind of nutritious supplement are likely to target
multiple pathways: inhibition of inflammatory
cyclooxygenases, reduction of free radicals, induction
of matrix protein synthesis, and modulation of nitric
oxide synthase. This multi-target approach aligns
with the multifactorial pathogenesis of
osteoarthritis®® and may explain why the total
WOMAC score improved by 14.68 units.

Despite the strengths of the study—including
randomized double-blind design, use of a matched
placebo, and control of confounders—several
limitations should be accepted: (1) the single-center
nature of the trial and recruitment from a university
clinic in  Mazandaran, which may limit
generalizability; (2) relatively short follow-up and
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Although the mean stiffness subscale score in the
intervention group was on average 4.85 units higher
than in the control group, this difference was not
statistically  significant, indicating that the
intervention did not have a meaningful effect on
reducing stiffness (P > 0.05) (Table 3).

After adjusting for the confounding effects of age,
sex, and baseline pain, a statistically significant
difference in pain scores was observed between the
two groups (P < 0.05). The mean pain subscale score
in the intervention group was, on average, 16.11
units higher than in the control group, indicating that
the intervention had a significant effect in improving
patients’ pain (P < 0.05) (Table 4).

After taking into account the effects of age, gender,
and starting abilities, a significant difference in

Evaluation of the Effectiveness of ...

performance scores was found between the
intervention and control groups (P < 0.05).

The mean function subscale score in the intervention
group was, on average, 11.19 units higher than in the
control group, suggesting that the intervention
significantly improved patients’ functional outcomes
(P < 0.05) (Table 5). After considering the effects of
age, sex, and initial WOMAC scores, we found a
significant difference in total WOMAC scores
between the intervention and control groups (P <
0.05). The mean total WOMAC score in the
intervention group was, on average, 14.68 units
higher than in the control group. This indicates that,
overall, the intervention had a statistically significant
positive effect on patients’ condition as measured by
the WOMAC questionnaire (P < 0.05) (Table 6).

Table 3: Comparison of stiffness between the two groups using multiple covariance regression analysis

adjusted for confounders

Variable (Reference Level)

Coefficient (95% Cl) P-value

Control Group

- 0.130

Intervention

4.85 (-1.58, 11.29) -

Significant at the 0.05 level. # Adjusted for age, sex, and baseline stiffness.

Table 4: Comparison of pain between the control and intervention groups using multiple covariance

regression analysis adjusted for confounders

Variable (Reference Level)

Coefficient (95% Cl) P-value

Control Group

- <0.001

Intervention

16.11 (12.47, 19.76) -

Significant at the 0.05 level. # Adjusted for age, sex, and baseline pain.

Table 5: Comparison of function between the control and intervention groups using multiple covariance

regression analysis adjusted for confounders

Variable (Reference Level)

Coefficient (95% Cl) P-value

Control Group

- <0.001

Intervention

11.19 (7.53, 14.84) -

Significant at the 0.05 level. # Adjusted for age, sex, and baseline function.

Table 6: Comparison of WOMAC total score between the control and intervention groups using multiple

covariance regression analysis adjusted for confounders

Variable (Reference Level)

Coefficient (95% Cl) P-value

Control Group

- <0.001

Intervention

14.68 (11.22, 18.13) -

Significant at the 0.05 level. # Adjusted for age, sex, and baseline WOMALC total score.
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all the WOMAC subscales and the total score
(P < 0.05). To evaluate within-group changes over
time, for comparing the mean WOMAC subscale and
total scores in the intervention group, the Wilcoxon
signed-rank test was used. In the control group,
statistically significant differences were seen in each
subscales and the total score between baseline and
post-intervention (P < 0.05).

Similarly, in the intervention group, statistically
significant improvements were observed in each
subscales and the total WOMAC score over time
(P < 0.05), indicating that the intervention effect was
statistically significant.

Comparison of WOMAC Outcomes Between
Two Groups After Adjustment for
Confounders

To compare WOMAC subscale and total scores
between the two groups while controlling for
confounding variables (age, sex, and baseline scores),
a multiple covariance regression analysis (ANCOVA)
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model was applied. The results of the ANCOVA
analyses are presented in Tables 2—6.

After adjustment for the effects of age, sex, and
baseline symptom scores, a statistically significant
difference was found in symptom severity between
two groups (P < 0.05).

Specifically, the mean symptom subscale score in the
intervention group was, on average, 15.30 units
greater than in the control group. This finding
indicates that the intervention produced a significant
effect in reducing patients’ symptom severity
(P <0.05) (Table 2).

Comparison of WOMAC Outcomes Between
the Control and Intervention Groups After
Adjustment for Confounders (continued)

After adjustment for the confounding effects of age,
sex, and baseline stiffness, no statistically significant
difference in stiffness scores was seen between the
two groups (P > 0.05).

Table 1: Comparison of Mean WOMAC Questionnaire Scores (out of 100) Between Control and

Intervention Groups Over Time

Subscale Timepoint Group - - Test result
Control Post-intervention
Symptoms Baseline 9.35+50.00 10.33+65.33 0.85
Post-intervention 8.45£03.00 10.59+31.44 <0.001*
Result <0.001%* <0.001%*
Stiffness Baseline 13.40+83.62 3.26 £55.24 <0.001%*
Post-intervention 8.501£98.00 10.58186.79 0.004*
Result 0.024* <0.001%*
Pain Baseline 6.45+46.83 4.45104.16 0.75
Post-intervention 7.51+05.38 7.67%£39.79 <0.001%*
Result 0.013* <0.001*
Function (ADL) Baseline 6.54+79.04 4.56+30.59 0.32
Post-intervention 11.59+10.55 9.74+39.40 <0.001*
Result <0.001* <0.001*
Baseline 2.48+07.10 3.48+80.03 0.45
Total WOMAC Post-intervention 7.54+13.54 7.69+33.68 <0.001*
Result <0.001* <0.001*

* Significant at the 0.05 level. Values are reported as Mean + Standard Deviation.

Table 2: Comparison of Symptom Severity Between two Groups Using Multiple Covariance Regression

Model with Adjustment for Confounders

Variable (Reference Level) Coefficient (95% Confidence Interval) P-value
Group (Control) -
<0.001*
Intervention 15.30(19.41,11.18)

* Significant at the 0.05 level. Adjusted for age, gender, and baseline symptom measurement.
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Post-intervention assessment: After 30 to 60 days,
participants were re-evaluated. Pain questionnaires
and joint function tests were completed and
recorded at follow-up.

Statistical Analysis

Quantitative variables were summarized using
measures of central tendency and dispersion (mean
+ standard deviation), and qualitative variables were
presented as frequencies (percentages). Prior to
statistical analyses, We checked if the quantitative
variables followed a normal distribution using the
Kolmogorov-Smirnov test. To compare the average
numbers between the group that received the
treatment and the group that did not, the
independent samples t-test was applied when data
followed a normal distribution; otherwise, the non-
parametric Mann—Whitney U test was used. To
compare the distribution of qualitative variables
between groups, the chi-square test or Fisher’s exact
test was employed, as appropriate.

In addition, to compare WOMAC subscale scores and
the total WOMAC score between the two groups
while controlling for potential confounders such as
age, sex, and baseline scores, a multiple covariance
regression analysis (ANCOVA) model was applied. All
statistical analyses were conducted using SPSS
version 20, with a significance level set at 0.05.

64 patients were enrolled in this study and were
randomly assigned into two groups of 32 patients
each (intervention and control group). In the
intervention group, five patients discontinued the
study due to adverse effects, leaving 27 patients who
completed the treatment protocol. In the control
group, 18 patients (56.20%) were female and 14
(43.80%) were male, while in the intervention group,
14 patients (51.90%) were female and the remaining
participants were male. Chi-square test results
showed no statistically significant difference in sex
distribution between the two groups (P = 0.73)
(Figure 1). The mean age of participants in the control
group was 58.93 + 5.65 years, compared with
59.77 + 6.44 years in the intervention group.
According to the Mann—Whitney U test, there was no
important difference in average age between the two
groups (P = 0.40) (Figure 2). Therefore, the control
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and intervention groups were comparable in terms of
age and sex.

Female
Male

Frequency

control intervention

group

Figure 1: Distribution of sex in the control and
intervention groups.
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Figure 2: Comparison of mean age between the
control and intervention groups.

Comparison of WOMAC Subscale Scores
and Total Score Between two Groups Over
Time

Based on patient responses to the 33 items of the
WOMAC questionnaire, subscale and total scores
were converted to a 0-100 scale, and higher scores
indicated better outcomes and greater improvement.
The WOMAC results are presented in Table 1.

At the start, the Mann-Whitney U test showed a
meaningful difference between the two groups only
in the stiffness measurement (P < 0.05). No significant
differences were observed in the mean scores of the
other subscales or in the total WOMAC score
between the two groups (P > 0.05). At post-
intervention assessment, Mann—Whitney U test. The
results showed differences between the control
group and the group that received the intervention in
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Current pharmacological treatments cover a wide
spectrum, and surgical interventions are reserved for
advanced cases®®. However, due to the limited
efficacy of available medications, research into novel
treatment approaches remains an area of interest.
Simotriflax tablets are supplied in packs of 60. Each
tablet contains  glucosamine  hydrochloride,
chondroitin sulfate, methylsulfonylmethane (MSM),
vitamin D3, as well as excipients such as povidone,
magnesium stearate, and croscarmellose sodium'”.
Chondroitin  sulfate and glucosamine sulfate
produces useful results on the metabolism of joint-
derived cells in experimental models, including
chondrocytes, synoviocytes, and subchondral bone
cells, each play critical roles in pathogenesis of
osteoarthritis. These compounds enhance type |l
collagen and proteoglycan synthesis in articular
chondrocytes of human, Stop the making of
substances that cause inflammation and break down
proteins, lower cell death, and help balance the build-
up and breakdown of the cartilage outside the cells
(ECM). Clinical trials have shown favorable effects of
chondroitin sulfate and glucosamine on pain and
functional outcomes, with recent meta-analyses
showing modest but significant reductions in joint
space  narrowing.  Accordingly, international
guidelines recommend these agents for treatment
ofosteoarthritis in hip and knee joints'®.
Methylsulfonylmethane (MSM), a naturally occurring
organosulfur compound found in different types of
plants, has demonstrated several biological features,
including anti-inflammatory and antioxidant effects,
in both laboratory and clinical studies. MSM has been
widely used as a dietary supplement for its analgesic,
anti-inflammatory, and antioxidant benefits®®.
Vitamin D supplementation has been shown to
significantly reduce OA-related pain, inflammation,
cartilage degradation, and levels of matrix
metalloproteinases (MMPs). In addition, vitamin D
decrease the pro-inflammatory cytokines such as
TNF-a, IL-1B, and IL-6"9.  Vitamin D2
supplementation may decrease oxidative protein
damage, alleviate pain (VAS scores), improving the
quality of life, grip strength, and physical function in
osteoarthritis of joints™*Y.

Available evidence suggests that the kind of
nutritious supplement, due to its multi-component
formulation, may reduce joint stiffness and swelling,
enhance mobility and flexibility, support cartilage
repair and regeneration, and increase synovial fluid
concentration”.  Nevertheless, further clinical
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evidence is required. This study was made to see how
well a special healthy supplement helps decrease
pain and joint function improvement in patients with
osteoarthritis of knee.

Materials & Method

This study was set up as a randomized, double-blind
clinical trial and was carried out on patients who
attended orthopedic clinics affiliated  with
Mazandaran University of Medical Sciences in 2024.
Patients were randomly dedicated to either the
intervention or control group using block
randomization.

Inclusion criteria: (1) patients aged 50-70 years
diagnosed with knee osteoarthritis confirmed by a
specialist and graded as 2 or 3 on radiographs; (2)
absence of diabetes mellitus and hypertension; and
(3) providing written informed consent to participate
in the study.

Exclusion criteria: (1) a history of systemic diseases,
(2) a history of infectious diseases, (3) a history of
vascular disorders, (4) coagulation abnormalities, and

(5) severe knee deformities or structural
abnormalities.
Intervention group (the kind of nutritious

supplement): Participants in this group received the
kind of nutritious supplement in addition to standard
therapy, which consisted of diclofenac sodium
(administered according to the recommended dosing
regimen), physiotherapy, and joint warming.

Control group (placebo): Participants in this group
received the same standard therapy as above
(diclofenac  sodium, physiotherapy, and joint
warming) along with a placebo. The placebo tablets
were identical in appearance and packaging to the
kind of nutritious supplement and were
manufactured by the same company producing the
active drug.

Outcome measures and assessment

Joint function was assessed using the Western
Ontario and McMaster Universities Osteoarthritis
Index (WOMAC), which assess pain, stiffness, and
physical function.

Baseline assessment: Before the intervention,
baseline evaluations were performed for each
participant. These included collection of
demographic data, pain assessments, and functional
joint tests.
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Evaluation of the Effectiveness of a Kind of Nutritious Supplement on Pain and Joint
Function in Patients with Knee Osteoarthritis

(Abstract \

Introduction: Osteoarthritis (OA) is a common joint problem that primarily affects the knee joint, leading to
significant disability and imposing a substantial burden on healthcare systems. Therefore, treatment aimed at
minimizing physical dysfunction in these patients is of great importance. This study aimed to assess how well a
type of nutritional supplement works to reduce pain and improve joint function in people with knee osteoarthritis.
Materials & Methods: This study was a randomized, double-blind clinical trial conducted on patients who
presented to the orthopedic clinics in one year. Patients in the intervention group received a kind of nutritious
supplement along with standard therapy, but control group received standard therapy with a placebo. Statistical
analyses were performed using SPSS version 20, with the significance level described 0.05.

Results & Discussion: The mean age was 58.93 £ 5.65 years in the control and 59.77 £ 6.44 years in intervention
groups, and no statistically significant difference between them (P > 0.05). Results from multiple covariance
regression analysis demonstrated a statistically significant difference between the two groups in terms of pain
severity, symptom scores, functional capacity, and total WOMAC score (P < 0.05).

Conclusion: Daily administration of this nutritious supplement for up to two months, in addition to standard
therapy, is recommended for patients with knee osteoarthritis. This regimen can result in clinically meaningful
improvement in pain, symptom severity, functional capacity, and total WOMAC score.

Keywords: Food assistance, Osteoarthritis, Knee, Functional status, Pain.
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ﬁ,’lazjﬁ‘;‘;f;‘ﬁ Srfisveear';ci?y g?m,\;,n;;tiigi Osteoarthritis (OA) is one of the most prevalent joint disorders, particularly
Sciences, Sari, Iran. affecting the knee joint. This condition results in progressive degeneration and
thinning of articular cartilage, bone-on-bone friction, and increased
inflammation in the synovial fluid. These processes lead to clinical
manifestations such as joint swelling, pain, reduced range of motion, stiffness,
and joint instability™. Contributing factors for knee osteoarthritis include
trauma, excessive load due to obesity, strenuous physical activities such as
mountaineering and football, genetic predisposition, as well as septic and
aseptic arthritis. The prevalence of osteoarthritis rises with age. Although it is
more commonly observed among the elderly, degenerative and inflammatory
changes of the joints can occur in adults of all ages, particularly athletes.
Osteoarthritis of knee is a common reason of disability, especially functional
impairment, and imposes considerable costs on patients and healthcare
systems®?. It is estimated that, with an aging population in the United States,
the prevalence of osteoarthritis will increase by 10-66% by 2024, thereby
greatly escalating its economic burden®. Symptomatic knee OA occurs in
approximately 12% of individuals over 60 years of age and 6% of all adults over
30 years of age in the United States®.

The primary therapeutic goals in knee OA include pain relief and preservation
of physical function. Compounds that stimulate cartilage synthesis, inhibit
cartilage degradation, and reduce intra-articular inflammation may play a key
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(2) the examination of various variables related to
osteoporosis; and (3) the use of data recorded in the
Osteoporosis Registry System of Mazandaran
University of Medical Sciences, which serves as one
of the World Health Organization’s designated
databases in Iran.

One of the main limitations of the present study is its
relatively small sample size and limited
generalizability. This is due to the fact that the study
population consisted solely of individuals who visited
the osteoporosis clinic, which may not be fully
representative of the broader population. As a result,
there is a potential concern regarding the practicality
of the findings to the general population.

Conclusion

The findings of our study indicate that the prevalence
of symptoms of depression in osteoporotic patients
was high. Therefore, depression as a significant factor
should be considered in the management of
osteoporosis. In addition, the results of this study
may serve as a basis for implementing educational
programs targeted at individuals with osteoporosis,
aiming to support improving mental health in
patients and families, particularly in managing and
reducing depression.
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The present study conducted to find the prevalence
of the symptoms of depression and associated factors
in patients with osteoporosis. This study indicated
that 68.57% of the patients exhibited symptoms of
depression. The overall mean age of participants was
63.86 + 6.80 years. Among them, 91.4% were female,
and the remaining were male. Depressive symptoms
were observed in 65.60% of women and in all male
patients. The mean age among patients with and
without depressive symptoms was 63.67 + 6.67 and
64.27 + 7.40 years, respectively.

Among patients with diabetes, 46.70% exhibited
depressive symptoms, while depressive symptoms
were observed in 85.00% of non-diabetic patients.
Additionally, depressive symptoms were present in
73.10% of patients not using antidepressants and in
55.60% of those who were.

Statistical analysis revealed a single significant
inverse relationship: patients with diabetes were
significantly less likely to present with depressive
symptoms compared to those without diabetes (P <
0.05). However, no statistically significant
associations were found between depressive
symptoms and variables such as age, gender,
substance use, smoking, corticosteroid use, current
fracture status, use of antidepressant medications, or
comorbidities including hypertension, thyroid
disease, cardiovascular disease, and rheumatoid
arthritis (P > 0.05).

Sepehrmanesh et al."*®, in a study conducted on 150
patients with osteoporosis, reported a prevalence of
depressive symptoms of 86%. Among these
individuals, 19 (12.7%) had mild depression, 47
(31.3%) had moderate depression, and 63 (42.0%)
experienced severe depression. The overall mean age
of participants was 55.50 + 9.50 years. The study also
confirmed a statistically significant association
between the symptoms severity and both psychiatric
medication and a family history of depression.
However, there was no significant associations
between the depression severity and gender, level of
education, marital status, smoking, and history of
diabetes. These findings were incoherent with our
results, a discrepancy that could be attributed to
differences in the populations and the relatively small
sample size of our investigation.

Bazrafshan et al.® examined the incidence of
osteoporosis and its association with certain
demographic indicators in patients referred to
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densitometry centers in Gorgan. Their findings
revealed a statistically significant relationship
between age and bone mineral density (BMD) in both
the femur lumbar spine. Specifically, for each unit
increase in age, BMD decreased by 0.32 in the lumbar
and 0.42 in the femur. A statistically significant
association was also observed between BMD and
body mass index (BMI) in the lumbar, whereas the
corresponding relationship in the femoral region was
not statistically significant. Moreover, no statistically
significant associations were identified between
variables such as age, gender, education level, marital
status, regular physical activity, history of diabetes, or
smoking and BMD in femur or lumbar spine. These
findings were in line with those of the present study.
Additionally, our study found that the mean values of
T-score Th, T-score spine, and T-score FN in patients
with depressive symptoms were lower than those
without. However, no statistically significant
association was found between the presence of
symptoms of depression and the bone densitometry
results (T-score Th, T-score spine, and T-score FN) (P
>0.05).

Kashfi et al.?? evaluated the relationship between
osteoporosis and depression by comparing levels of
depression in osteoporotic patients and healthy
individuals.

Their results showed that depression levels were
significantly higher in osteoporotic patient. In recent
years, many studies have found the relationship
between the depression and osteoporosis, often
yielding contradictory findings. According to a study
by Kizza'?"), patients with major depressive disorder
had less bone mineral density and a more
osteoporosis prevalence. Similarly in study of
Eskandari et al.??, on premenopausal women,
reported the association of depression with reduced
bone density. Another study also indicated that
depressive disorder was linked to decreased BMD in
femur and spine!?3,

The findings of all these studies contrast with our
results. These discrepancies could be due to factors
such as the relatively small sample size of the present
study, differences in study populations, and other
influential behavioral and biological variables such as
culture, style of life, hormone therapy, and genetic
predispositions. Nonetheless, some researchers have
reported results consistent with those of our study!?*
26)

The power of our study were: (1) including the
patients with a confirmed diagnosis of osteoporosis;
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Table 2: The Distribution of Clinical Characteristics in Osteoporotic cases based on Depressive Symptoms

Variable Total NDoepression Symptoers P-value
Anti-depression Drugs \I(\lec; 296((11000(;) Z Eiijg; 159((575%.610(;) 0.32
11 e £ P
Hypertension o T Y Y7
Thyroid disease \'(\lec; 278((11000(;) 110((135570(;) 168((86;.730(;) 0.39
Cardiovascular disease \I(\lec; 296 ((11000(;) g 8328; 177((7675.:0(;) 0.68
Rheumatoid arthritis \'(\lei 13 ggg; Z g’igg; E Eg;;g; 0.27

Significant at the 0.05 level. Values are reported as frequency (percentage).

Table 3: Evaluation of the Association Between Current Fracture Site and Depressive Symptoms in

osteoporotic Patients

Variable Total Depression Symptom P-value
No Yes
Radius 5(100) 2 (40.00) 3 (60.00)
. Wrist or ankle 10 (100) 5 (50.00) 5 (50.00)
C t fract t 0.09
urrentiracture site Lumbar vertebra 10 (100) 3(30.00) 7 (70.00)
Other 9 (100) 0 (0.00) 9 (100.00)
Significant at the 0.05 level. Values are reported as frequency (percentage)
P-value=0.96 P-value=0.32 Depression

Mean of T-score spine

Depression

Il no

Depression

Mean of T-score Th

Yes

Mean of T-score FN

L

P-value=0.20

ey

Depression

Depression
Hl no

Yes

1

.3 r

&0

-\“6

Depression

I o

Yes

Figure 1: Comparison of Mean T-Score Values of Osteoporotic Patients regarding Depressive Symptoms
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In this study, 35 patients with osteoporosis were
examined for any sign of depressive symptoms.
Depressive symptoms were found in 24 patients
(68.57%). The  demographic and clinical
characteristics of the patients are presented in Table

Depression and Associated Factors ...

significant association between diabetes and the
presence of depressive symptoms in patients with
osteoporosis according to Chi-square test results (P <
0.05).

Furthermore, depressive symptoms were observed in
73.10% of patients who were not taking
antidepressants and in 55.60% of those who were.

) However, according to Fisher’s exact test, no
1 and 2. As shown, 32 patients (91.40%) were female, .. - L
. ) statistically significant association was found
and 3 patients (8.60%) were male. Depressive . .
between antidepressant use and depressive

symptoms were identified in 65.60% of women and
all male participants. However, with Fisher’s exact
test, there was no statistically significant association
between gender and the presence of depressive
symptoms (P > 0.05).

The overall mean age of patients was 63.86 + 6.80
years and that was 63.67 + 6.67 years in depress
patients with and 64.27 + 7.40 years in no
symptomatic cases, and results from the Mann-
Whitney test showed that there is no statistically
significant difference in mean age between the two
groups (P > 0.05).

Similarly, substance use (67.70% vs. 75.00%) and
smoking (67.60% vs. 100.00%) did not show a
statistically significant association with the presence
of depressive symptoms (P > 0.05). Moreover, based
on the results of Fisher’s exact test, no statistically
significant association was found between the
corticosteroid use and presence of current fractures
with depressive symptoms in osteoporotic patients (P
> 0.05) (Tables 1 and 2).

Among patients with diabetes, 7 individuals (46.70%)
exhibited depressive symptoms, while among non-
diabetic patients, 17 individuals (85.00%) had
depressive symptoms. There was a statistically

symptoms in patients with osteoporosis (P > 0.05).
Additionally, the results of statistical analyses
indicated no significant associations between the
presence of depressive symptoms and comorbidities
such as  hypertension, thyroid disorders,
cardiovascular diseases, and rheumatoid arthritis (P >
0.05).

The prevalence of depressive symptoms based on the
site of current fracture is presented in Table 3.
Depressive symptoms were observed in 60% of
patients with current fractures in the radius, 50% of
those with fractures in the wrist or ankle, 70% of
those with lumbar vertebra fractures, and in all
patients with fractures in other regions. However,
statistical analysis showed no significant association
between the location of the current fracture and
depressive symptoms (P > 0.05).

The results of bone mineral density assessments,
including T-score values for the total hip (TH), spine,
and femoral neck (FN), based on the depressive
symptoms, are illustrated in Figure 1. As shown, the
mean T-scores for TH, spine, and FN were lower in
cases with depressive symptoms, but without any
statistically significant differences (P > 0.05).

Table 1: Assessment of the Association Between Patients’ Demographic Characteristics and the Presence
of Depressive Symptoms

Variable Total Depression Symptom P-value
No Yes
Age mean +SD 63.86+ 6.80 64.27+ 7.40 63.67+ 6.67 0.78
Sex Female 32 (100) 11 (34.40) 21 (65.60) 0.53
Male 3(100) 0 (0.00) 3(100.00)
No 31 (100) 10 (32.30) 21 (67.70)
Substance Use Yes 4 (100) 1(25.00) 3 (75.00) 0.99
. . No 34 (100) 11 (32.40) 23 (67.60)
Cigarette Smoking Yes 1(100) 0 (0.00) 1(100.00) 0.99
_ _ No 30 (100) 8 (26.70) 22 (73.30)
Corticosteroid use Ves 5 (100) 3 (60.00) 2 (40.00) 0.29
No 19 (100) 5 (26.30) 14 (73.70)
Current fracture Yes 16 (100) 6 (37.50) 10 (62.50) 0.71

Significant at the 0.05 level. Values are reported as frequency (percentage).
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Evidence also indicates that common pro-
inflammatory cytokines, such as IL-1B, INF, TNFa, and
IL-6, act as key mediators between depression and
increased  medical complications, including
osteoporosis'*?. Treatment of depression with
Selective Serotonin Reuptake Inhibitors (SSRIs)
implicated as a contributing factor to osteoporosis?.
According to the guidelines of the Canadian Network
for Mood and Anxiety Treatments (CANMAT),
patients with depression who are over 40 years of age
or have used antidepressants for more than two
years, as well as individuals who smoke, should
undergo BMD screening**,

Findings from a study by Wei-Sheng Lee et al.*)
conducted in Taiwan indicated that the odds of
developing osteoporosis among the depressed
patients are higher 1.3 times more than in non-
depressed individuals. Another study also reported a
significant relation between depression and reduced
bone density”). Sepehrmanesh et al. reported a
depression prevalence of 57.3% among patients with
osteoporosis in Iran and found a significant
association between depressive symptoms and
family history of depression also use of psychiatric
medications®),

Given the considerable and direct impact of both
conditions on patients’ quality of life—and in light of
the conflicting results across studies examining the
relationship between depression and osteoporosis—
this study was designed for finding the prevalence of
the symptoms of depression and associated factors in
osteoporotic patients.

Materials & Methods

This study was a cross-sectional analytical study was
designed on 35 cases that was diagnosed with
osteoporosis who visited the osteoporosis clinic at
Imam Khomeini Hospital in Sari in 2024. These
patients’ data were registered in the Osteoporosis
Registry at Mazandaran University of Medical
Sciences. At this center, patients presenting with low-
energy fractures and suspected osteoporosis
undergo definitive diagnosis via BMD testing and are
then registered for further specialized treatment.
Patients were selected using convenience sampling.
Inclusion criteria were:

(1) A confirmed diagnosis of osteoporosis;
(2) Informed consent;
(3) The presence of a low-energy fracture.

(
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Exclusion criteria included:

(1) missing values in registry data;
(2) incomplete questionnaires;
(3) refusal to participate.

Data Collection Instruments

Patient data included two main sources:

(1) registry records from the OSTEOPAD (FLS) system
and the Osteoporosis Registry of the Orthopedic
Research Center

(2) the Hospital Anxiety and Depression Scale (HADS)
questionnaire.

A researcher-designed checklist was used to collect
demographic and clinical information, including age,
gender, substance use, smoking, corticosteroid use,
current fracture site, BMD test results (T-scores of
Total Hip, Spine and Femoral Neck), and
comorbidities such as diabetes, hypertension, thyroid
disease, heart disease, and rheumatoid arthritis.

Hospital Anxiety and Depression Scale
(HADS)

This self-report 14-item tool evaluates the presence
and severity of depression and symptoms of anxiety
in patients. It comprises two 7-item subscales: one for
depression and one for anxiety. To reduce false
positives, somatic symptoms are excluded. Each item
has four response options scored from 0 to 3. A cut-
off score of 11 or higher is considered clinically
significant. Kaviani et al. confirmed the reliability and
validity of the Persian version*®, with Cronbach’s
alpha of 0.91 for the full scale, and 0.70 for the
depression subscale, also 0.85 for the anxiety
subscale.

Statistical Analysis

The statistical analysis included mean and standard
deviation for quantitative and frequency (percent) for
qualitative variables. To assess normality, The
Kolmogorov-Smirnov test was used. Depending on
distribution, comparisons between patients with and
without depressive symptoms were conducted using
the independent t-test or the non-parametric Mann—
Whitney U test.

For analyzing the associations between categorical
variables, Chi-square or Fisher’s exact tests were
used. All analyses were performed using SPSS version
20 at a significance level of 0.05.
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Depression and Associated Factors in Patients with Osteoporosis

ﬁbstract \

Introduction: Osteoporosis is currently a public health problem and is known as the silent disease of the century.
The complications of osteoporosis affect people's lives and lead to anxiety and depression. The main purpose of
our study is to determine the frequency of depressive symptoms and related factors in patients with osteoporosis.
Materials & Methods: The present study is an analytical cross-sectional study that was conducted on 35 patients
with osteoporosis who referred to the osteoporosis clinic of a teaching hospital between March 2024 and March
2025. Patient information was gathered using a researcher-made checklist and the Hospital Anxiety and
Depression (HADS) questionnaire. All statistical analyses were performed using SPSS 20 software at a significance
level of 0.05.

Results & Discussion: Out of the 35 patients studied, 24(68.57%) exhibited depressive symptoms. Of these,
32(91.40%) were female, and 3(8.60%) were male. Depressive symptoms were observed in 65.60% of women and
in all men. The overall mean age of the patients was 63.86+6.80 years. Among the patients, 7(46.70%) with
diabetes and 17(85.00%) without diabetes had depressive symptoms, showing a statistically significant link
between diabetes and depressive symptoms in osteoporosis patients (P<0.05). However, no statistically significant
association was found between other variables and depressive symptoms in patients with osteoporosis (P>0.05).
Conclusion: The findings of the present study suggests that the frequency of depressive symptoms is high in
patients with osteoporosis; therefore, it should be considered as an important factor in the treatment of
osteoporosis.

Keywords: Osteoporosis, Depression, Densitometry.
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Amputees are often encouraged by clinicians and
their social environment to engage in physical
activities. In contrast, patients with preserved limbs,
who fall between fully healthy and disabled
categories, are often advised to protect their limbs,
which may ultimately reduce mobility. This may
explain the higher vitality scores observed in
amputees, as these patients tend to be more active
and motivated. Other studies have shown that limb
salvage patients may experience more complications,
including prolonged hospital stays, multiple
surgeries, and sometimes non-functional limb
outcomes“>*3), Consistent with these findings, in this
study, 14 of 47 limb-salvage patients and 5 of 47
amputees required readmission for additional
surgery. Meta-analyses and study by Poutoglidou*¥
and Edelstein® similarly reported significantly lower
readmission rates in amputees. The results of the
Poutoglidou study®¥ showed that the length of
hospital stay was longer in patients with limb-sparing
therapy, while only in the Fioravanti study®“® was this
difference statistically significant. In four similar
studies*3454748) the need for reoperation was higher
in the limb-sparing therapy group than in the
amputation  group. The  meta-analysis by
Poutoglidou® also indicated that patients in the
limb-salvage group returned back to work sooner
than amputees but not statistically significant but, in
this study, the difference was statistically significant.
Although the amputation group had higher median
scores for the physical function subscale, this
difference was not statistically significant. Functional
outcomes in previous studies have been inconsistent;
some showed better physical performance in
amputees®>474952  while others favored limb-
salvage patients®¥45535%  Regarding mental health,
similar studies“>*%% reported higher depression
rates in amputees patients, but these differences
were generally not statistically significant. In the
present study, the mental health subscale was slightly
better in the amputation group, but the difference
was not statistically significant.

Poutoglidou® and colleagues also reported
significantly lower rates of infection and
osteomyelitis in amputees patients, consistent with
the findings of the present study.

Conclusion

In patients with major trauma, attempting limb
salvage compared to amputation results in longer
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hospital stays, higher rates of infection, and more
frequent repeat surgeries. After at least six months,
amputee patients had better quality of life compared
to limb salvage, particularly in terms of general health
and vitality.
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Table 3: Readmission and return-to-work in two study groups

. Amputation Limb-Salvage Chi-Square
Variable n % n % P-Value
. Yes 5 10.6 14 29.8
Readmission No 22 394 33 202 0.021
Yes 8 17.0 40 85.1
Return to work No 39 3.0 7 14.9 <0.001

Table 4: General health from SF-36 in the study groups

Variable Amputation Limb Salvage Mann-Whitney

Min Max Median Min Max Median P-Value

General Health 14 78 63 10 76 48 0.001
Pain 3 74 51 2 73 49 0.072
Physical Activity 10 71 60 18 68 55 0.329
Social Activity 5 82 63 2 75 58 0.064
Mental Health 15 71 61 18 69 57 0.112
Role Limitation 4 72 52 4 66 39 0.300

Physical
Role Limitation = 3 75 53 3 78 41 0.108
Emotional
Vitality (Energy) 10 83 64 10 73 54 0.002
Physical Component

Summary (PCS) 37 76 62 50 74 56 0.444

Patients with a major limb injury is usually need a
longer time for functional recovery®? MacKenzie
et.al reported 50% experience of severe disability in
their patents after seven years follow up'®®. This
study confirmed that older and female patients with
poor health , low income , in low educational level
with smoking history, mostly associated with poor
outcomes?®. The socio-economic level of patients
has more effect on their functional recovery than
their initial severity of trauma(?+2°),

Possibility of amputation after a blunt injury is higher
than the other types of limb injuries?-??), Two studies
reported 3% and 18% amputation after a penetrating
injury into femoral arteries?”.28),

Injury to popliteal artery in 10-15% of limbs leads to
amputation and representing the highest rate of
lower limb vascular injury. No single risk factor
reliably predicts delayed amputation”; however,
complex pain  symptoms with neurological
dysfunction will increase the risk, especially if
combined with severe foot trauma or fracture of
distal tibial in initial trauma. Although , long-term
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functional outcomes for severe limb injuries show no
significant differences between amputation and limb
salvage patients , but many patients initially don’t
want to have amputation®?.

Limb salvage procedure needs long term recovery
and also increased risk of complications and
reoperations while tolerating more stress by patients
and their families that may finally forced them to
accept the amputation®V. In the present study, the
functional status and quality of life of patients
undergoing amputation were compared with those
receiving limb-salvage surgery, revealing differences
in quality of life, specifically general health and
vitality. Individuals with lower limb amputations face
multiple challenges. The SF-36 questionnaire was
used to assess quality of life, a widely applied®23% and
validated tool in amputee populations®*3%). Some
studies, such as Dagum et al.®®, found significant
differences favoring limb salvage only in functional
scores®>37:39 Conversely, when amputee and non-
amputee patients were compared, SF-36 scores were
worse in the amputation group. In this study,
however, better general health and vitality scores
were observed in the amputation group.
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alcohol use was observed between the groups (Table
1). The median duration of initial hospitalization was
20 days (21-40) in the amputee and 26 days (22—45)
in the limb preserved group. This difference was
statistically significant (P = 0.047). The infected cases
in amputation group were 2 patients and, in the limb,
-salvage group were 3. In the amputation group,
55.3% of patients used a cane, 29.8% used a
prosthetic limb, and 8.5% used a wheelchair, while
6.4% did not use any assistive device. In the limb-
salvage group, 29.8% of patients used a cane and
10.6% used a wheelchair, whereas 59.6% did not use
any assistive device. Overall, limb-salvage patients
used assistive devices less than amputee group (P <
0.001) (Table 2). Readmitting in hospital for
amputated was 10.6% and 29.8% for the limb-salvage
group and was statistically significant (P =0.021). 17%
of amputated group and 85.1% of the limb-salvage
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group reported returning to work that difference was
statistically significant (P < 0.001) (Table 3).

The median score for general health in the
amputation cases was 63 and in limb salvage groups
was 48. General health was significantly better in the
amputation group (P = 0.001).

The median pain score, physical functioning score,
mental health score, role limitation — physical score,
role limitation — emotional score and Physical
Component Summary (PCS) in the amputation and
limb salvage groups did not have any statistically
significant difference. But the median Vvitality
(energy) score in the amputation group had
significantly higher (P = 0.002). (Table 4). The mean
Mental Component Summary (MCS) scores of the SF-
36 questionnaire were nearly equal in both groups
58.7 £ 9.02 in amputated and 57.7 + 8.28 in the limb
preservation (P = 0.585).

Table 1: Demographic Characteristics, Smoking, and Alcohol Use in Study Groups

Variable Amputation n(%) | Limb Salvage n (%) | Chi-Square
No. | Percentage | No. | Percentage P-Value
Sex Male 41 87.2 35 74.5 0.116
Female 6 12.8 12 25.5
Married 36 76.6 32 68.1
Marital status Single 7 14.9 9 19.1
Divorced 4 8.5 6 12.8
Primary school | 6 12.8 5 10.6 0.642
q ion level Middle school 7 14.9 4 8.5
Education leve High school | 15 319 15 31.9
University 15 31.9 21 44.7
i Yes 33 70.2 25 53.2
smoking No 14 29.8 22 46.8 0.090
b lcohol Yes 10 21.3 9 19.1
Substance or alcohol use No 37 28.7 38 309 0.797
. £ underlvi biditi Yes 23 48.9 19 40.4
History of underlying comorbidities No 24 511 58 Y 0.407

Table 2: Comparison of underlying comorbidities and the use of assistive devices between the study

groups
) Amputation Limb salvage Chi-Square
Variable
No. % No. % P-Value
None 3 6.4 28 59.6
Cane 26 55.3 14 29.8
Use of assistive devices < 0.001
Prosthetic limb 14 29.8 - -
Wheelchair 4 8.5 5 10.6
( |
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If preserving the limb can be attempted in first
operation without jeopardizing the patient’s life, it is
recommended to pursue salvage, even when multiple
risk factors for limb loss are present. This approach
gives patients and their families or caregivers time to
accept amputation if it later becomes necessary!”.
The disadvantages of limb salvage are an increased
risk of acute injury to kidney and also longer hospital
stays with the same mortality rates®. Patients with
severely mangled limbs, traumatic or near-complete
amputations with devitalized distal tissues, or
massive tissue loss should undergo amputation®®.
Amputation imposes multiple limitations on social,
professional, and leisure activities*>*Y. Although, in
some cased, amputation could improve the function
and quality of life of patients. But chronic ischemic
lower limb or chronic limb infection usually will
accompanied with pain, limited mobility, and inability
to perform daily tasks. In such cases, amputation can
reduce disability!***3). Nevertheless, the disruption of
bodily integrity inevitably decreases quality of life
(QolL) through reduced mobility, persistent pain,
altered physical wholeness, also affected
psychological and social life®®. Psychological
disorders such as depression, anxiety, and, in severe
cases, suicidal ideation may occur®®**), Clearly, lower
limb amputation—regardless of the cause—strongly
impacts emotional, functional and physical, domains,
thereby influencing the quality of life of amputees*>
18)

This study was aimed to compare the quality of life of
amputated and limb salvage patients after a major
lower limb trauma. Given the factors mentioned,
quality of life varies depending on cultural, economic,
and social contexts. Moreover, in our country, issues
such as access to appropriate prosthetic devices, the
cost of obtaining them, and the stigma associated
with amputation are significant concerns. Hence,
investigating this subject may vyield findings that
differ from those reported in other settings.

Materials & Methods

This study was conducted as a comparative cross-
sectional study. The inclusion criteria were patients
with major lower extremity trauma between 18-65
years of age who were treated at Imam Khomeini
Hospital, Sari, in 2023, and at least six months elapsed
since initial trauma management, no history of major
depressive disorder or other acute psychiatric
illnesses, no use of psychotropic medications within

§

rlOO]

Iranian Journal of Orthopaedic Surgery
Vol. 23, No. 3 (Serial No. 90), Summer 2025, p. 99-105

the past eight weeks. Patients were excluded if they
did not consent to participate, had impaired
consciousness (GCS < 15), sustained spinal cord
injuries, had third-degree burns, were unable to walk
prior to trauma, or had bilateral lower-limb
amputation. The sample size was calculated using
STATA version 16. With a type | error of 0.05 and a
statistical power of 90%, and based on the mean and
standard deviation reported by Tekin et al.'® for
quality of life in amputated patients (64.38 + 20.35)
versus those with limb salvage (50.31 + 21.60), the
required total sample size was estimated at 94
patients (47 in each group).

This study was approved by the Research Ethics
Committee of Imam Khomeini Hospital, Sari. Eligible
patients were divided into two groups: those who
had undergone primary lower-limb amputation
based on orthopedic indications and the decision of
an orthopedic surgeon, and those in whom the
injured limb had been preserved and managed
conservatively. To assess patients’ quality of life, the
Short Form-36 (SF-36) questionnaire was utilized**2%
and it was validated in the Iranian population by
Montazeri et al.?Y. The distribution of quantitative
variables was first examined using the Shapiro—Wilk
test. Qualitative variables were described using
frequency (percentage). For comparative analyses,
the independent samples t-test was applied when
data followed a normal distribution, and the Mann—
Whitney U test was used for non-normal
distributions. The Chi-square test or Fisher’s exact
test for associations between qualitative variables
were assessed. The p-value < 0.05 was considered
statistically significant. All statistical analyses were
performed using SPSS version 26.

47 patients in each group -amputation and limb
salvage - was assessed in this study and all were
Gastillo 2b and 2c in terms of injury severity and
Mangel score 8 or higher. The mean age of in the
amputation group was 41 years (18-63) and in the
limb-salvage group was 45 years (19-64). There was
no statistically significant difference in age
distribution between the two groups (P = 0.543).

87.2% in amputation and 74.5% in limb-salvage were
male. There was no statistically significant difference
in sex distribution between the groups (P = 0.116).
(Table 1). No statistically significant difference in
marital status, education level, smoking, substance or
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Comparison of Quality of Life in Patients with Major Lower Limb Trauma Undergoing
Amputation Versus Limb Salvage or Conservative Treatment
nbstract \

Introduction: In some cases of major lower limb trauma, either amputation or limb preservation is performed.
The aim of this study was to compare the quality of life in patients undergoing amputation versus limb
preservation.

Materials & Methods: In a cross-sectional comparative study, patients with major lower limb trauma who
underwent either lower limb amputation or limb preservation were evaluated at least six months post injury.
Quality of life was assessed and compared between the two groups using SF-36 questionnaire.

Results & Discussion: A total of 94 patients, including 80.9% male and 0.9% female, with mean age of 41.5 years
(range 18 to 64), with the mean study period of 6 months, were included in the study. There was no statistically
significant difference between the two study groups regarding age, gender, marital status, number of children,
education level, smoking, or substance and alcohol abuse. The sub-scales of general health (P = 0.001) and vitality
(energy) (P = 0.002) were significantly higher in the amputation group in comparison with the limb-preservation
group within the six- months post injury.

Conclusion: In patients with major trauma, attempts to preserve the limb, instead of immediate amputation
results into longer hospital stays, increased incidence of infections, and higher rates of re-operation. Amputation,
within a minimum of six months, leads to improved quality of life, particularly in the domains of general health
and vitality.

Keywords: Amputation, Quality of life, Trauma.
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Introduction

Limb injury is a common trauma in hospital emergencies. When evaluating
limb injuries, vessels, bones, nerves and soft tissues should be assessed and
compared in two limbs. Damage to three of those four components effectively
constitutes a mangled extremity?. In many cases, limb salvage is aa option
even in the presence of a mangled extremity. Although, in certain
circumstances, for saving the life of patent, primary amputation during the
initial operation is required.

Blunt trauma usually is the major cause of severe limb injuries in civilians,
penetrating or combined mechanisms in 12% of non-military limb injuries®.
Among civilians with non-fatal trauma, lower limb damage is the first cause of
hospital admission. More than 30% of hospitalized patients present with
severe or limb-threatening injuries. In a systematic review of 3,187 lower limb
injuries that required vascular repair, 10% secondary amputation was
reported®,

In 2012, the National Trauma Data Bank (NTDB) recorded 278,100 cases of
lower extremity injury classified as non-military trauma®®. Traumatic injuries
account for approximately 3,700 amputations annually.

The decision to attempt limb salvage or primary amputation is not
straightforward. The Western Trauma Association has a management
algorithm that shows the complexity of decision and the lack of high-quality
evidence for guiding®.
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