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Journal Article:
¢ Gaydess A, Duysen E, Li Y, Gilman V, Kabanov A, Lockridge O, et al. Visualization of exogenous delivery
of nanoformulated butyrylcholinesterase to the central nervous system. Chem Biol Interact.
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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Ulna Fracture
Radius Fracture
Absent Present
Extra-articular I Il
Intra-articular involving radiocarpal joint 1] v
Intra-articular involving DRUJ (distal radio-ulnar joint) Vv W
Intra-articular involving both radiocarpal & DRU)J VI VI

(Melone) ¢yoko gy pumnsiti :Y Jgu

Type Description Note
No displacement of medial complex . .
I P o P Fracture is stable after closed reduction
No comminution.
Unstable depression fracture of lunate fossa ("die-
" punch") [IA - Irreducible, closed fracture.
Moderate/severe medial complex displacement. IIB - Irreducible, closed due to impaction
Comminution of dorsal and volar cortices.
I Type Il fracture plus a 'spike’ of the radius volarly May impinge on median nerve
Split fracture
v Severe comminution Unstable
Rotation of fragments.
v Explosion injuries Often associated with diaphyseal
Severe displacement/comminution comminution
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Number of Associated
Type Description Stability Lesions (see Recommended Treatment
Fragments
below)
2 main
. fragments with Stable -> conservative
Bending fracture - Stable or gme
I . variable Uncommon Unstable -> percutaneous
metaphysis unstable L o
metaphyseal pinning or external fixation
comminution
Shearing fracture - 2,3, Less Open reduction with screw-
Il . Unstable . .
articular surface comminuted uncommon plate fixation
Closed
Limited arthroscopic release
" Compression fracture - Stable or 2,3,4, Common Extensile open reduction
articular surface unstable comminuted Percutaneous pins plus
external and internal fixation
Bone graft
. . Frequent .
Avulsion fracture, 2 (radial/ulnar (es ?eciall Closed or open reduction
v radiocarpal fracture, Unstable styloids), 3, . P Y with pin/screw fixation or
. . . ligamentous . .
dislocation comminuted L tension wiring
injury)
Combined fracture (high- Alwavs
Vv energy injury) - Often Unstable Comminuted rese\r/1t Combined treatment
intra-articular and open P

(Universal Classification) gl gucopmdi :f Jgos

Type Location Displacement Sub-type
I Extra-articular Undisplaced
A: Reducible, stable
Il Extra-articular Displaced B: Reducible, unstable
C: Irreducible
Il Intra-articular Undisplaced
A: Reducible, stable
. . B: Reducible, unstable
v Intra-articular Displaced C: Irreducible
D: Complex
(
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degrees of extension and 40 degrees of supination.
Radiological follow-up is performed on the 3rd, 7th,
and 12th days after reduction. During this period, the
initial displacement and the settling of the fracture
are assessed to determine if they are acceptable. In
the first two weeks, once the swelling subsides, the
splint is adjusted by tightening the bandage and
monitoring through radiography. This approach,
which applies continuous and adequate pressure,
reduces the likelihood of initial displacements. After
two weeks, the splint is replaced with a short cast,
keeping in mind the three-point contact method. The
cast remains in place for 3 to 4 weeks.

When casting and closed reduction work:
Ideal scenario:

o A bending fracture with an angle of 25-30
degrees.

o Slight metaphyseal comminution on the
convex surface of the angle and a simple
transverse cortical fracture with good bone
quality.

If a simple cortical fracture without comminution is
well reduced, without misalighment of the fracture
edges (especially the palmar edge of the callus
fracture), and the soft tissue hinge is properly under
tension, the chances of subsequent displacement are
minimal. However, with increased osteoporosis,
significant settling and shortening must be expected.
In conclusion, for the first part on distal radius
fractures, | included the device used for applying
traction to reduce distal radius fractures. It may still
be found at the back of storage in some hospitals, and
it is known as the "Chinese Finger Trap."
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dorsal tilt of 30 degrees and any radial shortening are
unstable and will eventually collapse. Others argue
that a dorsal tilt of 20 degrees is a reasonable
threshold. If reduction and its maintenance are
necessary, surgery is capable of achieving this.
Currently, weekly radiological assessments for 3
weeks following reduction are agreed upon by all.
Radiographs after 3 weeks are not necessary??.
However, this is not correct. Radiographs are
necessary for fractures that collapse during the first 3
weeks or those that appear unstable. Care should be
taken to compare the most recent radiograph with
the first post-reduction radiograph. If collapse is
discovered later, non-union will follow, which will be
very difficult to treat. Although fracture collapse is
rare, orthopedic complaints are, as previously
mentioned, significant, especially when collapse is
detected late.

Conservative Treatment of Distal Radius

Fractures!
Indications for Conservative Treatment in Adults:

o Non-displaced extra-articular and intra-
articular fractures.

. Fractures that remain stable after
reduction.

o Some unstable fractures in elderly

patients, where secondary displacement is
asymptomatic and falls into the category of
non-symptomatic malunions.
Initially, selecting fractures and separating unstable
cases is important. The following parameters are
considered unstable and should be observed in the
initial radiographs:
1. Palmar or dorsal angle greater than 20
degrees.
2. Displacement greater than 2/3 of the shaft
width in any direction.
Metaphyseal comminution.
Radial shortening greater than 5 mm.
Intra-articular fragment.
Associated ulna fractures.
Osteoporosis.
If there is no or minimal displacement,
immobilization for 3-4 weeks is recommended. A
removable splint is typically used until the patient
feels comfortable, usually 4-5 weeks post-injury.
Closed reduction for displaced fractures, when
radiographic evidence shows displacement, can be
performed with cast control. Adequate anesthesia is
important, considering the soft tissue condition.
Hematoma block, intravenous anesthesia, brachial

Noukw
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plexus block, or general anesthesia are all suitable
options. The first two methods are used for low-
energy fractures without swelling.

Closed Reduction Technique

Closed reduction is performed by applying opposite
forces responsible for the fracture. The first step is to
release the fracture from its impaction by increasing
deformity and then reducing the distal fragment by
flexing the wrist and pronating it. Smith fractures are
reduced in the supination-extension position.

Longitudinal Traction

Through finger traps and applying traction based on
ligamentotaxis principles, impaction is released, and
the fracture fragments are aligned. Although the
radial and ulnar tilt are well corrected, additional
palmar force is required to correct the palmar tilt,
achieved by flexing the hand. This shifts the
capitellum towards the palm, rotates the scaphoid
and lunate, and brings the distal fragment into
flexion.

Immobilization

Dr. Fernandez refers to the "three-point contact"
technique. In this method, two contact points on the
convex surface of the proximal and distal fractures,
and one contact point on the concave surface of the
fracture angle, are applied. Slight flexion (15-10
degrees) of the splint or cast places the soft tissue
(periosteum and tendons) under tension, providing
stability as long as the cortical surfaces make good
contact (Figure 17).

10-Ib (4.5 kg) traction force

Distal radial
fractures

Figure 17

The fracture callus is initially placed in a splint set at
15 degrees of flexion and 25 degrees of pronation for
two weeks. A Smith fracture is positioned at 30
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an indication for surgical intervention; thus, a 5 mm
displacement is not considered anatomical. On the
other hand, a dorsal tilt of 20 degrees is also not
anatomical, but inactive elderly people can return to
their previous function with such a tilt.

Surgical indications for reduction are not based solely
on age; rather, they must be tailored to each
individual, with attention to the crucial factor of the
"activity level of the patient." Care must be taken not
to fall into the false belief that every elderly patient
does not require anatomical reduction. Many
patients in their 80s are very active, performing
demanding tasks with their wrists and hands, in
addition to activities like cycling, mountain climbing,
and even playing tennis.

The activity level is more important than age. The
goal is to restore the patient to their previous activity
level. Most authors recommend anatomical
reduction for active patients involved in daily work
and leisure activities. On the other hand, if the
patient is bedridden, less reduction will suffice to
return them to their daily activities.

Attention to three important parameters is crucial:

1. Joint surface displacement: Many authors
accept less than 1 mm but not more than 2
mm. The 2020 guidelines from the American
Academy of Orthopaedic Surgeons 9
recommend surgery for non-geriatric
patients (under 65 vyears) with a
displacement greater than 2 mm.
Considering both treatment principles and
age, both factors should be taken into
account.

2. Dorsal tilt: Most authors and the American
Academy of  Orthopaedic  Surgeons
guidelines™ accept a neutral (0 degrees)
dorsal tilt, but not more than 10 degrees for
non-geriatric patients. The acceptable range
of dorsal tilt in the scientific literature is
broad, and some authors do not accept
anything above 0 degrees.

3. Radial length: Some writings suggest 2 mm,
but not more than 5 mm. Many surgeons do
not accept more than 3-4 mm. The 2020
guidelines from the American Academy of
Orthopaedic Surgeons recommend surgery
for non-geriatric patients with a radial
shortening greater than 3 mm *°). Radial tilt
is typically considered a smaller parameter.

(
\
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The definition of joint surface displacement
parameters is challenging. The issue lies in
determining how to distinguish between less than 1
mm and greater than 1 mm. The problem is that this
measurement is taken from routine radiographs,
which do not allow precise measurement of a 1 mm
displacement.

Few comparative studies have been conducted on
dorsal tilt, but authors continue to express opinions.
A dorsal tilt of 0 to 10 degrees is repeatedly
mentioned, even for inactive patients.

Some inactive elderly patients with a dorsal tilt of 45
degrees or more can still manage daily tasks. Many
orthopedic surgeons may encounter radiographs
with severe deformities, yet some of these patients
are completely satisfied with their condition and
perform daily activities without issue. This raises
questions about rigid thresholds for dorsal tilt,
whether 0 or 10 degrees.

The scientific message regarding radial length is clear:
a 2 mm shortening of radial length doubles the load
on the TFCC and ulna. The clinical relevance of this
fact in the case of a distal radius fracture is not
entirely clear. Furthermore, changes in radial length
relative to the ulna affect the function and forces
applied to the distal radioulnar joint. Based on less
well-known clinical criteria, most authors do not
accept a radial shortening greater than 3-4 mm.

Considerations for Patient Age

The 2020 guidelines from the American Academy of
Orthopaedic  Surgeons™® state unequivocally:
“Strong evidence indicates that surgical treatment in
geriatric patients (aged 65 and above) does not lead
to better outcomes compared to non-surgical
treatment.” This statement is like a thorn in the side
of experienced surgeons who have treated active
elderly patients over 65 and raises questions about
the use of the Short Form 36 for assessing outcome
differences in active adult distal radius fractures.
Many osteotomies have been performed on elderly
patients over 65 who are affected by malunion. As
previously stated, if the goal of treatment is to return
the patient to their previous activity level, surgery
should be based on this intention, not the absolute
age of 65. It should not be denied that inactive
patients can be fully satisfied with malunion and even
a dorsal tilt of 70 degrees.

Stability and Fixation of Closed Reduction
Another unresolved issue is the stability and fixation
of closed reduction fractures. Many believe that a
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The dorsal angle fragment of the ulna acts as an
anchor for the posterior lower radioulnar ligament
and often displaces upwards, backward, and toward
the ulna, potentially causing joint incongruity in the
distal radioulnar joint (DRUJ), thereby jeopardizing
the kinematics necessary for forearm rotation. The
dorsal wall is the attachment site for the dorsal
radiocarpal ligament and functions to stabilize
against dorsal carpal dislocation. Dorsal wall
fractures, caused by flexion and axial loads, are often
comminuted and compressed. The free intra-
articular fragment may involve the lunate and
scaphoid facets.

Radial column

Volar rim

Dorsal ulnar
corner

Dorsal wall

Dorsal wall

Dorsal ulnar

Free intra-articular ones

Volar rim

Figure 16: Journal of Orthopaedic Surgery of the

American Academy of Orthopaedic Surgeons
from the year 2017, volume 25, pages 77-81

Ulna Column

This column plays a major role in the stability of the
distal radioulnar joint and forearm movements (1%,
Although the stability of the distal radioulnar joint is
due to the morphology of the ulna head within the
sigmoid fossa, ligaments also play a vital role. The
volar and dorsal radioulnar ligaments originate from
the volar rim and the dorsal angle fragment of the
ulna. The deep and superficial fibers attach to the
ulnar fossa and the tip of the ulnar styloid,
respectively. Radial shortening, decreased radial
inclination, and dorsal inclination exert significant
stress on the distal radioulnar joint and the ulnar
styloid, causing damage to both *3),

Pedestal

The radial and intermediate columns are supported
by the distal radius metaphysis, or pedestal. Although
the pedestal usually remains intact in distal radius
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fractures, it may occasionally undergo slight
displacements or significant comminution. This
membrane, or distal interosseous membrane,
extends from the distal ulna diaphysis to the radial
metaphysis. Along with its internal ligaments (distal
oblique bundle), this membrane serves as one of the
secondary stabilizers *4),

Treatment Considerations

Although the orthopedic community has rejected
Callus’s theory from 1841 (* that “this fracture heals
well,” there is still no consensus on the classification,
surgical indications, or even the type of surgery for
this fracture. Gartland and Wewerly ¢, in 1951,
revolutionized this field with their paper, which
examined 1,000 fractures. Jupiter @7, in his 1986
article in the Journal of Bone and Joint Surgery,
emphasized the importance of reducing the fracture,
shifting the discussion into a new era.

Despite the numerous papers written every year on
this fracture, no consensus has been reached, and
there is no sign of agreement in the near future.
However, there is one area of agreement: adult
fractures must be anatomically reduced.
Unfortunately, no consensus exists regarding what
“anatomically” means. Is a 5 mm displacement of the
intra-articular fragment considered “anatomical”?
Nevertheless, there is a trend toward emphasizing
anatomical reduction. Vincent”® showed that
anatomical factors explained only 11% of clinical
outcomes in 260 patients: most of the variation was
due to differences between patients themselves.
Regarding classification, no consensus has been
reached either. The World Federation of Hand
Surgery Societies formed a working group of
prominent figures in the treatment of distal radius
fractures to investigate the existence of a consensus
on the best classification. If such a consensus did not
exist, they aimed to create one. The group concluded
that no universally accepted consensus exists, and
the group could not create such a system.

However, there is an agreement: the goal of
treatment is to return the patient to their previous
level of function.

Surgical Indications and Reduction

Many authors recommend anatomical reduction, but
this recommendation raises two issues. First, many
patients do not need anatomical reduction to return
to normal activity. Second, as mentioned earlier, the
concept of anatomical reduction has not been well
defined. No author suggests a 5 mm displacement as
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Before proceeding to treatment and surgical
intervention, the column model is first utilized (°).

The distal radius and ulna can be viewed as three
separate columns, each with its own bony and
ligamentous structure, providing stability to both the
radiocarpal and radioulnar joints. The distal radius
includes the radial and intermediate columns, which
depend on the bone shaft or pedestal for support.
The distal ulna, along with the triangular
fibrocartilage complex (TFCC), forms the ulnar
column.

Radial Column

The radial column consists of the radial styloid and
the scaphoid facet. This column serves as the
attachment site for the brachioradialis tendon, the
long radiolunate ligament, and the
radioscaphocapitate ligament. It restricts
translational movement of the radiocarpal joint and
functions as a weight-bearing platform for activities
where the wrist is in a pronated position, such as
using a walker. Additionally, the radial column
maintains the alignment of the carpal bones,
ensuring an even distribution of the load on the
scaphoid and lunate facets. It also acts as an anchor
for the radioscaphocapitate ligament, preventing
carpal translation toward the ulna V),

A fracture of this column results in a large styloid
fragment. The fracture line crosses from the edge
between the two fossae upwards, reaching the
metaphysis. The pull of the brachioradialis muscle
causes a reduction in radial height, radial deviation,
and joint surface irregularity.

Intermediate Column

The primary function of this column is to transfer load
from the carpus to the forearm 3, Fractures in this
column resultin free intra-articular fragments, a volar
rim, dorsal angle fragment of the ulna, and the dorsal
wall of the lunate fossa, which essentially involve two
distinct joint surfaces (Figure 16).

The volar rim fragment is the attachment site for the
short radiolunate ligament and the lower volar
radioulnar ligament. Unstable fracture models of the
volar rim fragment may lead to: (1) a palmar
instability model with palmar displacement and
shortening of the fragment due to flexion and shear
mechanisms, known as volar Barton fractures, or (2)
axial unstable models that cause compression and
dorsal flexion of the fragments, resulting in secondary
carpus displacement (12,

——
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Figure 14: Column Model

Figure 15: Image from the Journal of the
American Academy of Orthopaedic Surgeons,
2017; 25: 77-81.
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Table 3: Fernandez Classification

Associated
o - Number of ) Recommended
Type Description Stability Lesions (see
Fragments Treatment
below)
Stable ->
2 main fragments conservative
Bending fracture - Stable or with variable Unstable ->
I A Uncommon
metaphysis unstable metaphyseal percutaneous
comminution pinning or external
fixation
Shearing fracture - articular . Less Open reduction with
Il & Unstable 2, 3, comminuted P -
surface uncommon screw-plate fixation
Closed
Limited arthroscopic
release
. Extensile open
Compression fracture - Stable or 2,3,4, . P
I} . . Common reduction
articular surface unstable comminuted .
Percutaneous pins
plus external and
internal fixation
Bone graft
. . Frequent Closed or open
Avulsion fracture, 2 (radial/ulnar (es 2cia|l reduction V\r/)ith
\Y; radiocarpal fracture, Unstable styloids), 3, . P ¥ . .
. . . ligamentous pin/screw fixation or
dislocation comminuted . . .
injury) tension wiring
Combined fracture (high- Alwavs
Y, energy injury) - Often intra- | Unstable Comminuted rese&rl1t Combined treatment
articular and open P

Table 4: Universal Classification

Type Location Displacement Sub-type
I Extra-articular Undisplaced
A: Reducible, stable
Il Extra-articular Displaced B: Reducible, unstable
C: Irreducible
I} Intra-articular Undisplaced
A: Reducible, stable
B: Reducible, unstable
- i D ’
v Intra-articular isplaced C: Irreducible
D: Complex

Column Model

independently expanded by Medoff in 1994 and by

This system classifies fracture patterns (Figure 14 and Rikli and Regazzoni®. As mentioned earlier, this
15) based on the theory of three wrist columns and anatomical model serves as an algorithmic guide for
bases its treatment approach on this model. It was the surgical management of distal radius fractures.
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Each classification system has its own strengths and
weaknesses, depending on its objectives.
Commonly used systems for distal radius fractures
include Frykman, Melone, AO, Fernandez, and
Universal.

Frykman Classification

The Frykman system focuses on injuries involving the
distal radioulnar joint. For quick reference, different
types are outlined in Table 1.

Frykman System Details:

Although the Frykman classification does not directly
assist with treatment, it emphasizes the involvement
of articular surfaces and the distal ulna®®.

Melone Classification

The Melone classification (Table 2) divides the distal
radius into four sections. Two central fragments
together form the lunate fossa'®.

Vol. 21, No. 4 (Serial No. 83), Autumn 2023, p. 176-186
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AO Classification

This system consists of 27 subgroups divided into
three main categories:

. A: Extra-articular.
o B: Partially intra-articular.
o C: Completely intra-articular.

In addition, this classification identifies the direction
of displacement, the degree of comminution, and
ulnar damage ©.

Fernandez Classification

The Fernandez classification (Table 3) responds to the
AO system by focusing on the mechanism of injury
with an emphasis on guiding treatment ),

Universal Classification
This classification is descriptive, but lacks a direct
treatment-oriented approach ® (Table 4).

Table 1: Frykman Classification

Ulna Fracture
Radius Fracture
Absent Present
Extra-articular I Il
Intra-articular involving radiocarpal joint 1l v
Intra-articular involving DRUJ (distal radio-ulnar joint) \Y W
Intra-articular involving both radiocarpal & DRU)J Wl VI

Table 2: Melone Classification

Type Description

Note

I No displacement of the medial complex, no comminution.

Fracture is stable after
closed reduction

Unstable depression fracture of the lunate fossa ("die-punch").
Il Moderate to severe medial complex displacement. Comminution of
dorsal and volar cortices.

IIA - Irreducible, closed
fracture.
IIB - Irreducible, closed
due to impaction

11 Type Il fracture plus a volar spike of the radius.

May impinge on median

nerve
v Split fracture with severe comminution and rotation of fragments. Unstable
L . . L Often associated with
\ Explosion injury with severe displacement and comminution.

diaphyseal comminution

—
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2. Radial Inclination

In Figure 10, radial inclination is indicated by the
sharp line. Its natural angle ranges from 21 to 25
degrees. This angle is determined by the intersection
of aline drawn along the distal articular surface of the
radius in an anteroposterior wrist X-ray and a line
perpendicular to the radial diaphysis

3. Volar and Dorsal Tilt

The volar and dorsal tilt angles are formed by the
intersection of a line along the distal articular surface
of the radius in a lateral X-ray and a line perpendicular
to the diaphysis of the radius (Figure 11 and 12).

4. Radial Length and Ulnar Variance

Radial length plays a significant role in distal radius
fractures. The normal radial length ranges from 9 to
12 millimeters. In these fractures, the affected bone
collapses under impact, leading to a loss of length. An
increase in relative ulnar length can result in ulnar
impaction syndrome, a painful condition caused by
excessive contact, friction, and wear between the
ulna and the carpal bones. This can potentially lead to
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degenerative tearing of the Triangular Fibrocartilage
Complex (TFCC).

5. Positive, Neutral, and Negative Ulnar Variance
The relationship between radial length and ulnar
variance is essential. Radial length is measured from
the distal ulna to the radial styloid process. When
ulnar variance is neutral (zero), the radial length
should fall between 9 and 12 millimeters (Figure 13).
Goals of repairing distal radius fractures are as
follows:

e Radial Shortening: Less than 5 millimeters.
e Radial Inclination: Less than 15 degrees.

e Articular Step-off: Less than 2 millimeters.

Classification
The purpose of any classification system is as follows:
e (Categorizing injuries.
e Guiding treatment.
e Facilitating discussions.
e Predicting outcomes.

Radial Inclination

Figure 10: Tear Drop Angle

Figure 12: Tear Drop Angle
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Imaging

Standard radiography

As observed in Figure 7, the lunate facet covers the
volar surface of the bone.

Pre-reduction radiography can clearly reveal small,
non-displaced fragments within the joint, which may
become obscured after reduction or casting.
Additionally, X-rays taken under traction can help
identify these fragments (Figure 8).

The tear drop angle

The volar edge fragment is evaluated using standard
lateral radiography or a 10-degree lateral tilt to
measure the angle, known as the tear drop angle.
This angle is formed by the intersection of a line
passing through the center of the tear drop and
another line following the center of the radial
longitudinal axis. Normally, the tear drop angle is
approximately 70 degrees. However, as the volar
border fragment becomes displaced, this angle
decreases®® (Figure 9).
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Computed Tomography (CT)

Although CT scans are not routinely necessary for
most of these fractures, they are invaluable for
surgical planning in complex and comminuted cases.
When a CT scan is requested, it should be performed
after initial reduction and immobilization to evaluate
fragment displacement, joint surface irregularities,
and comminution. Understanding the thickness of CT
slices allows the surgeon to estimate the size and
dimensions of the fragments.

Key Anatomical Parameters:

e Joint surface irregularity

e Radial inclination

e  Volar and dorsal tilt

e  Radial length and ulnar variance

e Comminution

e Associated fracture of the ulnar styloid

1. Joint Surface Irregularity

The joint surface must be smooth to function
properly. Irregularity can lead to pain, joint stiffness,
and arthritis. Irregularities greater than 1 millimeter
put the patient at a risk of developing arthritis.

Figure 8: Lateral X-ray: Normal Wrist

Figure 9: Tear Drop Angle
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However, such eponyms are no longer commonly
used, as the preferred terminology today is "distal
radius fracture," which accurately encompasses all
intra-articular and metaphyseal fractures of this
region.

Anatomy

Treatment of distal radius fractures requires a
complete understanding of the anatomy of the
radius. For this purpose, Figure 1 - 6 have been used.
Figure 1 displays the volar surface of the radius, with
the lunate facet positioned on the left and the

Figure 1: Volar Surface of the
Radius

Figure 3: Dorsal Radius

Figure 5: Radius and ulna

—
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Figure 6: Distal Radial Articular Surface: On the right is the scaphoid
facet; on the left is the lunate facet. These surfaces have the
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scaphoid facet on the right. The proximal and volar
bony prominence of the radius is known as the lunate
facet buttress. This buttress provides structural
support to the lunate facet and must be stabilized in
cases of unstable fractures. The radial tuberosity
(marked as X) is situated at the right edge of the bone,
adjacent to the watershed line (also known as the
water-shedding line), and is covered by the pronator
guadratus muscle. The cortical bone in this region is
notably thick and resilient. In Figure 2 and 3, the
Lister's tubercle is seen at the center, which forms a
thin cortical shell of low resistance.

PQ

Pronator fossa
VR

Figure 2: WS = Watershed

Figure 4: Radial Surface of the Radius

strongest bones.
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(Abstract

physiology, and treatment of this common fracture.

~

Distal radius fractures (fractures of the lower end of the radius) are among the most common hand injuries, with
an increasing prevalence with age. These fractures have been recognized since ancient times and were first
accurately described in the 18th century by Pouteau and later by Abraham Colles. Today, treating these fractures
requires a precise understanding of the anatomy of the radius and the wrist joint. Standard imaging techniques,
such as radiography and CT scans, are essential for fracture evaluation and surgical planning. Various classification
systems exist for these fractures; however, there is still no global consensus on the best treatment approach. The
primary goal of treatment is to restore wrist function to its pre-injury level. For active patients, anatomical
reduction and surgery are recommended, whereas conservative treatment may be sufficient for elderly and
inactive individuals. Key parameters, such as articular surface incongruity, dorsal tilt, and radial length, play a crucial
role in treatment decisions. However, accurately assessing these parameters using conventional radiographs
remains challenging. Ultimately, treatment should be tailored to the patient’s activity level and individual needs.
Extensive research has been conducted on this fracture, with over 1,800 articles published as of July 2022, including
628 in the past year alone. This article is the first part of a comprehensive review focusing on the anatomy,

J
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o el Distal radius fracture is one of the most common hand injuries. A 1998
SLLSEEEI S UL EU RS0l assessment in the United States reported approximately 643,000 cases
annually ¥, with 372,000 occurring in individuals aged 65 and older ?. The
incidence of these fractures increases with age. The medical literature on this
injury is extensive; by July 2022, over 1,800 articles had been published,
including 628 within the past year. In ancient times, physicians such as Galen
and Hippocrates [(131-201 BC)] considered this injury a wrist dislocation. This
perception changed in 1783 when French surgeon Pouteau classified it as a
distinct fracture, now known as the Pouteau fracture. However, due to the
political climate of 18th-century Europe, the English-speaking medical
community largely ignored French scientific contributions. It was not until 1814
that Irish surgeon Abraham Colles described the fracture in the Edinburgh
Medical and Surgical Journal. His observations, based entirely on clinical
examination, were remarkably precise—especially considering that
radiography would not be invented until 1895, 81 years later. Most scholarly
discussions of Colles' fracture include this historical account. In my view,
referencing it is important for two reasons: first, to appreciate how past
scientists achieved remarkable accuracy without modern diagnostic tools; and
second, to acknowledge the enduring legacy of medical journals in preserving
and transmitting knowledge. In fact, | obtained a copy of Colles’ original
publication from the University of Kentucky Medical School library. Colles
stated that despite displacement, the limb would eventually regain full,
painless movement *°. While his prognosis was widely accepted for many
years, it has been significantly challenged by modern research, particularly in
recent decades. Over time, various classifications have been assigned to this
fracture, including Smith, Barton, Melone V1, AO C3, and Chauffeur’s fracture.
The latter term has historical significance: in the early days of the automobile
industry, cars were started using a hand crank. If the crank forcefully

aziz.ahmadi@gmail.com rebounded, it could cause a fracture of the radial styloid process.
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In the coming years, the development of synthetic
biomaterials will likely prioritize enhancing their
capability to regenerate bone defects larger than 5
mm. Achieving this goal will require materials or
composites with significantly higher mechanical
strength and stability"®.
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natural polymers is their ease of forming hydrogels,
which can absorb large amounts of liquid and be
injected into defects. The most important synthetic
biocompatible polymers with hydrolytic or enzymatic
degradation properties within the body include
polylactic acid (PLA), polyglycolic acid (PGA),
polylactic-co-glycolic acid (PLGA), polyethylene glycol
(PEG), polycaprolactone (PCL), and polyurethane
(PU)7O),

According to research reports, PLA and PLGA have
gained the most interest in bone tissue engineering
scaffolds. The advantages of biodegradable synthetic
polymers include their cost-effectiveness, physical
stability, minimal immune system stimulation, and
controllable degradation rate!’®’. Biodegradable
polymers are also of significant interest in the
production of GBR membranes, and various types of
these biological membranes are commercially
produced and used in jawbone regeneration for
augmentation, sinus lifts, flap surgeries, etc.
However, there are still some limitations and
challenges associated with them, and researchers are
continuously working on optimizing their mechanical,
chemical, and biological properties®072),

Biomaterial Com

Enhanced Properties

While ceramic and polymer biomaterials each offer
unique advantages for biological scaffold
construction, they also have limitations. Researchers
have therefore sought to create composite
biomaterials that exhibit exceptional properties
unattainable  through individual components
alone!®?),

The combination of various ceramics and calcium
phosphate cements is commercially well-established.
Hydroxyapatite (HA), in particular, can be integrated
with numerous natural and synthetic polymers, cells,
and growth factors to better mimic the natural bone
structure. This approach enhances osteoinductive
and osteoconductive properties, facilitating bone
formation and tissue regeneration'’.

For instance, commercial enterprises have developed
biphasic materials containing both HA and B-TCP in
varying proportions for specific applications. One
such product, EasyGraft™ Crystal, consists of 60% HA
and 40% B-TCP, to take benefits of HA's stability and
B-TCP's solubility simultaneously. This composite is
particularly  suitable for  periapical dental

procedures®’4,
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Collagen, a critical factor in the mineralization of the
bone matrix, has demonstrated significant
osteogenic results when combined with calcium
phosphates. An example is the Integra Mozaik™
product, which contains 80% B-TCP and 20% type |
collagen®”). In the category of polymers, combining
natural and synthetic polymers is widely applied to
achieve both mechanical and biological benefits. A
notable example is Fisiograft®, which includes
hyaluronic acid and the biodegradable polymer
PEG®).

Hydrogels have also garnered special attention due to
their liquid-absorbing capacity and 3D structure.
These materials provide an ideal environment for
embedding bone cells and growth factors, allowing
for  straightforward injection into complex
mandibular bone defects’®.

Efforts to improve the mechanical, rheological, and
biological properties, as well as the ease of
application of biomaterial composites, continue.
Many composites that combine ceramics with
polymers, cells, and osteogenic factors are currently
undergoing human clinical trials and are poised for
commercialization'””).

Future Perspectives a

The growing demand for solutions to mandibular and
alveolar bone regeneration, alongside advancements
in surgical techniques and tools, underscores the
critical need for grafts and biomaterials that facilitate
and accelerate new bone formation. Efforts to
optimize the processing of allografts and xenografts
aim to eliminate the risk of infection and disease
transmission, driving continuous development in this
field.

Synthetic biomaterials, with their versatility,
reproducibility in production, injectability, self-
setting properties, and tunable mechanical and
chemical characteristics, remain a focus of extensive
research. These materials are being studied to
maximize their biological performance in stimulating
and supporting osteogenesis.

Given the high success rates of xenografts in bone
regeneration, future advancements are expected to
involve combining them with biomaterials and novel,
more efficient biological molecules. This integration
holds great promise for further progress in the
Regeneration of mandibular and alveolar bone.

)
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3D printing, also known as additive manufacturing,
has been widely used in bone tissue engineering. This
method is fast, precise, and offers repeatability, with
controllable parameters. Complex shapes and
volumes of bone defects, even with porous
structures, can be easily designed and fabricated
layer by layer through a software design system
connected to the printing machine. Furthermore,
growth factors, osteogenesis-stimulating molecules,
and stem cells can be added through this technique
(Figure 4). Moreover, biodegradable polymers with
low melting points, such as PLA, PLGA, PCL, and
others, can also be printed in porous forms using this
method®?,

Periodontal and
Bone Tissues

Bioink 3D Bioprinting

Craniomaxillofacial Bone

Figure 4: Schematic of the use of cells and
biomaterials in 3D printing methods with bioinks

for the regeneration of bone tissues around the
teeth, jaw, and skull(®®,

Freeze-drying is another method for producing highly
porous polymeric and ceramic scaffolds. In this
process, a polymer solution is frozen, causing the
organic solvent within it to freeze. Then, through the
freeze-drying process, the solvent is removed from
the structure, leaving behind pores in its place.
Temperature directly affects the size and distribution
of the pores within the scaffold. Ultimately, a porous
structure is formed where the pores are
interconnected internally. However, scaffolds
produced using this method may lack sufficient
mechanical strength, necessitating additional
modification processes to improve this property(¢?.

Biological Scaffold Co

Commonly used biological scaffolds in the field of
alveolar and mandibular defect regeneration are
primarily based on calcium-phosphate cements and

(
\

Vol. 21, No. 4 (Serial No. 83), Autumn 2023, p. 164-175

171 ]

Iranian Journal of Orthopaedic Surgery

ceramics. However, another category has been
developed based on biocompatible and
biodegradable polymers®?. Calcium phosphate
cements, which form a paste when combined with
water, come in various types, with the composition
percentage and reaction temperature determining
the type and properties of the material. For example,
with a calcium-to-phosphate ratio of 1.3 (Ca/P=1.3) at
temperatures between 900-1100°C, P-tricalcium
phosphate (B-TCP) or Cas(P04)2p forms. On the other
hand, if the calcium-to-phosphate ratio is 1.5, at
temperatures above 1125°C, tetracalcium phosphate
(TTCP) or a-TCP (a-Cas(POa),) will form®*%. Both
materials are widely used in alveolar and mandibular
bone defect repair. a-TCP is more reactive in aqueous
solutions compared to B-TCP, producing an apatite
product, while B-TCP is more stable and produces a
product called brushite (CaHPO4-2H,0)®*%%), Brushite
absorbs more water compared to apatite, resulting in
faster setting and hardening. In clinical applications,
the setting time of calcium phosphate cements based
on brushite is longer, while that of apatites is
shortened to control the hardening process®®.
Hydroxyapatite (HA), which is formed from apatite
(Ca10(P04)6(0OH)2), is one of the most widely used
calcium phosphate compounds due to its close
resemblance to the mineral portion of human bone.
Clinical reports indicate its excellent
osteoconductivity without causing inflammation,
cytotoxicity, or immune system stimulation®”. Nano-
hydroxyapatite particles, with a size of less than 100
nanometers, exhibit a much closer functional
resemblance to the mineral particles found in bone
tissue due to increased surface activity between the
ultra-fine particles(®®.

Calcium phosphate ceramics, another group of
biomaterials, are processed into granules or blocks
with or without porosity, unlike cements that form a
paste. They are composed of hydroxyapatite (HA),
tricalcium phosphate (a-TCP and B-TCP), biphasic
calcium phosphate (BCP), which is a combination of
HA and tricalcium phosphate, amorphous calcium
phosphate (ACP), etc.(®.

Natural and synthetic  biocompatible and
biodegradable polymers form another category of
biomaterials widely used in research for creating
biological scaffolds. Examples of natural polymers
include alginate, chitosan, gelatin, collagen,
glucosamine glycan, hyaluronic acid, etc., which have
biochemical and structural properties similar to the
organic matrix of natural bone. A key feature of these

)
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Features
and

Unique o

Biomaterials

Compared to Common A

Biomaterials and the biological scaffolds derived from
them offer significant relative advantages compared

to allografts. They typically possess high
osteoinductive and osteoconductive properties,
whereas allografts generally exhibit

osteoconductivity alone. Osteoinductive properties
are created and enhanced through growth factors,
stem cells, progenitor cells, and cytokines embedded
in synthetic biological scaffolds. Bone healing,
especially for fractures, heavily relies on
osteoinduction; thus, scaffolds made from synthetic
biomaterials have garnered significant attention.
Another advantage is their minimal risk of infection
transmission and disease spread compared to
allografts®*. They involve less invasive surgical
procedures, leading to reduced wound occurrences.
Furthermore, their mechanical strength, physical
shape, and reactivity can be controlled by altering the
components and through chemical processes. These
materials can be fabricated into gels or hydrogels and
injected directly into the defect site, or synthesized
into powders for molding purposes?®.

Unlike autografts, allografts, and xenografts, which
often face supply limitations, synthetic biomaterials
are highly accessible and can be easily produced on a

(
L
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large scale®. In dentistry, the application of
synthetic biomaterials has become popular in several
strategies, including maxillary sinus lifts, periodontal
defects, and crest bone augmentation(26>),

Methods for Synthe

Fabricating Synthetic
Scaffolds

The methods used to create scaffolds or composites
from biomaterials must be capable of forming porous
structures with pore sizes greater than 100 um to
allow for the migration of bone cells and
angiogenesis. These scaffolds mimic the structure of
bone tissue and significantly enhance the results of
bone regeneration®®*”). In addition, the integration
of osteoinductive molecules and factors, such as
Bone Morphogenetic Protein 2 (BMP-2), Fibroblast
Growth Factor 2 (FGF-2), Insulin-like Growth Factor
(IGF), and Platelet-derived Growth Factor BB (PDGF-
BB), which play essential roles in the bone
regeneration process, is possible®®,

Over the past decade, freeze-drying techniques,
often combined with electrospinning, 3D bioprinting,
and particle leaching techniques, have gained
significant popularity. Among these, 3D printing and
freeze-drying have found more widespread
commercial applications(®6°7>8),
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occurs without invasion by competitive soft tissue
cells, such as those from the gingiva and its
surroundings, which typically exhibit higher
proliferation and growth rates.

After performing GBR procedure, bone regeneration
undergoes a series of specific transformations.
Within 24 hours of the bone graft, the space created
by the barrier membrane is filled with a blood clot.
Subsequently, growth factors (derived from platelets
or Platelet Derived Growth Factors (PDGFs)) and
cytokines (such as IL-8) are released to attract
neutrophils and macrophages. The clot is then

| PLATELET
RICH PLASMA

Platelet Poor Plasma

m Platelet Rich Plasma

m Red Blood Cells
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absorbed and replaced by granulation tissue, which is
rich in newly formed blood vessels. Through these
vessels, nutrients and mesenchymal stem cells, which
are osteogenic, are transported and participate in the
formation of osteoid. The mineralization of osteoid
forms a woven bone structure that later serves as a
template for the deposition of lamellar bone(Figure
3). All these processes occur over a period of 3 to 4
months“#648:50),

The characteristics of several
membranes are presented in Table 2.

commercial

Recurrent Liquid
PRF Injections

Everey Two Weeks

Figure 2: (a) Processing of the PRF clot from human blood, (b) isolation of the fibrin clot, and (c) injection
into a maxillary bone defect!**44,

Proliferation |

é /W\ATN )E/

Diffemtiation|
Mineralization |

\’(‘:‘ /

Mitophagy

Figure 3: lllustration of the use of a barrier membrane in bone defect regeneration, showcasing its
biological role in the differentiation and proliferation of osteogenic cells®!). (Reproduced with permission
from Chunhua et al.)

Table 2: Physical and structural properties of various commercial barrier membranes®%5253)

. Membrane Stab.lhty Bio-
Membrane | Commercial . s . Period .
Manufacturer | Composition | Application | Thickness . Absorption
Type Brand (m) Without Duration
W Degradation
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the implant surgery and surrounding bone
regeneration without any issues™®. In another
research study on alveolar ridge bone in 108 patients,
following immediate implant placement, it was
observed that 41% of 308 patients who had
previously undergone implant surgery used
deproteinized bovine mineral cements for ridge bone
augmentation®®.

Biological Scaffolds Us

and Alveolar Regenera

Regeneration of jawbone and peri-dental tissues has
always been considered challenging due to their
anatomical complexity and diversity.
Generally, bone possesses a limited self-healing
capacity, necessitating the use of three-dimensional
volumes of biomaterials to assist in the regeneration
process. Synthetic biomaterials lack osteoinductive
properties (a key factor in forming new bone);
therefore, materials or factors that stimulate
osteogenesis are required for this approach®.
Growth factors, osteogenic cells, autografts, and
therapeutic elements are among the materials that
can be combined with these biomaterials in the form
of a biological scaffold to accelerate the biological
regeneration of the jawbone and alveolar regions“?.
Today, various types of biological scaffolds have been
designed and made available for this purpose, either
through cell integration or the combination of
biocompatible and bioactive materials. Biological
scaffolds provide the necessary mechanical support
and create an environment where osteoblasts and
bone progenitor cells can adhere, proliferate, and
differentiate to form new bone!?”4%),

One of the natural materials successfully used to fill
and repair small defects in the jawbone and alveolar
regions is Platelet-Rich Fibrin (PRF), derived from the
patient’s own blood plasma. Due to its properties in
bone regeneration, angiogenesis, and wound healing,
PRF has gained significant acceptance among
surgeons (Figure 2). In a study conducted by Laham
et al., it was found that three months after the use of
PRF for socket preservation, bone resorption within
and around the socket was minimized“?.

tissue
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Furthermore, incorporating growth factors and
bioactive enhance its
preservation capability and bone regeneration
properties. In another study conducted by Santos
Pereira and colleagues on the application of
advanced PRF in jawbone surgery, it was reported
that this material successfully maintained the ridge
bone profile, increased bone density, and improved
tissue repair following surgical procedures).

additives can socket

Application of the GBR

Regeneration of
Periodontal Bone Defe

Guided Bone Regeneration (GBR) is a dental surgical
method aimed at increasing bone volume in areas
with bone resorption or deficiency by using a
biological membrane placed over the bone defect. It
is commonly employed in fields such as dental
implants, orthodontics, and prosthodontics“®). GBR
utilizes barrier membranes with or without granular
bone grafts).

This method was first introduced in 1959 by Harley
and colleagues for experimental treatment of spinal
fusion. In 1960, a research team led by Bowen and
Basset employed laboratory-grade cellulose acetate
filters (Millipore brand) to treat cortical defects in
long bones and to reconstruct facial bones. These
filters were used to create an environment conducive
to osteogenesis by preventing connective tissue cells
from invading the bone defects“®. However, clinical
studies involving membranes were not recognized
until the early 1980s, when a research team led by
Nyman and Karring applied barrier membranes in
both laboratory and clinical studies for periodontal
tissue regeneration. A few years later, laboratory
studies expanded the use of membranes for bone
Regeneration. With promising results from these
studies, clinical trials began in late 1988 to use
membranes in patients requiring implants!#¢4®),
Continuous studies conducted by Dahline et al. in
2004 on a specific type of surgical membrane
demonstrated that if a barrier membrane is placed in
direct contact with the surrounding bone surface and
creates a closed physical space, only cells from
adjacent regions or bone marrow progenitors are
permitted to migrate into the bone defect. This
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Alveolar and Jaw Bo

The main role of synthetic biomaterials is to stimulate
or support the bone regeneration process. These
materials are widely used among surgeons due to
their characteristics, including biocompatibility, bone
induction and conduction properties, injectability at
defect sites, moldability, wide compatibility with
other biological additives, variability in mechanical
and chemical properties, availability, minimal risk of
infection and disease transmission, reduced wound
formation (since only the specific defect area is
operated on and only one surgical stage is required),
easy reproducibility, and more®®. Among ceramic
materials, calcium phosphates have gained
significant attention due to their structural similarity
to bone and their bone-conducting properties, and
have been used since 19801,

In terms of applications, they are divided into two
categories: those known as brushite, which harden in
a short period, and those known as apatite, which
require more time to solidify. The reason for this
difference is that brushite varieties absorb more
water during mixing, while apatite absorbs very little
or no water at all. Although their use is limited in the
regeneration of large jaw defects due to the lack of
bone-inducing properties, they are still widely
used®39, Calcium-phosphate ceramics are another
type of material that can be used in block or granule
form, either with or without pores. These ceramics
include hydroxyapatite (HA), tricalcium phosphate
(a-TCP and B-TCP), biphasic calcium phosphate (BCP),
and amorphous calcium phosphate (ACP). A study
comparing the effects of B-TCP and a type of
xenograft bone powder over 8 weeks in a guinea pig
model showed that B-TCP induced a higher amount
of new bone formation than the xenograft®?.
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The main advantage of using calcium phosphate
cements and ceramics is their compatibility with anti-
resorptive  molecules and osteoclast-inhibiting
properties. These materials can be used as carriers
for growth factors, antibiotics, or drugs, helping to
prevent the activity of osteoclasts (the bone-
resorbing cells)®?.

Bioactive Glasses are another group of materials with
bone-conducting properties. They include silica,
calcium phosphate, and sodium oxide. When calcium
and silicate ions are released from these materials,
they interact with the surrounding tissue cells,
causing the cells to attach to the bone®3%. In other
words, bioactive glasses release ions through bone
conduction and their ability to adhere to bone
surfaces, ultimately leading to the formation of an
apatite layer®,

Biodegradable polymers are another category of
materials used in scaffolds for bone regeneration in
the jaw. Most of these are based on glycolic acid and
lactic acid, known as polylactic acid (PLA) and
polyglycolic acid (PLGA), and recently,
polycaprolactone (PCL) has also been added to them.
Their main advantage is their biodegradability, but
their limitation is the lack of bone-conducting
properties®?).

In dentistry, these synthetic materials are used in
various jaw surgeries, such as sinus lifts, periodontal
defects, and bone crest augmentation, to increase
the quantity and quality of jawbone for implant
placement®. In a clinical analysis conducted in 2022,
led by the Tokyo University School of Dentistry,
regarding ridge bone regeneration before
implantation, 288 patients were observed over 3 to
60 months. Ultimately, it was found that 26 out of
274 cases (9.5%) experienced negative complications
or issues related to bone repair operations, while the
majority (93.7%) were satisfied with the success of
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cells. This membrane has a highly porous surface,
allowing small molecules and nutrients to enter and
nourish the regenerating cells while blocking soft
tissue cells from entering the defect site*®). Typically,
GBR uses barrier membranes in conjunction with
bone grafts*417),

This paper first briefly reviews the common grafts,
scaffolds, and biomaterials used in mandibular and
alveolar bone regeneration, along with their
advantages and limitations, and explains several
commercial types. A general summary of the role of
each in the repair and regeneration of lost jaw and
periodontal bones is then provided.

Types of Grafts

Regeneration of M
Alveolar Bone Defects

In addition to autografts, several other materials are
used to replace or repair mandibular and alveolar
bone defects. The use of these materials depends on
various factors such as tissue viability, size, shape,
and volume of the defect®,

Allografts are available as demineralized bone matrix
(DBM) or freeze-dried bone allografts (FDBA)®,
These types of grafts are available in different shapes
and sizes, including cortical (dense), cancellous
(spongy), or cortico-cancellous (dense-spongy). They
may contain osteogenic cells and have the ability to
synthesize new bone, functioning as a biologically
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active scaffold with osteoinductive properties.
However, these grafts also have disadvantages and
are typically used for small to medium-sized
defects®?9, The evaluation of bone grafts is based on
several key criteria:

1. Unlimited availability without harm to the
donor
Promotion and stimulation of osteogenesis
Absence of immune rejection
Rapid revascularization
Induction of osteogenic stimulation
Promotion of osteoinductive properties
Complete replacement of lost bone with
equivalent quantity and quality of the
original tissue®?%,
Wardani et al. along with Saliba et al. have examined
the use of allografts and xenografts, respectively, in
alveolar bone Regeneration, reporting significant
results related to allografts. Additionally, Saliba has
demonstrated not only the significant effect of
xenografts in wound healing but also their successful
use in bone regeneration®.In comparison with
allografts, which have a higher risk of disease or
infection transmission from the donor to the
recipient, xenografts, due to the complex standards
they undergo during the manufacturing process, are
safer’®. However, Saliba’s research indicated that
the use of xenografts is associated with higher pain
levels than allografts?>?). Table 1 shows several
commercial grafts along with their advantages and
disadvantages®?6:27),

NoubkwnN

Table 1: Introduction of characteristics, advantages, and disadvantages of some commercial grafts (>2>27)

No. Commercial Graft Type Source Advantages Disadvantages
Name
1 DBX®
2 Dynagraft® Bone induction
3 Grafton™ Allograft cadaver prop(?rty, Bone
4 | OsteoSponge® conduction property,
5 Puros® Medium availability Risk of disease
6 Raptos® cadaver transmission, Immune
7 Algipore® algae system stimulation
8 Smartgraft® Porcine Bone conduction
9 Cerabone® Xenograft bovine property, High
10 Gen-0s® bovine availability
11 CollaBone® equine
12 BonePlast® Synthetic Calcium Bone conduc.tion Requires precise
Bone Phosphate property, High e
13 Cortoss® Substitute Hydroxyapatite availability sterilization

—
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The main strategies for reconstructing mandibular
and periodontal bone rely on the use of growth
factors or signaling molecules, biological scaffolds,
and stem cells to stimulate osteogenesis.These
methods are employed either independently or in
combination to achieve the best outcomes, where
osteogenesis induction, angiogenesis, and
inflammation control are carefully considered. In this
multi-stage process, efforts are made to encourage
osteogenic cells to migrate to the injured or defective
area. To this end, various biocompatible materials
and methods are utilized. The use of growth factors
derived from the tissues of living organisms (humans
or animals) stimulates and differentiates bone cells,
thereby accelerating the repair process and
promoting the growth of new bone tissue. In guided
bone regeneration techniques, the goal is to create a
stable physical space in the bone defect area for the
migration and entry of osteoblasts and osteoclasts.
Under injury conditions, these two types of cells play
a crucial role in bone formation and resorption,
forming a clot that subsequently serves as a natural
scaffold for new bone formation*®). Available
information suggests that the morphology of the
defect (i.e., the number of walls, dimensions, depth,
width, and volume), its location (such as sockets from
tooth extractions or the cartilaginous junctions and
ramus of the lower jaw), and whether the area under
treatment is open or closed, fundamentally affect the
bone regeneration process success rate'®. To achieve
a better and faster regeneration environment, tissue
engineering has emerged, aiming to produce
biofunctional tissues to replace with lost or damaged
mandibular and alveolar bones®?. In Figure 1, the
most common regions of the jawbone that are
typically regenerated are shown. Autologous bone
grafts from the mouth or from the patient’s own body
remain the golden standard method for bone
Regeneration due to their tissue integration, minimal
immune system stimulation, and lack of disease
transmission. This method has achieved excellent
results, especially in repairing areas like the
mandibular symphysis and maxillary tuberosity.
While small defects can be reconstructed with
autografts in cases requiring surgery and where there
are no unknown diseases and the patient’s body is
healthy, for large defects caused by pathological
fractures, underlying bone diseases, or bone
infections from periodontal issues, the use of
allografts, typically sourced from the skull or pelvis,
provides an effective solution”?).

(
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Figure 1: Representation of the mandibular
symphysis, maxillary tuberosity, and the angles
of the ramus process, which are commonly
exposed to injury and require tissue
regeneration. (a) Lateral view, (b) Superior view,
and (c) Anterior view of the mandibular defect
areas?

However, accessibility limitations have posed
challenges to their application®.. Another type of
grafts is xenografts, derived from animals such as
cows, horses, pigs, etc., which possess bone-guiding
properties to promote the growth and development
of osteogenic cells*?.

One of the most common bone defects or resorption
issues that surgeons encounter involves the
resorption of the mandibular and alveolar bones
before the placement of dental implants. Another
concern is the preservation of the bone socket after
tooth  extraction, which is addressed in
implantology'*?. During implantation, the alveolar
ridge bone must have sufficient height, width, and
volume to support the implant base adequately™®3.
Moreover, the bone of the socket or canal wall, which
remains on the ridge or edge of the mandible after
tooth extraction, is prone to resorption and the
infiltration of surrounding soft tissues, which must be
prevented. This is why periodontists use methods of
bone resorption regeneration with the help of natural
and synthetic biomaterials, to not only stimulate
osteogenesis in the defect site but also provide
optimal conditions for new bone formation over a
specified period**). Additionally, in sinus-lift surgery,
after lifting the maxillary sinus membrane,
periodontists use bone grafts to fill the resulting void,
ultimately forming a sufficient volume of new bone to
accommodate the implant®®. In guided bone
regeneration (GBR), a type of membrane is used as a
barrier to prevent the rapid invasion of soft tissue
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Regeneration of mandibular and alveolar bone defects: the role of biomaterials and

biological scaffolds
(review article)

ﬂbstract \

Regeneration of the hard tissues of the mandibular and alveolar bones, which are damaged and resorbed due to
severe physical trauma, oral and gingival diseases or tooth extraction, has been a key area of focus for oral and
maxillofacial surgeons as well as dental researchers. Thanks to innovative approaches and advanced materials,
that are progressively entering the market, many bone defects have been effectively repaired and regenerated.
Natural materials such as autografts, allografts, and xenografts, which have been utilized for repairing mandibular
and alveolar bone defects for a long time, are now commercially offered in various shapes, sizes, and as cancellous
or cortico-cancellous types. Recently, the use of fibrin clots, derived from a patient’s own plasma (Platelet-Rich
fibrin) also called PRF, has shown remarkable success for jawbone ridge augmentation.

Meanwhile, with the progress in tissue engineering and biomaterials science, new biological composites and
scaffolds have been developed that overcome the limitations of previous materials like poor osteogenesis
induction and immunologic reactions. These advancements, particularly in maxillary sinus-lift surgeries and crest
bone augmentation, have demonstrated remarkable results. For Examples materials such as calcium phosphate-
based compounds, biocompatible and biodegradable polymers like polylactic-co-glycolic acid (PLGA) and
polylactic acid or polylactide (PLA), bioactive glass composites, and advanced biological membranes are currently
being used .Moreover , by integrating these materials with biological factors such as stem cells, osteogenic
molecules, and growth factors, more efficient and effective approaches for regenerating of mandibular and
alveolar bone defects are now accessible to patients. This highlights the significance of researching and
comprehending biomaterials and their compositions to improve their performance in the mentioned bone
regeneration.

Keywords: Biomaterials, Tissue Scaffolds, Mandibular Bone Defects Regeneration, Osteogenesis.
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Introduction

formation processes?.

L J

Based on information and experiences derived from periodontology and
periodontitis, most injuries and bone resorption around the jaw and teeth are
caused by atrophies following tooth extraction, trauma, wounds, tumor
removal, congenital diseases, pathological conditions, and progressive
complications such as cleft lip and palate!?. The field of regenerative medicine
or bone tissue engineering has emerged to control and compensate for these
injuries with the goal of replacing or reconstructing lost tissues to restore their
natural structure and function. Bone regeneration refers to the intrinsic growth
and reformation of some of the lost or damaged bone tissue to its original
structure, whereas bone remodeling refers to the physiological formation of
bone through a continuous process of activation, resorption, and bone

Maxillofacial bone Regeneration often involves a range of medical procedures
focused on cell recruitment and guidance, as well as cellular grafting and gene
therapy. Periodontal regeneration, as an important part of this broad field,
includes the regeneration of the cementum, periodontal ligament (PDL), and
alveolar bone around the teeth. Most work in this area is related to the
treatment of bone defects prior to implant placement, the regeneration of
alveolar defects aimed at augmenting hard tissue for implant placement, and
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considered the traditional method for treating
acromion fractures, primarily aimed at preserving
active shoulder mobility. Advanced fixation
techniques have also been recommended and
employed in recent surgical practices®®. Cohen
advocates for open surgical intervention in Type Il
fractures that restrict the subacromial space,
symptomatic stress fractures, and painful fractures
that exhibit nonunion”). Bauer et al emphasized that
patient factors such as age, daily activity levels,
general health status, and the degree of acromion
displacement are critical determinants in the decision
to proceed with surgical intervention®. Similarly,
Hess et al concluded that patient-specific factors,
particularly daily activity levels, play a key role in
selecting the appropriate treatment strategy. Open
reduction and fixation(ORIF) is the most reasonable
approach for treating active adults who need a rapid
return to work®. In this case, the patient was a highly
active middle-aged woman, which led to the decision
for surgical intervention. The open reduction was
performed using tension band wiring to achieve
Strong fixation. Postoperatively, the patient
demonstrated significant functional improvement,
regaining pre-injury activity levels without any signs
of surgical site infection. Our findings are consistent
with those of Harris et al. (2011), who reported that
tension band wiring with two parallel pins is the most
effective technique for managing acromion
fractures®®, Similarly, Wahlquist et al (2011)
concluded that open surgery with tension band
wiring offers an optimal surgical approach for
patients with acromion fractures™. Hill et al
emphasized the necessity of open surgery in cases
such as subacromial space narrowing, symptomatic
adhesions, open fractures, displacements exceeding
1 cm, and neurovascular compromise in the shoulder
complex). The choice of implants for acromion
fractures depends on the fracture type and includes
cancellous screws, narrow dynamic compression
plates, 3.5-mm cortical screws, locking plates,
smooth or threaded pins, and tension band wiring.
Acromion fractures have also been treated using
anatomical clavicle plates®2-16),

In our patient, no complications associated with the
surgical procedure or the use of tension band wiring
were observed. Functional recovery was assessed
using the UCLA Shoulder Rating Scale and the
Constant-  Murley  Score, with  significant
improvements noted at each follow-up visit.

——
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Conclusion

In this case report, we found that using open
reduction and internal fixation with tension band
fixations is correlated with the healed acromion
fracture. One of the advantages of using tension band
fixations is the possibility of shoulder movements
soon after surgery which reduces the risk of stiffness
of shoulder in the affected patients.
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months post-operative, the tension band was
removed. The patient’s shoulder function was
evaluated using the University of California, Los
Angeles (UCLA) Shoulder Rating Scale and the
Constant- Murley Score at weeks 6, 12, 24, and 64
postoperative. The scoring progression was recorded
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as follows: a score of 11 at week 6, 17 at week 12, 30
at week 24, and 32 at the final evaluation at week 64.
During the final follow-up at week 64, the patient
demonstrated excellent improvement in active
shoulder movements, achieving 90 degrees of
abduction and 90 degrees of flexion (Figure 2).

Figure 1: Non-revealing regular radiograph , and positive CT Scan of Right Shoulder Showing displaced
Acromion fracture

Figure 2: Different views of healed acromion fracture after ORIF surgery

The scapula, anatomically located in the posterior
thoracic region, is attached to the thoracic by a group
of muscles, playing a pivotal role in upper limb
movements and the mechanical axis of the arm.
Isolated acromion fractures without associated bony
injuries caused by trauma are rare. However, some
cases have been reported involving soft tissue and
bony injuries surrounding the shoulder. It has been
documented that less than 10% of scapular fractures
are associated with acromion injuries. According to
Cohen'’s classification, our patient was categorized as
Type |l, for which surgical intervention was
performed®. It is worth to mention that such
fractures generally heal without complications but

(
L
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may lead to issues such as shoulder pain and
functional disability. High nonunion rates have also
been reported for this fracture type. To diagnose
fractures associated with acromion injuries, serial
trauma radiographs, including anteroposterior,
axillary, and lateral shoulder views, are performed.
CT scans with three-dimensional(3D) reconstruction
are often crucial for detecting acromion fractures and
are instrumental in determining and planning the
appropriate treatment approach.In this case, we
used X-rays and CT imaging for patient evaluation.
The primary objective of our surgical intervention
was to achieve reduction of the lateral acromion
fragment, restore the subacromial space, provide
stable fixation to counteract the forces exerted by
shoulder muscles, and establish favorable mechanical
conditions for faster bone healing. Open surgery is

J
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Isolated traumatic fracture of acromion treated with tension band fixation
(case report)

( )

Abstract

Fracture and acromion, lateral projection of scapular spine, is an uncommon injury which is often diagnosed late.
Though, usually managed conservatively, the indications for surgery in these fractures are very specific. We are
reporting on a 56-year-old active woman with an isolated displaced base of acromion fracture treated by tension-
band wire fixation which resulted into uneventful union, and obtained good shoulder Constant Score and UCLA
shoulder score.

Keywords: Acromion, Bone Fractures, Scapula, Fracture Fixation.
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Trauma to the superior shoulder, such as the strain of overwork, and any
complications related to the reverse total shoulder arthroplasty procedures
can all directly or indirectly cause acromion fractures. Approximately 8% of all
scapular fractures have acromion fractures included in them, which makes it a
rare fractures happening with the fractures of ipsilateral glenoid, neck and

body of the scapula as a result of severe injuries!?). Recently, 5-6.9% of reverse
total shoulder replacement has been shown to be associated with the
acromion fractures. Diagnosis and treatment strategies in patients with
traumatic acromion fracture are difficult?). Accordingly, three classifications
have been considered for acromion fracture: 1. Ogawa and Naniwa
classification which is divided into type 1 comprising lateral scapular spine and
type Il located in the spinoglenoid notch. 2. Kuhn classification including
minimally displaced as type | fracture and displaced without any reduction in
subacromial space as type Il and a reduction in subacromial space as type lll. 3.
AO/OTA classification based on comminution and displacement levels®.
Herein, we aimed to present a case of acromion fracture treated with tension
band fixation.
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Case Description

A 56-year-old female, following a car accident,
referred to our hospital with acute pain in the right
superior shoulder making her unable to move the
shoulder . Right shoulder passive and active motion
was severely painful and limited. Initial < neurological
and vascular evaluation showed no damage. Simple
radiography showed no specific fracture. However,
due to the severity of pain, more tests were required.
Therefore, CT scan was performed and a displaced
fracture at the base of acromion was finally detected
(Figure 1). The patient was prepared for an open
surgery with open reduction and internal fixation

(ORIF) of right acromion fracture. After a general
anesthesia, an incision from anterior to posterior site
of acromion was opened and fracture was visualized.
Tear of deltoid muscle was not seen although a partial
rupture of the rotator cuff was detected which was
repaired. Subacromial bursa was removed. Tension
band fixation of acromion fracture produced a stable
bone.

Post-operative period was without complications.
active movements and progressive exercises were
initiated 3 weeks after the surgery within the limits of
pain tolerance. After initial radiographs, six weeks,
and 12 weeks post-operative radiographs showed
acceptable reduction with a Open sub-acromial
space. Bony union was evident by 12 weeks. At 12

( ]
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delayed wound healing and a reduced ability to
prevent early wound contamination from progressing
to periprosthetic joint infections. The higher rate of
aseptic loosening in SCD patients is likely due to their
younger age at the time of THA compared to patients
undergoing THA for primary osteoarthritis!*2627),
Younger patients tend to have higher activity levels
and greater functional demands, which place
additional stress on the implant-bone interface,
increasing the likelihood of aseptic loosening and
implant failure. Consequently, surgeons might
consider using press-fit fixation to encourage durable
biological ingrowth, and patients should be informed
of their potentially increased risk for future revision
surgery due to aseptic loosening.

Conclusion

In conclusion, THA is frequently performed in SCD
patients due to the high prevalence of femoral head
osteonecrosis. Research has shown that individuals
with SCD face an elevated risk of postoperative
medical and surgical complications compared to non-
SCD patients. As a result, comprehensive care is
essential, necessitating thorough preoperative
evaluation and coordinated communication among
the surgical, anesthetic, hematologic, hospitalist,
infectious disease, and cardiology teams to optimize
outcomes for this high-risk patient population.

References

1 Kenanidis E, Kapriniotis K, Anagnostis P, Potoupnis M,
Christofilopoulos P, Tsiridis E. Total hip arthroplasty in sickle
cell disease: a systematic review. EFORT Open Rev.
2020;5(3):180-188. d0i:10.1302/2058-5241.5.190038
Osunkwo |. An update on the recent literature on sickle cell
bone disease. Curr Opin Endocrinol Diabetes Obes.
2013;20(6):539-546.
doi:10.1097/01.med.0000436192.25846.0b

Vanderhave KL, Perkins CA, Scannell B, Brighton BK.
Orthopaedic Manifestations of Sickle Cell Disease. J Am Acad
Orthop Surg. 2018;26(3):94-101. doi:10.5435/jaaos-d-16-
00255

Hickman JM, Lachiewicz PF. Results and complications of total
hip  arthroplasties in  patients  with  sickle-cell
hemoglobinopathies. Role of cementless components. J
Arthroplasty.  1997;12(4):420-425.  doi:10.1016/s0883-
5403(97)90198-4

Mont MA, Marker DR, Zywiel MG, Carrino JA. Osteonecrosis
of the knee and related conditions. J Am Acad Orthop Surg.
2011;19(8):482-494. doi:10.5435/00124635-201108000-
00004

—

Vol. 21, No. 4 (Serial No. 83), Autumn 2023, p. 154-159

158

10

11

12

13

14

15

16

17

18

19

20

21

22

Total hip arthroplasty in sickle cell disease...

da Silva Junior GB, Daher Ede F, da Rocha FA. Osteoarticular
involvement in sickle cell disease. Rev Bras Hematol Hemoter.
2012;34(2):156-164. doi:10.5581/1516-8484.20120036

Platt OS, Brambilla DJ, Rosse WF, Milner PF, Castro O,
Steinberg MH, et al. Mortality in sickle cell disease. Life
expectancy and risk factors for early death. N Engl J Med.
1994;330(23):1639-1644.
doi:10.1056/nejm199406093302303

Dinan MA, Chou CH, Hammill BG, Graham FL, Schulman KA,
Telen MJ, et al. Outcomes of inpatients with and without
sickle cell disease after high-volume surgical procedures. Am
J Hematol. 2009;84(11):703-709. doi:10.1002/ajh.21520
Hernigou P, Zilber S, Filippini P, Mathieu G, Poignard A,
Galacteros F. Total THA in adult osteonecrosis related to
sickle cell disease. Clin Orthop Relat Res. 2008;466(2):300-
308. doi:10.1007/s11999-007-0069-3

Matos MA, dos Santos Silva LL, Brito Fernandes R, Dias
Malheiros C, Pinto da Silva BV. Avascular necrosis of the
femoral head in sickle cell disease patients. Ortop Traumatol
Rehabil. 2012;14(2):155-160. doi:10.5604/15093492.992286
Fassihi SC, Lee R, Quan T, Tran AA, Stake SN, Unger AS. Total
Hip Arthroplasty in Patients With Sickle Cell Disease: A
Comprehensive  Systematic Review. J Arthroplasty.
2020;35(8):2286-2295. doi:10.1016/j.arth.2020.04.014
Manzary M. Total Hip Arthroplasty in Sickle Cell Disease.
Reconstructive Review. 2016;6(9):38-42.
doi:10.15438/rr.6.2.137

Jeong GK, Ruchelsman DE, Jazrawi LM, Jaffe WL. Total hip
arthroplasty in sickle cell hemoglobinopathies. J Am Acad
Orthop Surg. 2005;13(3):208-217. doi:10.5435/00124635-
200505000-00007

Hernigou P, Housset V, Pariat J, Dubory A, Flouzat Lachaniette
CH. Total hip arthroplasty for sickle cell osteonecrosis:
guidelines for perioperative management. EFORT Open Rev.
2020;5(10):641-651. doi:10.1302/2058-5241.5.190073
Estcourt LJ, Fortin PM, Trivella M, Hopewell S. Preoperative
blood transfusions for sickle cell disease. Cochrane Database
Syst Rev. 2016;4(7):1-51.
doi:10.1002/14651858.CD003149.pub3

Anyaehie UE, Eyichukwu GO, Nwadinigwe CU, Katchy AU.
Complex primary hips for total hip replacement surgery at a
tertiary institution in Nigeria. Sicot j. 2018;4:22.
doi:10.1051/sicotj/2018026

Andersson L, Wesslau A, Bodén H, Dalén N. Immediate or late
weight bearing after uncemented total hip arthroplasty: a
study of functional recovery. J Arthroplasty. 2001;16(8):1063-
1065. doi:10.1054/arth.2001.27253

Kishida Y, Sugano N, Sakai T, Nishii T, Haraguchi K, Ohzono K,
et al. Full weight-bearing after cementless total hip
arthroplasty. Int Orthop. 2001;25(1):25-28.
doi:10.1007/s002640000221

Ballas SK. Complications of sickle cell anemia in adults:
guidelines for effective management. Cleve Clin J Med.
1999;66(1):48-58. doi:10.3949/ccjm.66.1.48

Hammer M, Geier KA, Aksoy S, Reynolds HM. Perioperative
care for patients with sickle cell who are undergoing total hip
replacement as treatment for osteonecrosis. Orthop Nurs.
2003;22(6):384-397. doi:10.1097/00006416-200311000-
00004

Reed W, Vichinsky EP. New considerations in the treatment
of sickle cell disease. Annu Rev Med. 1998;49:461-474.
doi:10.1146/annurev.med.49.1.461

Hart A, Wyles CC, Abdel MP, Perry KI, Pagnano MW, Taunton
MJ. Thirty-Day Major and Minor Complications Following

]
J




Sina Esmaili et al.

patients. A thorough preoperative evaluation should
routinely include laboratory tests to assess serial
hemoglobin S percentage (Hb S%), renal and liver
function, and oxygen saturation levels. These results
guide the decision regarding the need for
preoperative blood transfusion. Red blood cell
exchange, aimed at reducing Hb S levels to below
30%, is reserved for patients with a history of severe
acute chest syndrome, prior cerebrovascular events,
or severe anemia with hemoglobin levels under 5
g/dL*415) Adequate hydration is also vital to reduce
blood viscosity and mitigate the risk of vaso-occlusive
episodes*!). Special attention is required for SCD
patients on hydroxyurea therapy. Given the potential
for myelosuppression, a complete blood count
should be obtained preoperatively, and if any signs of
toxicity are present, hydroxyurea should be
temporarily discontinued for approximately one
week to allow for recovery of blood counts™.

The distinct pathophysiology of SCD presents several
intraoperative challenges during THA. Extensive
infiltration of fatty bone marrow into the femur often
results in sclerosis and narrowing of the femoral
canal, which increases bone fragility and the risk of
intraoperative fractures™. In extreme cases of
femoral canal narrowing, a dysplasia-type, narrow,
straight cylindrical stem may be useful*?. On the
acetabular side, difficulties in properly seating the
acetabular component are common, often
accompanied by Paprosky type | acetabular defects.
These factors can make multi-hole cups with screw
fixation especially useful®®. Concerning the use of
cement, a systematic review found that patients with
SCD undergoing cemented THA faced a higher risk of
requiring revision surgery. Additionally, cemented
THA was associated with an elevated rate of aseptic
loosening™. Therefore, press-fit fixation for both
femoral and acetabular components may be a more
suitable approach for SCD patients. For those who
undergo press-fit THA, surgeons may recommend a
postoperative period of reduced activity to promote
bony ingrowth of the implants, potentially reducing
the likelihood of early aseptic loosening*”:*),
Post-operatively, SCD patients should be placed in a
closely monitored unit. Optimal care is provided in a
tertiary care center where the anesthesia team is
experienced in managing and preventing vaso-
occlusive crises. Nonsteroidal anti-inflammatory
drugs (NSAIDs) offer both analgesic and antiplatelet
effects and can enhance the pain-relieving properties
of opioids, thereby minimizing narcotic use and

(
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lowering the risk of inducing vaso-occlusive
episodes®®. Due to the potential need for blood
transfusions or exchange transfusions, significant
blood bank resources may be required to maintain
safe hemoglobin levels while preventing excessive
blood viscosity??. Additionally, functional asplenia in
SCD patients increases their susceptibility to
infections, including wound infections and sepsis. It is
crucial to involve the infectious disease team
promptly if an infection is suspected to prevent these
life-threatening complications. Clinicians must
remain vigilant for signs of acute chest syndrome,
such as cough, chest pain, fever, and hypoxia, as this
condition is the leading cause of mortality among SCD
patients®Y.

SCD patients undergoing THA tend to have a longer
LOS and higher rates of readmission compared to
those undergoing THA for primary osteoarthritis V),
This difference is largely attributed to the higher
frequency of medical complications in SCD patients,
such as pain crises, sepsis, acute chest syndrome, and
other respiratory issues???).  The recurrent
polymerization and depolymerization of hemoglobin
in SCD patients lead to increased red blood cell
rigidity and stasis, which can obstruct blood flow and
trigger venous thromboembolism (VTE) events¥,
Therefore, clinicians may opt for more aggressive
deep vein thrombosis (DVT) prophylaxis and maintain
a lower threshold for ordering duplex ultrasound
evaluations. Regarding the management of pain
crises and acute chest syndrome, careful monitoring
of intraoperative blood loss and perioperative fluid
balance can reduce these risks. This approach aligns
with the recommendations of Vinchinsky et al., who
emphasized the importance of optimizing
oxygenation, pain control, and hydration in THA
patients with SCD to minimize the occurrence of
vaso-occlusive  crises and acute  coronary
syndrome(®),

Patients with SCD face a heightened risk of surgical
complications compared to those without SCD.
Notably, the rates of wound complications,
infections, and aseptic loosening are significantly
elevated in this population. To mitigate infection
risks, antibiotics, such as first- and second-generation
cephalosporins at a dosage of 2.5 grams per day,
should be administered intraoperatively and for
three days postoperatively. The increased incidence
of wound complications and infections may be linked
to the impaired microvasculature and weakened
immune response in SCD patients, which can result in
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With the diagnosis of AVN, THA was planned for the
patient. A consultation with a hematologist was
conducted to ensure the operation's safety, and after
reviewing the laboratory tests, the hematologist
approved the surgery. Four units of packed red blood
cells and Intensive care unit (ICU) bed were reserved
for the patient.

Preoperative vital signs were a blood pressure of
111/80 mmHg, heart rate of 95 bpm, and oxygen
saturation of 95% on room air. Two grams of cefazolin
were administered to the patient as prophylaxis one
hour prior to the procedure. The uncemented THA
was performed by the senior author (SMJ.M, a
fellowship-trained knee surgeon). After the
administration of anesthesia, 1.5 grams of
tranexamic acid is given before the preparation and
draping process begins. A thermal cautery is used to
make the incision through the subcutaneous tissue
and fat, followed by superficial hemostasis. The
ascending and lateral circumflex artery branches,
located between the Tensor Fasciae Latae and
Sartorius muscles, are identified. These vessels are
clamped using a Babcock clamp and cauterized for
ligation. Once the neck is cut, the osteotomy site is
temporarily sealed with bone wax, which remains in
place until broaching of the femoral canal. At that
point, the wax is removed with a curette. The
implants used included a Zimmer Trilogy 52 mm cup,
fixed with two screws; an M/L Tapered size 5 stem;
and a Neutral (0 mm) VerSys 36 mm head. C-arm
navigation was not utilized. The operation lasted 1.5
hours. During surgery, the patient's blood pressure,
heart rate, and oxygen saturation remained stable,
with 350 cc of blood loss and no transfusion required.
Postoperatively, the patient was admitted to the
ward and experienced an uneventful hospitalization
and the leg length discrepancy in the patient was
three millimeters. She was stable during her first
follow-up visit one week after discharge (Figures 3 &
4).

Figure 3: Collapsed necrotic femoral head
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Figure 4: Postoperative pelvic anteroposterior
(AP) radiograph.
At the final follow-up, conducted four months
postoperatively, a radiograph was obtained, which
revealed no complications. The patient also reported
no dissatisfaction with the outcome.

THA is frequently performed in patients with sickle
cell disease (SCD) due to the high incidence of
femoral head osteonecrosis, with some studies
reporting rates as high as 50%%. Systematic reviews
have shown that THA is an effective intervention for
alleviating pain and enhancing mobility in patients
with SCD. However, these patients face a greater risk
of postoperative complications, both medical and
surgical, compared to those without SCD*Y,
Although various treatment options exist for femoral
head osteonecrosis, most SCD patients inevitably
progress to advanced osteoarthritis of the hip,
rendering  conservative management largely
ineffective™®. Due to the pathophysiology associated
with SCD, alternative surgical treatments, such as
core decompression, have shown limited success,
with failure rates exceeding 40%*3. Despite these
challenges, studies have consistently demonstrated
significant improvements in functional outcomes, as
measured by the Harris Hip Score and Merle
d’Aubigne score, following THA in SCD patients®?.

Preoperative assessment and effective
communication among the surgical, anesthetic,
hematologic, hospitalist, infectious disease, and
cardiology teams are essential in managing these
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Given the unique challenges faced by SCD patients
undergoing THA, we will present a detailed case study
of a patient with SCD who was a candidate for this
procedure. Furthermore, we will review current
guidelines for the management of SCD patients in the
context of THA.

Case Description

A 29-year-old female was referred to our orthopedic
center at Imam Khomeini Hospital Complex, Tehran
University of Medical Sciences, presenting with a
chief complaint of right hip pain and limping for the
past year. The patient is a known case of SCD. She had
previously presented with the same complaint two
months earlier, but her operation was canceled due
to a sickle cell crisis, which included a decrease in
hemoglobin from 10.7 to 8.9 g/dL and severe bone
pain. She had a history of blood exchange and platelet
injection two years prior, but no history of surgery,
particularly orthopedic surgery. The patient had been
taking tramadol and hydroxyurea irregularly. Her

Figure 2: Preoperative planning. Right: medial offset = 27 mm, vertical offset = 34 mm, caput-collum-
diaphyseal (CCD) angle = 145.5°; Left: medial offset = 32 mm, vertical offset = 42 mm, CCD angle = 143.0°.
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body mass index (BMI) was 21, and her Charlson
Comorbidity Index (CCl) was zero (Figure 1).

On physical examination, Stinchfield’s test was
positive, indicating pain in the anterior groin. The
range of motion (ROM) in various movements had
decreased, with the greatest decrease observed in
internal rotation (20 degrees below the lower limit of
the normal value). A flexion contracture was noted at
10 degrees. The neurovascular examination was
intact, and no skin scars were observed. Examinations
of other systems were unremarkable. Laboratory
investigations revealed hemoglobin at 10.6 g/dL,
white blood cell count at 4,100/uL, platelets at
151,000/puL, erythrocyte sedimentation rate at 53
mm/h, C-reactive protein level at 39 mg/L, and an
international normalized ratio (INR) of 1.07. Imaging
studies showed avascular necrosis (AVN) of the right
femoral head with a diameter of 38 mm (more than
50%), internal mild edema, and focal sclerosis on
magnetic resonance imaging (MRI). A hip X-ray
revealed a 1 mm leg length discrepancy and was
classified as Dorr type B (Figure 2).

| 4 i
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Total hip arthroplasty in sickle cell disease
(case report)

(Abstract \

Sickle cell disease (SCD), often leads to skeletal complications such as avascular necrosis (AVN) of the femoral head,
osteoporosis, fractures, and infections. Despite available joint-preserving surgeries, many SCD patients require
total hip arthroplasty (THA). However, THA carries significant risks for these patients, including hypoxia and
vascular. This case report describes a 29-year-old female with SCD who presented with recurrent hip pain after a
previous surgery was canceled due to a sickle cell crisis. Physical examination revealed restricted hip motion, and
imaging confirmed AVN of the right femoral head. After a thorough hematology consultation, uncemented THA
was performed. The surgery was uneventful, with minimal blood loss and no need for transfusion. The patient
recovered well and was stable at her first follow-up. THA is common in SCD patients due to the high incidence of
femoral head osteonecrosis, but they face higher risks of postoperative complications. Therefore, careful
preoperative planning and coordination among surgical, anesthetic, and hematology teams are crucial for
optimizing the patient for THA.

Keywords: Sickle Cell Anemia, Total Hip Arthroplasty, Osteonecrosis.
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UL S EELCRA Sickle cell disease (SCD) is a common autosomal recessive disorder caused by
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T A L R T a point mutation in the B-globin chain of hemoglobin>?. his genetic alteration
Tehran, Iran. induces an abnormal configuration of red blood cells, which tend to deform
into a sickle shape under conditions of reduced oxygen levels. Thisimpedes the
blood supply to tissues and leads to vaso-occlusion, which is central to the
pathophysiology of SCD. SCD patients exhibit a wide range of clinical
manifestations, with key features including anemia, vaso-occlusive crises, and
chronic organ failure'®.

Skeletal manifestations are common in sickle cell disease (SCD) and encompass
conditions such as avascular necrosis (AVN) of the femoral head, osteoporosis,
pathological fractures, and infections, including septic arthritis and
osteomyelitis®3), AVN of the femoral head poses a significant and debilitating
challenge, affecting 20-50% of SCD patients, predominantly in their second or
third decade of life®. This condition has a high probability of progressing to hip
osteoarthritis (OA), usually in the third or fourth decade of life(?.

Despite the implementation of joint-preserving surgical strategies like core
decompression, osteotomy, and bone grafting, many patients with SCD
experience advanced osteonecrosis, necessitating total hip arthroplasty (THA)
(>6) Recent advancements in surgical techniques, hardware, drug therapysuch
as hydroxyurea, and stem cell transplantation have greatly enhanced the life
expectancy and quality of life for SCD patients, with many living comfortably
into their seventh decade®?).

Nevertheless, these patients continue to be high-risk candidates for surgery.
The physiological stress associated with surgical procedures can trigger
cytokine release, leading to hypoxia, hypoperfusion, and acidosis, conditions
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conducted by Kayani et al.?® in 2001-2005, in
Missouri, 1358 patients died from traumatic brain
injury. Motorcycles and firearms accounted for 88%
of the total causes. According to a study by Cavalcanti
et al.®, which was the result of the autopsy of the
bodies of children who died 0-4 years old due to
external causes, the leading causes of death were
drowning (34%) and vehicle accidents (22%). Among
the dead, 56% were male, and about 27% were under
one year old. Head and face injuries were seen in 34%
of the bodies. According to this study, there was a
solid and significant relationship between vehicle
accidents and the incidence of head injuries. The
findings of this study showed that head and neck
traumas are the most common anatomical location of
trauma in the death group. Anatomically, children
have a larger head-to-toe ratio, and their skull bones
are thinner than adults, so this might explain the
higher risk of head and neck trauma®*3?, Another
important finding of this study is transporting the
injured patient to the hospital. According to the
present study results (81.4%), 123 deaths were
referred by ambulance, while (18.6%) 28 deaths were
transferred by personal vehicle.

There were several limitations to this study. This
study did not include the death mechanism, so it was
not possible to determine an accurate mechanism of
mortality. Furthermore, sending children through the
emergency system requires staff training and
familiarity with the differences between sending
children and adolescents at all stages, including
vascular access, resuscitation, etc. Unfortunately, this
level of expertise is absent in this study, which makes
the study prone to bias. Another important limitation
of this study was the inability to determine the
severity of the traumas based on existing
classification systems. Last but not least, despite
suspected cases of child abuse resulting in death and
trauma in our study, the necessary evidence was
unavailable.

Conclusion

Different causes of children's trauma have been
implicated based on different environmental
conditions, laws, and various times, which is why
epidemiological studies are important for resolving
these problems. Our studies showed that most
trauma-related deaths in pediatric and adolescent
children during 2011-2020 in Kashan, Iran, were boys,
between 15-18 years of age, had head and neck or
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chest trauma, referred by ambulance, and caused by
traffic accidents on streets, mainly with the car.
0.92% of trauma led to mortality, and the most
common cause was head and neck injuries. It also
seems that due to strict rules regarding using
firearms, no cases of trauma caused by firearms.
However, in our city, traffic accidents were the
leading cause of trauma in children and adolescents,
which requires social, legal, and environmental
interventions.

References

1 Adams J, Kennedy A, Cotton J, Brumby S. Child farm-related
injury in Australia: a review of the literature. International
journal of environmental research and public health.
2021;18(11):6063. https://doi.org/10.3390/ijerph18116063

2 Peden AE, Cullen P, Francis KL, Moeller H, Peden MM, Ye P,
et al. Adolescent transport and unintentional injuries: a
systematic analysis using the Global Burden of Disease Study
2019. The Lancet public health. 2022;7(8):e657-e669.
https://doi.org/10.1016/52468-2667(22)00134-7

3 Kauvar DS, Lefering R, Wade CE. Impact of hemorrhage on
trauma outcome: an overview of epidemiology, clinical
presentations, and therapeutic considerations. Journal of
Trauma and Acute Care Surgery. 2006;60(6): 3-11.
10.1097/01.ta.0000199961.02677.19

4 Alonge O, Hyder AA. Reducing the global burden of childhood
unintentional injuries. Archives of disease in childhood.
2014;99(1):62-69. https://doi.org/10.1136/archdischild-
2013-304177

5 Babikian T, Asarnow R. Neurocognitive outcomes and
recovery after pediatric TBl: meta-analytic review of the
literature. Neuropsychology. 2009;23(3):283.
https://psycnet.apa.org/doi/10.1037/a0015268

6 Souza LMdN, Braga LW, Filho GN, Dellatolas G. Quality-of-life:
child and parent perspectives following severe traumatic
brain injury. Developmental Neurorehabilitation.
2007;10(1):35-47.
https://doi.org/10.1080/13638490600822239

7 Danseco ER, Miller TR, Spicer RS. Incidence and costs of 1987—
1994 childhood injuries: demographic breakdowns.
Pediatrics. 2000;105(2):e27.
https://doi.org/10.1542/peds.105.2.e27

8 Siram S, Oyetunji TA, Khoury AL, Walker SR, Bolorunduro OB,
Chang DC, et al. Pediatric trauma at an adult trauma center.
Journal  of  the National Medical  Association.
2010;102(8):692-695. https://doi.org/10.1016/S0027-
9684(15)30654-4

9 Abdolrahimzadeh Fard H, Mahmudi-Azer S, Abdulzahraa
Yaqoob Q, Sabetian G, Iranpour P, Shayan Z, et al. Comparison
of chest CT scan findings between COVID-19 and pulmonary
contusion in trauma patients based on RSNA criteria:
Established novel criteria for trauma victims. Chin J
Traumatol. 2022;25.170-176.
https://doi.org/10.1016/j.cjtee.2022.01.004

10 Zarei M, Moharrami A, Haghpanah B. Delay in anesthesia
assessment time &#8211; A cause of postponement in
orthopedic trauma surgery. Archives of Trauma Research.
2020;9(4):176-180. https://doi.org/10.4103/atr.atr_72_19

]
J




Iranian Journal of Orthopaedic Surgery
Vol. 21, No. 4 (Serial No. 83), Autumn 2023, p. 147-153

100
88

90

80

70

60

50

40

Number of Deaths

30
20

8
10

0 []

Loss of
consciousness

Sepsis

Incidence and patterns of traumatic death among..

23
15 l 17

Altered level of Hypovolemia Water and
consciousness electrolyte
changes

Clinical Condition

Figure 2: Patient's clinical condition at referral with mortality outcome.

According to a study of trends in the transport and

unintentional injury mortality of adolescents
between 1990 and 2019, these injuries continue to be
major causes of harm that remain largely unchanged
as a proportion of all causes of death since 199014,
Even though the mortality rates for these injuries are
declining globally, variations and inequities exist
according to trauma mechanism, time period,
sociodemographics, and outcome. While progress in
reducing injury rates in high-income countries has
stalled, injury is becoming a major cause of death and
disability in low-income and middle-income
countries®®. International donors, governments, and
industry must invest to satisfy this challenge, but this
investment is often inadequate in low-income
countries.

According to this study, most cases of trauma
resulting in mortality of children and adolescents
were boys, age group 15-18 years, had head and neck
or chest trauma, referred by ambulance, and caused
by traffic accidents on streets, mainly with the car. A
total of 0.92% of trauma cases were associated with
mortality, and the most traumatic death was related
to head and neck trauma. There was no significant
difference between death and non-death groups
regarding age, date (year), season, and the time
interval between injury and referral.

In a study by Arhami Dolatabadi et al.?” between
2011-2012 in Tehran, Iran, the information of 547

(
\
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children was examined. According to this study, most
referred under 14 years patients to the ED of the
hospital were boys, in the summer season, between
16:00 and 24:00, and due to traffic accidents, which
complies with our study. Due to the prevailing
cultural conditions, it can be said that the use of
vehicles by girls is less, and therefore they are less
exposed to traffic injuries. In the mentioned study,
1.8% of trauma cases have died. The highest fatality
rate due to trauma was related to chest and
abdominal trauma. While in our study, this value was
0.92%, and the highest fatality rate due to trauma
was related to head and neck trauma.

In our study, the highest mortality was caused by
motorcycle trauma with 55 #23%) patients. Bowman et
al.”® also pointed out that the less strict rules related
to motorcycles and their relatively low price and
convenience for use in the studied age group
effectively raise the resulting accidents. On the other
hand, the people in our studied age group have
sometimes been the victims of their parents'
carelessness, which has led to accidents. As a result
of our study, accidents were the leading cause of
trauma (50%), and falling from a height was the
second most common cause (36%). As high as 32% of
children were injured in a bicycle or motorcycle
accident.

In our study, due to limiting laws for using weapons
in Iran, firearms and subsequent deaths are the least
common cases, and in this study, trauma due to
firearms wasn't found. However, in a survey
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The frequency distribution of injury sites in
traumatized children and adolescents is shown in
Table 3. The head and neck area were the most
anatomic site of injury that resulted in death (P <
0.001).

Also, chest injuries are significantly higher in death
cases than in the non-death group (P < 0.001).
Abdominopelvic and limb traumais significantly more
frequent among the non-death group (P < 0.001).
Regarding the transfer to the hospital, 123 (81.4%)
deaths were referred by ambulance, while 28 (18.6%)
deaths were referred by personal vehicle. In the non-
death group, 42.3% were referred by ambulance and
57.7% by private vehicle; There was a statistically
significant difference (P < 0.001).

The damage mechanism is shown in Table 4. The
highest mortality in traumas was caused by accidents
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and traffic accidents with 130 people (86%, P <
0.001). About the used vehicle in case of traffic
accidents, the highest mortality was caused by
motorcycle traumas with 55 people (42.3%, P <
0.001), followed by car accidents (31.5%).

The time interval between injury and referral from
the urban area for the death group and non-death
was 15.2 + 4.1 and 15.4 £ 2.2 minutes, respectively,
which was not statistically significant (P = 0.95). This
time in out-of-town injuries for the death group and
non-death was 44.5 + 3.1 and 45.4 + 2.9 minutes,
respectively, which was insignificant (P = 0.89).
Regarding the patient's condition at the time of
admission, the highest mortality in the clinical
condition was the decrease in the level of
consciousness in 88 cases (58.3%), which statistically
was significant (P < 0.001).

Table 3: The frequency distribution of injury sites

Anatomical site of injury Death None-death P-value*
Yes 64 (42.4%) 4374 (26.9%)
Head and Neck <0.001
No 87 (57.6%) 11890 (73.1%)
Yes 5(3.3%) 38 (0.2%)
Chest <0.001
No 146 (96.7%) 16224 (99.8%)
. . Yes 11 (7.3%) 101 (66.9%)
Abdominopelvic <0.001
No 140 (92.7%) 16161 (33.1%)
] Yes 41 (27.1%) 10983 (67.5%)
Limbs <0.001
No 110 (72.9%) 5279 (32.5%)

Table 4: Mechanism of damage (P-value is calculated with Fisher's exact test.)

Mechanism of injury Death None-death P-value
Driving Accident 130 (86%) 12342 (75.9%)
Car 41 (31.5%) 2227 (13.7%)
Motorcycle 55 (42.3%) 9927 (61%)
Bicycle 4 (3%) 1128 (6.9%)
Trunk 4 (3%) 140 (0.9%)
Pedestrian 26 (20.2%) 2840 (17.5%)
Falling 6 (3.9%) 487 (3%) <0.001
Burn 4 (2.6%) 325 (2%)
Drowning 2 (1.3%) 162 (1%)
Poisoning 2 (1.3%) 585 (3.6%)
Violence 2 (1.3%) 829 (5.1%)
Other 5(3.6%) 1532 (9.4%)
Total 151 (100%) 16262 (100%)
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Table 1: Distribution of traumatized children and adolescents based on demographic data

Death None-death
Sex
Male 128 (84.7%) 12605 (77.5%) 0.033*
Female 23 (15.3%) 3657 (22.5%) '
Season
Spring 43 (28.5%) 4553 (28%)
Summer 48 (31.8%) 5203 (32%) 0.96
Autumn 35 (23.2%) 3577 (22%) '
Winter 25 (16.5%) 2929 (18%)
Age Group
1-5 years (early childhood) 43 (28.5%) 2882 (17.7%)
6-10 years (middle childhood) 32 (21.2%) 3362 (20.7%)
11-15 years (early adolescents) 25 (16.5%) 3610 (22.2%) 0.004*
16-18 years (late adolescents) 51 (33.8%) 6408 (39.4%)
Total 151 (100%) 16262 (100%)
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Figure 1: The prevalence of death occurred due to trauma in children and adolescents per year.

Table 2: The frequency distribution of traumatized children and adolescents separated based on the place

of the accident.

Place of accident Death None-death P-value
Street 80 (53%) 7755 (47.7%)
Road 34 (22.5%) 914 (5.6%)
Freeway 15 (9.9%) 339 (2.1%)
House and School 11 (7.3%) 5354 (32.9%) <0.001
Gym 3(2%) 854 (5.2%) '
Village 3(2%) 831 (5.1%)
Other 5(3.3%) 215 (1.4%)
Total 151 (100%) 16262 (100%)
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Nevertheless, based on the study of different regions
at various times points, as and also well as the
occurrence of unpredictable events, violence, self-
harm, and war are described as the most common
mechanisms of trauma and accordingly accounted for
half of all deaths resulting from trauma in 2000,
which was equivalent to 1.6 million deaths®.
Pediatric trauma has always been a concern for most
communities and organizations due to its essential
role in causing pediatric mortality®*>?%22  This
information is necessary for the macro-national and
local planning processes and health programs,
which vary according to geographical region, culture,
religion, and ethnicity. However, there are no specific
reports and statistics on Iran and our neighboring
countries in the middle east, and research conducted
in different areas indicates different and variable
prevalence 423,

Transport and unintentional injury continue to cause
death and DALYs in children and adolescents,
supporting the need to prioritize new strategies for
preventing injuries?. Most pediatric injuries can be
predicted and prevented®). Although it would be
ideal to prevent all injuries, additional studies
focusing on critical injuries that result in mortality are
necessary because of the significant loss of life. We
studied epidemiology and pattern of pediatric
traumatic deaths in our city in a developing middle
eastern country, lIran, classified by WHO age
classification in view of the importance of pediatric
trauma information and mortality in our developing
communities.

Materials & Methods

Study design and setting

The present study was approved by the institutional
review board (IRB) of our university of medical
sciences. All patients 'rights and ethical laws were
observed, and the patient's personal information was
kept confidential.

This study is a retrospective cohort study based on
databases of the city trauma center, investigating
children and adolescents aged 1-18 years old from
2011 to 2020 who were referred to the surgical triage
department of our tertiary hospital, Kashan, Iran. In
this study, cases of death that occurred before
reaching the emergency department (ED) were
excluded from the study. The study included patients
who died in the ED and then were removed from the

—
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hospital morgue. All trauma patients were
resuscitated and managed by an experienced trauma
team and then managed by a pediatric surgeon (in
the case of pediatric traumas) and other specialists if
needed.

Data collection

Data on demographics, injury type, the time span
between the event and referral, referral method,
clinical condition of the patient at the time of referral,
date of trauma, location of incidence, type of vehicle,
and site of injuries were collected.

Statistical analysis

The information was then input into the IBM SPSS
version 24 software, and statistical analysis was
conducted on the data. Central indices such as mean,
frequency, and standard deviation were extracted
from the data. Analyses were performed to compare
the characteristics of patients who died and survived
after admission. Depending on the type of variables
and based on the normality of the data according to
Shapiro—Wilk test, Chi-square or Student's t-test
were used. P <0.05 was considered a significant level.

A total of 16413 patients, consist of 151 (0.92%)
deaths and 16262 (99.08%) survived patients were
included. The mean age in the mortality and non-
mortality groups was 10.0 £ 6.1 and 11.0 + 5.6 years,
respectively, with no significant difference (P = 0.07).
Among the children and adolescents who died, 84.7%
were male (128 cases), and 15.3% were female (23
patients), which showed a significant difference in
terms of sex differences (P = 0.033) (Table 1).

The highest number of deaths (16.5%) occurred in
2013 (P = 0.64) (Figure 1).

The highest number of deaths was in 16-18 years,
with 51 people (33.8%). There was a significant
difference in the number of deaths according to age
group (P = 0.004). Regarding the mortality rate in
each season, the highest mortality was in summer
with 48 people (31.8%), and the lowest mortality in
winter was 25 people (16.5%, P = 0.96) (Table 1).
The distribution of traumatized children and
adolescents according to the place of the accident is
presented in Table 2. The highest number of deaths
was caused by street trauma with 80 cases (53%),
followed by road trauma with 34 patients (22.5%).
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Incidence and patterns of traumatic death among children and adolescents, crowded
city, Iran

ﬁbstract \

Introduction: We aim to evaluate the epidemiology and pattern of pediatric traumatic deaths in an Iranian city,
during the period 2011-2020, in light of the importance of information on pediatric trauma and mortality.
Materials & Methods: Present study is a retrospective cross-sectional study including children and adolescents
admitted to our tertiary trauma hospital between 2011 and 2020. Information from the clinical profiles of 16413
children was gathered and analyzed, including demographics, injury type and mechanism, referral method, and
site of injuries.

Results & Discussion: 151 (0.92%) deaths related to trauma were identified, 128 (84.7%) were boys and 23 (15.3%)
were girls (P = 0.033). The mean age of children with and without mortality was 10.0 £ 6.1 and 11.0 * 5.6 years,
respectively (P = 0.07). 51 (33.8%) deaths occurred in children 15-18 years old (P = 0.004). The highest mortality
was in summer with 48 people (31.8%) (P = 0.96). Traffic accidents with 130 (86%) cases were the most common
mechanism (P < 0.001). The most common traumas leading to death were head and neck traumas, with 64 (42.4%)
deaths. Regarding the transfer to the hospital, 123 (81.4%) deaths were referred by ambulance, while 28 (18.6%)
deaths were referred by personal vehicle (P < 0.001).

Conclusion: Most trauma-related deaths in pediatric and adolescent children in our city were boys between 16-
18 years of age, had head and neck or chest trauma, referred by ambulance, and caused by traffic accidents on
streets, mainly with the car. 0.92% of trauma led to mortality, and the most common cause was head and neck
injuries. Traffic accidents, the leading cause of trauma, requires social, legal, and environmental interventions.
Keywords: Epidemiology, Mortality, Child, Trauma.
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we compared follow-up results between two groups
of different patients, rather than following the same
patients over different periods. Although matching
groups before the 3?P injection was done to minimize
selection bias, this approach is less robust than
within-patient comparisons.

Calculating the rate of hemarthrosis was based on a
subjective variable, which may not have been
sufficiently precise. Although the same referral
center was used for treatment in all patients,
incorporating objectively recorded clinical scores
could have served as a double check to ensure the
accurate diagnosis of hemophilic arthropathy.
Furthermore, while the primary goal of radioactive
synoviorthesis is to reduce the burden of coagulation
factor consumption, the calculation of factor use—
given the possibility of treatment at home or other
centers for joint and non-joint bleeding—may not
have been exact. This potential inaccuracy precluded
a detailed discussion of this aspect in our study.

In the context of synoviorthesis using P32 radioactive
for hemophilic joints, our findings indicate a
significant reduction in hemarthrosis. However, it is
premature to conclusively state that this reduction is
constant over time. While the initial results are
promising, indicating a notable decrease in joint
bleeding, long-term follow-up studies are essential to
ascertain the durability of this effect.

The current study's limitation to a 36-month

observation period constrains our ability to
definitively  conclude the permanence of
hemarthrosis reduction. Further research with

extended follow-up durations is necessary to
evaluate the sustained efficacy of P32 synoviorthesis
in  maintaining reduced hemarthrosis levels.
Additionally, monitoring potential long-term adverse
effects will be crucial in determining the overall
viability and safety of this intervention for chronic
management in hemophilia patients.

Conclusion

32p  synoviorthesis is an effective and durable
procedure for managing hemophilic synovitis,
particularly in reducing hemarthrosis and improving
clinical scores. However, this treatment modality
does not appear to halt the radiologic progression of
joint destruction associated with hemophilic
arthropathy.
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follow-up period. Another critical question is whether
the destructive nature of hemophilic arthropathy can
be reversed or halted by synoviorthesis.

Eraghi and colleagues found that patients with fewer
than 36 months of follow-up required less factor
compared to those with more than 36 months of
follow-up. However, they did not determine whether
the increased factor consumption in the over -36 -
months group was due to the treatment of the
original joint or the development of new target
joints*¥). In another study, Silva et al. observed that
75% of cases showed a decrease in hemarthrosis
within 6 months to 8 years following 115 primary 32P
synoviortheses. The reduction in hemarthrosis
decreased over time, from 93% three months after
the injection to 73.7% after 8 years*”). In a previous
study, Mortazavi et al. examined 66 cases of 32P
synoviorthesis in 53 patients, some of whom were
included in the >36 months follow-up group of the
present study. They found that the percentage of
cases with no bleeding episodes after the 3P injection
tended to decrease, particularly during the first six
months post-injection, dropping from 39% at the
third month to 26% at the sixth month. This decline
was attributed to factors such as synovial regrowth
and ongoing inflammation, the increased physical
load as patients became less cautious and more
active, and the lack of post-injection physical therapy
to enhance muscular strength®3),

In the present study, while there was a significant
decrease in the hemarthrosis rate in both the <36 and
>36 months follow-up groups (Table 2), consistent
with previous studies, we did not find any significant
difference in the efficacy of synoviorthesis between
the two groups when comparing the grade of
hemarthrosis reduction (Table 3). At the last visit, a
complete cessation of hemarthrosis (grade 0 of
hemarthrosis reduction) was observed in 30% of the
<36 months group and 19.2% of the >36 months
group (Table 3). Although the difference was not
statistically significant (p=0.574), it suggests that
there may be a higher likelihood of curing
hemarthrosis after 32P synoviorthesis in In our study
Regarding clinical grade, we found an improvement
trend in both groups (0.65 in the >36 months group
(p=0.028) and 0.56 in the <36 months group
(p=0.027)), with no significant difference between
these improvements (p=0.8). As shown in Table 4,
although no patients had a clinical grade of 0 before
32p radio-synovectomy, this intervention improved
the clinical score to grade O (indicating no clinical
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signs of arthropathy, except for radiological findings)
in 23.3% of patients in the <36 months group and
26.9% in the >36 months group at the last follow-up.
This finding, which could be viewed as synonymous
with the cessation of hemarthrosis (grade 0 of
hemarthrosis reduction) and has been reported in
previous studies, represents a significant opportunity
for patients to be fully cured by a simple
proceduret317),

During follow-up, new target joints were identified in
10 patients (33.3%) in the <36 months group and 13
patients (50%) in the >36 months group in the
present study (p>0.05). As follow-up duration
increases, the involvement of a greater number of
joints by hemophilic arthropathy may progressively
occur. The emergence of new target joints indicates
that synoviorthesis is a focal, rather than systemic,
treatment and has no therapeutic or preventive
effect on other joints. This also explains the
continued factor consumption in patients who
otherwise responded well to synoviorthesis, making
it difficult to directly correlate factor consumption
with the success of synoviorthesis.

Similar to our findings, a radiographic follow-up study
of 29 joints over 1 to 14 years (median 8 years)
demonstrated deterioration in the radiological score
in 23 (79%) of the joints. Rivard et al. evaluated the
radiographic grade of 92 joints in 48 hemophiliacs
treated with 32P synoviorthesis. Compared to joints
that had not been injected with 32P, they concluded
that once initiated, hemophilic arthropathy
progresses regardless of the treatment™. In our
study, 63% of joints in the >36 months follow-up
group showed deterioration in radiological grade,
with a mean deterioration of 0.78. This was
significantly worse than in the <36 months follow-up
group, where only 28% of cases showed
deterioration, with an average deterioration of 0.25
(p<0.05). These findings reinforce the notion that,
despite improvements in the hemarthrosis rate and
clinical grade of the joint, the destructive nature of
hemophilic arthropathy continues, even after 32pP
synoviorthesis. However, our case study is limited to
a 36-month period, which constrains our ability to
fully evaluate the inhibitory effects of radioactive P32
synoviorthesis on joint cartilage destruction.

Our study had some limitations. The relatively small
sample size may have affected our results,
particularly in terms of a type Il error, where some
differences that appeared non-significant might have
been significant with a larger sample. Additionally,
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Table 4: The effects of radiosynovectomy on clinical grade (Fernandez-palazzi scale) before and after 32P
radiosynovectomy.

The effect of P32 radioactive synoviorthesis..

Definition F/U<36m F/U>36m
Before after Before After
0 - 7 (23.3%) - 7 (26.9%)
1 Transitory synovitis with no post-bleeding 1(3.3%) 1(3.3%) 2 (7.7%) 1(3.8%)
sequelae
) Permanent synovitis with persistent synovial 6 (20%) 2(6.7%) | 5(19.2%) | 3 (11.5%)
thickening and limited range of motion
3 As for Grade jei’;tinri:;’icf“t'ﬁ;a"tr;%phy andaxial | 5376 7%) | 20(66.7%) | 19(73.1%) | 15(57.7%)
4 Fibrous or osseous ankylosis - - -
Total 30 (100%) | 30 (100%) | 26 (100%) | 26 (100%)

Table 5: The effects of radiosynovectomy on radiological grade (Arnold—Hilgartner scale) before and after

32P radiosynovectomy.

Definition =36m >36m
Before after before after
0 Normal joint - - - -
1 No skeletal abnormalities: soft tissue swelling present - 1(3.7%) - -
) Osteoporosis and overgrowth of epiphysis; no erosions; 6 (24%) 3 7 i
no narrowing of cartilage space (11.1%) | (30.4%)
Early subchondral bone cysts; squaring of patella; 10 5
3 intercondylar notch of distal femur or humerus 9 (36%) 7 (26.9%)
. . . (37%) | (21.7%)
widened; cartilage space remained preserved
Findings of Stage Ill more advanced: cartilage space 10 10 9
4 narrowed (ao%) | (37%) | (39.1%) | 11(423%)
Fibrous joint contracture; loss of joint cartilage space; 3
5 marked enlargement of the epiphysis and substantial - (11.1%) 2(8.7%) | 8(30.8%)
disorganization of the joint '
25 27 23
Total (100%) | (100%) | (100%) | 28 (100%)

Similar to our study, several research studies have
investigated the use of radioactive 32P synoviorthesis
for treating hemophilic arthropathy and have found
that it effectively reduces the rate of hemarthrosis,
decreases coagulation factor consumption, and
improves the patient's clinical condition***317:19 The
primary difference between synoviorthesis using P-
32 and previous methods lies in the type of
radionuclide used and its specific properties. P-32, a
beta-emitting radionuclide, offers a higher energy
emission compared to earlier radionuclides like Y-90
or Re-188. This higher energy emission allows for a
more effective penetration and treatment of the
synovial lining, potentially leading to better outcomes
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in terms of pain relief and reduction of joint effusion.
Additionally, P-32 has a shorter half-life, which may
result in a more localized effect and reduced risk of
systemic radiation exposure. However, further
studies are needed to fully understand the long-term
benefits and potential risks associated with P-32
synoviorthesis compared to previous methods!*?.
However, an important question concerns the
durability of this effect. When radioactive
synoviorthesis targets sub-synovial vessels by
ablating and occluding them , the angiogenesis and
revascularization eventually lead to the formation of
new bleeding vessels, thereby causing recurrent
hemarthrosis? This possibility could be inferred from
a decrease in the efficacy of synoviorthesis in

reducing hemarthrosis, coagulation factor
consumption, and clinical grades over a longer
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P=0.27
P=1.00 . P=0.48
. , (independen P=1.00 . ,
(Fischer’s . , (Fischer’s Exact
t samples t- (Fischer’s Exact test)
Exact test) test) test)

Table 2: Comparing variable within and between <36 months and > 36 months follow-up groups

A: Rate of hemarthrosis per month
S Last follow- Grade of hemarthrosis
Pre-injection .
up reduction
N:30 Mean: 7.30 Mean:3.17 Mean: 1.80
< .
<36m Miss:6 SE: 1.54 P-0.001 SE:0.79 SE: 0.28
P:0.078 P:0.574 P:0.90
N:26 Mean: 4.85 Mean: 3.11 Mean:1.65
P:0.002
>36m Miss:3 SE: 1.13 0.00 SE: 1.05 SE: 0.30
C: Clinical grade (Fernandez-Palazzi)
. .Pre‘- Last follow-up A clinical score
injection
<6 N:30 Mze;;: P: Mean: 2.17 Mean: -0.56
Miss: O SE: 0.09 0.027 SE: 0.23 SE: 0.21
P:0.57 P:0.39 P:0.8
sem N:26 Ve P: Mean: 2 Mean: -0.65
Miss:0 SE :0.12 0.028 SE: 0.26 SE: 0.28
D: Radiological grade (Arnold—Hilgartner scale)
Pre- Last follow-
- re. ast follow A Radiological score
injection up
<36m N:30 Mean: 3.16 P: Mean:3.41 Mean: 0.25
B Miss:5 SE: 0.16 0.130 SE:0.19 SE: 0.15
P:0.61 P:0.017 P:0.013
536 m N:26 Mean: 3.26 P: Mean: 4.04 Mean: 0.78
Miss:3 SE: 0.21 0.001 SE: 0.15 SE: 0.14
Table 3: Grading of hemarthrosis reduction after radiosynovectomy
Grade Definition Frequency (%)
F/U< 36m F/U>36m
0 no bleeding episode 9 (30%) 5(19.2%)
1 >75% reduction in bleeding episodes 11 (36.7%) 6 (23.1%)
2 >50% reduction in bleeding episodes 2 (6.7%) 5(19.2%)
3 >25% reduction in bleeding episodes 2 (6.7%) 2 (7.7%)
4 No change in the frequency of bleeding episodes 6 (20%) 8(30.8%)
Total 30 (100%) 26 (100%)
Mean of decrease in hemarthrosis rate/month 1.80 1.65
Standard error 0.28 0.30
P value =0.90
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those followed for 36 months or less (<36m) and
those with a follow-up duration of more than 36
months (>36m). The <36m group consisted of 30
patients (age: 6-36 years) with a mean follow-up of
21.83 months (SD: 12.12; range: 3-36 months), while
the >36m group included 26 patients (age: 2.5-35
years) with a mean follow-up of 43.63 months (SD:
20.60; range: 38-102 months). The patients'
demographic data, as well as the type of hemophilia
and presence of inhibitors, are summarized in Table
1. The £36m group included 21 knees, 3 elbows, and
6 ankles, while the corresponding numbers for the
>36m group were 24, 1, and 1, respectively. There
was no significant difference between the two groups
regarding variables such as sex, age, type of
hemophilia, presence of inhibitors, and injected
joints.

The average reduction in the rate of hemarthrosis
was 56.4% in the £36m group and 35.9% in the >36m
group, with both being statistically significant
(p=0.001 and p=0.002, respectively) (Table 2). The
clinical reduction was also graded as described in
Table 33), Although the comparison of hemarthrosis
reduction grades between the two groups was not
statistically significant (p=0.90), there was a trend
toward a better response to radio-synovectomy in
the short-term follow-up group (mean reduction
grade: 1.8 in £36m versus 1.65 in >36m). During the
follow-up period, new target joints were identified in
10 patients (33.3%) in the <36m group and 13
patients (50%) in the >36m group. We observed a
91.2% and 77.2% reduction in mean coagulation
factor consumption per month for the 3?P-injected
joint in the <36m and >36m groups, respectively
(p<0.001 within each group, but p>0.05 p=0.065
between groups).

Tables 2 and 4 present the frequency of clinical
grades (Fernandez-Palazzi scale) and comparisons of

The effect of P32 radioactive synoviorthesis..

means before and after 32P injection within and
between the two groups. These tables also show the
A clinical score, defined as the difference between
the grade at the last follow-up and the pre-injection
grade. 3?P radio-synovectomy significantly improved
the mean clinical score in both groups. Although this
improvement was clinically more significant in both
groups, the comparison of the A clinical score
between the two groups was not statistically
significant (p=0.8). Furthermore, while no patient had
a clinical grade of 0 before 32P synovectomy, this
intervention improved the clinical score to grade 0
(indicating no clinical signs of arthropathy, except for
radiological findings) in 23.3% of patients in the <36m
group and 26.9% in the >36m group at the last follow-
up (Table 4).

Similar data on radiographic grades (Arnold-
Hilgartner scale) are presented in Tables 2 and 5. As
these tables show, the mean radiological grade
worsened in both follow-up groups, with a significant
p-value in the >36m group (p=0.001). At the last
follow-up, 4% (1 case) of the <36m group showed
improvement in the radiological score, 58% (17 cases)
showed no change, and 28% (7 cases) worsened. In
the >36m group, no cases (0%) showed
improvement, 34.7% (8 cases) showed no change,
and 65.2% (15 cases) experienced worsening of the
radiological score. Additionally, the comparison of A
radiological grades (difference between the last
follow-up radiological grade and the pre-injection
grade) between the two groups (Table 2) showed that
the radiological grade deteriorated to a greater
extent in the >36m group (0.78 versus 0.25, p=0.013).
This statistically significant worsening of the
radiological grade with longer follow-up duration
may suggest that 32P synoviorthesis is unable to halt
the joint destruction associated with hemophilic
arthropathy.

Table 1: The demographic and hemophilia data of the patients

Type of coagulation disorder Inhibitor
. frequency (%) frequency (%)
roup
(follow- Number Sex Age Severe Moderat
u of (male/female) | (mean % SD) A eA Von
9 patients - (factor Willebrand | Positive | Negative
duration) vill (factor type 3
VIl 1-5%)
<1%)
<36m 30 29/1 15.5546.17 (9207%) 2 (6.7%) 1(3.3%) (1;.13%) (862.2 %)
25 6 20
+ 9 -
>36m 26 26/0 17.71+8.33 (96.2%) 1(3.8%) (23.1%) | (76.9%)
( )|
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According to previous studies, synoviorthesis
treatment has demonstrated significant
improvements in various symptoms. These include a
reduction in joint bleeding, decreased pain and
swelling, and enhanced joint mobility. Additionally,
there have been observed reductions in coagulation
factor consumption and, in some cases, notable
clinical and radiological changes in the treated
joints*1%, Some studies have reported the duration
of its effectiveness typically ranges from 6 months to
2 years, with some patients experiencing benefits for
up to 3 years*®¥), However, the durability of the
improvement was inconsistent across these studies,
with initial reductions in bleeding rates often
followed by an increase in bleeding over the
subsequent years after radio-synoviorthesis1¢17),
The aim of this study was to evaluate whether the
time elapsed since synoviorthesis for hemophilic
arthropathy influences the clinical and radiological
effects of 32P radio-synovectomy. To achieve this,
outcomes were compared between two groups with
follow-up periods of less than and more than 36
months.

Materials & Methods

This study was a retrospective cohort study, which
was performed on hemophilic patients with recurrent
hemarthrosis in a target joint at Tehran University of
Medical Sciences between May 2002 and March
2009. Our inclusion criteria were: (1) hemophilic
patients who had experienced more than three
episodes of hemarthrosis in a target joint in the
previous six months, or (2) those with at least clinical
stage Il hemophilic arthropathy based on the
Fernandez-Palazzi classification. Our exclusion
criteria were: (1) patients with less than three months
of follow-up, (2) those who received more than one
intra-articular 3P injection in the same joint, (3)
patients with advanced joint degeneration (Arnold-
Hilgartner stage V) or clinical grade IV based on the
Fernandez-Palazzi classification, (4) individuals with
prior surgical synovectomy of the treated joint, and
(5) those with active infection or non-hemophilia-
related inflammatory joint diseases.

After an acute hemarthrosis, a conservative
treatment protocol was applied, which included
coagulation factor replacement, immobilization, and
analgesics. It was followed by a rehabilitation
program consisting of physical therapy and orthotic
support. If indicated, radioactive synoviorthesis was

3

r140]

Iranian Journal of Orthopaedic Surgery
Vol. 21, No. 4 (Serial No. 83), Autumn 2023, p. 139-146

performed once the acute stage of hemarthrosis had
subsided. The clinical diagnosis of hemophilic
arthropathy was confirmed by Magnetic Resonance
Imaging (MRI) prior to synoviorthesis. The protocol
followed was the same as described in our previous
publication*®. Briefly, patients received two bolus
doses of FVIII (to provide 100% activity), one just
before and another 8-12 hours after the procedure.
For patients with positive inhibitors, factor Vlla was
administered.

Under aseptic conditions, an intra-articular injection
of 32P (1 mCi for the knee and 0.5 mCi for other joints,
with half the adult dose for children under 12 years)
was performed. After the injection, the needle was
flushed with 2 cc of saline, and the injection site was
dressed. The joint was then immobilized with a
compression bandage and a plaster of Paris splint for
1-2 weeks, depending on the patient’s age. Only one
injection was administered per affected joint, and
joints that received more than one injection of 2P
were not included in the study. Patients were
evaluated after one week, then every three months
for up to one year, and annually thereafter.

In this study, the rate of hemarthrosis, clinical score
(Fernandez-Palazzi classification), and radiological
score  (Arnold-Hilgartner  scale) based on
anteroposterior and lateral radiographs were
assessed for each joint before synoviorthesis and at
the final follow-up™®. Joints with a follow-up duration
of less than three months were excluded from the
study. The study was conducted under a protocol
approved by the ethics committee of Tehran
University of Medical Sciences, and informed consent
was obtained from the patients or their parents.
Wilcoxon signed-rank tests, ANOVA, and paired t-
tests were conducted to compare pre- and post-
synovectomy results. A p-value of <0.05 was
considered significant, and SPSS version 13 (Chicago,
IL, USA) was used for statistical analysis.

32p synoviorthesis procedures were performed on 78
joints. Out of these, 56 joints in 56 patients received
a single injection and were followed for more than
three months, thus qualifying for inclusion in the
study. To assess the results based on the duration of
follow-up, data analysis indicated that approximately
36 months was a critical threshold for observing
significance of different outcomes. Therefore, the
results were compared between these two groups:

J



Iranian Journal of Orthopaedic Surgery

Vol. 21, No. 4 (Serial No. 83), Autumn 2023, p. 139-146 The Effect of P32 Radioactive Synoviorthesis..

The effect of P32 radioactive synoviorthesis in hemophilic synovitis:
How long does it last?

Abstract

Introduction: Radioactive synoviorthesis, used as a local treatment for hemophilic arthropathy, causes the
ablation of sub-synovial vessels. Previous studies have indicated that this procedure is effective in reducing the
frequency of hemarthrosis in patients with recurrent episodes. However, it remains unclear how long this effect
lasts and whether it has any impact on radiographic changes. We are reporting on the impact longevity of
synoviorthesis on recurrence of hemarthrosis, in hemophilia and the also clinical and radiographic changes of the
joint.

Materials & Methods: Synoviorthesis using 32P that had been performed one time on 56 target joints in 56
patients. The pre-treatment radiographic changes were compared with post treatment changes using Arnold-
Hilgartner grading, and the clinical change was compared with Fernandez-Palazzi grading. The time period of
follow-ups was grouped into below and over 36-months periods.

Results & Discussion: 56 joints in 56 patients were studied. Thirty cases (29 males, one female) with an average
age of 15.55 (+6.17) years and a follow-up duration of 21.8 months (range: 3—36 months) were compared with
26 males with an average age of 17.71 (£8.33) years and an average follow-up duration of 43.6 months (range:
38-102 months). The average reduction in the rate of hemarthrosis was 56.4% in the group with up to 36-month
follow-up (p<0.05) and 35.9% in over 36-months follow-up group (p<0.05) but with non- significant difference.
Additionally, the mean improvement in clinical grade (Fernandez-Palazzi) was 0.56 (SE: 0.21) in shorten (p<0.05)
and 0.65 (SE: 0.28) in longer follow-up group (p<0.05), with the slightly better but non-significant results in the
former group. The mean increase in radiographic grade (Arnold-Hilgartner) was 0.25 (SE: 0.15) in the shorter
follow-up and 0.78 (SE: 0.14) in the longer follow-up group, with a significant difference.

Conclusion: The beneficial clinical effect of 32P synoviorthesis in hemophilic arthropathy persists over time.
Despite an initial reduction in its effectiveness, longer follow-up demonstrated that synoviorthesis remains as a
durable procedure. However, it is unable to halt the radiologic progression of joint destruction.

Keywords: Hemophilia, Arthropathies, Hemarthrosis, Synovitis, Radioactive Isotope.
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Introduction

The joints are the most common sites of bleeding in patients with
hemophilia>?. Recurrent hemarthrosis can lead to the accumulation of excess
iron, which triggers synovitis by damaging synoviocytes, releasing chondrolytic
enzymes and inflammatory mediators®®. This process can result in progressive
hemophilic arthropathy and eventually arthrofibrosis®. Although
prophylactic replacement of coagulation factor is the preferred treatment for
preventing bleeding and its associated arthropathy®®, challenges such as
limited accessibility to coagulation factors in some countries and complications
from repeated injections (such as development of inhibitors and the risk of
infection from continuous intravenous catheters) have led to the exploration
of alternative modalities. These include therapeutic factor replacement after
each hemarthrosis, open or arthroscopic synovectomy, and synoviorthesis!’-,
Synoviorthesis, which is used to disrupt the vicious cycle of synovitis caused by
inflammation and bleeding in the synovium, can be performed chemically or
with radioactive agents*?,
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However, in the present study, no significant
difference was found in the postoperative lordosis
angle between the two methods, but the percentage
change in the allograft group was greater. A recent
2022 study with a 2-year follow-up compared the
allograft and PEEK cage methods, reporting lumbar
lordosis improvement and maintenance in 43.3% and
49.2% of patients, and segmental alignment in 38.3%
and 36.1% for the allograft and PEEK cage groups,
respectively®”).

Our study found that the lordosis angle increase in
patients treated with Allograft Impaction was nearly
twice that of the PEEK cage method. This may be
attributed to the flexibility in the geometry and
better integration of the allograft compared to the
PEEK cage in correcting lordosis in the lumbosacral
vertebrae. One of the main issues with PEEK cages is
the limitation in their integration potential?®. Several
studies have addressed the impact of implant
geometry in spinal surgery. Biomechanical studies by
Lund et al.?® and Oxland and Lund®” showed that
stand-alone cages, when used with the posterior
approach, cannot provide significant stability in spinal
structures, especially in extension and rotation.
Godde et al. reported that the use of lordotic and
non-lordotic cages had a significant impact on pelvic
spine parameters after surgery. In the lordotic cage
group, lordosis improved significantly in fused
segments, while in the non-lordotic cage group,
lordosis decreased by 3 to 8 degrees, with the authors
attributing this difference to the cage geometry®®Y.
Similarly, a study by Sembrano et al. observed a
significant increase in lumbar lordosis after lumbar
interbody fusion using 10° lordotic cages, while the
non-lordotic cage group had no significant impact on
sagittal alignment after surgery®®?. In a study by Groth
et al,, three treatment approaches (vertical cages,
allograft, and threaded cylindrical cages) were
compared in 49 patients. At the 1-year follow-up,
lordosis improved in the vertical cage group, whereas
it decreased in the allograft and threaded cylindrical
cage groups®?.

This study also had some limitations. It involved a
small group of patients with two treatment
approaches, and further research with a larger
sample size and longer follow-up period is
recommended. Although the study was conducted by
two experienced surgeons, assessing results in
patients treated by a single surgeon could reduce
potential bias. The follow-up period in this study was
limited, and thus, long-term results such as
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subsidence rates, fusion, PEEK cage stability, long-
term complications, reoperation rates, and others
were not evaluated, which should be addressed in
future studies.

Conclusion

The results of this study indicate that the use of
Allograft Impaction leads to a greater correction of
lordosis in the lumbosacral vertebrae of patients
undergoing posterior spinal fusion with posterior
lumbar interbody fusion compared to the PEEK cage
method. These findings are valuable for
neurosurgeons in managing patient treatment and
achieving better clinical outcomes.
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impaction and PEEK cage groups in terms of gender
(P =0.080), age (P = 0.426), or hospital stay duration
(P =0.705) (Table 1).

The results indicated no significant difference in
postoperative pain severity between the allograft
impaction (median = 4) and PEEK cage (median = 4)
groups (P = 0.973). The median preoperative lordosis
angle was 32°, while the postoperative angle was 43°.
There was no significant difference in preoperative (P
= 0.197) or postoperative (P = 0.654) lordosis angles
between the two groups. However, a significant
difference was observed in the percentage change in
lordosis angle between the two groups (P = 0.010).
The median percentage change in lordosis angle was
50.08% in the allograft impaction group and 26.42%
in the PEEK cage group, indicating a significantly
greater change in the allograft impaction group
(Table 2).

This study compared the lordosis angle before and
after surgery, showing that both Allograft Impaction
and PEEK Cage methods improve the lordosis angle.
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Significant efficacy of PEEK cages and bone allografts
in correcting lordosis has been demonstrated, but
limited studies have compared segmental lordosis
correction in lumbosacral vertebrae between these
two approaches. A study that investigated the use of
PEEK cages along with vertebral autograft materials
in posterior spinal fusion surgery indicated a
significant increase in lumbar lordosis in all patients,
with no significant postoperative complications®??. In
a study by Martin et al., lordosis correction before
and 6 weeks after surgery was evaluated. The
average lordosis correction was 2.5 degrees, with the
study indicating that patients who had more kyphotic
disc spaces preoperatively on CT scans had a greater
chance of lordosis correction®. Unlike this study, the
lordosis correction in the current study was greater,
potentially due to differences in vertebral number
and the extent of spinal changes, which can impact
the overall lordosis change range.

Cutler et al. compared the therapeutic effects of
posterior lumbar interbody fusion using femoral
cortical allograft or PEEK cages. Contrary to the
current study, no significant difference in lordosis
angle changes was observed between the two
groups!?®),

Table 1: Description and Comparison of Gender, Age, and Hospital Stay Duration Between the Two Groups

Variable Tot(ar: Za;f)nts Allograft Impaction (n = 10) Pf:'icli?e P-value
Gender#
Male (%) 8(38.1) 6 (60) 2(18.2) 0.080
Female (%) 13 (61.9) 4 (40) 9 (81.8)
Age (years)* 56 (45-69.5) 51 (31.5-70.75) 59 (48-64) 0.426
Hospital stay (days)* 6 (5-7.5) 6.5 (4-9) 6 (6-7) 0.705
#: Frequency (percentage), *: Median (interquartile range).

Table 2: Description and Comparison of Pain Intensity and Lordosis Angle Between the Two Groups

. Total Patients | Allograft Impaction (n = PEEK Cage P-
Variable (n=21) 10) (n=11) value
Postoperative Pain Intensity* 3 (4-5) 4 (3.5-5) 4 (3-5) 0.973
Lordosis Angle (degrees)*
32 (15.6—

Before Surgery 35.5) 35.25 (9.53-33.95) 32 (23.1-40.2) 0.197
After Surgery 43 1(1?352?5_ 42.7 (23.8-46.7) 41.8 (24.9-48.5) 0.654

Percentage Change in Lordosis 50.08 (32.25-
Angle* 33.04 (21.99-74.13) 130.38) 0.010

*: Median (interquartile range).
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Recent advancements have shown that polyether
ether ketone (PEEK) is increasingly used in spinal
fusion procedures®. PEEK cages offer several
advantages, including biocompatibility, radiological
transparency, optimal elasticity, and ease of
preparation and storage!***°). However, their use is
limited due to their bioinert nature, which may
restrict osseointegration and potentially impact
fusion outcomes(*®),

Structural allografts, including cortical allografts,
composite or corticocancellous grafts, and dense
cancellous grafts, serve as effective substitutes for
bone fusion*”*®. However, their primary drawbacks
are immunogenicity and the risk of disease
transmission!*9,

Both bone allografts and PEEK cages have unique
advantages and disadvantages, guiding clinicians in
selecting treatment approaches. However, it remains
unclear whether one implant offers superior clinical
outcomes over the other. Given the limited evidence
supporting the advantages of PEEK cages, and the
fact that most previous studies have focused on their
use in cervical discectomy surgeries?°23, the present
study aims to compare the extent of lumbar lordosis
correction in posterior spinal fusion surgery with
posterior lumbar interbody fusion using PEEK cages
and allograft impaction.

Materials & Methods

This study was a randomized clinical trial conducted
in 2022 on patients who were candidates for
discectomy and posterior spinal fusion surgeries in
the neurosurgery department of Firouzgar Hospital.
Ethical approval was obtained with the code
IR.IUMS.FMD.REC.1401.354. The study adhered to
the principles of the Helsinki Declaration and the
Nuremberg Code. Patients signed an informed
consent form prior to participation.

Patients aged 18-80 years who were candidates for
posterior lumbar interbody fusion (PLIF) in the
lumbosacral region due to degenerative spinal
diseases were included. Exclusion criteria comprised
patients requiring posterior fusion for other reasons
such as tumors or malignancies, active
spondylodiscitis or deformities, previous lumbosacral
surgeries, fixed spinal ankylosis requiring anterior
column osteotomy, and other conditions outside the
study's scope.

Degenerative spinal diseases were diagnosed
through medical history, clinical examination, and

(
\
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imaging (MRI or CT scans). Symptoms included back
pain, reduced mobility, numbness, and leg weakness.
Patient data were retrieved from the hospital’s PACS
software pre- and postoperatively. Patients were
randomly assigned to two groups: Group 1
underwent PLIF using PEEK cages (11 patients), and
Group 2 underwent PLIF using allograft impaction (10
patients).

The PEEK cages, supplied by Asveh company, were
PLIF models with zero lordotic angle, available in nine
sizes. The specific size was determined by the
surgeon based on preoperative imaging. For the
allograft impaction group, matchstick cancellous
blocks ("matchsticks") from the Kish Tissue
Regeneration Company were used. At least five grafts
were impacted to fill the anterior half of the
interbody disc space.

The surgical level was L4-L5 for all patients. All
surgeries were performed at Firouzgar Hospital by
two surgeons using a standardized PLIF technique
combined with posterior spinal fusion (PSF) to
achieve maximum lordosis. Interbody fusion in both
techniques was performed in the anterior half of the
vertebral body using PEEK cages or allografts.

For both groups, the extent of lordosis correction was
assessed preoperatively and on the first
postoperative day using standing radiographs.
Segmental Cobb’s angle was calculated by a trained
neurosurgery resident, measuring the angle between
the superior endplate of L4 and the superior endplate
of S1. Additionally, patients in both groups were
evaluated for pain severity using the Visual Analog
Scale (VAS) and postoperative complications two
weeks after surgery.

Data analysis was conducted using SPSS version 25.
Descriptive statistics were reported as mean
standard deviation, median (interquartile range), and
frequency (percentage). Changes in lordosis angle
were calculated as the percentage difference before
and after surgery. Comparisons between the two
surgical methods were made using the Mann-
Whitney U test. A significance level of P < 0.05 was
considered statistically significant.

In this study, 21 patients were evaluated, with a
median age of 56 years. Among the patients, 38.1%
were male, and the remaining were female. The
median hospital stay was 6 days. No significant
differences were observed between the allograft
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Comparison of correction of lumbar lordosis in posterior spinal fusion combined with
two methods of posterior lumbar interbody fusion

ﬁbstract \

Introduction: Loss of lordosis is a significant factor in spinal degeneration. Various treatment methods exist for
correcting segmental lordosis in the lumbosacral vertebrae. This study compares the extent of lumbar lordosis
correction in patients undergoing posterior lumbar interbody fusion surgery using a PEEK cage versus allograft
impaction.

Materials & Methods: This clinical trial evaluated lumbar lordosis correction following posterior lumbar interbody
fusion within one year in a teaching hospital were studied. A total of 21 patients were randomly divided into two
groups: allograft impaction treatment (10 patients) and PEEK cage treatment (11 patients). Lumbar lordosis
correction was assessed radiographically before and the day after surgery, along with pain intensity and
postoperative complications two weeks after surgery. Data were analyzed using SPSS software version 25.
Results & Discussion: The 21 patients had median age of was 56 years, and 38.1% were male. Results showed that
lumbar lordosis significantly improved post-surgery in both the allograft impaction (P < 0.001) and PEEK cage (P <
0.0001) treatment groups compared to pre-surgery. The percentage change in lordosis angle was significantly
greater in allograft impaction than the PEEK cage group (P = 0.01). There was no significant difference in
postoperative pain intensity between the two methods. No severe postoperative complication was reported in
either group.

Conclusion: Allograft impaction provides superior lumbar lordosis correction compared to the use of a PEEK cage
in patients undergoing posterior lumbar interbody fusion surgery.

Keywords: Allograft, Lumbar Vertebrae, Lordosis, Spinal Fusion, Surgical Techniques.
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Introduction

Lumbar discectomy surgery is among the most common procedures in
neurosurgery, and in many cases, lumbar fusion becomes necessary due to the
involvement of multiple levels'y. Common surgical techniques include
posterior spinal fusion and transforaminal approaches?. Restoring sagittal
spinal alignment in the lumbar spine can significantly impact clinical outcomes
following surgical treatment for degenerative spinal diseases®. Numerous
studies suggest that restoring the spinal angle leads to better clinical results
and helps prevent adjacent segment disease following spinal fusion**. On the
other hand, postoperative spinal misalignment, defined as a mismatch
between pelvic incidence and lumbar lordosis exceeding 10 degrees, is
associated with higher reoperation rates and reduced quality of life®”). Thus,
restoring lumbar spinal alignment is considered a key surgical objective in
fusion procedures. Balancing pelvic incidence and lumbar lordosis can be
achieved by enhancing the lordosis of the treated segment through fusion®.
Interbody spacers have revolutionized lumbar spine surgery by adjusting disc
height, enhancing stability, and promoting fusion®®. While iliac crest bone graft
(AIC) is regarded as the gold standard, harvesting grafts from this site is
associated with complications such as infection, hematoma/seroma, fractures,
neurovascular injuries, chronic donor site pain, hernia, unsightly scars, and
poor cosmetic outcomes1®Y,
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. The rate of patient satisfaction largely
depends on the surgeon and can be raised
with more care and research.

. Among the patient factors, the patient
expectation seems more important than
the others. Unreasonable expectations can
negatively affect the patient satisfaction.

. Preoperative informing of the patients
about the surgical goals and outcomes play
an important role in prevention of
postoperative patient dissatisfaction.

o It is necessary to perform TKA before
destruction of the anatomic landmarks due
to the progression of osteoarthritis.

The main limitation of the current study was that the
patient motivation for TKA was not investigated.
Furthermore, there is still no completely valid and

reliable

instrument to investigate the patient

satisfaction after the surgery. Although the scales
used in the current study are prevalent, however they
bear their own flaws.

Axial

Conclusion

malrotation was found in a considerable

percentage of tibial components. It seems that
rotational mismatch >10° may lead to the impaired

functional

outcomes and decreased patient

satisfaction. However, rotational mismatch up to 10
degrees is acceptable.
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There was no preoperative evaluation performed to
predict patient satisfaction. In addition, the patients
were not asked about why they accepted to undergo
TKA; pain intensity or disability!. At the last
postoperative visit, the two questionnaires were
completed by a neutral orthopedic researcher.

The data were analyzed in two manners. At first, data
were compared between those with and without
correct axial alignment (correct rotation of the
femoral and tibial components, parallelism of the two
components). Although, KOOS and VAS scores in the
first group were better than the second one, but the
difference was not statistically significant. This
finding indicates that there may be other factors
affecting the patient satisfaction, such as
perioperative factors, patient-related factors and
patient expectation.

In recent years, much attention has been paid to the
parallelism between the rotational axis of the femoral
and tibial components. Since, in the second analysis,
the effects of rotational mismatch on KOOS and VAS
scores were investigated. The scores were compared
between the parallel, moderate mismatch and severe
mismatch groups after exclusion of patients with
internally rotated components. The average KOOS
score in the severe mismatch group was significantly
lower than the other two groups. Furthermore,
comparison of VAS scores (patient satisfaction)
obtained similar results. The VAS score was
significantly lower in the severe mismatch group
indicating that a considerable rotational mismatch
can decrease the patient satisfaction. However, there
was no statistically significant difference between the
other two groups in terms of KOOS and VAS scores.
This finding shows that rotational mismatch can
influence TKA results, only when it is >10°.

In previous studies, with different definitions and
methods of measuring the rotation, the frequency of
rotational mismatch has been reported up to about
38%12. Recently, Kawaguchi et al found that the
mean rotational mismatch between components was
1.8° of internal rotation of the tibial component
relative to the femoral component (range: 11.3° of
internal rotation to 7.3° of external rotation)®?. In
2012, Harman et al. showed that 0-5° of rotational
mismatch in any direction had no effect on knee
function, while values outside this range could
seriously affect knee kinematics®. Like to the
current study, Lutzner et al. showed that rotational
mismatch above 10° could adversely affect knee
kinematics and clinical outcomes®. Nicoll and
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Rowley reported that a mismatch >11° may result in
a painful TKA®?. Hernandez-Hermoso et al
demonstrated that the presence of minimal rotation
between the two components, small femoral
component external rotation and small tibial internal
rotation predicts a successful TKAG?, However, the
knowledge about the effects of rotational mismatch
on the results of TKA is still limited and more studies
should be conducted.

When the data of the current research was
completed at 2017, the authors decided to use the
rotational mismatch above 10° as a cut-off point for
revision surgery, but for some reasons, they were not
able to publish their results. However, to date there
is no consensus about the amount of mismatch
necessitating the revision surgery.

There may be several factors other than prosthetic
and limb alignment affecting the patient satisfaction
after TKA. Several perioperative factors and patient
factors, specially the patient’s expectations, may
contribute to the final outcomes. However, many of
the patient factors such as age, BMI, personality,
gender and severity of the OA are not in the surgeon’s
authority, while the patient insight to the surgery and
his/her expectations of the surgical outcomes can be
manipulated and guided in the right direction before
the operation. There are some reports indicating the
importance of patient expectation as the main factor
affecting the postoperative patient satisfaction!>3%,
However, the current study showed that one of the
perioperative factors which may negatively affect the
patient satisfaction is the mismatch >10° while
mismatch up to 10° may not be important. These
values of mismatch may necessitate early revision
surgery if their adverse effects are exacerbated by
other adverse factors. Accordingly, although it is
necessary to improve the surgical techniques and
perioperative setting and respect the surgical
indications, but preoperative talking to the patient
about the goals of the surgery and the amount of
improvement which may be achieved is crucial to
bring his/her expectations closer to reality.

Finally, the following points should be considered as
the key points of the discussion:

. TKA is a major orthopedic surgery with
good outcomes and high patient
satisfaction which can be improved.
Surgeons are more satisfied than patients
in TKA surgery.
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also difficult to find and is mostly used when
symmetric components are inserted. This line is often
obscured in advanced osteoarthritis due to the
formation of numerous osteophytes and a deformed
plateau of the tibia.

All intraoperative methods are based on the creation
of conformity in sagittal plane between the tibial and
femoral components. The results depend on the
accurate positioning of the femoral component®).
Furthermore, it is possible that some unknown
factors such as the tension of the soft tissues affect
the alignment of the tibial component in addition to
the femoral component. Dynamic methods are more
suitable for knees with low deformity and PS
prostheses. Recently, Innocenti et al described a
technique using a smart insert sensor for rotational
placement of the tibial component reciprocally to a
fixed femoral component rotation. The authors
demonstrated that this technique reduced the rate of
rotational outliers!®). In the current study, any of the
possible methods or a combination of them were
used.
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Several methods had been introduced for
measurement of the tibial component rotation
including measurement of the angle between the
femoral TEA and the mediolateral axis of the tibial
baseplate, the angle between the tibial TEA and the
line tangent to the tibial keels, Burger method and
the anteroposterior axis (Akagi's line to the posterior
border of the tibial component)®?326-30 However, in
the current study, the last one was utilized.
Currently, there is no method known as the gold
standard for measuring the rotation of the tibial
component which is more important in a painful TKA
revision surgery.

The outlier of the tibial component was 32.6%. In five
patients, the tibial component was internally rotated
(5.6%). In the previous studies utilizing different
methods for implantation of the tibial component
and measurement of its rotational alignment has

been reported between 5.4% and 95% (Table
3)(9,20,22,28,31)'

Table 3: Summary of some of the previous studies in which the rate of tibial component outlier in axial

plane was investigated.
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component The angle
alignment . between the | More than PSI: 23%
. 64 patient
Victor et al and overall . patients FCR was sTEA and the | 3° fromthe | CVI: 17.2%
(17) in each set parallel . . -
(2014) coronal ; to STEA tangent target in Total:
mechanical group ' to the PCAon | any plane 20.3%
alignment CT.
between PSI
and CVI
CVI: a plane
. . 0,
Comparing parallel to More than PSI: 27%
the the R (6/22)
. PSI: 22 . 3° from the
postoperative posterior CVI: 46%
Woolson et component knees femoral TEA correct (12/26) -
al (2014)1® -omponer CVI: 26 orientation
alignmentin a knees condyles or in each Total:
RCT between to TEA on direction 37.5%
PSl and CVI CT. (18/48)
PSI: N. E.
In other
PSI: 20% in patients
Comparin Int. Rot. the femoral
P . & 20 patients CVI: 35% in | component
Paratte et al the rotation in each TEA - - in Int. Rot was placed
(2013)%® | between CVI ~not- | wasp
and PS| group Total: in0to3
17.5% inin | degrees of
Int. Rot. external
rotation.
Evaluating the Deviation >
accuracy and Clinical The FCR was 1° was
Aunanetal | variability of 30 knees rotational compared ) Int. Rot. in found in
(2017)20 the clinical axis with the STEA 36%. more than
rotational method on CT half of the
axis method patients.
Evaluati
ve uatl'ng the Different L
relation - Deviation
. methods The angle .
between axial . . > 3° of Ext.
. including between PCL
The current alignment of the ga of the femoral Rot
the 89 patients g P - Any 19.1% -
study technique, component
components degree of
measured and cTEA on .
and the . internal
resection CcT .
outcomes of techniaue rotation
TKA g
RCT: randomized clinical trial; PSI: patient specific instrumentation; CVI: conventional instrumentation; TEA:
transepicondylar axis; sTEA: surgical transepicondylar axis, cTEA: clinical transepicondylar axis; PCL: posterior condylar
line; PCCPTC technique: the posterior-condylar-cut-parallel-to-the-tibial-cut technique; N.E.: not explained

Positioning the tibial component is more
complicated. Anatomic landmarks and intraoperative
techniques had been proposed. Among the anatomic
landmarks, the tibial tubercle (medial edge or medial
one-third), Akagi’s line (medial tibial tubercle to the
middle of the posterior cruciate ligament insertion),
the mediolateral transverse axis (the most prominent
point of the medial arch to the most prominent point
of the lateral arch) and the anterior tibial border

3
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(ATB) are more prevalent®?22%), Although it remains
controversial, however, Popescu et al demonstrated
that Akagi’s line and anterior tibial cortex are the
most accurate and reliable anatomical landmarks?®.
The problem while the anatomic landmarks are used
is the variability of the tibial tubercle location in knee
deformities. Also, the level of bone cut during the
operation may change the desired points. ATB seems
to be more reliable than others. However, this line is
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component was not placed in excessive flexion (>3°).
The tibial component had a suitable slope considering
the type of prosthesis implanted.

Several landmarks and techniques introduced for
femoral component placement in axial plane.
Unfortunately, the problem of malrotation persists
despite the introduction of new techniques such as
patient-specific instrumentation (PSI) and computer-
assisted surgery. Victor has compared the
component positioning and knee stability between
the measured resection technique (anatomical
landmarks) and gap technique. The author points to
the changing anatomic landmarks with the
progression of OA and the effects of femoral condyle
hypoplasia on the placement of the femoral
component and recommended using both
techniques and some key points included maintaining
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the medial joint line, avoiding the overcorrection of
existing deformity and oversizing and more precise
measurement®®. In the current study, the gap
technique, measured resection technique and other
landmarks were considered depending on the patient
A common method for measuring femoral
component rotation is to measure the angle between
the component PCL and TEA, which was used in the
current study. It was tried to fix the femoral
component in 3° of external rotation but 0-6° external
rotation was acceptable. The femoral component
axial alignment was acceptable in 80.9% and the
outlier rate was 19.1%. It should be noted that only in
2 patients (2.2%), the femoral component was
internally rotated. Table 2 compares the rate of
femoral component outlier between the current
study and some of the previous studies®1+1%-21),

Table 2: Summary of some of the previous studies in which the rate of femoral component outlier in axial

plane was investigated.

Method of
axial Percentage
Author The Main No. placement Meth;:c;{d of Definition o(:fncﬂ)::r:e;f Comments
(year) Purpose patients of the of outlier .
femoral measurement axial
component rotation
Neutral
rotation of
the femoral
To determine component
clc]::rl:aelar\(;cl)sn The angle def;?:zsd as neutral: 16
between sTEA . . (26.7%)
between and PCL of the 0.3°to 3.5 Int
Abdelnasser primary TKA fermoral Int. Rot. in outlier's- 16
et al malalignment | 60 patients - component relation to (26 7% -
(2019)® and early pon the sTEA. e
. (posterior . Ext.
patient- Posterior .
reported condylar condvlar outliers: 28
P angle) v (46.6%)
outcome angle
measures outside this
range was
defined as
outlier.
Comparing
the precision TEA, Ext. TEA: 56% The
of TEA, Ext. 25 TKAs Rot from o 0 outcomes
Rot from using PCL An error of | PCL: 72% was
Yau et al o >5° from WSL: 60% .
(16) PCL, computer | Whiteside - derived
(2007) o o . neutral GAP
Whiteside navigation line : based on
line System and gap alignment method: navigation
and gap technique 20% system
technique
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Figure 5: Comparing the KOOS scales between the patients with different degrees of axial mismatch

between the two components (p < 0.001).
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Figure 6: Comparing patient satisfaction (VAS) between the patients with different degrees of axial

mismatch between the two components (p < 0.001).

In recent decades, the attitude to the proper
prosthetic knee joint have changed dramatically.
Lotke and Ecker, in 1977, concluded that optimal
results were obtained when the limb was at 3°-7°
valgus after TKA®. In 1978, Denham and Bishop
reported that the weight-bearing line should pass
through the center of the tibia, the femoral
component should be placed at 7°+4° of the valgus
relative to the femoral anatomical axis and the tibial
component at 90°+4°4),

After that, neutral alignment was challenged. In a
retrospective cohort, Salzmann et al., in 2017,
showed that 3-6° of residual varus had no negative

3

[ 126 )

effect on TKA outcomes in individuals with varus
OA™),

There is ample evidence that the varus component
position causes a reduction in the survival rate>®.
Fang et al. are proponents of valgus alignment in the
range of 3.5°-7.5°1%, But limb residual valgus may
increase the revision rate by increasing MCL laxity!*®.
Anyway, the components should be parallel to the
horizontal line in the coronal plane and perpendicular
to the mechanical axis of the limb, even in the
kinematic alignment. The neutral coronal alignment
was considered as a prerequisite for enrollment in
the current study resulted to exclusion of about 19%
of the patients.

The normal sagittal alignment was found in all of our
patients. None had femoral bowing and consequent
flexion contracture'*”. Moreover, the femoral
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Statistics

Data analysis was performed using SPSS statistical
software ver.15.0. Intra- and inter-observer reliability
was measured using Kapa coefficient. Independent-
samples t-test was utilized to compare KOOS scales
between the patients with and without correct axial
alignment. KOOS scales were compared between the
three mismatch groups using One-way ANOVA. VAS
scores was compared using Mann-Whitney U test.
Chi-square test was used to compare the nominal
variables. P < 0.05 was significant.

Table 1 summarizes the characteristics of the
patients. Based on the CT measurements, 72/89
(80.9%) of femoral and 60/89 (67.4%) of tibial
components were placed in the correct axial position.
The incidence of femoral and tibial outliers was 19.1%
and 32.6%. In 48/89 patients (53.9%), both of the
components were placed in the correct position. In
seven patients, the components were internally
rotated (2 femoral components and 5 tibial
components) which were excluded.

Table 1: The characteristics of the patients

No. patients 89
Age (y) 68.8 £ 6.3
Male 26 (29.2%)
Gend
ender Female 63 (70.8%)
Body Mass Index (Kg/m?) 29.4+4.1

Figure 4 shows the incidence of parallel axial axes of
the components among those patients with (48
patients) and without (41 patients) correct axial

40

Correct axial rotation of the
both components
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positioning of the both components. Parallelism was
significantly higher when both components were in
the correct position (72.9% Vs 24.4%, p<0.001). As is
shown, the correct axial alignment was found in
35/89 patients (39.3%).

The KOOS scores were compared between 35
patients with and 47 patients without correct axial
alignment. Although KOOS scores were higher in
patients with correct alignment, the difference was
not statistically significant (84.5+4.6 Vs 82.4+6,
p=0.088). The same results were found when the VAS
scores were compared (8+0.8 vs 7.6%1; p=0.068).
The mismatch angle ranged from 0-18°. There were
45/89 patients (50.6%), 29/89 (32.6%) patients and
15/89 patients (16.8%) in parallel, moderate
mismatch and severe mismatch groups, respectively.
After exclusion of patients with internally rotated
components, KOOS scores were compared between
the three groups as follows: parallel group (45
patients), moderate mismatch group (24 patients)
and severe mismatch group (13 patients). The
average KOOS was significantly lower in severe
mismatch group (76.8+3.9) compared to the parallel
group (845) and moderate mismatch group
(85.6+4.5) (p<0.001). However, there was no
significant difference between the patients in parallel
group and moderate mismatch group (p=0.396)
(Figure 5). Similar findings were achieved in term of
patient satisfaction (VAS). The VAS score was
significantly lower in the patients with severe
mismatch group (6.9+0.9) compared to those without
mismatch (7.9+0.8; p<0.001) and those with
moderate mismatch (7.8+1; p=0.01). The VAS scores
were the same in the latter two groups (p=0.703)
(Figure 6).

M Parallel

m Divergent

Incorrect axial rotation at least
in one component

Figure 4: The frequency of the parallel axial planes in patients with the correct axial rotation of both

components and those with incorrect axial rotation at least in one component.

——

125

——



Iranian Journal of Orthopaedic Surgery
Vol. 21, No. 4 (Serial No. 83), Autumn 2023, p. 122 - 133 Effect of the axial alignment of knee prosthesis...

GASIe1 D
" w2 in: 82
aon?
S12 prow 21.10m
R

16 Oct

PCL

- 1: distance BSes, sngle 70
';h;,;, 751 "T' 2: distance 123, angle &8 1: distance Tiea, wgle &3

2: distance 106se, segle B4

s

Figure 1: a) Correct rotational alignment of the femoral component: parallel posterior condylar line (PCL)
and anatomical transepicondyle axis (aTEA). b) Incorrect rotational alignment of the femoral component:
divergent PCL and aTEA.
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Figure 2: a) Correct rotational alignment of the tibial component: Akagi's line is perpendicular to the
posterior tibial component line (PTCL). b) The angle between Akagi's line and the PTCL is less than 90
degrees.
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Figure 3: a) Parallel axial planes of the two components; the posterior condylar line (PCL) of the femur is
parallel to the posterior tibial component line (PTCL). b) Divergent axial planes of the two components
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It has been reported that 20% of TKA patients
experience pain and functional disability®*?,
however, there are limited studies examining the
effect of malalighment on the subjective outcomes®®
13 The current limited knowledge regarding the
clinically important amount of rotational mismatch
between the components necessitate conduction of
more studies. Furthermore, the effects of rotational
alignment of the components or rotational mismatch
on functional and subjective outcomes of TKA
remains unknown.

The main goal of the current study was to investigate
the relationship between the rotational mismatch of
the components and the functional outcomes and
satisfaction after TKA. The authors hypothesized that
rotational malalignment has a direct effect on the
patient satisfaction. Furthermore, it was attempted
to determine the clinically important amount of the
rotational mismatch which may affect the patient’s
satisfaction.

Materials & Method

Between January 2016 and March 2017, 212 TKA
surgeries were performed on 212 patients with a
history of knee osteoarthritis (OA). The patients were
operated on by two experienced knee surgeons
through the anteromedial parapatellar or midvastus
approaches using a posterior stabilized prosthesis
(Zimmer, Warsaw, IN, US). All of the surgeries were
performed based on the mechanical concept of knee
arthroplasty. Before the operation the following
angles were measured on x-rays: the varus angle, the
medial proximal tibial angle, the lateral distal femoral
angle and joint line convergence angle. One year after
the operation, the patients were recalled and 153 of
them volunteered to participate in the study. Of
them, 59 patients were excluded due to secondary
OA, a history of previous knee surgery, development
of postoperative infection or ligamentous laxity and
revision TKA. Finally, 109 patients were eligible and
were asked to sign the informed consent.

Coronal alignment of the limb and components was
measured on AP alignment view. The criteria for an
acceptable coronal alighment were as follows:
Hip-Knee-Ankle angle (HKAA)=180°+3°
Horizontal joint line

Parallel prosthetic articular lines.
Acceptable coronal alignment was found in 89/109
patients (81.6%) who were referred for CT scanning.
The others were excluded. The CT scan was

(
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performed in supine position from the distal femoral
metaphysis to the tibial tubercle in a thickness of 0.6
mm. The knees were fully extended. The feet were
threaded together in a way to ensure the vertical
alignment of the second ray.

Parameters measured on CT images

1. Axial alignment of the femoral component: the
angle between the posterior condylar line (PCL) of the
femoral component and the anatomical
transepicondyle axis (aTEA). The correct axial
positioning of the femoral component was defined as
the parallelism between the PCL and the aTEA (Figure
1). 0° to 3° of external rotation was accepted as
parallelism. The components with > 3° of external
rotation or those with any degrees of internal
rotation were recorded as outliers.

2. Axial alignment of the tibial component: the angle
between Akagi's line (8) and the posterior tibial
component line (PTCL). The positioning was correct if
the angle measured 90° (Figure 2). Any internal
rotation and >3° of external rotation was considered
outlier.

3. Rotational alignment of the two components
related to each other: two CT images showing the
PTCL and PCL were superimposed. Parallelism was
recorded if the angle between the two lines was
measured 0°+3° (Figure 3). Other than two
components were considered divergent.

The correct axial alignment was recorded if all the 3
measurements on CT were within the acceptable
limits. All of the measurements were performed by
one radiologist and two orthopedic surgeon using the
specialized software of the CT system. The final value
was the average of three measurements. In a pilot
study, the intra- and inter-observer reliability of the
examiners was >0.8. On the final visit, the Knee injury
and Osteoarthritis Outcome Score (KOOS) was
completed. Patient satisfaction was measured by
visual analogue scale (VAS) ranged from 0 to 10. The
higher numbers indicated higher satisfaction. These
scales were compared between the patients with and
without correct axial alignment. The patients were
assigned into three groups of rotational mismatch: 0-
3° (parallel group), 3-10° (moderate mismatch group)
and >10° (severe mismatch group). KOOS and VAS
scales were compared between these three groups.
Although the internally rotated femoral or tibial
components were included in determining the
incidence of outliers, however, these cases were
excluded when the KOOS and VAS scores were
compared.
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Effect of the axial alighment of knee prothesis — relation of patient’s satisfaction with

clinical observations

ﬂbstract \

Introduction: Correct axial positioning of the prosthetic knee components remains challenging. In the current
study, the effects of the axial alignment of the components on patient’s satisfaction and functional outcomes after
total knee arthroplasty (TKA) were investigated. It was investigated whether parallel axial axes of the components
can affect the outcomes.

Materials & Methods: There were 89 TKA patients with correct coronal alignment investigated at least 1 year
after the operation. Using CT scanning, the axial alignment of the components and prosthetic joint were evaluated.
To measure the mismatch angle between the two axes, the related CT images were superimposed. The criteria for
the correct axial alignment of the prosthetic joint included: 1) correct axial alignment of the femoral component;
2) correct axial alighment of the tibial component; and 3) parallel rotational axes of the components. Patient
satisfaction was measured using the visual analogue scale (VAS). Further, the Knee injury and Osteoarthritis
Outcome Score (KOOS) was completed.

Results & Discussion: The correct axial alignment of the femoral components and tibial components was found in
80.9% and 67.4% of knees, respectively. The correct axial alignment of the prosthetic joint was found in 35 patients
(39.3%) and was not related to better KOOS and VAS scores. However, a mismatch >10° significantly decreased
the KOOS and patient satisfaction (p<0.05).

Conclusion: The current study showed that a rotational mismatch > 10° between the axial axes of the prosthetic

Effect of the axial alignment of knee prosthesis...

\_

knee components is associated with poor functional outcomes and decreased satisfaction.
Keywords: Osteoarthritis of Knee- Total Knee Replacement- Patient Satisfaction- Knee Prosthesis.
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Introduction

In spite of good outcomes of total knee arthroplasty (TKA), dissatisfaction after
the surgery had been reported in one fifth of the patient!!). Several factors may
affect the results of TKA including patient factors, surgeon factors, types of
prosthesis implantation, and alignment. Achieving the proper prosthesis
alignment during TKA including the rotational alignment is essential for the
stable function of the prosthetic knee and good outcomes?4,

Rotational malalighment of the components may result in altered knee
biomechanics followed by poor outcomes, patellofemoral complications, pain,
extension deficit, increased prosthetic wear and decreased survival rates®®.
Several anatomic landmarks and articular axes introduced to be used for
correct implantation of the prosthetic knee components. However, correct
positioning of the components in the axial plane, especially in the case of tibial
component, is challenging and technically demanding.

Unfortunately, none of the anatomic references or intraoperative techniques
has gained worldwide popularity and the most useful one resulting in the least
rate of the rotational outlier and/or the least amount of the rotational
mismatch between the two components remains controversial ®-1%,
Currently, in spite of attempts made to optimize the component positioning,
some patients may be found in orthopedic clinics who are not satisfied with
the outcomes of TKA and malplacement, especially in the transverse plane
(rotational alignment), can be clearly found on radiological evaluations.
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method is the pain that patients may experience in

the first few weeks after surgery. This pain gradually
subsides, and no other side effects have been
observed. It is recommended that some significant
life-limiting complications of the reaming, including
bleeding and the need for blood transfusion, fat

embolism,

and necrosis caused by heat, be

investigated in the follow-up of patients.
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Non-union and delayed union are significant
complications of humerus fractures, which may occur
in both surgical and non-surgical cases?>?). The
incidence of these complications has been reported
to range from 2% to 10% in surgical treatments,
which is consistent with the findings of our study?24,
We observed that 5% of patients in the Ream IMN
group and 10% in the Non-Ream IMN group
experienced delayed union.

Our study revealed that patients who underwent
Non-Ream IMN surgery took longer to achieve union
than those in the Ream IMN group. The mean time
reported for the Non-Ream IMN group was 11.1
weeks, while the Ream IMN group took 8.2 weeks to
achieve union. Similarly, in the study of COURT-
BROWN et al., which was conducted on 50 patients,
it was seen that in patients who were reamed IMN,
the time required for the union was shorter, and in
20% of non-reamed patients, the need to replace the
nail was reported due to delay in the union®.

In Larsen et al.'s study, which involved 45 patients
with tibial fractures, it was observed that those who
underwent reamed nailing had a lower incidence of
delayed union and non-union®®. A 2016 meta-
analysis of 1078 patients found femoral fractures
treated with reamed intramedullary nailing union
were faster than those treated with non-reamed
nailing™®. The shorter union time in the reamed
group may be due to the reaming process itself,
which increases blood supply six-fold by putting
pressure on the vessels under the periosteum,
thereby reducing the time required for a union*?,
Furthermore, some studies have shown that the
debris cells separated during reaming may contain
osteoblasts and stem cells, which act as bone grafts
and facilitate bone union%#),

In our study, only one case of non-union was seen in
the non-reamed group. However, there was no
significant relationship between the type of
operation (reamed IMN or non-reamed IMN) and
non-union occurrence. This finding is in line with the
study of Enes Ocalan et al., and it has been seen that
smoking and underlying diseases such as diabetes,
heart, and kidney disease are risk factors for not
eating well in these patients?®). It has also been seen
in previous studies that old age, various medical co-
morbidities, sex, smoking, use of non-steroidal anti-
inflammatory drugs, various genetic disorders,
metabolic disease, malnutrition, and use of steroids
and fracture pattern, location and displacement, the
severity of soft tissue damage, the degree of bone
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loss, the quality of surgical treatment, and the
presence or absence of infection are also involved in
non-union?#2728)_patients who have these conditions
were excluded from the study.

One of the most common complications after surgery
is postoperative pain, which is debilitating and
negatively affects the patient's quality of life in the
long term®. In our study, the mean pain score in the
second week after the operation for the reamed
group was higher than the non-reamed group, but no
clear difference was seen in the pain of the two
groups in the 4th and 12th weeks. Pain experienced
during the first few weeks after surgery may be
caused by various factors, such as cytokines,
prostaglandins, histamine, and bradykinin, which are
produced due to the bone healing process®?. The
pain may also result from the reaming process and
the type of surgical procedure that involves
introducing nails into the bone marrow, which may
affect the nearby nerves®?. On the other hand,
activities such as weight bearing and walking before
successful and complete healing and re-modeling can
affect the patient's pain, although this issue has not
been investigated explicitly in these people®?.
Overall, our study had some limitations. It was done
in a single center with a limited sample size, which
may affect the generalizability of our findings, so
multicenter studies with a larger sample size are
recommended to improve the results and increase
accuracy. In addition, the variables that may affect
the wunion process should be investigated as
confounding variables in future studies, and their role
in the amount of union delay should be investigated.
It is also recommended that some significant life-
limiting complications of reaming, including bleeding
and the need for blood transfusion, fat embolism,
and necrosis caused by heat, should also be
investigated in the follow-up of patients. The strength
of the present study includes the prospective design
and follow-up of patients and the examination of
some of the most common and essential
complications, which have yet to be extensively
investigated in the center where our study was
conducted.

Conclusion

The reamed IMN procedure can reduce the time it
takes for a humerus fracture to heal. It can also lower
the occurrence of delayed union and non-union.
However, the only significant downside of using this
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Sixty-nine individuals were included in this study,
with a mean%SD age of 35.31£10.2 years. Out of them,
35 (50.7%) were male. The participants were divided
into two groups: non-reamed (29 individuals) and
reamed (40 individuals), as shown in Table 1. Table 1
shows no significant age or sex differences between
groups.

Participants were assessed based on the study's
outcomes; the results are presented in Table 2.
According to the outcome comparison, the union
duration was significantly less in the Ream group than
in the non-reamed group (P<0.001). The reamed
group also had fewer delayed unions, although this
difference was not statistically significant. Only one
case of non-union was observed in the study, which
was in the non-reamed group. Regarding pain scores,
it was found that during the second week of the
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follow-up period, the Ream group reported
significantly higher pain levels (P<0.001). However,
no significant differences were observed in the 4th
and 12th weeks of the follow-up.

The study also investigated the complications of
fracture and intervention in patients, and the results
are presented in Table 3. As shown, there was no
significant difference between the two groups
regarding complications.

Fracture of the humerus is a common orthopedic
problem often associated with several complications.
The availability of various treatment methods makes
it challenging to select the appropriate type of
treatment for the humerus fractures. Reaming and
non-reaming IMN are two procedures used to treat
humerus fractures. In this study, we investigated the
efficiency of these two procedures.

Table 1: Demographics variables

non- Ream (n=29) Ream (n=40) P-value
Age (year), meanSD ! 37.5+12.3 33.848.2 0.14
Sex (male), No (%)? 17 (58.6) 18 (45.0) 0.26
YIndipendent t-test; 2Chi-squar; SD= standard deviation

Table 2: Comparison of outcomes

non- Ream (n=29) Ream (n=40) P-value

Weeks to union, mean+SD ! 11.1£3.5 8.2+1.9 0.001
Delayed union, No (%)? 3(10.3) 2 (5.0) 0.64
Non-union, No (%)? 1(3.4) 0 (0) 0.42

Pain score at week 2, mean+SD * 3.2+0.7 3.810.6 0.001
Pain score at week 4, mean+SD ! 2.0£0.7 1.9+0.6 0.50
Pain score at week 12, mean+SD ! 0.5+0.5 0.4+0.5 0.95
ROM at week 2, meanSD ! 31.2+6.3 49.3+7.1 0.001
ROM at week 4, meanzSD ! 15.6+4.2 18.445.3 0.021
ROM at week 12, mean+SD * 6.1+2.2 4.2+1.8 0.001

lIndipendent t-test; 2Chi-squar; SD= standard deviation, ROM= Range of motion

Table 3: Comparison of complications

non-Ream (n=29) Ream (n=40) P-value
Superficial infection, No (%)* 1(3.4) 2 (5.0) 1.00
Deep infection, No (%)* 0 (0) 0 (0) -
Radial nerve palsy, No (%)* 0 (0) 0 (0) -
Comminution at fracture site, No (%)* 0(0) 0(0) -
1Chi-squar; SD= standard deviation

—

118

| S



Iranian Journal of Orthopaedic Surgery
Vol. 21, No. 4 (Serial No. 83), Autumn 2023, p. 115-121

length measurement. If segmental comminution
exists, the contralateral side can be measured to
determine the intact humerus length.

For nail insertion, the nail is assembled on the back
table, ensuring the targeting guide aligns with the
holes in the nail and checking sleeves for each
interlock hole. The top locking screw is tightened with
a pumpkin screwdriver to lock the assembly together.
The nail is inserted over the guidewire, following its
6° lateral bend, and malleted with a strike plate. The
targeting jig should be 30° anterior to the bed for
proper alignment. The nail is held by the handle, not
the targeting guide, and advanced manually or with a
mallet to the fracture site, checking on AP/lateral
fluoroscopy. Manual advancement past the fracture
site is preferred to avoid iatrogenic comminution or
new fracture lines. The nail is inserted entirely and
seated fully, with seating in the humeral head
checked. It is essential to bury the nail 7-10mm to
decrease the incidence of shoulder pain. Finally, the
long balltip guidewire is removed. For the non-
reamed group, the reaming process is omitted. The
nail is fixed, specifically the Biotech brand (Figure 1 to
3).

Figure 1: Before surgery

——

Figure 2: Three months after
reaming surgery
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Outcome Measures
Shoulder mobility restriction was considered 50-60%
one month post-intervention, 20-30% at three
months, and 5% at six months. Patients' Demographic
information, including age and sex, was recorded in
the checklist. The patients were monitored for pain,
complications such as delayed union, non-union,
superficial infection, deep infection, radial nerve
palsy, comminution at the fracture site, and welding
condition by X-ray at intervals of two weeks, one
month, three months, and six months after surgery.
In our study, a delayed union was considered if it took
more than three months for the union, and a non-
union was considered if the union was not achieved
after six months.

Statistical Analysis

Data analysis was done using IBM SPSS 28. After using
the Kolmogorov-Smirnov test, the mean+SD was used
to describe continuous variables, and the number (%)
was used to describe categorical variables.
Independent t-student, Chi-square test, and one-way
ANOVA were performed to compare the effect of the
intervention. A p-value less than 0.05 was considered
statistically significant (two-sided).

Figure 3: Six months after
reaming surgery

——
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Studies have shown that reaming and using larger nail
sizes can help increase bone stability®®. Moreover,
reaming has been shown to speed up the bone union
process. It does this by separating debris cells that
could contain osteoblasts and stem cells, which are
crucial in bone grafting and accelerating the bone
union process®Y) Additionally, reaming increases
the blood supply under the periosteum, which can
reduce the time required for bone union*?.
Intramedullary nails, made of titanium, have been
observed to accelerate callus formation, increase the
rate of bone union, and reduce the time required for
bone union?,

Multiple studies have demonstrated higher union
rates and lower rates of return to the operating room
using reamed intramedullary nailing compared to un-
reamed intramedullary nails**%. Most of the studies
have compared IMN with non-reamed and reamed
methods in tibial and femoral fractures, and reaming
has been associated with a reduction in the time
required for bone union and an increase in the rate of
bone union’®), On the other hand, reaming can have
complications such as bleeding, the need for blood
transfusion, fat embolism syndrome, and heat-
induced necrosis®>'78) However, in a study by
Achecar et al. 1997, it was observed that non-reamed
IMN in humeral fractures was associated with a
shorter time for radiological evidence of fracture
improvement compared to reamed IMN®9),

Humeral shaft fractures are highly prevalent among
young and working populations, as well as elderly and
disabled individuals. These fractures can lead to
complications and significantly impact quality of life.
Choosing the appropriate surgery type presents
challenges, high costs, and an economic burden, and
more studies in this area need to be conducted. To
address this issue, we investigated the outcome of
IMN surgery with and without reaming as a
treatment method for humeral shaft fractures.

Materials & Method

Study Design

This study was a prospective cohort study that
examined patients with humerus shaft fractures in
2023. The study was conducted in Kashani and Al-
Zahra hospitals in Isfahan, Iran, and was approved by
the Ethics Committee of Isfahan University of Medical
Sciences (Code:IR.MUI.MED.REC.1402.300).

—
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Inclusion Criteria

To be included in the study, patients had to suffer
from humerus shaft fractures, be between the ages
of 20 and 60, have no history of musculoskeletal
disease, not be taking any drugs that interfere with
the bone union, and participate in all follow-up
courses. They also had to meet other criteria, such as
having no previous fractures, no current open
fractures, and no vascular or nerve damage with the
current fracture.

Treatment Groups

The patients were randomly divided into two groups:
one group was treated with intramedullary nailing
with reaming, and the other group received humerus
shaft fixation with intramedullary nailing without
reaming.

Surgical Procedure

The surgical approach for the anterolateral shoulder
begins with a 3-4cm incision along the anterolateral
border of the acromion. Tenotomy is performed to
develop a soft tissue plane, followed by cautery
through subcutaneous tissue. Sharp dissection is
carried out through fascia, bursa, and rotator
interval. The surgeon marks out the acromion's
anterior, lateral, and posterior borders before making
the incision and dissecting along the anterolateral
border of the acromion down to the rotator cuff
interval.

For guidewire insertion, the start point is between
the greater tuberosity and the sulcus in the center of
the humeral head. The aim is to have a 50% bare area,
with the guidewire malleted into place and checked
on fluoroscopy. The rotator interval is divided, and
the guidewire is driven down the canal on power. AP
and lateral fluoroscopy views ensure the guidewire is
centered in the canal. A lateral entry awl or reamer
(approximately 8mm) with a soft tissue protector is
used to ream until it hits the stop plate.

Fracture reduction is achieved by applying manual
traction, varus/valgus, and rotational force. Once
reduced, a long ball-tip guidewire is manually pushed
past the fracture site using a T-handle with a slight
bend at the tip. The guidewire is malleted to the distal
aspect of the humerus (olecranon fossa) and checked
on AP/lateral fluoroscopy. A radiolucent ruler is used
to measure the appropriate nail length on AP
fluoroscopy of the shoulder. Rechecking the fracture
site is essential to ensure no gapping for accurate

]
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Effect of reaming on intramedullary nailing of humeral shaft fractures

ﬂbstract \

Introduction: Humeral shaft fractures are highly prevalent. These fractures can lead to complications and
significantly impact quality of life. Choosing the appropriate surgery type presents challenges of high cost, and
economic burden. We are investigating and comparing the outcome of Intramedullary Nailing (IMN) surgery with
reaming and nailing without reaming as a treatment method for humeral shaft fractures and its outcomes.
Materials & Methods: This study was a prospective cohort study that examined patients with humerus shaft
fractures in 2023. The study was conducted on nailing humeral fractures in a teaching hospital. The patients were
randomly divided into two groups: One group was treated with intramedullary nailing with reaming, and the other
group without reaming. The patients were monitored for pain, delayed union, non-union, infection, radial nerve
palsy, and healing status at intervals of two weeks, one, three, and six months after surgery.

Results & Discussion: Sixty-nine patients including 29 in non-reamed and 40 in the reamed cases were studied.
Union was observed at 11.1+3.5 weeks in non-reamed and 8.2+1.9 in reamed group, delayed union was observed
in 3 of non-reamed and 2 of reamed cases. One case of non-union was in non-reamed group. In the second week
of the follow-up, the reamed group reported significantly higher pain levels; however, no significant difference
was observed in the 4th and 12th weeks of follow-up. There was no significant difference between the two groups
regarding complications.

Conclusion: Reamed IMN of humeral fracture can reduce the union time, and helps to lower the occurrence of
delayed union and non-union. However, the patients would experience more pain in few first post-surgery weeks
and reaming.

Keywords: Bone Fractures, Humerus, Intramedullary Nailing.
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Introduction

Humeral fractures can be classified into three types based on their location.
These types include proximal fractures, shaft fractures, and distal fractures
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with the shaft being most common type. Shaft fractures are the second most
common fracture in the general population. According to the latest reports,
the prevalence of this fracture is estimated to be between 3-5% in 2023,
The symptoms of humerus bone fractures usually include pain, swelling,
inability to move, and limb deformity'™. Diagnosis of bone fractures is based on
the loss of periosteum integrity and sometimes the apparent displacement of
bones in radiographic images'?. The treatment of this fracture is based on the
type and location of the fracture and radiological criteria, which can take the
form of non-surgical and surgical treatment®®). Non-surgical treatment
includes using a splint or arm sling, while surgical treatment includes external
fixation, open reduction, internal fixation (ORIF), and intramedullary nailing
(IMN)®, Complications associated with surgical treatment include fracture
non-union, delayed union, and damage to the radial nerve, which can be seen
in up to 18% of cases®.

In cases of pathological unstable fractures, fragmented bone, osteoporotic,
and high-energy fractures, physicians usually perform IMN®®, This procedure
can be done with or without reaming, which is the process of widening the
medullary canal to allow for the passage of the nail”.
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