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Structural Reinforcement and Prosthesis
Strength

The application of nanotechnology to reinforce
prosthetic structures can substantially increase
durability and mechanical strength. Nanoparticles or
thin nanolayers applied to the surface of prostheses
enhance mechanical properties, reducing wear and the
risk of cracking or fracture, thereby extending implant
lifespan. Additionally, these modifications promote
osteointegration and stimulate bone cell activity(?).

Future Perspectives

Hydroxyapatite nanoparticle coatings on prostheses
play a key role in improving design and clinical
performance. Biocompatible nanomaterials, compared
with macrostructured alternatives, facilitate better
cellular adhesion, enhance durability, and accelerate
osteogenesis, collectively reducing fracture and
rejection rates. Overall, the use of nanohydroxyapatite
as a prosthetic coating represents a significant
advancement in tissue engineering and clinical
medicine.

Conclusion

Despite the numerous advantages, challenges remain,
including precise control of mechanical properties, large-
scale cost-effective production, and long-term clinical
evaluation. Nevertheless, with ongoing advances in
material fabrication and assessment technologies,
hydroxyapatite-coated prostheses are expected to play a
vital role in disease treatment and in improving human
quality of life in the near future.
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fabrication of bone scaffolds, the coating of metallic
prostheses, and the preparation of injectable bone
cements. It exhibits favorable biocompatibility with
various cell types such as osteoblasts, osteoclasts, and
bone-forming cells. Due to the structural resemblance
between hydroxyapatite and natural bone, cells do not
distinguish between the two!®19),

Figure 1: Hydroxyapatite Structure
(https://www.researchgate.net)

Hydroxyapatite, as a bioceramic, has significant
applications in orthopedic surgery, particularly as a
surface coating on prostheses and for localized drug
delivery with controlled release capabilities. Due to
these properties, it is considered an ideal material for
bone tissue engineering and various orthopedic
prostheses. Hydroxyapatite nanocomposites are being
developed as scaffolds for bone tissue engineering not
only because of their high chemical and structural
similarity to natural bone but also due to unique
features such as high porosity, increased surface area,
and enhanced mechanical strength compared to pure
hydroxyapatite. These characteristics contribute to
improved mechanical performance and protein
adsorption in vivo219, Hydroxyapatite can be
synthesized using various methods, each offering
specific advantages and applications™t), The use of
hydroxyapatite in the form of nanoparticles for bone
tissue repair not only avoids significant side effects but
can also considerably reduce the time required for
grafting or regenerating bone tissue lost due to trauma,
disease, or other conditions. Compared with natural
bone grafts, which carry multiple risks, hydroxyapatite
nanoparticles have demonstrated higher success
rates!’?, Orthopedic implants are medical devices
designed to reinforce or replace joints and bones in
damaged or deformed regions. For instance, a patient
may require an implant due to congenital
conditions*314). Orthopedic surgeons, depending on
patient-specific conditions, replace the affected tissue
with implants using specialized surgical instruments.
Most of these implants are fabricated from titanium
alloys or stainless steel, while some may incorporate
polymer coatings. The metallic structure provides
mechanical strength, and the polymer coating functions
as an artificial cartilage layer!'24), Because cells can
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sense chemical and physical surface properties and
respond through behaviors such as preferential
adhesion, migration, and proliferation, the use of
nanoscale structures can control initial protein
adsorption on implant/prosthesis surfaces. This, in turn,
regulates cellular attachment and subsequent cellular
responses. Consequently, prosthesis designers carefully
select materials and engineer surface structures to
minimize adverse biological reactions. Despite advances
in this field, research and development continue to
optimize implant materials and designs to reduce
complications and improve in vivo performance(-13),
Prostheses made from conventional materials may be
subject to rejection by the body. Incorporating
hydroxyapatite nanoparticles into prosthesis fabrication
enhances bone adhesion and improves mechanical
properties. Nanostructured coatings, in particular,
minimize fracture and rejection rates. In addition,
orthopedic implants with antibacterial coatings are
currently being developed to further improve clinical
outcomes(1>16),

The Necessity of Nanotechnology in
Prosthesis Fabrication

The surface of artificial prostheses can activate the
immune system, potentially leading to implant
rejection, which is particularly critical in orthopedic
surgery. Therefore, prosthesis design aims to engineer
surfaces that are as irregular as possible, incorporating
microstructures similar to the nanostructure of natural
bone, in order to mimic native tissue and integrate
harmoniously with the surrounding biological
environment. Additionally, porous structures in
prostheses facilitate the transport of essential nutrients
for cellular growth. Such designs not only reduce the
contact area between the prosthesis and host tissue but
also significantly decrease the likelihood of rejection!!”).
Studies have shown that applying these modifications in
orthopedic implants stimulates osteoblast activity, the
cells responsible for bone growth and regeneration,
thereby reducing the probability of implant rejection.
These findings underscore the importance of
nanotechnology in enhancing the interaction between
prosthetic materials and body tissues!”),

Antifungal and Antibacterial Nanocoatings

A major challenge in orthopedic implants is the risk of
infection, which can compromise surgical outcomes.
Nanocoatings with antimicrobial properties can mitigate
this risk. These coatings are applied to implant surfaces
using silver nanoparticles, gold nanoparticles, or carbon
nanotubes, preventing bacterial colonization and biofilm
formation(819),
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Micro- and Nanostructure of Bone Tissue

Bone tissue is a specialized and dynamic connective
tissue that fulfills both structural and metabolic roles,
including mechanical support, organ protection, and the
storage of minerals such as calcium and phosphorus.
The bone matrix consists of type | collagen fibers and
hydroxyapatite crystals, which provide mechanical
strength and hardness. Bone remodeling is regulated
through the coordinated activity of osteoblasts and
osteoclasts. During fracture repair, angiogenesis plays a
crucial role by supplying nutrients and growth factors
such as vascular endothelial growth factor (VEGF).
Impaired vascularization or inadequate mechanical
stability may result in delayed union or nonunion,
particularly in bones with limited blood supply?3.
Bone tissue is classified into two major types: compact
bone and spongy bone.

e Compact bone: This type appears dense and
structureless to the naked eye and forms the
outer cortical layer. Owing to its compact
architecture, it exhibits high resistance to
compressive forces.

e Spongy bone: This type is composed of
trabeculae with visible intertrabecular spaces.
Its porous and lightweight structure reduces
overall bone mass while enhancing resistance
to mechanical impactst23),

Chemical Composition of Bone

Bones are composed of approximately 70% mineral
content and 30% organic content. This chemical
composition is responsible for their hardness and
mechanical strength(3),

Bone Cells

Several distinct cell types contribute to bone structure
and function. Osteoblasts are responsible for
synthesizing the bone matrix. Mature osteocytes,
embedded within lacunae, maintain bone tissue.
Osteoclasts perform bone resorption and are essential
for remodeling processes!z,

Biocompatibility

In general, a biocompatible material is defined as a
synthetic or natural non-living substance that is
employed as part of a living system, or for a specific
function, in direct contact with living tissue for a defined
period of time. For proper performance, the material
must meet specific standards for interaction with
biological systems. These standards include mechanical
properties appropriate for the intended site, biological
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stability, and the minimization of adverse biological or
immunological responses®).

One of the common approaches to improving the
biocompatibility of polymer surfaces is the grafting of
monomers onto the polymer surface. Since
biocompatibility is primarily related to the surface
rather than to the bulk properties of polymers, surface
modification is largely dependent on altering
physicochemical characteristics such as wettability. For
this reason, hydrophilic monomers can be employed for
surface modification!®. Nanobiotechnology, as an
advanced and innovative branch of nanotechnology,
represents the convergence of nanoscience and biology.
By integrating molecular biology, physics, and materials
engineering, this field has contributed to significant
advancements in biotechnology, which in turn have led
to transformative developments across various
scientific disciplines. In other words, nanobiotechnology
constitutes the interface between life sciences and
materials science®.

Nanocomposites

Nanocomposites are composites in which one or more
components exist at the nanometer scale. Specifically,
at least one constituent exhibits dimensions below 100
nm. At present, nanocomposites are recognized as a
class of nanomaterials with broad and promising
application potential. They are composed of two
phases: a matrix (base material) and nanoparticles that
serve as reinforcements. These nanoparticles, generally
introduced in very small amounts (up to 10%), are
dispersed within the matrix to enhance strength and
other mechanical properties.

Bone itself is inherently a nanocomposite composed of
organic and inorganic nanostructures. These nanoscale
features play a fundamental role in bone formation and
remodeling, where they act as key elements in initiating
the repair process!’-8,

Fabrication of Hydroxyapatite-Based
Prostheses/Implants

Hydroxyapatite is the naturally occurring mineral form
of calcium apatite with the formula Cas(PO4)3(OH),
although it is commonly written as Caq(POa4)s(OH),
(Figure 1). This material is considered the most
important bioceramic used in medicine and dentistry
due to its unique biological properties and its close
structural similarity to the mineral component of bone
tissue. Among its notable properties are the ability to
stimulate bone growth, to form direct bonding with
bone, and to provide excellent osteointegration.

Hydroxyapatite has been applied extensively in the
medical field, including in the filling of bone defects, the
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Nano-Hydroxyapatite: A Driving Force for Bone Tissue Regeneration in Orthopedic

Surgery: Challenges and Future
(Review Article)

Nano-Hydroxyapatite: A Driving Force ...

(Abstract \

Nanotechnology is currently recognized as a technology with vast application potential across multiple fields,
particularly in medicine. Nanomaterials and nanostructures, owing to their ultra-microscopic dimensions, high
surface area, and unique physicochemical properties, are increasingly employed in orthopedic surgeries. These
materials, due to their distinctive features in interacting with living tissues, are considered key components in
prostheses and medical devices, and they have led to significant advancements in bone tissue engineering, the
design of implantable materials, and diagnostic as well as therapeutic processes. In this study, various databases
including ISI Web of Science, PubMed, SID, Scholar, Scopus, and ScienceDirect were utilized. The keywords applied
consisted of nanohydroxyapatite, bone defect repair, prosthesis, clinical evaluation, and fracture healing. The use
of biocompatible nanomaterials in orthopedic prostheses—particularly due to their ability to stimulate cellular
growth, regenerate damaged tissues, and improve cellular microenvironmental properties—has had a profound
impact on enhancing orthopedic therapies. These technologies have successfully facilitated bone repair processes.
This article has been prepared to provide a deeper understanding of the application of hydroxyapatite at the
nanoscale and its potential therapeutic objectives in orthopedic surgeries.

Keywords: Limb prosthesis, Biotechnology, Nano hydroxyapatite collagen, Bone regeneration.
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Introduction

In recent years, the application of biomaterials in the medical field has
increased substantially. These materials generally possess properties that

ensure  both

biocompatibility

and

favorable

mechanical—-physical

characteristics. Among the most significant and promising applications of
biomaterials is the physical replacement of organs in humans and other
animals. Since the external surfaces of prostheses remain in constant contact
with living tissues, they are fabricated from alloys that demonstrate high
resistance within the body. A critical application of prostheses in orthopedic
surgery is the support of bones and the repair of skeletal defects®.

The objective of this study was to review the effects of hydroxyapatite
nanoparticles in accelerating bone fracture healing and their application as
coatings for orthopedic prostheses/implants.
Keywords included nanohydroxyapatite, bone defect repair, prosthesis, clinical
evaluation, and fracture healing. For this purpose, relevant publications were
retrieved from databases such as ISI Web of Science, SID, Google Scholar,
PubMed, Scopus, and ScienceDirect, and articles meeting the inclusion criteria

were analyzed.
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Conclusion

Although popliteal artery injuries are uncommon but
may cause catastrophic results. Time of diagnosis and
repair of the vascular injury is crucial for limb salvage.
Outcome is better when the injury is detected early
in the operation room and repair is instant. Delay in
diagnosis and surgical reconstruction, increases the
risk of complication so as an approach to the early
diagnosis and the improvement of outcome during
injury we suggest regular documented post-
operative assessment of peripheral pulses and
circulation, use of pulse oximeter in case of any
suspected weak pulse, warning the patients for
special attention to alarm signs of vascular injury to
immediate refer to hospital.
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Figure 1: Alignment view, preop

Vascular Injury after Osteotomy around Knee

Figure 3: Cronal and sagittal views from both lower limbs

Various types of complications may occur after

osteotomies around the knee, vascular injury,
compartment syndrome, VTE, neurologic injuries and
etc. The most common vascular injuries are intra-
operative bleeding and subsequently acute ischemia,
non-healing wounds, and limb oedema®®. In
orthopedic procedures, the most common iatrogenic
vascular injury occurs in the popliteal artery™. K.
Bernhoff et al reported an incidence of 0.05%
associated popliteal artery injury after HTO, these
injury’s detection time vary from immediate (due to
bleeding) to 29 days after surgery (because of

[214}

pseudo-aneurysm) also a compartment syndrome
was detected after 48 hours”),

In this article we described three cases with vascular
injury which two of them were asymptomatic for few
days. Early diagnosis of injury is important in
preventing more complications, for instance in the
case 3 the arterial injury led to a chronic
compartment syndrome with irreversible
consequences. Studies shows greater than 12 hours
delay always results in poor outcome and regular
post-operative distal pulse examination remains an
essential observation. Patients who suffered from
vascular injury during an elective surgery are more
likely to pursue litigation®*9,
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Case 1

The patient is a 24-year-old male with bilateral
genuvarum deformity who was a candidate for high
tibial osteotomy by medial opening-wedge
technique. After preparation, he underwent surgery
and deformity corrected by tomofix plaque and
locking screws. During the operation, fluoroscopy
was used to check the correction and position of the
screws which were favorable so the fascia and skin
were closed by routine method.

The tourniquet was released after completion of the
surgical procedure and patient was transferred to the
ward with normal neurovascular examination of the
distal limb and was discharged on the second day
after the operation. Two weeks later at the clinic, he
had slight pain at the proximal site of the leg and
dehiscence at the site of the surgical wound and
ecchymosis in the medial and posterior part of the
knee; But the patient's pulse and the leg
compartments were normal. He was admitted for the
possibility of infection and the next day she
underwent debridement and washing of the surgery
site in the operating room and antibiotics were
started for him.

The culture result was negative three days later so
the patient was discharged with relative
improvement. Upon return to the clinic in the second
week after discharge, there was relative swelling
behind the knee in the lateral part, but there was no
neurovascular disorder and the wound was healed.
The patient underwent color Doppler ultrasound of
the lower extremity vessels, which showed a mass of
vascular origin with the possibility of arterial
aneurysm in the peroneal artery.

He was admitted immediately and consulted for
vascular surgery. In the angiographic examination, a
false aneurysm of the peroneal artery branch with a
diameter of 2 * 2 cm was reported. Arterial repair
surgery was done by vascular surgeon and he was
discharged from the hospital after the wound healed.

Case 2

A 42-year-old male patient with bilateral genuvarum
deformity who underwent high tibial osteotomy by
medial opening-wedge technique. Tomofix plaque
was used with locking screws for fixation of the

—
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ostomy site. following completion of surgery, the
tourniquet was deflated and he was checked in the
recovery room that the distal pulse examination was
normal. About thirty minutes later he was checked
again which the pulses of posterior tibial artery (PTA)
and dorsalis pedis artery (DPA) dropped compared to
the opposite side also pulse oximeter showed
decreased in Pa02. In the operating room, she
underwent emergency ultrasound, which was
monophasic in the spectral examination of the above
artery waves. Then, with suspicion of arterial injury,
she underwent emergency angiography. Due to the
popliteal artery injury behind the knee and intra-
arterial thrombosis, she underwent vascular surgery
and arterial graft repair. In this patient, a part of the
bone, behind the tibia and at the site of the
osteotomy, perforated the arterial wall and damaged
the vascular endothelium.

Case 3

A 15-year-old female patient, known case of bilateral
genuvalgum deformity (Figure 1) and a candidate for
correction surgery by distal femur osteotomy (medial
close-wedge technique). She underwent surgery and
deformity correction by medial angle-blade plate
with displacement (Figure 2). During the operation,
the correction and position of the screws was check
by fluoroscopy, then the fascia and skin were
repaired by routine method. after completion of the
surgery the tourniquet was released. she was
checked in the ward about 6 hours later that
neurovascular examination was normal. At the next
day after surgery, she had complaint of pain but in
physical exam neurovascular were normal with mild
swelling. Due to the normal findings, patient was
discharged two days after surgery. Two days after
that she came back to emergency ward complaining
of severe pain and swelling, physical exam was done
in which distal pulses were undetectable. Color-
doppler sonography performed that showed a
hypoecho area around popliteal artery (proposing
hematoma) and absence of blood flow in PTA and
DPA. Vascular surgery consult was requested which
asked for CT-angiography which reported absence of
blood flow in following of popliteal artery (Figure 3),
then she underwent embolectomy and vascular
repair, also fasciectomy was done because of
compartment syndrome occurring which led to
peroneal and tibial nerve damage.
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Vascular Injury after Osteotomy around Knee
(Case Report)

Abstract

Lower limb malalignment around the knee may be a risk factor of knee osteoarthritis (OA) progression. A surgical
treatment method for preventing OA progression is osteotomy and one of the rare side effects of this surgery is
injury to the arteries. We present three cases, two men (24 and 42 years old) and one woman (15 years old) who
were diagnosed with lower limb malalignment and received high tibial or distal femoral osteotomies and were
complicated with arterial injury. Delay in diagnosis of the injury varied from about an hour to about one month after
surgery.

Keywords: Bone malalignment, Osteotomy, Popliteal artery.
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Introduction

Lower limb malalignment around the knee is an independent risk factor of knee
osteoarthritis (OA) and its progression™®. One of the surgical treatment
methods for preventing OA is osteotomy!” which is done by different methods
in distal femur and proximal tibia depending on the deformity type>*.

High tibial osteotomy (HTO) is a common treatment option for symptomatic
isolated OA of the medial femorotibial compartment that includes medial open
wedge osteotomy, lateral closed wedge osteotomy, arch osteotomy, and
oblique osteotomy, of which the most used are the former 2 techniques®®.
The most common complications of the medial opening-wedge technique are
infection, deep vein thrombosis, loss of reduction, fracture of the lateral tibial
plateau and delayed- or non-union of the tibial osteotomy® Some other rare
complications are compartment syndrome and injuries of the popliteal
neurovascular bundle(>10),

Although several studies of popliteal artery injury during osteotomy have been
reported™ ¥, but in most studies, popliteal artery injury have not been
mr:ga"d“g:i’::::?:;eybodi' o delayed or asymptomatic. Therefore, in this study, we will present three cases
Email address: in which popliteal artery injury after osteotomy was delayed and asymptomatic
T CTNET T IS D AT ET RS Bl in two of them and in one case it was immediate.

Trauma Research Center, Bagiyatallah
University of Medical Sciences,
Tehran, Iran.
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(LIV). Reported incidence rates for adding-on and
thoracic decompensation reach as high as 36% and
29%, respectively®. Nevertheless, in most cases,
revision surgery was not required, and patients did 10
not have clinical complaints'®>).
Conclusion 1
Overall, the discussion section of this study
. . . 12
emphasizes the efficacy and safety of TL/L fusion for
AIS. The article highlights the importance of
appropriate patient selection, the benefits of this 13
approach on quality of life, and the need for further
research to address gaps in the existing literature.
These findings can serve as a guide for clinicians in
making informed decisions regarding treatment 14
options for adolescents with scoliosis.
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correction remained consistent in mid-term and 10-
year follow-ups, with corrections of 62% and 60% of
the preoperative values, respectively (P > 0.05).

The compensatory MT curve that underwent fusion
measured on average 25 + 8° preoperatively, 20 £ 8°
(21% correction) on the first standing follow-up, and
16 £ 7° (60% correction relative to preoperative) at
the 10-year follow-up. CB showed significant
improvement, increasing from 3.1 cm before surgery
to 0.9 cm at the 10-year follow-up (P < 0.001),
demonstrating notable progress in patients who
underwent selective TL/L fusion.

Thoracic kyphosis (TK) did not change significantly
postoperatively, and lumbar lordosis (LL) remained
normal, despite temporary hypolordosis in the first
standing follow-up®.

Delfino et al.®® reported 35 patients with adolescent
idiopathic scoliosis (AIS) who had anterior selective
thoracolumbar/lumbar fusion were tracked for a
minimum of 12 years. The average preoperative
thoracolumbar/lumbar Cobb angle was 49.5 = 9°,
with postoperative and final follow-up corrections
achieving 79 + 13% and 72 + 18%, respectively. The
mean preoperative thoracic Cobb angle was 31.4 +
14.2°, which enhanced to 18.4 + 11.9° after surgery
and reached 17.8 + 10.8° by the final follow-up.
Rotation of the apical vertebral from 25.8 + 7.8°
significantly enhanced to 9.2 + 5.5° and ultimately to
8 + 5.2° (P = 0.001). Sagittal parameters (T5-T12 =
27.2°, L1-S1 = 56.9°) remained relatively unchanged
throughout the study. Coronal balance from 2.4 cm
changed to 1.6 cm after fusion and 0.8 cm at the final
visit (P 0.006). There were no reports of
reconsideration operations or infections, though one
patient did require lumbar surgery because of
symptomatic disc degeneration.

In the study by Direito-Santos et al.*?), anterior
selective TL/L fusion was assessed in a total of 65
patients classified as Lenke 5C and 10 patients
classified as Lenke 6C, with an average follow-up
period of 9 years. For those with Lenke 5C, there was
an average correction of 85.1 + 10.5% in the fused
TL/L curve, which remained stable at the ultimate
follow-up (P > 0.05). The unfused thoracic curve
exhibited an initial postoperative correction of 59.9 +
30.5%, which improved to 66.3 £ 28.9% by the time
of the ultimate evaluation (P < 0.018). Additionally,
the Cobb angle improved significantly from 28.9 + 14
mmto 5.7 £ 6.7 mm (P <0.001) and stayed consistent.
However, the thoracic kyphosis (TK) and lumbar
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lordosis (LL) measurements did not show any
significant changes after surgery.

In the Lenke 6C cases, the mean TL/L Cobb angle
before surgery measured 58.6 + 13.9°, which
decreased to 22.6 + 14.5° after surgery (P < 0.001),
indicating a correction of 62.5 + 20.6% that remained
stable at the last radiographs (P > 0.05). The thoracic
Cobb angle reduced from 39 + 7.6° to 30.6 + 10.1°
post-surgery (P < 0.008), achieving a correction of
22.4 + 17.5%. The thoracic Cobb angle at the final
follow-up was 29.3 = 10.7°, showing no significant
change from the postoperative measurements.
Additionally, the CB improved from 20.9 + 14.5 mm
preoperatively to 16.6 + 14.2 mm at the final follow-
up (P = 0.086). In this group, 10 cases (15.4%) from
the 5C group and 2 cases (20%) from the 6C group
experienced asymptomatic nonunion at the distal

level. There were no significant degenerative
alterations during the ultimate radiographical
assessment.

Chen et al.®”) performed a research involving patients
with Lenke type 5 AlS, which had 11.26 + 0.85 years
follow-up period of, for evaluation the outcomes of
posterior selective TL/L fusion. The average Cobb
angles before surgery were 24.0 + 9.0° for the
thoracic curve and 45.4 + 6.3° for the TL/L curve,
which reduced to 12.2° and 12.4° three months after
the operation. By the ten-year follow-up, the
correction was lost 2.2° for the thoracic and 1.5° for
the TL/L curve.

They indicated that out of 37 patients, 20 exhibited
preoperative coronal imbalance (CIB), but the
majority achieved normal levels within the first three
months and maintained balance during follow-up.
The TK and proximal junctional angle (PJA) showed a
gradual rise over time. Proximal junctional kyphosis
(PJK) was reported in one out of 37 patients (2.7%) at
the three-month mark, and this figure rose to 12 out
of 37 patients (32.4%) by the ten-year follow-up.
There were no significant differences between the M
and N sagittal modifier groups or between those
initially imbalanced and those balanced. PJK
continues to be viewed as a multifactorial occurrence
and a dynamic compensatory response that aids in
keeping body equilibrium and decreasing energy
expenditure while standing or walking.

The “adding-on phenomenon” and the
decompensating of the unfused thoracic curve are
acknowledged complications associated with
selective fusion (SF), which may deter some surgeons
from utilizing this approach. The adding-on sensation
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The highest vertebra contacting the CSVL,
Rotation of grade 1 or less on the Nash—Moe
grading system in standing AP radiographs,
The CSVL crosses between the two pedicles
of the LIV on radiographs taken during
concave-side bending,

Absence of placement at the apex of
kyphosis.

According to the King classification, the CSVL is
characterized as a line that is perpendicular to the
iliac crest. Research by llharreborde et al.
demonstrated that in patients who display the
adding-on phenomenon (where there is an increase
of more than 5° in the anterior tilt of the LIV), the LIV
in 62.5%,was situated above the last-touching
vertebra (LTV) and in 87.5%,above the stable
vertebra. Consequently, when determining the LIV, it
is essential to consider both the stable vertebra and
the LTV.

4.

Sagittal Alignment

Limited research has focused on the sagittal plane in
selective thoracolumbar/lumbar fusion, while the
coronal plane has received more attention. In this
study, 39 Lenke type 5C AIS who received selective
posterior thoracolumbar/lumbar fusion“®*” were
examined and categorized into two groups based on
their T5-T12 kyphosis (sagittal modifier): group N
(10-40°) and group M (<10°).

In summary, there were significant changes in several
measurements from values before surgery to the
ultimate follow-up. These include the main
thoracic/lumbar curve, the minor thoracic curve,
global thoracic kyphosis (TK, T1-12), lower thoracic
kyphosis (LTK, T5-12), thoracolumbar kyphosis (TLK,
T10-L2), cervical lordosis (CL), T1 slope, C7 sagittal
vertical axis, and the apex of thoracic kyphosis. In
contrast, lumbar lordosis (LL), sacral slope (SS), pelvic
tilt (PT), and the location of the apex did not show
significant changes after the surgery.

Concerning the Lenke sagittal modifier groups, there
were notable differences in preoperative TK (T1-12),
TK (T5-12), TLK, and CL between the two groups, but
no significant differences were found after surgery.
These results align with the research conducted by
Okubo et al.“® which indicated that selective TL/L
fusion predominantly influences the M group in
terms of sagittal alignment compared to the N group.
In this regard, Karadimr et al.**’ recommended that
selective fusion should be reserved for patients
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classified as Lenke sagittal modifier N and not advised
for those with T5-T12 kyphosis exceeding 40°.
Conversely, LL and spinopelvic measurements are
affected following selective TL/L fusion(®%2),
suggesting that the mean length of fusion is extended
and the last instrumented vertebra (LIV) is placed
further down, impacting lumbosacral alignment.
Wang et al. (2017)%® conducted a study examining
the relationship between posterior selective
thoracolumbar/lumbar fusion and cervical sagittal
alignment (CSA) in a group of 30 cases diagnosed with
Lenke type 5C adolescent idiopathic scoliosis (AlIS).
Their findings indicated that while postoperative
changes in lumbar curvature do not have a direct
impact on CSA, excessive indirect adjustments to the
thoracolumbar/lumbar curve can cause increased
thoracic sagittal alignment (TSA). This, in turn, can
elevate the T1 sagittal slope and subsequently affect
the CSA in these patients.

Additionally, T1 slope was found to correlate before
and after surgery with C2—C7 lordosis, proximal
thoracic kyphosis (proximal-TK), and global thoracic
kyphosis (global-TK). In some patients, increased TSA
resulted in the development of cervical lordosis (CL)
to maintain horizontal gaze. However, some patients
experienced a recurrence of reduced cervical lordosis
due to intrinsic cervical spine stiffness**8),

Long-term Outcomes

Evaluating long-term outcomes, patient satisfaction,
and complications associated with selective TL/L
fusion is crucial. In a research conducted by
Etemadifar et al.® that focused on patients with
selective fusion (SF) for adolescent idiopathic
scoliosis (AlS), significant improvements were noted
post-surgery. There was a marked enhancement in
the ratio of apical vertebral translation (AVT)
between the thoracic curve and the TL/L curve.
Furthermore, worsening of deformity, the adding-on
phenomenon, coronal decompensation, or needed
revision operation was happened in any patients. The
analysis of patient satisfaction indicated that 85.8%
of participants were content with the results, while
9.2% expressed dissatisfaction.

Lower et al.?® differentiated between patients
receiving selective thoracic fusion and those
undergoing TL/L fusion, analyzing each group
independently. The average preoperative coronal
Cobb angle for the TL/L group was 45 + 8°, which
improved to 16 + 7° at the first standing follow-up,
resulting in a 64% correction rate. This level of
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shoulder imbalance reach coronal and shoulder
stability at the final evaluation. Furthermore, CIB has
no significant impact on back pain or clinical
outcomes, in short term!323637),

Comparison of Anterior and Posterior
Methods

Comparisons between anterior and posterior surgical
approaches indicate that the rates of correction for
the fused TL/L curve, the non-fused thoracic curve,
and the occurrence of complications are
comparablel®3®, However, the posterior approach
tends to have a lower failure rate of implant and
pseudoarthrosis, although it is associated with a
higher rate of proximal junctional kyphosis (PJK). This
may be attributed to increased construct rigidity and
extended fusion levels(?83%49),

A shorter fusion level will be able to retain more
motion in the lumbar area, because the majority of
spine motion occurs in this area. Li et al.*® found that
posterior TL/L fusion is more effective than anterior
fusion in restoration and preservation of the lumbar
lordosis (LL) in instrumented segments during both
short-term and long-term postoperative assessments
in the sagittal plane. Additionally, their research
indicated that even with modern anterior
instrumentation using structural cages, it is not
possible to completely prevent the potential for
kyphosis in the instrumented segment over time.
Additionally, TK showed good restoration in the two
groups. Nonetheless, TK was marginally greater in the
posterior group at the ultimate follow-up, though this
discrepancy was not statistically significant. Lin et al.
confirmed the same results in their meta-analysis®®).

Selective TL/L Fusion in Lenke Type 6

Several studies have examined the outcomes of the
non-fused structural thoracic curve after selective
thoracolumbar/lumbar fusion in patients with Lenke
type 6C AlS. In research conducted by Chang et al.*V),
the results of radiography in 18 patients with Lenke
type 5C AIS were compared to those of 13 patients
with type 6C. The findings indicated 32.2% correction
rate after posterior selective TL/L fusion in the type
6C group. Nevertheless, the rate of correction for
tfused TL/L curve and non-fused thoracic curve were
consistently lower than those observed in the type 5C
group at all assessment points in the research.

Similarly, in a study involving ten patients with Lenke
type 6C AIS, Direito-Santos and colleagues®*? found
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that there was a 22.4% correction in the non-fused
thoracic curve after performing an anterior selective
TL/L fusion. This result alighs with what previous
research has shown. One important thing to consider
is that if a patient still has growth remaining at the
time of their surgery, there is a chance that the curve
could worsen after the operation””*®. For younger
patients, the compensatory thoracic curve tends to
be flexible and may even correct itself after the
selective fusion. However, it's important to note that
some cases have shown continuing progression,
highlighting the need for focused long-term studies in
this group of patients.

Chang et al. demonstrated that there were no
differences in thoracolumbar/lumbar AVT evaluated
at any time, which might account for the comparable
SRS-22 scores observed in both groups. For patients
with AIS, the primary goal of treatment is to improve
spinal advent and balance while limiting the extent of
fusion, which makes selective TL/L fusion a
worthwhile choice for managing Lenke type 6C.

Selection of the Lowest Instrumented
Vertebra (LIV)

A key challenge in selection of TL/L fusion is
determining the lowest instrumented vertebra (LIV).
While fusing additional levels may improve spinal
correction, it can also lead to decreased spinal
mobility. Thus, the choice of LIV should optimize both
mobility and correction.

Wang et al.*¥ suggested two equations for
determining the LIV and forecasting the ultimate
correction and equilibrium:

1. The ultimate measurement of the lumbar
apical vertebra (AV) subtracted from the
central sacral vertical line (CSVL) is 14.1,
increased by 1.2 times the distance between
the preoperative LIV and CSVL.

2. The ultimate AV-CSVL distance in the
thoracic spine equals 36.2 plus 0.5 times the
preoperative thoracic AV—CSVL distance, plus
0.7 times the preoperative LIV-CSVL
distance.

The selection criteria for the LIV included a lateral
displacement of up to 28 mm and a tilt of up to 25°.
Forinstance, achieving an ultimate distance of 25 mm
between the lumbar AV and CSVL could indicate that
the preoperative distance between LIV and CSVL was
less than 9.1 mm.

Zhuang et al.”® outlined the criteria for selecting LIV
in the following manner:
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TL/L-to-MT Cobb ratio >1.25

TL/L angle is less than 55°

Or thoracic Cobb angle less than 25° on
bending films were predictive of successful
surgery

These criteria, initially developed for anterior TL/L
fusion, are generally applicable to posterior
approaches as well.

Key Indicators for TL/L Selective Fusion

Ideal Candidates
Lenke types 5C and 6C

Clinical Criteria

Level of shoulders or higher left shoulder
TL/L trunk shift should be more pronounced
than the thoracic shift.

TL/L scoliometer reading exceeds
measurement of the thoracic curve.

the

Radiographic Criteria

AVT TL/L to MT ratio >1.25

AVR TL/L to MT ratio >1.25

Cobb angle TL/L to MT ratio >1.25

Additional Criteria

MT curve <40°

TL/L curve <55°

MT curve more flexible than TL/L

No thoracolumbar junction kyphosis (T10-L2
<20°)

Anterior vs. Posterior Approach

Selective TL/L fusion can be accomplished through
both anterior or posterior approaches. Utilizing an
anterior approach for correction and fusion with
instrument provides various benefits compared to
the posterior method, including:

1. Correction forces are applied farther from the
curve’s apex in both lateral translation and
rotation, resulting in greater corrective
control(1>18-20),

The anterior approach results in a shorter spine,
thereby lowering the likelihood of traction
injuries to the spinal cord compared to the
posterior approach®18),

Greater preservation of spinal motion
possible due to shorter fused levels®2%21),
Prevention of the “crankshaft phenomenon” in
children®®, which is facilitated by improved
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visualization, intervertebral fusion, and less

technical dependency?>24,
Additional reported benefits include correction of
vertebral rotation and reduction of deformity in
adjacent regions®. Complications associated with
anterior fusion include implant failure,
pseudoarthrosis, pulmonary dysfunction, inability to
range the fusion levels, and a kyphotic loading
mechanism®>?”), Nevertheless, just 23 study groups
(38%) conducted anterior procedures, likely because
of the surgeons' limited experience with them?®,
Moreover, improved correction with fewer
drawbacks than posterior fusion has become more
feasible with the introduction of pedicle screws,
which enhance construct stability.
The typical rate of correction for the fused TL/L curve
in Lenke type 5C, whether using anterior or posterior
surgical approaches, has been documented to be
between 70% and 85%142°3% For the non-fused MT
curve, the correction rate ranges from 40-55%, with
1-10° loss of correction associated with the fused or
non-fused curve at ultimate follow-up. Right after the
surgery, coronal and shoulder imbalances were noted
in as many as 50% of the patients, although most of
them attained balance during the follow-up
period®132),
Several risk factors have been linked to postoperative
coronal imbalance (CIB), including: a preoperative L5
tilt greater than 10° observed in bending films, a
higher lowest instrumented vertebra (LIV), a younger
age at the time of surgery, a larger TL/L curve,
thoracolumbar/lumbar apical vertebral translation
(AVT) measured seven days after surgery, a less
flexible TL/L curve, increased thoracolumbar
kyphosis, larger end-vertebra angles, a preoperative
LIV tilt of less than 25°, the inability to achieve a LIV
tilt of less than 8°, and a preoperative upper
instrumented vertebra (UIV) displacement of 25 mm
or more.
Coronal imbalance (CIB) is characterized by a lateral
deviation of the trunk in the frontal plane, as
estimated radiographically by a horizontal
displacement of more than 2 cm between the C7
plumb line and the center of the sacrum. CIB is a
recognized complication following spinal deformity
surgery, often causing cosmetic concerns and
functional impairment, although its relationship with
low back pain remains inconclusive in short-term
follow-ups®*3>. Although there have been few
studies investigating the factors influencing CIB after
surgery, the majority of cases with early CIB and
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Additionally, identifying suitable patients and
deciding which vertebrae to incorporate into the
fusion process are the primary challenges in selective
TL/L fusion.

Selective Thoracolumbar/Lumbar (TL /L)
Fusion Criteria

The Lenke category f in 2001, or AIS was proposed,
focusing on the impact of selective fusion on
treatment results. This method suggests that only
including the structural curves in the fusion, and non-
structural curves excluded from the treatment
strategy. Selective TL / L fusion applies specifically to
Lenke types 5C and 6CY.

According to the Lenke category system, when the
amount of the TL/L curve surpasses that of the
thoracic curve, it is categorized as either Lenke 5C or
6C. In Lenke type 5, the thoracic curve usually reduces
to under 25 degrees on lateral bending films, and the
T10-L2 kyphosis measures less than 20 degrees,
which generally makes  selective  fusion
straightforward. However, in type 6, challenges may
arise, though selective TL/L fusion might yet be
possible in certain situations*>7),

Selective TL/L fusion should only be carried out if the
thoracic curve is elastic and near to reach skeletal
maturity?. If not, the thoracic curve may continue to
progress, potentially causing complications in the
instrumented upper or lower spinal segments.
Clinical observations suggest that performing
selective TL/L fusion in females before menarche is
related with an increased probability of
complications or failure of surgery.

Early Studies and Initial Criteria for TL/L
Selective Fusion

e Dwyer and Schafer® performed this
procedure and emphasized that only the
lumbar curve need fusion, provided the
thoracic curve fully corrected on lateral
bending films.

e Ogilvie (1988)*? outlined initial criteria for
selective TL/L fusion, including:

o Compensatory main thoracic (MT)
curve less than 40 degrees
o Adequate flexibility

e Absence of significant appearance deformity.

e Deviren et al.*® demonstrated that the
patient's age and the size of the curve are key
factors influencing the flexibility of structural

3

r204}

Iranian Journal of Orthopaedic Surgery
Vol. 22, No. 4 (Serial No. 87), Autumn 2024, p. 203-211

curves; patients with larger curves and those
who are older tend to exhibit reduced
flexibility.

e Hiewtma et al.*¥ observed that the amount
of correction of the TL/L curve diminishe as
the age increase.

e According to Majd et al.*, if the TL/L curve
correction is under 50% of the original
curvature or below 40 degrees, it might also
be necessary to perform fusion on the
compensatory thoracic curve.

Lenke Radiographic Criteria for TL/L
Selective Fusion

Lenke et al.*® established the following criteria in
radiography for performing selective anterior s
thoracolumbar/lumbar fusion:

1. The ratio of apical vertebral translation (AVT) in
the main thoracic (MT) curve compared to the
thoracolumbar/lumbar (TL/L) curve should
exceed 1.25.

2. The ratio of apical vertebral rotation (AVR) in
the MT curve to the TL/L curve should also be
greater than 1.25.

3. The flexibility of the MT curve should be more
than that of the TL/L curve, ideally with a Cobb
angle of less than 25° observed during lateral
bending.

4. The kyphosis at the thoracolumbar junction
(T10-L2) should be below 20°.

Additional clinical criteria are as follows:

— Shoulders are even, or the left shoulder is
slightly elevated.

— The trunk shift in the TL/L position is more
significant than the MT shift.

— The scoliometer reading for TL/L is greater
than that for MT, with a ratio exceeding 1.2.

— The thoracic rib hump is considered
acceptable by the patient, their parents, and
the surgeon, as any postoperative rib
alterations are expected to be minimal.

Final Outcomes and Patient Selection
Criteria

In a 2-year review of 49 patients undergoing anterior
selective TL/L fusion, Sanders et al."*” concluded that:
e Thoracic curves less than 40° yielded
acceptable outcomes
o Skeletal maturity (tri-radiate cartilage
closure) was the best predictor of success
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Adolescent Idiopathic Scoliosis: Selective Thoracolumbar/Lumbar Fusion
(Review Article)
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Abstract

Adolescent idiopathic scoliosis (AIS) is a three-dimensional spinal deformity causing physical/psychological burdens.
Optimal preoperative planning enhances appearance while preserving spinal function. Corrective surgery restores
spinal mobility and balance. In dual-curve cases, selective fusion corrects one curve, inducing spontaneous
correction of the other—preserving spinal motion and attracting surgical interest. However, limited adoption
persists due to insufficient data. This study evaluates selective thoracolumbar/lumbar fusion, detailing surgical
outcomes and complications to guide surgeons in procedure selection. Evidence confirms selective thoracic fusion
is effective and safe for AlS, offering significant correction, improved quality of life, and fewer complications versus
extensive approaches. Future research should refine patient criteria and assess long-term effects.
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AIS refers to a spinal disorder considered by a three-dimensional structural
deformity that affects both the spine and the trunk. While AIS can progress
during growth and result in cosmetic concerns, it is usually asymptomatic.
Several classification systems have been proposed for AIS®*?; however, each
has its limitations, and none is entirely comprehensive.

Determining the appropriate levels for spinal fusion remains one of the most
challenging aspects of AIS management. Although the foundational principles
of fusion described by Moe and colleagues®® have stayed largely unchanged,
advances in instrumentation systems have necessitated refinements in surgical
technique. Corrective surgery in AlS seeks to achieve spinal balance, prevent
curve progression, and preserve mobility. As a result, selective fusion (SF),
which shows only structural curves while sparing non-structural curves to
maintain motion, has recently garnered increased interest among spine
surgeons!*19,

King et al. (1983)? presented selective fusion in the context of selective
thoracic fusion (STF) for King type Il scoliosis. Moreover, selective fusion in
adolescents with combined thoracic and thoracolumbar/lumbar (TL/L) curves
is defined as performing fusion on only one curve, with the anticipation that
the other curve will instinctively accurate!**~*>,

To date, the definitive advantages of this approach remain debated. Some
surgeons argue that complete fusion provides greater spinal stability, reduces
treatment failure, and improves surgical outcomes. In contrast, proponents of
SF contend that preserving spinal mobility enhances patients’ activity levels
and postoperative quality of life®®. Importantly, TL fusion, unlike ranging
fusion from the thoracic to the lumbar spine, does not necessarily result in
significant motion restriction. Therefore, choosing the TL/L fusion levels
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performance based on the area under the ROC curve
of 93%, suggesting that ultrasound is a promising
imaging modality for diagnosing pediatric elbow
fractures®,

As noted, radiography is commonly used for
evaluating suspected fractures. However, WHO
estimates indicate that approximately 75% of the
world’s population lacks access to any form of
diagnostic imaging. Ultrasound can be utilized not
only in standard healthcare settings but also in
remote locations*®. The reflective properties of bone
also enable ultrasound to detect fractures as small as
one millimeter™, Ultrasound offers several
advantages over other imaging methods, including
speed, portability, reliability, absence of radiation
exposure, and cost-effectiveness. Nonetheless,
limitations such as operator dependency and
difficulty in precisely localizing fractures should be
considered?).

Conclusion

Based on the results of this study, ultrasound
demonstrated acceptable accuracy in diagnosing
elbow fractures, comparable to radiography and CT.
Therefore, ultrasound can serve as an alternative and
complementary method, particularly in clinically
suspected fractures. However, in ambiguous or
complex cases, standard imaging modalities such as
radiography and CT remain advisable.

Limitations of this study include the sequential use of
ultrasound, radiography, and CT, which was time-
consuming. The presence of a radiology specialist was
necessary to perform accurate and precise
ultrasound. Although no costs were charged to
patients in this study, the issue of cost coverage and
potential increases should be considered. The use of
a larger sample size posed logistical challenges; thus,
future studies are recommended with larger patient
populations. In addition, cohort studies and follow-up
using ultrasound are suggested to further evaluate
diagnostic accuracy. Ultrasound could also be
investigated as a low-risk diagnostic tool in pregnant
women and in aquatic environments.
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Figure 1: ROC curve and area under the curve for X-ray and ultrasound (sono) tests in the diagnosis of

elbow fractures (CT scan results considered as the gold standard).

The elbow joint is one of the most commonly affected
joints in trauma and is frequently imaged in
emergency departments. Suspected elbow fractures
are among the most common indications for imaging
in emergency settings. In most cases, standard
anteroposterior and lateral radiographs are used for
initial evaluation. However, due to unossified
epiphyses and non-standard imaging, especially in
children who may have difficulty cooperating during
radiography, diagnosing elbow fractures in pediatric
patients can be challenging. Additionally, growing
bones are more sensitive to radiation. Therefore,
alternative imaging modalities such as CT, magnetic
resonance imaging (MRI), and ultrasound have been
investigated to improve diagnostic accuracy*>*3,

The present study demonstrated that ultrasound
provides acceptable accuracy for diagnosing elbow
fractures, with results comparable to CT and
radiography. Similarly, a study by Li et al. indicated
that elbow ultrasound performs well in fracture
detection, particularly when performed by
adequately trained physicians. So, this study
recommended to us ultrasound for diagnosis of
elbow fracture in children as a first-line**). Weinberg
et al. reported that ultrasound has a sensitivity of 73%
and specificity of 93% in detecting long bone
fractures, and it can be used as a rapid alternative

(
{

200

when access to radiography is limited®. Ashoubi et
al., in a meta-analysis, reported that ultrasound has a
sensitivity of 97% and specificity of 90% for detecting
pediatric elbow fractures*®). Hakimi et al. found that
the sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of
ultrasound in diagnosing metacarpal fractures
compared with radiography were 84.2%, 88.5%,
83.5%, and 89.8%, respectively, with a kappa
agreement of 0.78. Given its high sensitivity and
specificity, ultrasound can be employed as a rapid,
cost-effective, non-invasive, and repeatable tool in
emergency settings*”).,

Another study showed that in patients without
fractures, using ultrasound saved a cost of
approximately €29 per patient compared with not
using it. Ultrasound demonstrates high sensitivity in
detecting occult pediatric elbow fractures, and when
both ultrasound and radiography results are normal,
the likelihood of fracture can be confidently
excluded, reducing immobilization rate, follow-up,
and additional costs™®.

Eckert et al. reported that radiography detected
fractures in 48 patients, whereas ultrasound detected
fractures in 46. Compared with radiography,
ultrasound had 97.9% sensitivity, 95% specificity, 95%
NPV, and 97.9% PPV®. In a 2023 study by Hosseini
Khameneh et al., the pooled 95% sensitivity and 87%
specificity of ultrasound, with a diagnostic

]
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Table 4 presents the frequency of fracture detection
using ultrasound, radiography, and CT scan. Based on
radiography, 77.5% of patients (31 individuals) were
found to have fractures. According to CT scan, 69.2%
of patients had fractures, while ultrasound reported
fractures in 72.5% of patients.

In the comparison of fracture detection using
radiography and CT scan, both methods could detect
17 fractures but could not detect 7 fractures (Table
5). In the comparison between CT scan and
ultrasound, both methods, could detect fracture in 16
cases but could not detect in 7 cases.

Table 6 presents the sensitivity, specificity, positive
predictive value (PPV), and negative predictive value
(NPV) of ultrasound and radiography compared to CT

Vol. 22, No. 4 (Serial No. 87), Autumn 2024, p. 196-202
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scan (considered the gold standard). As shown, both
methods demonstrated high sensitivity and
specificity. Specifically, radiography had a sensitivity
of 94.4%, specificity of 87.5%, and PPV of 94.4%.
Ultrasound showed a sensitivity of 88.9%, specificity
of 87.5%, and PPV of 94.1%. The kappa agreement
between radiography and CT scan was 81.9%, while
between ultrasound and CT scan it was 73.8%.
Figure 1 shows the ROC curve and the area under the
curve (AUC) for the ultrasound and CT scan tests. As
observed, both methods deviate acceptably from the
diagonal line and exhibit high AUC values.
Comparison of the ROC AUCs indicated no statistically
significant difference between the two methods
(Hanley & McNeil method, P = 0.592).

Table 4: Frequency distribution of fracture diagnosis using ultrasound, radiography, and CT scan of

patients’ elbows

No Fracture Fracture
Variable
Count Percent Count Percent
Radiography 9 22.5 31 77.5
CT Scan 8 30.8 18 69.2
Ultrasound 11 27.5 29 72.5

Table 5: Comparison of fracture diagnosis in CT scan and its comparison with radiography and ultrasound

of patients’ elbows

Radiography Ultrasound
Imaging Type i i Total

With Fracture Without With Fracture Without

Fracture Fracture
With Fracture 17 1 16 2 18

CT Scan

Without Fracture 1 7 1 7 8
Total 18 8 17 9 26

Table 6. Sensitivity, specificity, positive predictive value, and negative predictive value of ultrasound and

radiography compared with CT scan results

Radiography Ultrasound
Variable
Index Value* | 95% Confidence Interval | Index Value* | 95% Confidence Interval
Sensitivity 94.4 72.7-99.9 88.9 65.3-98.6
Specificity 87.5 47.3-99.7 87.5 47.3-99.7
Positive Predictive Value (PPV) 94.1 73.0-99.1 94.1 71.7-99.0
Negative Predictive Value 87.5 50.6—97.9 77.8 48.0-93.0
(NPV)
Area Under ROC Curve (AUC) 0.916 0.731-0.986 0.882 0.695-0.974
Agreement (%) (Kappa) 81.9 -- 73.8 -

* Values reported in percentage.
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while among patients over 18 years, 76.5% were male
(P = 0.730). Soft tissue hematoma was detected in
72.5% of ultrasounds and 60.0% of radiographs (P <
1.000). Intra-articular hematoma was observed in
77.5% of ultrasounds and 62.5% of radiographs (P =
0.705). The fracture line was seen in 45% of
ultrasounds and 35% of radiographs (P < 0.001). Free
fragments were reported in 45% of ultrasounds and
32.5% of radiographs (P < 0.001). Discontinuity in

Diagnostic Accuracy of Ultrasound ...

cortex was observed in 40% of ultrasounds and 32.5%
of radiographs (P < 0.001) (Table 2).

Supracondylar fracture was the most common type,
while the least common was lateral epicondyle
fracture. Among patients under 18 years of age,
supracondylar fracture was the most frequent type,
affecting 12 patients (52.2%), whereas in patients
over 18 vyears, radial head fracture was the most
prevalent, occurring in 4 patients (23.5%).(Table 3).

Table 1: Gender distribution of patients by age group (<18 years and 218 years)

. Age <18 years Age 218 years
Variable No. % No. % P-value
Sex
Male 16 69.6 13 76.5 0.730
Female 7 30.4 4 23.5

Table 2: Frequency distribution of signs and symptoms in elbow ultrasonography and radiography

Variable Ultrasonography Radiography P-value
n % n %

Soft tissue hematoma
No 11 27.5 16 40.0 >0.001**
Yes 29 72.5 24 60.0

Intra-articular hematoma

No 9 22.5 15 375 0.705%*
Yes 31 77.5 25 62.5

Fracture line (Fx line)
No 22 55.0 26 65.0 >0.001*
Yes 18 45.0 14 35.0

Loose fragment (Loose Frg)

No 22 55.0 27 67.5 >0.001*
Yes 18 45.0 13 325

Cortical discontinuity
No 24 60.0 27 67.5 >0.001*
Yes 16 40.0 13 325

*Chi-Square test, significance level = 0.05, **Fisher’s Exact test, significance level = 0.05

Table 3. Frequency distribution of elbow fracture types in all patients, patients under 18 years, and

patients over 18 years

Fracture Supracondylar Radial Olecranon Medial Lateral No Total
Type Humerus Head Epicondyle Epicondyle Fracture

Under 18 12 2 2 - 2 5 23
years

Over 18 2 4 3 3 1 4 17
years
Total 14 6 5 3 3 9 40
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Given that the use of ultrasonography can reduce
unnecessary CT scans and radiographs, the present
study aimed to evaluate ultrasonographic findings in
elbow injuries and compare them with plain
radiography and CT scan results in patients
presenting to the emergency department of
Bagiyatallah Hospital in Tehran.

Materials & Methods

This cross-sectional study compared
ultrasonography, plain radiography, and computed
tomography (CT) findings in cases with trauma to
elbow injuries. This study included all individuals that
show up in the emergency department of
Bagiyatallah Hospital, Tehran with suspected elbow.
A convenience sampling method was applied, and
patients with traumatic elbow injuries and suspected
fractures who presented to the emergency
department were enrolled.

Based on the study by Eckert et al.””) and considering
the following parameters, the required sample size
was calculated as 40 patients:

the

e Sensitivity of ultrasonography for

diagnosis of elbow fracture: 97.9%
Significance level: 0.05 (Z = 1.96)

Maximum allowable error in estimating
sensitivity: 4.5%

This study was conducted in 2023 in the emergency
department of Bagiyatallah Hospital, Tehran.
Inclusion criteria were patients with traumatic elbow
injuries and suspected fractures. Exclusion criteria
included patients with elbow deformity, open
injuries, or any suspicious to vascular or nerve
involvement. After obtaining written informed
consent, all patients underwent clinical examination.
Following history taking and physical examination,
ultrasonography of the elbow was performed first,
followed by plain radiography, and finally CT scan at
the discretion of the radiologist. Ultrasonography
was carried out using a 12 MHz linear probe with a
width of 6.5 cm. CT scan findings were compared with
those of radiography and ultrasonography, and all

images were interpreted by an independent
radiologist.
A researcher-designed checklist that included

demographic characteristics and imaging findings
were used for collecting data. Sensitivity, specificity,
positive predictive value (PPV), and negative

(
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predictive value (NPV) of ultrasonography,
radiography and CT scan were calculated in,
separately for children and adults. CT scan was
considered as gold standard for diagnosis of fracture.
Diagnostic measures such as PPV (the percentage of
true positives among all positive test results) and NPV
(the percentage of true negatives among all negative
test results) were calculated accordingly. Clinical
management decisions were made based on clinical
assessment and imaging findings.

The variables studied included age, sex, fracture type,
and imaging results. Ultrasonography was performed

by a specialist physician, and radiological
interpretations were made independently by a
radiologist.

Descriptive statistics, including mean, standard
deviation, frequency, and percentage, were used to
describe the data. Statistical analyses were
performed using SPSS version 26 and MedCalc
version 22.019. The applied statistical tests included
chi-square test, independent t-test, sensitivity and
specificity analysis, and receiver operating
characteristic (ROC) curve analysis to assess
diagnostic performance. Comparison of the area
under the ROC curve was performed according to the
method of Hanley and McNeil. A p-value of <0.05 was
considered statistically significant.

This study was approved by the Ethics Committee of
Bagiyatallah  University of Medical Sciences
(IR.BMSU.REC.1402.068). All imaging procedures
were explained to the patients, and informed consent
was obtained from them or their legal guardians.
Participation in the study involved no cost to the
patients. All patient data were coded and
anonymized to ensure confidentiality. Imaging
procedures were carried out by a radiology specialist,
and uniform equipment and standardized protocols
were used for all patients to minimize variability in
measurements.

In this study, 40 patients with elbow fractures were
evaluated. The mean age of the cases was 15.2 +0.12
years (median age of 15.5 years). The age range of the
patients was 4 to 49 years. Regarding sex distribution,
72.5% were male (29) and 27.5% were female (11).

Table 1 presents the distribution of sex according to
age groups below 18 years and above 18 vyears.
Among patients under 18 years, 69.6% were male,
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Diagnostic Accuracy of Ultrasound in Detecting Elbow Fractures: A Comparison with
Radiography and CT Scans

ﬁbstract \

Introduction: Elbow fractures are common in both pediatric and adult populations, and accurate diagnosis is
crucial for proper treatment. While radiography is the standard method, alternative imaging techniques such as
ultrasound are increasingly explored, especially when radiographic imaging is not ideal. This study evaluated the
diagnostic accuracy of ultrasound in detecting elbow fractures, comparing it with radiography and computed
tomography (CT) as reference standards.

Materials & Methods: Forty patients with suspected elbow fractures underwent imaging using ultrasound,
radiography, and CT. Results from all three methods were compared to assess sensitivity, specificity, and
agreement between ultrasound and the reference standards.

Results & Discussion: The mean patient age was 15.5 years (range: 4-49), with 72.5% male (n=29). Supracondylar
fractures were most common in patients under 18, while radial head fractures predominated in those over 18.
Ultrasound showed good diagnostic performance, with 88.9% sensitivity, 87% specificity, and a kappa value of
0.73 compared to radiography. Against CT, ultrasound demonstrated 94.8% sensitivity and 89.7% specificity.
Conclusion: Ultrasound is an accurate, non-invasive, and cost-effective alternative to radiography and CT for
diagnosing elbow fractures, especially in emergency or resource-limited settings. Its strong diagnostic
performance, particularly in children, supports its use as a reliable tool. Further studies with larger samples and
follow-up are recommended.

Keywords: Elbow fractures, Ultrasonography, Computed X ray tomography, Radiography.
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continue to use closed suction drains, clamping may
represent an effective means of reducing blood loss
after surgery and any need for transfusion!*617),
Other adjunctive approaches have also been
investigated. For example, some studies have
demonstrated that clamping the drain along with
using tranexamic acid can significantly reduce blood
loss post operation and needs transfusion after TKA
compared with tranexamic acid or drain clamping
alone(®,

Based on current evidence, the use of drains in TKA
remains controversial. The available data suggest
that drains are not effective in reducing blood loss or
transfusion rates in TKA. However, drain clamping
may improve outcomes when drains are utilized.
More studies with larger size sample and varying
clamping intervals are required to better clarify the
effects and potential benefits of drain use in TKA.

Conclusion

In this study, we concluded that, overall, prolonged
use of drains may be associated with a smaller
reduction in hemoglobin levels in patients around 70

years of age. Additionally, with appropriate
management of postoperative bleeding, drain use
may contribute to a slight increase in TIBC within this
timeframe. Nevertheless, further studies are
recommended to better clarify the effects and
potential benefits of drains in this context.
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Considering a  significance level of 0.05,
hematological indices were analyzed using the
independent parametric t-test. Normality analyses
were initially performed based on the Kolmogorov—
Smirnov test, which confirmed that all quantitative
data followed a normal distribution (P-value > 0.05).
Furthermore, the confounding variables considered
in this study, including age, sex, and underlying
comorbidities (hypertension, diabetes mellitus, and
hypothyroidism), were assessed in both groups using
Fisher’s exact test and the independent t-test. None
of the aforementioned confounding variables
showed significant differences between the drain and
non-drain groups. Therefore, it can be inferred that
the groups were relatively homogeneous, and the
observed differences in values could not be
attributed to confounding factors. In the preliminary
analysis using the independent t-test, among the
hematological indices under investigation, only
ferritin levels showed a significant difference
between the two groups. This finding indicated
marked heterogeneity in ferritin values within the
study population, making direct conclusions in case of
observed differences unreliable (P-value < 0.001). To
ensure accuracy, a nhon-parametric test (Mann—
Whitney U) was subsequently applied, which
revealed no significant differences in any of the
variables.

For analytical clarity, a new variable was defined to
represent the difference in each index before and
after surgery. The mean differences in hemoglobin (P
< 0.001) and total iron-binding capacity (P = 0.025)
were statistically significant, whereas the difference
in ferritin was not.

Further analyses stratified by sex and underlying
comorbidities also demonstrated no significant
differences. In the complementary analyses, logistic
regression was employed to model the simultaneous
relationship between independent quantitative
variables and dependent categorical outcomes.
Accordingly, age and the main independent variables
identified as significant in preliminary analyses (WBC,
Hct, and PIt) were entered into the regression model.
The results showed that the two groups were
comparable regarding background and confounding
variables.

In the regression model, changes in hemoglobin
levels between the two groups remained statistically
significant (P = 0.004, OR = 1.88, 95% Cl: 1.22-2.89).
No other variables produced significant results in the
regression analyses.
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Investigating the Effect of Using a Drain ...

The findings of this study demonstrated that changes
in hemoglobin and TIBC levels before and after
surgery were statistically significant, with the use of
drains associated with less reduction in hemoglobin
and a slight increase in TIBC.

Total knee arthroplasty (TKA) is one of the most
important surgical procedures in orthopedics,
primarily performed in elderly patients due to
osteoarthritis. With the expected growth of the
elderly population, understanding the surgical
response in this group is of increasing importance®.
Blood loss during TKA remains a major concern, as 18-
67% of patients need postoperative transfusion.
Allogeneic transfusion is associated with risks such as
allergic and hemolytic reactions, 30-day mortality,
infection in surgical site, transmission of disease,
periprosthetic  joint infection, and venous
thromboembolism. Due to all risks, many strategies
have been suggested to minimize perioperative and
postoperative blood loss such as: tourniquets,
autologous transfusion, clamping drain, and
reinfusion systems. Among these, drain clamping has
been considered an important technique.

Similar to findings from certain studies, our results
showed that the use of drains did not lead to
postoperative transfusion in any patient, indicating
no clear advantage of drain clamping in this regard.
However, drain clamping reduced drain output,
helped preserve patients’ blood, and minimized
excessive bleeding. Nevertheless, given the absence
of critical clinical conditions or severe reductions in
hematologic indices, routine drain clamping may not
be strictly necessary*®'Y. Some studies, however,
have reported potential benefits, including reduced
hematoma formation and decreased blood loss.
Other investigations have suggested that the using
drains in TKA is not essential. In contrast to the
present study, several reports have indicated that
drain clamping does not confer any clear benefits, as
drainage systems fail to alter hematologic outcomes
in patients>1%, Still, certain studies support our
findings. For instance, one study proposed a protocol
of 3-hour drain clamping as a novel strategy to
decrease blood loss after TKA. This protocol
effectively minimized postoperative hemoglobin
decline without changing clinical thromboembolic
events or wound complications™. Similarly, a 4-hour
clamping method was shown to significantly reduce
drain output and hemoglobin drop. For surgeons who
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This consideration is particularly important in elderly
patients, women, individuals with suboptimal
nutrition or inadequate iron intake (e.g., vegetarians
and raw food consumers), and those with chronic
disease, iron deficiency, or thalassemia. In these
populations, baseline iron levels are often reduced,
and the physiologic stress of major surgery may
precipitate a more profound decline in hematologic
indices, increasing the need for additional
therapeutic measures such as blood transfusion,
intravenous iron, or iron and folic acid
supplementation, which also impose greater
healthcare costs. Conversely, some surgeons prefer
to place drains to evacuate accumulated blood and
secretions from the joint cavity®. However, this
approach has been associated with further declines
in hemoglobin, ferritin, and TIBC levels. Currently, no
standardized guidelines exist regarding the routine
use or avoidance of drains in TKA, and decisions are
largely based on surgeon experience and preference.
The present study was designed to evaluate the
effect of drain placement on changes in serum iron,
TIBC, and hemoglobin levels in patients undergoing
TKA at Bagiyatallah Hospital during 2022-2023
(corresponding to 1401-1402 in the Iranian
calendar).

Materials & Methods

This study was applied in purpose and observational—
analytical in design, employing a prospective cohort
methodology.
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The main outcome variable was the presence or
absence of a drain, and the primary study variables
included hemoglobin, serum iron, and ferritin levels.
Ninety patients scheduled for TKA were enrolled and
randomly assigned into two groups of 45 each: one
with  drain  placement and one without.
Preoperatively, all patients underwent routine
laboratory testing, including complete blood count
(CBC), serum iron (Fe), and TIBC. To assess the impact
of drain placement, the same hematologic indices
were re-evaluated three months postoperatively.
Collected data were entered into SPSS software for
statistical analysis. Data collection was performed
using a structured checklist, and analyses were
conducted in both descriptive and inferential
domains. Descriptive statistics included frequency
and percentage for qualitative variables, and mean *
standard deviation for quantitative variables.
Inferential analysis was performed using chi-square
and independent t-tests. All statistical tests were
conducted using SPSS version 26, with a significance
level of p =0.05

This study included 45 patients with drains and 45
patients without drains. Of these, 21 were male and
69 were female. The mean age in the drain group was
67.67 years and in the no-drain group 68.96 years.
(Table 1). The mean values of hemoglobin, ferritin,
and TIBC before and after surgery are presented in
Table 2.

Table 1: Descriptive report of demographic characteristics

Variables Drain group: 45 patients Non-drain group: 45 patients P-Value
(Mean + SD) Age 67.67 + 6.76 68.96 + 6.31 0.46
Male 8 13
Sex Female 37 32 0.32
Diabetes 17 18 1.00
Comorbidity Hypertension 23 29 0.29
Hypothyroidism 12 6 0.19

Table 2: Hematological parameters in patients

Hb (gr/dL) Ferritin (ng/dL) TIBC (pg/dL)
Preoperative | Postoperative | Preoperative | Postoperative | Preoperative | Postoperative
Non'd;?tri'eirtc;”p:‘ls 14.8+1.88 | 12.48+1.57 | 70.03+20.89 | 60.32+15.62 | 323.69+56.51 | 304.13+51.48
Dra':afir::t'z:“s 13.16£1.61 | 12.65:1.80 | 95.94+65.98 | 79.00+54.67 | 203.88+50.59 | 312.51+50.24
( 193 ]
§ J




Iranian Journal of Orthopaedic Surgery

Vol. 22, No. 4 (Serial No. 87), Autumn 2024, p. 192-195 Investigating the Effect of Using a Drain ...

Investigating the Effect of Using a Drain on Changes in Fe, TIBC and Hb Levels in Knee

Joint Replacement Surgery
ﬁbstract \

Introduction: Knee osteoarthritis is one of the most common causes of joint pain and destruction in people over
forty years old. This research has investigated the effect of using a drain on Fe, TIBC, and Hb levels in knee joint
replacement surgery in a 6-months period, as a prospective cohort study.

Materials & Methods: All patients who were candidates for knee joint replacement in one hospital, were included
in a prospective study. The grouping of patients included those who had post-operative drain (45 patients)and the
ones with no drain (45 cases). and the control group were those who did not undergo drainage after the
intervention. Fe, TIBC, and Hb levels were compared 3 months post-surgery.

Results & Discussion: A total of 21 men and 69 women were in the case and control groups. The average age in
the case group was 67.67 years and in the control group was 68.96. The confounding variables considered in this
study, including age, gender, and underlying diseases (including hypertension, diabetes, and hypothyroidism)
were examined in both groups, and there was no significant difference between the group with and without a
drain; Therefore, the difference between the two groups in this study was caused by the blood indices. However,
the ferritin level of preoperative patients was different in the two groups. The most important blood index that
was significant in all analyzes was hemoglobin changes before and after the operation. Also, significant changes
in TIBC were present.

Conclusion: Drain use in knee replacement surgery results in less HB drop. Good blood loss strajedy can lower the

drop in TIBC in 3 months follow-up.

Keywords: Hemoglobins, Total knee replacement, Drainage.
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Knee osteoarthritis is among the most common causes of pain and joint
degeneration in individuals over 40 years of age, and it represents the most
prevalent degenerative joint disease!*?. One of the principal treatment
strategies for advanced disease is total knee arthroplasty (TKA), which is now
one of the most common orthopedic surgeries. In 2010, over 600,000 TKAs
were carried out annually in the United States, with an upward trend
continuing®?¥. Projections suggest that by 2050, the annual number of TKAs
performed in the United States will have increased by 143% compared to
2012, In appropriately selected candidates, TKA results in substantial
relieving pain and marked improvements in physical function and quality of
life. However, as a major surgical intervention, it is associated with a range of
perioperative and postoperative complications. Among these, hematologic
complications—particularly postoperative hemoglobin reduction and
anemia—are of significant clinical concern®.

The human body contains 3—5 grams of iron: 65% bound to hemoglobin, 4% to
myoglobin, and roughly 30% stored in ferritin and hemosiderin. Approximately
0.25% functions as an enzymatic cofactor, while around 0.1% is bound to
transferrin. Measurement of serum ferritin and transferrin provides a reliable
estimate of total body iron stores!”). It has been hypothesized that in the
absence of a drain, residual intra-articular blood may be reabsorbed, thereby
attenuating excessive hematologic loss.
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Conclusion

Total hip replacement reduces back pain, improves
function, and increases hip flexion range of motion,
but these changes are not associated with sagittal
radiological measures.
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This study was conducted to evaluate changes in
clinical and radiological parameters of sagittal spinal
alignment following total hip arthroplasty (THA) at
Bagiyatallah Hospital in 2018. The results showed
that mean changes in sacral slope (9.08 + 1.89°),
lumbar lordosis (1.95 + 1.98°), and S1-L1 sagittal
vertical axis (—12.61 £ 1.66 mm) were not statistically
significant. These findings are consistent with those
of Radcliff and Ayazov, who also reported no
significant changes in sagittal alignment after
THA®0),

Low back pain was evaluated using the PSFS
guestionnaire. The mean change was —5.01 + 1.1 out
of 10 points, which was statistically significant (P <
0.001) and reflected a reduction in patient pain
scores from 7.47 to 2.4. Similar findings were
reported by Ben-Galim (reduction from 5.40 to 3.68)
and Ayazov (reduction from 6 to 3)>10). Differences
in the magnitude of pain reduction among studies
may be attributed to the subjective nature of pain
measurement as well as cultural and ethnic
variations.

Improvement in patient function after surgery was
assessed using the PSEQ. The mean change was 23.47
+ 7.1 out of 60 points, which was statistically
significant (P < 0.001), showing an improvement from
23.13 t0 46.6. In the study by Ayazov, the mean SF-36
score increased from 34 to 47 (P < 0.001). That study
also found that improvements in low back pain were
not significantly associated with changes in sagittal
alignment®®.  Similarly, Ben-Galim  reported
increased functional capacity following THA,
consistent with our findings®.

Assessment of hip flexion ROM demonstrated an
increase from 67.56° to 67.94°, with a mean change
of 38.66 + 19.62°, which was statistically significant (P
< 0.001). Prior studies have reported mixed results in
this regard; some described reductions in hip ROM,
whereas others observed improvements**2),
However, the meta-analysis by Awan confirmed
increased hip flexion ROM following THA®), which
aligns with our results. Variations in findings across
studies may be related to differences in surgical
technique, surgical approach, and the extent of
periarticular contracture release.

A significant negative correlation was found between
BMI and PSEQ changes (Pearson’s r = -0.52, p =

(
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0.047), indicating that higher BMI was associated
with reduced functional improvement after surgery.
These findings were compatible with Dutch cohort
study involving 2,400 THA cases3.

Overall, this study demonstrated that despite the lack
of significant radiological changes in sagittal spinal
and pelvic alignment, patients experienced
substantial improvements in low back pain and
function following THA, along with a marked increase
in hip flexion ROM. Furthermore, functional
improvement was inversely related to BMI,
suggesting that preoperative weight reduction could
contribute to improved postoperative outcomes.
These findings reinforce a well-recognized principle in
orthopedics—that corrective spinal surgery should
precede hip arthroplasty in cases requiring both
interventions. Given the inclusion and exclusion
criteria applied in this study, our patients had
relatively preserved sagittal alighment preoperatively
due to screening for severe spinal disorders, and their
predominant symptom was low back pain. After THA,
significant pain relief was achieved, suggesting that
the source of pain was the effect of hip osteoarthritis
on the spine rather than primary spinal pathology.
Conversely, advanced hip osteoarthritis appeared to
exert only a minor influence on sagittal alignment,
which may explain the absence of significant
radiological changes.

This study addresses a novel area by simultaneously
investigating clinical and radiological changes,
despite the heterogeneous results of previous
research.

The present findings may guide future studies and
assist in the clinical evaluation of patients after THA,
contributing to the development of more effective
therapeutic strategies. Meanwhile, limitations in our
study were: relatively small sample size, increasing
the number of participants could yield more robust
results. In addition, although a three-month follow-
up period is reasonable for evaluating sagittal
alignment changes, such changes may also occur over
longer intervals, necessitating extended follow-up.
Accordingly, future studies should focus on patients
with more severe hip deformities (such as
developmental dysplasia of the hip), bilateral
osteoarthritis, and those undergoing bilateral THA.
Moreover, the use of advanced imaging modalities
such as EQOS, combined with longer-term follow-up,
could provide deeper insights into structural and
functional changes in these patients.
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of motion, both preoperatively and three months
postoperatively.

In this study, the mean age was 63.27 + 7.41 years
(45-76 years), 8 patients (53.3%) were female and 7
(46.7%) were male and the mean body mass index
(BMI) was 24.15 + 2.28 (20.86 - 29.48).

The radiological parameters of sagittal spinal
alignment were assessed preoperative and
postoperative. Using the Paired Samples Test, pre-
and postoperative values of sagittal alignment
parameters were compared (Table 1). As presented
in Table 1, the mean values of sacral slope and lumbar
lordosis increased following surgery, whereas the S1—
L1 sagittal vertical axis decreased. However, none of
these changes reached statistical significance.

The scores of the Patient-Specific Functional Scale
(PSFS), the Pain Self-Efficacy Questionnaire (PSEQ),
and hip flexion range of motion (Hip ROM) were also
assessed before and after surgery. Using the Paired
Samples Test, pre- and postoperative values were
compared (Table 2). As presented in Table 2, the
mean PSEQ score increased after surgery, while the
mean PSFS score decreased. In addition, hip flexion

The Effect of Total Hip Arthroplasty ...

ROM increased by a mean of 38.66 degrees
postoperatively. All three of these changes were
statistically significant (P < 0.001).

Correlation analyses were then performed between
guantitative independent variables (BMI and age)
and the changes in radiological and clinical
parameters. The following statistically significant
associations were identified, while no other
correlations reached statistical significance:

Age and changes in lumbar lordosis
demonstrated a  significant  positive
correlation (Pearson’s r = 0.58, p = 0.024).
BMI and changes in PSEQ showed a
significant negative correlation (Pearson’s r =
-0.52, p = 0.047).

Changes in sacral slope and lumbar lordosis
were significantly positively correlated
(Pearson’s r=0.60, p = 0.019).

The mean and standard deviation of changes in sacral
slope, lumbar lordosis, S1-L1 sagittal vertical axis,
PSEQ scores, PSFS scores, and hip flexion ROM in
male and female subgroups are presented in Table 3.
In the comparison between male and female groups
using the Bootstrap Independent Samples t-test, the
only statistically significant difference was in changes
in sacral slope (Mean Difference = 12.14, p = 0.008).

Table 1: Mean and standard deviation of sacral slope, lumbar lordosis, and S1-L1 sagittal vertical axis

before and after surgery.

Variable Pre-operative (Mean + SD) Post-oprerative (Mean * SD) P value tSD
Sacral slope (°) 42.36 £ 3.68 44.19+7.19 0.435 0.804
Lumbar lordosis (°) 40.76 £ 4.65 42.74 £11.29 0.531 0.642
S1-L1 sagittal vertical axis (mm) 27.81£13.95 26.15+12.06 0.618 0.510

Table 2: The scores of Patient-Specific Functional Scale (PSFS), Pain Self-Efficacy Questionnaire (PSEQ),

and hip flexion range of motion (Hip ROM) before and after surgery.

Variable Preoperative (Mean + SD) Postoperative (Mean * SD) P value Mean Difference + SD
PSEQ 23.13+4.97 46.60 £ 6.10 <0.001 12.81
PSFS 7.47 £1.06 240+1.12 <0.001 -17.84

Hip ROM 67.56 £ 20.67 94.67 £11.25 <0.001 7.50

Table 3: Mean and standard deviation of sacral slope changes, lumbar lordosis, S1-L1 axis distance, mean

PSEQ changes, mean PSFS changes, and mean Hip ROM changes in the two groups of men and women.

Variable Female (Mean  SD) Male (Mean + SD)
Sacral slope change (°) -7.55+7.29 459 +6.23
Lumbar lordosis change (°) -4.52 £15.34 9.29+6.34
S1-L1 sagittal vertical axis change (mm) -11.1+£16.12 4.81+6.80
PSEQ score change 25.37+8.84 21.29+3.99
PSFS score change -4.87 +1.25 -5.29+£0.95
Hip ROM change (°) 31.87+19.44 45.0+18.7

—
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Nevertheless, other investigations have reported
contradictory findings regarding postoperative
changes in spinal alignment following THA®),
Furthermore, the relationship between radiographic
changes in sagittal spinal alignment and low back pain
after THA has not been thoroughly investigated.
Certain studies have indicated that alterations in
sacral slope and lumbar lordosis may influence
patient outcomes. Evidence suggests that
improvements in sagittal alignment could be
associated with reduced low back pain and enhanced
function”®). Despite recent advances in THA
techniques, considerable gaps  persist in
understanding the comprehensive effects of this
surgery on pain and functional outcomes. Specifically,
few studies have simultaneously assessed both
clinical parameters (e.g., pain and function) and
radiological parameters (e.g., sagittal spinal
alignment) following THA. This issue is of particular
importance, as a deeper understanding of these
associations could optimize therapeutic strategies
and improve patients’ quality of life.

The primary objective of this study was to evaluate
changes in clinical measures of low back pain and
radiological sagittal spinal alignment following THA in
patients with hip osteoarthritis. Specific objectives
included assessing changes in sacral slope, lumbar
lordosis, S1-L1 sagittal vertical axis, as well as clinical
indices of pain and functional performance after
surgery. By simultaneously investigating clinical and
radiological changes, this study seeks to provide
greater insight into the impact of THA on pain and
patient function, ultimately offering more effective
therapeutic approaches to enhance quality of life.

Materials & Method

This descriptive retrospective study was conducted
on 15 cases who were candidates for elective
unilateral total hip arthroplasty (THA) at Bagiyatallah
Hospital (Tehran, Iran) in 2018. The patients were
recruited from the outpatient orthopedic clinic of the
hospital. The sample size was determined based on
similar studies; in cases where the desired sample
size could not be achieved, the bootstrap method
was applied, with a minimum sample size of 10
patients per group used for data analysis.

Patients were randomly selected using a random
number table. The inclusion criteria consisted of
standard indications for THA, as defined in
Campbell’s Operative Orthopaedics. The exclusion
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criteria included prior history of surgery on the hip
joint or spine, neuromuscular disorders, history of
fracture involving the hip or spine, active infection of
the hip joint or elsewhere in the body, morbid obesity
(BMI = 40), and unwillingness to participate in the
study. Patients who developed severe postoperative
complications or required spinal interventions were
also excluded.

Preoperative evaluations included laboratory tests—
blood chemistry (electrolytes, CBC, renal function
tests, fasting blood glucose, and HbA1C in diabetic
patients) and urinalysis (analysis and culture)—
performed according to standard protocols.
Necessary consultations (cardiology, anesthesiology,
and others as indicated) were obtained for all
patients. Preoperative radiographic assessments
included standing anteroposterior and lateral views
of the pelvis and lumbosacral spine with bowel
preparation. All THA procedures were performed by
experienced hip surgeons at Bagiyatallah Hospital
using either a lateral or anterolateral surgical
approach. Postoperative care, including
administration of  antibiotics, anticoagulants,
analgesics, physiotherapy, and patient education,
was standardized across all patients. Follow-up
assessments were scheduled for two weeks and then
three months after surgery. At each visit, the Patient-
Specific Functional Scale (PSFS) and Pain Self-Efficacy
Questionnaire (PSEQ) were completed, and hip
flexion range of motion was measured. Radiographs
of the pelvis and spine were also obtained at these
time points. Data analysis was conducted using SPSS
software (version 19; IBM Corp., Armonk, NY, USA).
Descriptive statistics were used for radiological, pain,
and functional measures. Paired t-tests were applied
to compare preoperative and postoperative mean
values. Correlation and regression analyses were
performed to examine associations between
demographic variables (age, BMI, and sex) and
radiological or functional parameters.

This study was conducted in accordance with the
Declaration of Helsinki and approved by the Research
Ethics Committee of Bagiyatallah University of
Medical Sciences (ethics code:
IR.BMSU.REC.1397.012). Informed consent was
obtained from all participants, and their personal
information was kept confidential. In total, 15
patients undergoing THA at Bagiyatallah Hospital
were evaluated with respect to radiological
parameters of sagittal spinal alignment, clinical
indices of pain and daily activity, and hip flexion range
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The Effect of Total Hip Arthroplasty on Clinical and Radiological Changes in the

Sagittal Alignment of the Spine
(A Retrospective Study)

ﬁbstract \

Introduction: Hip osteoarthritis is a common condition affecting 10—15% of individuals over 60 years old, leading
to significant pain and discomfort. Low back pain is also highly prevalent among the elderly. The hip-spine
syndrome describes the relationship between spinal pain, hip disorders, and symptomatic changes following hip
reconstruction surgeries, particularly total hip arthroplasty (THA). The impact of THA on the biomechanical
structure of the spine and pelvis remains unclear. This study investigates changes in clinical and radiological sagittal
spinal alignment parameters following THA.

Materials & Methods: This study included 15 patients who underwent THA at one hospital. Radiographic
parameters (Sacral Slope, lumbar lordosis, and S1-L1 distance) and clinical parameters, including low back pain
(PSFS questionnaire), daily activity level (PSEQ questionnaire), and hip flexion range of motion, were assessed
before and three months after surgery.

Results & Discussion: Radiological changes after THA were not statistically significant. However, there was a
significant reduction in low back pain (5.01+1.1-, P<0.001). An improvement in activity level (23.47+7.1, P<0.001),
and an increase in hip flexion range of motion (38.66+19.62, P<0.001). Additionally, higher BMI was associated
with a lower improvement in activity level (P=0.047).

Conclusion: THA leads to reduced low back pain, improved activity level, and increased hip flexion range of motion.
However, these changes are not correlated with radiological sagittal alignment parameters.

Keywords: Total hip arthroplasty, Low back pain, Spine.
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Y RN PtRBrR VIS Hip osteoarthritis is one of the most common joint disorders in the elderly
Sciences, Tehran, Iran. people, affecting approximately 10-15% of individuals over the age of 60
worldwide”. This condition not only causes severe pain and functional
disability in the hip region, but is also frequently associated with lumbar spine
pain. Low back pain is common in older adults and usually overlaps with hip
joint disorders. The concurrent presentation of hip and spinal problems is
referred to as the hip—spine syndrome, which is commonly observed following
total hip arthroplasty (THA).

THA is very effective treatment modalities for alleviating pain and improving
function in patients with advanced degenerative hip disease. However, its
impacts on the biomechanical structure of the hip and spine, and their
association with pain and functional outcomes, remain incompletely
understood. Previous studies have shown that postoperative changes, such as
correction of deformities and release of adhesions, may influence sagittal
spinal alignment and the function of periarticular hip musculature. These
changes could potentially result in either improvement or exacerbation of low
back pain and limitations in mobility®.

Numerous studies have evaluated the effects of THA on patient pain and
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demonstrate that molecular techniques are faster
and more accurate than microbial culture. Therefore,
the use of this method can play a significant role in
enabling early treatment in these patients
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as false negatives. Nonetheless, PCR generally
demonstrates high specificity across a variety of
extrapulmonary samples, including cerebrospinal
fluid, pleural fluid, and ascitic fluid. Using PCR, drug
resistance can also be rapidly detected in smear-
positive sputum samples or in previously cultured
isolates. Moreover, molecular methods such as PCR
are particularly valuable in detecting pathogens that
are not culturable, thereby enabling earlier diagnosis
and more timely treatment. For example,
Mycobacterium leprae, the causative agent of
leprosy, cannot be cultured, and its diagnosis relies
on acid-fast staining or histopathological changes. If
PCR demonstrates the presence of M. leprae DNA, no
further testing is required, and treatment can be
initiated®®. This underscores the clinical utility of
molecular methods in cases where microbial culture
fails to identify the infectious agent, as confirmed by
the present study, which showed that molecular
techniques can detect pathogens undetectable by
culture or those yielding false-negative results.
Various types of PCR are also capable of identifying
hepatitis B, hepatitis C, HIV, HSV, cytomegalovirus
(CMV), and enteroviruses. This test is additionally
used for screening purposes and for monitoring
treatment response. In blood banks, PCR is routinely
employed for detecting hepatitis C and HIV. At
present, PCR analysis of cerebrospinal fluid is
considered the gold standard for diagnosing HSV
encephalitis and meningitis, with a sensitivity of 95%
and specificity of 94%, and it can prevent the need for
brain biopsy!***®. Therefore, molecular methods are
also highly valuable in the diagnosis of viral
infections. For instance, PCR can detect CMV in
plasma and cerebrospinal fluid with 95-98%
sensitivity and 98-100% specificity, whereas the
sensitivity of CMV culture is only about 42%.
Enteroviruses, one of the most common causes of
viral meningitis, can be identified in CSF by PCR within
a single day, while culture requires five days.
Quantitative PCR can further be employed to monitor
treatment response by measuring viral load in CMV,
HIV, and HCV infections!*”!8), PCR can also be used to
diagnose HSV infections and determine their
serotypes using saliva, serum, or CSF samples.
Notably, PCR has demonstrated that HSV-2 is the
principal cause of recurrent benign lymphocytic
meningitis. Varicella-zoster virus can likewise be
detected via PCR in saliva, throat swabs, tears, and
skin  lesions, including early non-vesicular
erythematous areas. PCR has also facilitated the
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diagnosis of Kaposi’s sarcoma, where detection of
human herpesvirus type 8 in lesions is challenging by
other methods, but PCR provides highly sensitive and
specific confirmation.

In addition to viral pathogens, PCR is useful for
detecting various parasites, including Ascaris,
Toxoplasma, and Leishmania'**?®. Prenatal PCR
testing can even identify congenital Toxoplasma
infection®, PCR can be performed on diverse
specimen types, such as blood, amniotic fluid, and
stool??. Furthermore, Hinbaj and Schwam used PCR
with primers for the pla gene to identify Yersinia
pestis across subspecies from Asia, Africa, and
America. Their findings confirmed the reliability of
PCR for diagnostic, epidemiological, and disease-
control purposes. Unlike their work, which used a
uniplex PCR method, our study employed multiplex
PCR, allowing simultaneous detection of multiple
bacterial species, saving both time and resources®.
In general, the findings of most studies demonstrate
that molecular methods significantly improve the
detection of infectious agents. The results of the
present study are consistent with this evidence,
showing that molecular techniques can identify more
pathogens than culture alone. Therefore,
incorporating molecular diagnostics can substantially
aid clinicians in initiating appropriate treatment at
the right time, ultimately reducing mortality rates
and preventing unnecessary healthcare
expenditures.

Conclusion

Based on the results of this study, the multiplex PCR
method can be used for the rapid and simultaneous
detection of various bacteria, particularly in patients
with osteomyelitis and septic arthritis. This approach
provides a reliable and accurate tool for identifying
these pathogens. The sensitivity of this method is
remarkably high, such that it can detect a single
bacterial species among thousands of different types.
It is also simple to perform, and because it allows for
simultaneous detection, there is no need to conduct
multiple separate PCR assays for each individual
pathogen. The application of combined PCR for the
rapid and concurrent detection of several infectious
agents in unknown samples represents a valuable
advantage of this method. Overall, the findings of this
study comparing molecular and culture-based
methods for diagnosing microbial pathogens in
patients with osteomyelitis and septic arthritis
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Out of the 100 patients enrolled in this study, 46
(46%) were female and 54 (54%) were male. The age
range of participants was 18 to 69 years, with a mean
age of 43.41 years. Analysis of variance showed no
statistically significant association between age and
the occurrence of osteomyelitis or septic arthritis
(P=0.65).

A total of 76 patients (76%) had a history of
hospitalization, while 24 (24%) did not. Fifty-eight
patients (58%) had underlying medical conditions,
whereas 42 (42%) had none.

Joint involvement was observed in 57 patients,
distributed as follows: 16% hip involvement, 10%
knee, 7% shoulder, 8% elbow, 6% ankle, 6%
combined hip and shoulder, and 4% combined hip
and knee involvement.

Among patients diagnosed with osteomyelitis or
septic arthritis, 54 presented with fever, 43 with
chills, 65 with pain, 55 with swelling, 32 with
discharge, and 32 with restricted joint movement.
Of the 100 analyzed samples from patients with
osteomyelitis or septic arthritis, 80 tested positive by
PCR, while 55 tested positive by microbial culture.
Conversely, 20% of samples were negative by PCR,
and 45% were negative by microbial culture.
Statistical analysis indicated a significant difference
between the two diagnostic methods in terms of
positive and negative results (P<0.04).

Specifically, the percentage of infection-positive
samples was higher with PCR compared to microbial
culture, and this difference was statistically
significant. Similarly, the proportion of infection-
negative samples was lower with PCR than with
microbial culture, which was also statistically
significant (Table 1).

Table 1: Determination of Positive and Negative
Test Percentages Using PCR and Culture Methods

Test Method | Negative (%) | Positive (%) P value
PCR 20 80
Culture 45 55 P<0.04

Since all samples were obtained from patients with
confirmed osteomyelitis or septic arthritis, cases that
were not detected by PCR or microbial culture were
considered false negatives. The incidence of false
negatives was significantly lower with PCR compared
to microbial culture, and this difference was
statistically significant( Table 2).
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Table 2: Determination of False-Negative Rates in

PCR and Microbial Culture Methods

Test Method | Negative (%) | Positive (%) | P value
PCR 20 80 <0.04
Culture 45 55 -

In our study, PCR detected 80% of the samples as
positive, yielding a sensitivity of 80%, compared with
55% for microbial culture. These results indicate that
PCR offers superior diagnostic accuracy over culture
for identifying patients with osteomyelitis and septic
arthritis.

Recent studies have reported that in many cases the
infectious pathogen vyields negative culture results.
This means that the culture medium used cannot
identify microbial agents. When unusual pathogens
are suspected, the likelihood of non-detection by
culture increases, which in turn raises the risk of
morbidity and mortality for the patient. Furthermore,
conventional culture methods require several days
before results become available. Recent evidence has
also shown that certain species, such as Klebsiella, do
not grow in standard culture media, whereas PCR
provides a much higher chance of detection, making
it a viable alternative to culture. In addition, PCR
reduces the diagnostic time to about three hours.
Overall, compared to microbial culture, PCR is a more
accurate method with higher sensitivity for
identifying infectious agents. Thus, its application in
cases such as osteomyelitis and septic arthritis can
play a crucial role in timely diagnosis and the
detection of causative pathogens, ultimately
facilitating prompt and effective treatment. This, in
turn, can lower patient mortality rates and reduce
healthcare costs.

The accuracy of PCR depends on several factors,
including the amount of DNA present in the clinical
sample and the number of live or dead bacteria
contained within it. PCR inhibitors such as
hemoglobin may also affect its reliability. Based on
the findings of the present study, PCR was effective in
the rapid diagnosis of the disease, and the occurrence
of false-negative results was negligible (PCR
sensitivity in this study was 80%). Reduced overall
accuracy may be attributed to technical errors, poor
performance of chemical reagents, insufficient DNA
in the sample, chronicity of the disease, or prior
antibiotic use. In such cases, PCR results may appear
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Reactive arthritis, by contrast, is a sterile
inflammatory process that can follow an extra-
articular  infection. Pathogenic  bacteria are
particularly important in septic arthritis due to their
destructive nature, and failure to promptly recognize
and treat the infection can lead to fatal outcomes®
10)

Approximately 20,000 cases of septic arthritis occur
annually in the United States (about 7.8 cases per
100,000 population per year), with similar incidence
rates reported in Europe!*®. The incidence of arthritis
caused by disseminated gonococcal infection is
around 2.8 cases per 100,000 population per year.
Diagnostic methods for osteomyelitis and septic
arthritis include joint fluid culture and PCR. Normal
synovial fluid is clear, colorless, and, when expelled
from a syringe, forms a thread-like structure
reflecting normal viscosity. In contrast, infected
synovial fluid is typically yellow-green due to elevated
nucleated cell counts, with a marked predominance
of polymorphonuclear leukocytes. Synovial fluid
evaluation (including leukocyte count, Gram stain
appearance, and microscopic examination) s
considered the most valuable approach in assessing a
potentially infected joint. Smear and repeat culture
should also be performed depending on the
differential diagnoses. Alterations in glucose and
protein levels of synovial fluid are nonspecific and
generally not recommended for routine
evaluation(%12),

Infection represents one of the most serious
complications, requiring prolonged antibiotic
therapy, extended hospitalization, and, in many
cases, repeat surgical procedures such as prosthesis
revision in joint replacements or repeated
debridement in osteomyelitis. These interventions
themselves can result in severe harm and disability.
Moreover, since patients often use antibiotics
indiscriminately, the rate of negative culture results
in joint infections is high. Therefore, we decided to
conduct a study evaluating a new molecular
diagnostic method for microbial detection in these
patients and compare it with conventional culture.

Materials & Method

This cross-sectional analytical study was conducted
on hospitalized patients at Baqgiyatallah Hospital who
had been diagnosed with joint and bone infections.
The sample size was determined as 100 patients,
based on the sample size calculation formula.
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Sampling was performed using a convenience
method. After selecting the sample size and
identifying eligible cases, 100 hospitalized patients
diagnosed with joint infection and osteomyelitis, for
whom both microbial culture and PCR had been
performed, were included in the analysis.

Variables such as age, sex, and clinical symptoms
(including fever, chills, swelling, discharge, pain, and
restricted joint movement) were extracted from the
patients’ medical records.

The kits used in this study were as follows:

e Multiplex: Master Diagnostic kit (Spain)
e Culture: Rousha kit (Germany)

e Antibiogram: Mast kit (UK), distributed by
PadTan Teb (Iran)

For laboratory procedures, 2% agarose gel was
employed. To prepare the gel, an appropriate
amount of agarose powder was dissolved in TBE
buffer according to the size of the electrophoresis
tank and gel tray. The mixture was heated using a
microwave and thoroughly mixed until the agarose
was completely dissolved, homogeneous, and
transparent. The solution was then allowed to cool,
and once the temperature reached approximately
50-60 °C, DNA Green Viewer stain—a non-
carcinogenic and safe dye—was added at a ratio of 1
uL per 10 cc of gel. The gel solution was then poured
into a tray with a pre-set comb, and after
approximately 15 minutes, once the gel had fully
solidified, the comb was removed, creating wells for
sample loading.
The gel tray was then placed into the electrophoresis
tank and filled with TBE buffer to a level 3-5 mm
above the gel surface. Insufficient buffer volume
could result in premature gel drying, while excessive
volume could slow product migration and cause
device overheating. In general, 6x loading dye was
used, which contained bromophenol blue and xylene
cyanol dyes, along with glycerol. Glycerol ensured
that the samples, once mixed, became denser and
settled firmly at the bottom of the wells without
floating out. The dyes enabled visual tracking of
nucleic acids during electrophoresis. For each
sample, 1 puL was mixed with 5 pL of loading dye
before being pipetted into the wells. After data
collection and classification, statistical analyses were
performed using SPSS software version 22.
Quantitative variables were analyzed using the t-test,
while qualitative variables were analyzed using the
chi-square test. A p-value of <0.05 was considered
statistically significant in all tests.
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Comparative Study of Two Molecular Methods and Culture for the Detection of
Microbial Agents in Patients with Osteomyelitis and Septic Arthritis

Gstract \

Introduction: Infection is a major orthopedic concern, particularly following knee replacement. Postoperative
infection poses significant risks, and in trauma patients with open wounds, it can lead to severe complications.
Managing these infections often requires prolonged antibiotic therapy, extended hospitalization, and, in many
cases, revision surgery for joint replacement or repeated debridement in osteomyelitis—resulting in serious
patient morbidity. Given the high rate of self-administered antibiotics and negative culture tests in joint infections,
this study compares molecular (PCR) and culture methods for detecting microbial agents in osteomyelitis and
septic arthritis.

Materials & Methods: In this cross-sectional study, 100 samples from patients with joint infections and
osteomyelitis at a Hospital were analyzed using microbial culture and PCR. Demographic data (age, gender),
comorbidities, and clinical signs (fever, chills, swelling, discharge, pain, limited mobility) were extracted from
medical records. Data were analyzed using SPSS22.

Results & Discussion: Among 100 samples, 80 tested positive via PCR, while 55 were culture-positive. Conversely,
20% were PCR-negative and 45% culture-negative. A statistically significant difference existed between the two
methods in detection rates (P < 0.04).

The patient factors such as old age, previous medical conditions, high BMI, osteopenia, and intraoperative factors,
including failure to correct lumbar lordosis, sagittal balance, and correction of angles in primary surgery, showed
increased risk for revision spine surgery.

Conclusion: PCR is faster and more accurate than culture for diagnosing osteomyelitis and septic arthritis,
enabling earlier treatment intervention.

Keywords: Polymerase chain reaction, Cell culture, Osteomyelitis, Infectious arthritis.
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Osteomyelitis is a bone infection caused by pyogenic bacteria and
mycobacteria. This infection is most commonly seen in children and usually
occurs through hematogenous spread. In adults, osteomyelitis is often
subacute or chronic, and typically arises secondary to an adjacent infectious
focus, or as a result of direct inoculation following surgery or trauma'*™)., More
than 95% of acute hematogenous osteomyelitis cases are monomicrobial, with
Staphylococcus aureus isolated in approximately 50% of cases. In contrast,
chronic osteomyelitis is often polymicrobial, involving not only S. aureus but
also gram-negative and anaerobic bacteria®.

Clinical signs and symptoms of chronic osteomyelitis include purulent
discharge through sinus tracts over the affected bone, pain, tenderness, local
inflammatory changes at the lesion site, and low-grade fever in some patients.
The disease is characterized by a prolonged clinical course, extended periods
of latency, frequent relapses, and serious complications such as deformities,
restricted mobility, and neurological deficits. These features make treatment
extremely challenging and impose a significant economic burden®?),

Septic arthritis may result from the direct invasion of the joint space by various
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follow-up®). While around 50% of first spine

surgeries are successful, over 30%, 15%, and 5% of
patients do not achieve favorable outcomes after the
second, third, and fourth surgeries, respectively!*27),
Therefore, identifying the factors contributing to
surgical failure and mitigating them is of critical
importance.

In this study, 40 patients requiring revision spinal
surgery were evaluated, with a mean age of 62.92 +
7.07 years. According to Seyed Mahdi et al., age over
40 is a risk factor for recurrence of symptoms after
surgery®. However, Wang et al. reported that age is
not a decisive factor for surgical success'®'”). These
discrepancies may be attributed to geographic,
genetic, and lifestyle differences among populations.
In our cohort, 22 patients (55%) were overweight and
14 patients (35%) had moderate obesity. Previous
studies also indicate that obesity and overweight are
risk factors for surgical failure. For instance, Marquez
et al. demonstrated that BMI serves as a predictor for
postoperative complications as well as overall
surgical outcomes?®),

The most common comorbidities in our study were
hypertension and diabetes (35% and 32.5%,
respectively). According to Talbot et al., patients with
comorbidities are at higher risk of surgical failure**.
Consequently, encouraging patients to reduce weight
preoperatively, controlling comorbidities, and
promoting healthy lifestyle changes may reduce the
risk of surgical failure. Additionally, our study
indicated that older age is a predictor of surgical
failure. Implementing early screening, regular
examinations, and patient education on timely
reporting of symptoms can help manage disease at an
earlier stage, improving treatment efficacy and
reducing the physical, psychological, and financial
burden associated with recurrent pain and revision
surgery.

The mean T-score in bone densitometry was -1.86 *
1.06, with 50% of patients classified as osteopenic.
Watanabe et al. also reported a high prevalence of
osteopenia in patients who experienced vertebral
fractures following lumbar surgery?-?), In our study,
35% of patients had osteoporosis. Prior studies
indicate that osteoporosis increases the risk of
postoperative complications, surgical failure, and the
need for revision surgery!3°.

The mean SVA was 7.12 + 2.19 cm (range: 1-12 cm),
with 35 patients (87.5%) classified as abnormal (SVA
> 5 c¢cm). The mean PI-LL mismatch was 29.25 +
15.30°, abnormal in 35 patients (87.5%). The mean PT
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was 23.82 £ 7.62°, abnormal in 29 patients (72.5%; PT
> 20°). According to Schwab et al., SVA > 47 mm, PT >
22°, and PI-LL mismatch > 11° are predictors of
severe disability, and patients with these risk factors
are more likely to require revision surgery®®,
Similarly, Kim et al. reported that patients with higher
postoperative SVA and LL had a significantly
increased risk of complications such as proximal
junctional kyphosis (PJK), often necessitating revision
surger®?, These findings underscore the importance
of correcting lumbar lordosis and sagittal alignment
during the initial surgery, which was not fully
achieved in our cohort.

Overall, patient-related factors—such as advanced
age, comorbidities, high BMI, osteopenia, and
osteoporosis—along with intraoperative factors like
inadequate correction of lumbar lordosis, sagittal
balance, and spinal alignment during the primary
surgery, contribute to increased risk of surgical failure
and the need for revision procedures®?. Patients
experiencing these outcomes face greater physical
and psychological challenges and reduced quality of
life compared to those with successful surgeries,
highlighting the importance of identifying risk factors.
Nevertheless, some researchers suggest that
symptom recurrence or surgical failure is an
inevitable and gradual process associated with
aging®?.

However, patient education regarding disease
management, including obesity and diabetes, and
specialized surgeon training can reduce the risk of
surgical failure.

Conclusion

In summary, patient-related factors such as advanced
age, comorbidities, high BMI, osteopenia, and
osteoporosis, along with intraoperative factors
including insufficient correction of lumbar lordosis,
sagittal balance, and spinal alignment during the
primary surgery, can significantly increase the risk of
surgical failure and the need for revision spine
surgery.
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Table 2: Age, BMI, T-score, and radiographic findings in patients requiring revision spinal surgery

MeantSD Min Max
Age (years) 62.92 +7.07 52 77
BMI (kg/m?) 26.00 + 8.00 23.10 35
T-score 1.06+1.86 -3 2.4
SVA (cm) 7.12+2.19 1 12
Pl (degree) 52.12 +10.80 28 75
LL (degree) 23.42 +15.56 6 65
PI-LL (degree) 29.25 +15.30 1 58
SS (degree) 27.85+10.69 5 48
PT (degree) 23.82+7.62 9 40

Table 3: Frequency distribution of BMI subgroups, T-score, and radiographic findings in patients requiring

revision spinal surgery

Variable n (%) P-value
BMI
Morbid obesity (35 < BMI < 40) 1(2.5%)
Obese (30 < BMI < 35) 14 (35%)
Overweight (25 < BMI < 29.9) 22 (55%)
Normal (18.5 < BMI < 24.9) 3(7.5%)
T-score
Osteoporosis (T-score < -2.5) 14 (35%)
Osteopenia (-2.5 < T-score < -1) 20 (50%)
Normal (T-score > -1) 6 (15%)
SVA <0.001
Abnormal 35 (87.5%)
Normal (SVA <5 cm) 5(12.5%)
Pl
Abnormal 14 (35%)
Normal (42° < PI < 62°) 26 (65%)

PI-LL mismatch <0.001
Abnormal 35 (87.5%)
Normal (Difference < 9°) 5(12.5%)
SS <0.001
Abnormal 34 (85%)
Normal (35° < SS < 45°) 6 (15%)
PT <0.001
Abnormal 29 (72.5%)

Normal (PT < 20°)

11 (27.5%)

Specifically, the mean Pl was 52.12 + 10.80° (range:
28-75°), the mean LL was 23.42 = 15.56° (range: 6—
65°), the mean PI-LL mismatch was 29.25 + 15.30°
(range: 1-58°), the mean SS was 27.85 + 10.69°
(range: 2-48°), and the mean PT was 23.82 + 7.62°
(range: 9-40°) (Table 2).

Patients were classified into normal and abnormal
groups based on the reference values for SVA, PI, PI-
LL mismatch, SS, and PT. SVA was abnormal in 35
patients (87.5%), Pl in 14 patients (35%), PI-LL
mismatch in 35 patients (87.5%), SS in 34 patients
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(85%), and PT in 29 patients (72.5%) (Table 3; Figure
6-2). Significant differences were observed between
the normal and abnormal groups for SVA, PI, PI-LL
mismatch, SS, and PT (P < 0.001) (Table 3).

If the end result of lumbar spine surgery could not
reach the expectations of the patient or surgeon
before surgery, it may result in surgical failure and the
need for revision spine surgery or other forms of
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Table 1: Distribution of demographic and clinical variables in patients requiring revision spinal surgery (n =

Variable
Sex
Female 24 60.0
Male 16 40.0
Comorbidities
Hypertension (Yes) 14 35.0
Hypertension (No) 26 65.0
Diabetes (Yes) 13 32.5
Diabetes (No) 27 67.5
Chronic kidney disease (Yes) 5 12.5
Chronic kidney disease (No) 35 87.5
Heart failure (Yes) 4 10.0
Heart failure (No) 36 90.0
Cerebrovascular accident (Yes) 2 5.0
Cerebrovascular accident (No) 38 95.0
Parkinson’s disease (Yes) 1 2.5
Parkinson’s disease (No) 39 97.5
Rheumatoid arthritis (Yes) 1 2.5
Rheumatoid arthritis (No) 39 97.5
Other comorbidities (Yes) 3 7.5
Other comorbidities (No) 37 92.5
Spinal disease diagnosis
Spinal canal stenosis (Yes) 37 92.5
Spinal canal stenosis (No) 3 7.5
Spondylolisthesis (Yes) 26 65.0
Spondylolisthesis (No) 14 35.0
Device failure (Yes) 13 32.5
Device failure (No) 27 67.5
Disc herniation (Yes) 8 20.0
Disc herniation (No) 32 80.0
Previous surgery type
Discectomy (Yes) 30 75.0
Discectomy (No) 10 25.0
Fusion (Yes) 27 67.5
Fusion (No) 13 32.5
Laminectomy (Yes) 17 42.5
Laminectomy (No) 23 57.5
Other surgeries (Yes) 9 22.5
Other surgeries (No) 31 77.5
Number of fusion levels
None 10 25.0
Two 2 5.0
Three 7 17.5
Four 8 20.0
Five 3 7.5
Six 1 2.5
Seven 6 15.0
Nine 3 7.5
Number of previous spinal surgeries
One 25 62.5
Two 7 17.5
Three 2 5.0
Four 4 10.0
Five 2 5.0
Roussouly classification
Type 1 (SS<35°) 30 75.0
Type 2 (SS>35°) 10 25.0
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Lumbar lordosis (LL)

LL was measured from the superior endplate of L1 to
the inferior endplate of S1 (Panel C).

PI-LL mismatch

The normal difference between Pl and LL is <10°. In
this study, PI-LL <9° was considered normal.

Sacral slope (SS)

SSis termed as the angle between the sacral endplate
and a horizontal reference line (Panel E). Normal
values were considered between 35° and 45°.

Pelvic tilt (PT)

PT is termed as the angle between a vertical
reference line and the line connecting the midpoint
of the sacral endplate to the axis of the femoral heads
(Panel F). PT < 20° was considered normal.

Ethical Considerations

Written informed consent was obtained from all
participants and this study was approve by obtained
the institutional ethics committee. All collected data
were kept confidential and anonymized. The study
was conducted in accordance with the principles of
the Declaration of Helsinki. No additional financial
burden was imposed on the patients.

Data Analysis

Data were analyzed using SPSS version 26.
Quantitative variables were expressed as mean %
standard deviation (Mean + SD), while categorical
variables were reported as frequencies and
percentages. Comparisons of quantitative variables
were performed using the independent samples t-
test or, in cases of non-normal distribution, the
Mann-Whitney U test. Comparisons of categorical
variables were conducted using the Chi-square test or
Fisher’s exact test, as appropriate. A p-value of less
than 0.05 was considered statistically significant.

In this study, 40 patients requiring revision spinal
surgery were evaluated. The mean age was 62.92 +
7.07 years (52—77 years). Of these, 24 patients (60%)
were female. The most common comorbidities were
hypertension in 14 (35%) and diabetes mellitus in 13

(
{

176

Iranian Journal of Orthopaedic Surgery
Vol. 22, No. 4 (Serial No. 87), Autumn 2024, p. 173-181

patients (32.5%). Other comorbid conditions included
chronic kidney disease (CKD) in 5 (12.5%), heart
failure (HF) in 4 (10%), cerebrovascular accident
(CVA) in 2 (5%), Parkinson’s disease in 1 (2.5%),
rheumatoid arthritis (RA) in 1 (2.5%), and other
conditions in 3 patients (7.5%) (Table 1).

The most common reason for spine surgery was canal
stenosis, observed in 37 patients (92.5%). Additional
indications included spondylolisthesis in 26 patients
(65%), device failure in 13 patients (32.5%), and disc
herniation in eight patients (20%) (Table 1).

With respect to the type of surgery, discectomy was
the most common procedure, performed in 30 cases
(75%), and spinal fusion in 27 cases (67.5%). Other
surgical procedures were performed in nine patients
(22.5%) (Table 1).

Regarding the number of fusion levels, no fusion was
performed in 10 patients (25%), four-level fusion in
eight patients (20%), three-level fusion in seven
patients (17.5%), seven-level fusion in six patients
(15%), nine-level fusion in three patients (7.5%), five-
level fusion in three patients (7.5%), two-level fusion
in two patients (5%), and six-level fusion in one
patient (2.5%) (Table 1).

In terms of the number of previous spinal surgeries,
25 patients (62.5%) had undergone one prior surgery,
seven patients (17.5%) had two surgeries, four
patients (10%) had four surgeries, two patients (5%)
had three surgeries, and two patients (5%) had five
previous spinal surgeries (Table 1).

According to the Roussouly classification, 30 patients
(75%) had SS < 35°, while 10 patients (25%) had SS >
35° (Table 1).

The mean body mass index (BMI) of patients was
28.28 + 2.6 kg/m? (minimum: 23.10; maximum: 35)
(Table 2). According to the BMI classification, 22
patients (55%) were overweight, 14 patients (35%)
had moderate obesity, one patient (2.5%) was
morbidly obese, and the remaining three patients
(7.5%) were within the normal range (Table 3).

The mean T-score in bone densitometry was -1.86 +
1.06 (range: -3 to 2.40) (Table 2). Based on T-score
classification, 20 patients (50%) had osteopenia, 14
patients (35%) had osteoporosis, and the remaining
six patients (15%) were within the normal range
(Table 3). The mean sagittal vertical axis (SVA) was
7.12 £2.19 cm (range: 1-12 cm).

The mean values of sacral slope (SS), lumbar lordosis
(LL), pelvic incidence (Pl1), PI-LL mismatch, and pelvic
tilt (PT), along with their minimum and maximum
values, are presented in Table 2.
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Sampling method and sample size

calculation

Convenience sampling was used in this study. Based
on the formula for sample size calculation,
considering a (type | error) = 0.05, d (precision) = 0.1,
and P = 0.1 (according to reference 6, which reported
approximately 10% revision surgery rate), the
required sample size was estimated at 36 patients.
Ultimately, 40 patients who met the inclusion criteria
and required revision spinal surgery were included.
Demographic data (age, sex, comorbidities, and BMI)
were collected using a structured data collection
form derived from medical records. In addition,
clinical characteristics including spinal diagnosis, type
of previous surgery, number of fusion levels, number
of prior spine surgeries, Roussouly classification, T-
score, as well as radiographic parameters (SVA, PI, LL,
PI-LL, SS, and PT) were recorded in a checklist.

Roussouly classification

The original Roussouly classification describes the
geometric relationship between sacral slope (SS) and
the lower arc of lumbar lordosis (from the S1
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A. Roussouly classification

D. Lumbar lordosis

E. Sacral slope

Investigation of Causes of Re-Surgery ...

endplate to a horizontal line through the apex of LL)
(Panel 1, part A). Four subtypes are defined: type 1
and 2 for SS < 35°, type 3 for 35° <SS < 45°, and type
4 for SS > 45°. In this study, patients were divided into
two groups: SS < 35° and SS > 35° (Figure 1).

Sagittal vertical axis (SVA)

SVA is defined as the plumb line dropped from the
center of the C7 vertebral body on the whole spine
lateral standing radiograph (Panel B).

Normally, the plumb line passes through or slightly
behind the sacrum. Physiological values of SVA in
adults range between +48 mm and —-48 mm, and
negative values indicating a position behind the
sacral promontory. In this study, SVA < 50 mm was
considered normal.

Pelvic incidence (PI)

PI is termed as the angle between a line

perpendicular to the midpoint of the sacral endplate
and a line drawn from this point to the axis of the
bicoxofemoral joints (Panel C). The mean Pl in adults
is 52° + 10°.

H. Pelvic tilt

Figure 1: Radiographic parameter values:
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Epidemiological data indicate that the one-month
prevalence of low back pain in the general population
is approximately 32%. On average, it accounts for 5.5
days of bed rest and leads to work absenteeism in
about 19% of individuals®.

Laminectomy is among the most frequently
performed surgical procedures for patients with
lumbar radiculopathy'®. Although these operations
generally demonstrate favorable efficacy, they can
occasionally result in complications and adverse
outcomes®. Moreover, between 10% and 20% of
surgically treated patients experience recurrent
symptoms for various reasons and require further
medical evaluation®®.

Epidemiological studies have demonstrated that both
personal and occupational factors, as well as lifestyle-
related variables, are associated with lumbar spine
disorders. Non-occupational risk factors include age,
sex, physical fitness, cigarette smoking, and
congenital structural abnormalities such as
spondylolisthesis. Occupational factors such as lifting
and pushing heavy loads, repetitive lumbar flexion
and extension, and poor posture or non-ergonomic
working conditions have also been identified as
significant contributors to low back pain®).
Compared with patients who respond well to surgery,
those with recurrent symptoms often experience
multiple physical and psychological problems, along
with a reduced quality of life. Consequently, early
identification of these patients is of critical
importance, particularly in the context of
preoperative planning, as it may help prevent
recurrence in subsequent surgical procedures®®.
Spinal surgery has proven effective with pain
reduction and functional improvement in specific
degenerative spine disease. “Failed back surgery,”
“flatback syndrome,” and “post-laminectomy
syndrome” are different terms for describing the
patents who had one spinal surgery but still continue
to present with symptoms. Over the past two
decades, there has been a marked increase in the
overall rate of spinal surgeries. Consequently, the
number of revision procedures, as well as patient
referrals to spine surgeons and general practitioners,
is expected to rise accordingly?.

Loosing of normal lordosis of lumbar spine after
spinal fusion is typically referred as “flatback
syndrome”, which results in change the sagittal
balance. The patients usually have complain of pain
and inability to hold their upright standing posture.
Common etiologies for this syndrome are
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hypolordotic lumbar fusion in degenerative
spondylosis, kyphosis at the thoracolumbar junction
and pseudarthrosis leads to progressive deformity.
Another cause is extending the distraction
instrumentation into the lumbo-sacral spine. On
physical examination, decompensated sagittal
imbalance can be observed. Additional clinical
compensatory mechanisms that may coexist in
uncorrected sagittal malalignment include thoracic
hypokyphosis, cervical hyperlordosis, knee flexion to
offset the loss of lumbar lordosis and pelvic
retroversion.

Full length standing spinal radiographs are essential
for assessing the amount of imbalance and
spinopelvic radiographic parameters and their
relationships. In symptomatic cases, corrective
surgery to restore normal lumbar lordosis may be
needed. In mobile discs, lumbar curvature can be
restore by multiple posterior osteotomies (e.g.,
Ponte osteotomy) and in cases of rigid, fused
deformities, by a three-column pedicle subtraction
osteotomy?.

Given the scarcity of studies in this field in Iran, the
present study aimed to investigate the causes of
revision surgery in patients with a history of prior
lumbar spine operations.

Materials & Metho

This observational study was conducted as a
retrospective cohort. Overall 40 patients who
presented to Bagiyatallah Hospital, with a previous
history spinal surgery and who, at the time of
admission, fulfilled the clinical and diagnostic criteria
for revision surgery, were evaluated. Patients with
orthopedic diseases of the hip or lower extremities,
or incomplete clinical records, were excluded from
the study.

Inclusion criteria

Patients presenting to Bagiyatallah Hospital with a
history of spinal surgery who required revision
surgery based on clinical and diagnostic criteria at the
time of admission.

Exclusion criteria

1. Presence of orthopedic diseases of the hip or
lower extremities.

2. Incomplete patient data.




Iranian Journal of Orthopaedic Surgery
Vol. 22, No. 4 (Serial No. 87), Autumn 2024, p. 173-181 Investigation of Causes of Re-Surgery ...

Investigation of Causes of Re-Surgery in Patients with Previous Lumbar Spine Surgery

Abstract

Introduction: Spine disorders are one of the common causes of referral to orthopedic clinics and reasons for
orthopedic surgeries. Lumbar spinal surgery helps reduce pain and improve function in patients with certain
degenerative conditions. In this paper we investigated the causes of revision spine surgery.

Materials & Methods: In a retrospective cohort study the patients who had undergone revision spinal surgery
within one year in a teaching hospital were evaluated -in accordance with diagnosis and clinical criteria. The
patients were randomly selected and screened, and demographic information (including age, gender, underlying
disease, and body mass index (BMI)) was collected through a data collection form using patients’ records. The
clinical features including diagnosis of spine disease, type of previous surgery, number of fusions, history of spine
surgery, Roussouly classification, and T-score, and also radiographic parameters such as sagittal vertical angle
(SVA), pelvic incidence (PI), lumbar lordosis (LL), PI-LL mismatch, sacral slope (SS) and pelvic tilt (PT) were
collected and included in the checklist.

Results & Discussion: The most common cause of original spine surgery was spinal canal stenosis, which was
present in 37 patients (92.5%). The most common surgery was discectomy followed by spinal fusion _ performed
in 30 (75%) and 27 patients (67.5%) respectively. 25 patients (62.5%) had a history of only one surgery. According
to the Roussouly classification, 30 patients (75%) had SS <35 °, and 10 patients (25%) had SS> 35 °. The mean
BMI was 28.28. 2.60 kg / m2. The mean T-score in bone densitometry was -1.86 + 1.06. The mean size of SVA
was 7.12 £ 2.19 cm; the mean Pl angle was 52.12 + 10.80 °; the mean LL angle was 23.42 + 15.56 °; the mean size
of the difference between Pl and LL angles was 29.25 + 15.30 °, the mean SS angle was 27.85 + 10.69 °, and the
mean PT angle was 23.62 + 7.62 °. SVA size was abnormal in 35 patients (87.5%), Pl in 14 patients (35%), the
difference between Pl and LL in 35 patients (87.5%), SS in 34 patients (85%), and PT in 29 patients (72.5%) was
abnormal. There was a significant difference in SVA, PI, PI-LL mismatch, SS, and PT between normal and abnormal
groups (P-value <0.001).

The patient factors such as old age, previous medical conditions, high BMI, osteopenia, and intraoperative
factors, including failure to correct lumbar lordosis, sagittal balance, and correction of angles in primary surgery,
showed increased risk for revision spine surgery.

Conclusion: Osteopenia and osteoporosis, failure in reconstituting lumbar lordosis and proper sagittal balance
are common reasons leading to revision spine surgery.

Keywords: Spine, Revision surgery, Failed back surgery syndrome.
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Spinal disorders are among the most common causes of referrals to orthopedic
clinics and represent a major indication for orthopedic surgeries. These
procedures, particularly in patients with a history of previous operations, are
often more technically demanding due to postoperative adhesions and the
progression of degenerative changes over time, necessitating longer and more
precise surgical interventions. The most frequent indication for spinal surgery
is neural element compression, with lumbar disc herniation and spinal stenosis
being the two leading etiologies'?.

Radicular pain is one of the primary reasons for patients to seek medical
attention in clinics and physicians’ offices, often resulting in substantial
disability™™. This condition can occur even at a young age, with approximately
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