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PMC2998607.
eJavan S, Tabesh M. Action of carbon dioxide on pulmonary vasoconstriction. J Appl Physiol. In press 2005
Complete Book:
¢ Guyton AC: Textbook of Medical Physiology. 8th ed. Philadelphia, PA, Saunders, 1996.
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e Young VR. The role of skeletal muscle in the regulation of protein metabolism. In Munro HN, editor:
Mammalian protein metabolism. Vol 4. San Diego; Academic; 1970. p. 585-674.
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Continued investigation in this area will deepen our
understanding and application of intrathecal opioids,
ultimately improving patient care in surgical settings.
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changes®. In procedures such as hemiarthroplasty
for pathological femoral fractures, significant
intraoperative bleeding can result in hypovolemic
shock. Effective management of this complication
includes fluid resuscitation and the use of
vasopressors®¥. Additionally, the risk of fat embolism
during femoral surgeries—particularly when
intramedullary manipulation is involved—can lead to
intraoperative cardiovascular instability©®.
Postoperatively, orthostatic hypotension is common,
with marked reductions in blood pressure and cardiac
output, observed during the patient's initial
mobilization. These hemodynamic changes require
close monitoring and management to ensure patient
safety during and after femoral surgeries®®,
Hemodynamic alterations during femoral surgery can
be also influenced by the choice of anesthesia
technique, as different anesthetic agents may affect
baseline hemodynamics and responses to
nociceptive stimuli. Understanding these factors can
aid in improving surgical outcome®®738),

Maintaining hemodynamic stability throughout
surgery is critical for minimizing complications,
shortening hospital stays, and improving patient
outcomes. Preoperative status, the type of surgical
intervention, and postoperative care all play pivotal
roles in achieving hemodynamic stability. Special
attention should be given to existing comorbidities,
the nature and duration of the surgical procedure,
hemodynamic and fluid management, nutrition, pain
control, and early patient mobilization to ensure
stable perioperative hemodynamics®®Y,

The Impact of Adding Opioids to Spinal
Anesthesia

Intrathecal opioids—particularly morphine—are
associated with adverse effects such as urinary
retention, which occurs in approximately 20-40% of
patients shortly after administration and tends to
diminish over time®“?. The incidence of this
complication is higher with intrathecal opioid
administration compared to intravenous (IV) or
intramuscular  (IM) routes®®). The mechanism
underlying opioid-induced urinary retention involves
alterations in parasympathetic nervous system
function and central analgesic effects, both of which
interfere with normal bladder activity®**.

The combination of intrathecal opioids with local
anesthetics enhances both intraoperative and
postoperative analgesia, demonstrating synergistic
effects in spinal anesthesia. This combination also
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allows for the use of lower doses of local anesthetics,
potentially improving hemodynamic stability and
reducing the risk of complications such as
hypotension'®?. However, studies have shown that
the addition of intrathecal fentanyl to spinal
anesthesia does not significantly improve
hemodynamic stability in elderly patients. One study
found that combined spinal-epidural anesthesia
(CSEA) with intrathecal fentanyl reduced the
incidence of hypotension compared to spinal
anesthesia alone, but overall hemodynamic
outcomes were not significantly improved®®,
Another study reported that intrathecal fentanyl
alone does not offer distinct hemodynamic
advantages compared to other techniques, such as its
combination with bupivacaine®.

Nonetheless, the addition of intrathecal opioids to
spinal anesthesia provides notable benefits for
elderly patients undergoing femoral surgeries,
particularly hip fracture procedures. Research

indicates that combining low doses of local
anesthetics with intrathecal opioids—such as
fentanyl or morphine—reduces the need for

postoperative systemic opioids. This reduction is
attributed to the superior analgesic efficacy of

intrathecal opioids, enabling decreased use of
47)

systemic medications!

Conclusion

The addition of intrathecal opioids to spinal
anesthesia represents a significant advancement in
pain management during surgery, particularly in
femoral procedures. This review highlights several
key findings regarding the use of intrathecal opioids
and underscores their role in enhancing the efficacy
of analgesia, while also pointing to potential
complications—such as respiratory depression and
urinary retention—that warrant careful
consideration.

Studies have also shown that the addition of
intrathecal fentanyl to local anesthetics decreases
the intraoperative requirement for supplemental
intravenous analgesics and minimizes postoperative
opioid consumption. However, they carry significant

risks, for respiratory depression and urinary
retention. Postoperative respiratory depression is a
major concern, as it may lead to serious

complications. This risk necessitates close monitoring
of patients receiving these agents to ensure timely
intervention should adverse effects arise.
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Intrathecal opioids penetrate the spinal cord and bind
to specific receptors in the dorsal horn. This process
provides targeted analgesia by modulating pain
transmission pathways*?). They are absorbed into the
plasma via venous uptake, resulting in systemic
effects and potential side effects*?). The rapid
distribution of intrathecal opioids in the
cerebrospinal fluid (CSF) is one of the key factors in
their analgesic efficacy.

However, administration of these drugs may be
associated with side effects that, in some patients
and clinical conditions, can hinder the use of this
otherwise effective method. They carry the risk of
respiratory depression, particularly immediately after
administration, due to their spread in the CSF and
effect on central respiratory centers'*?. Therefore,
close monitoring after injection is mandatory™®. The
pharmacokinetic properties of lipophilic opioids
result in their rapid clearance from the intrathecal
space. This reduces the incidence of urinary
retention, making this category of opioids ideal for
outpatient surgeries’®*). The risk of nausea and
vomiting increases with higher doses of intrathecal
opioids, as shown in a study indicating that the
occurrence of these side effects is dose-dependent
and observed with intrathecal morphine used in
cesarean sections!®®),

Hemodynamic changes during femoral surgery may
be influenced by stabilization of endothelial cells and
regulation of platelet aggregation, which are critical
in evaluating thromboembolic events and ensuring
adequate blood flow®. Moreover, postoperative
complications such as pulmonary issues”),
gastrointestinal disorders*®, and urinary tract
problems® can affect recovery and treatment
outcomes?, It has been shown that the addition of
intrathecal opioids to spinal anesthesia increases the
duration of anesthesia® and improves analgesia
quality during and after surgery. Adding opioids such
as fentanyl or sufentanil to local anesthetics like
bupivacaine has been shown to enhance both the
quality and duration of analgesia. Studies report that
intrathecal fentanyl can significantly reduce the
required dose of bupivacaine and minimize its side
effects??,

Additionally, the synergy of low-dose local
anesthetics with opioids is associated with improved
hemodynamic stability and a reduced incidence of
intraoperative hypotension?>?3),  Specifically, the
synergistic effect of opioids and local anesthetics not
only enhances intraoperative analgesia but also
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prolongs postoperative pain relief, resulting in overall
improved patient outcomes.

Background on the Use of Intrathecal Opioids
and Spinal Anesthesia

Intrathecal opioids are medications administered
directly into the spinal canal to provide localized pain
relief. Their mechanism of action involves cephalad
movement through the cerebrospinal fluid,
penetration into the spinal cord, binding to specific
opioid receptors, and occasionally diffusion across
the dura into the epidural spacel’®?¥. Different
opioids vary in terms of onset time, duration of
action, and spread of effect. For instance, lipophilic
opioids such as fentanyl and sufentanil have a rapid
onset but a shorter duration of action, whereas
hydrophilic opioids like morphine have a slower onset
and longer duration of effect(*3142%),

Patients receiving spinal anesthesia generally
experience  significantly fewer postoperative
complications, including reduced nausea and

vomiting, as well as a lower need for antiemetic and
analgesic medications!®*?”), Studies have shown that
spinal anesthesia may shorten surgical time and
improve procedural efficiency?®.  Additionally,
patients typically report lower postoperative pain
scores and reduced requirements for analgesics®?.
From an economic standpoint, spinal anesthesia is
often more cost-effective than general anesthesia,
contributing to reduced overall healthcare
expenditures®®3%.  Most  importantly,  spinal
anesthesia generally provides better hemodynamic
stability, which is especially beneficial for patients
with specific cardiovascular conditions®Y,

Previous research has shown that intrathecal
morphine use in patients undergoing proximal
femoral fracture surgery may be associated with a
lower incidence of postoperative delirium. This is
likely due to reduced postoperative pain and
decreased systemic opioid administration, both of
which are recognized contributors to delirium®?,

Hemodynamic
Surgery

Changes During Femoral

Hemodynamic changes—including hypotension and
arrhythmias—are common during surgeries such as
cement implantation in total hip arthroplasty,
especially in elderly patients with underlying
comorbidities. The release of histamine during
cementation is one contributing factor to these

]
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A Review of the Intrathecal Opioids’ Effect on Hemodynamic Changes and Spinal

Anesthesia Quality in Femoral Surgeries
(Review Article)

(Abstract \

Intrathecal opioids, such as morphine and fentanyl, are increasingly being used as adjuncts to spinal anesthesia and
improve the quality of pain relief during and after surgery. This review investigates the mechanisms, benefits, and
side effects of using these opioids, particularly in the context of femoral surgeries. The pharmacokinetics of these
agents, including their rapid distribution in cerebrospinal fluid and binding to spinal receptors, contribute to
effective pain management but also carry risks such as respiratory depression and urinary retention. Additionally,
the impact of hemodynamic changes in femoral surgery is reviewed, emphasizing the importance of carefully
adjusting anesthetic regimens and close postoperative monitoring to minimize complications. Evidence suggests
that intrathecal opioids may reduce the incidence of postoperative delirium and opioid consumption in elderly
patients, although further research is needed to confirm their efficacy in various surgical settings. This review
underscores the need for more research into multimodal pain control using intrathecal opioids.

Keywords: Intrathecal opioids, Spinal anesthesia quality, Hemodynamic changes, Femoral surgery.
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Introduction
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0 eldie, Ulinh e 6 Since the introduction of intrathecal opioids into clinical practice in the
Medical Sciences, Urmia, Iran. 1970s"Y, these drugs have become a popular option for acute pain
management in various surgical conditions such as cesarean section or lower
limb joint arthroplasty. Intrathecal opioids can be used either in combination
with general anesthesia or as an adjunct to spinal anesthetics. Their use is
associated with postoperative advantages, including improved spinal
anesthesia quality, reduced postoperative analgesic requirements, and
facilitated early ambulation after abdominal surgeries?. Intrathecal morphine
can maintain analgesic effects for up to 24 hours after administration®. Quick
and easy administration method and a low risk of treatment failure are other
advantages®. However, there are also side effects.

Two major categories of opioids have been identified: lipophilic molecules
(such as fentanyl and sufentanil) and hydrophilic molecules (such as morphine,
diamorphine, and hydromorphone)®. Opioids like fentanyl and morphine are
widely added to intrathecal local anesthetics to enhance and prolong analgesic
effects during and after surgery. This combination, by providing deep and
sustained analgesia, is recognized as a valuable adjunct in the management of
both acute and chronic pain'®.

In spinal anesthesia, the addition of fentanyl to the local anesthetic
bupivacaine significantly increases the duration and quality of analgesia while
reducing the required dose of the local anesthetic and improving patient
comfort during surgeries such as cesarean sections”). Studies have shown that
the combination of intrathecal fentanyl with local anesthetics for spinal
anesthesia improves intraoperative analgesic quality and extends
postoperative analgesia duration without increasing side effects®.The use of
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allow for additional fixation with cement to enhance
the initial stability of the implant to our knowledge,
this method has not been previously documented in
the literature, marking it as a significant innovation in
the field of revision hip arthroplasty.

Another unique aspect of this surgical approach was
the application of bone cement over the screw heads
within the superior reamed area of the acetabulum.
This technique served to create a scaffold-like
structure, providing additional support to the implant
and potentially reducing the risk of dislocation.
Recent studies have explored various techniques for
managing complex acetabular defects (Table 1).

Du et al.*? in 2020, introduced a method involving
the placement of a smaller cup onto a larger tantalum
shell to manage Paprosky IlIB defects. They have
used Cup-on-Cup Technique. Their retrospective
study was conducted on six patients (average age 59)
who received acetabular reconstruction using the
cup-on-cup technique. All had Paprosky type IIIB
acetabular defects without pelvic discontinuity. With
an average follow-up of 42 months, clinical and
radiographic assessments suggest that this technique
may be a viable short-term treatment option for such
defects. This approach demonstrated promising
short-term outcomes but did not address the specific
defect morphology presented in our case.

Chen et al.’¥in 2024, have used screw-augmented
cement spacers. In their study, a 52-year-old male
patient with a metastatic tumor in the acetabulum
underwent surgery using hollow screws and bone
cement for stabilization. Screws were strategically
placed in the ischium, ascending branch, and both
anterior and posterior columns to secure the
acetabulum. A third screw linked the anterior and

Reconstruction of Extensive Acetabular ...

posterior columns, while bone cement was applied at
the fracture site to enhance stability and counteract
bone loss from tumor-induced osteolysis. They
demonstrated that in the context of joint
stabilization, screw-augmented cement spacers have
been utilized to enhance stability. While this shares
conceptual  similarities  with  our  cement
augmentation approach, the clinical scenarios differ
significantly (this case represents the treatment of
acetabular metastatic cancer with minimally invasive
stabilization using screws and cement).

Wassilew et al.'*in 2024, described the use of
porous tantalum shells with augments, achieving
stable fixation in challenging defects. Their
retrospective study was conducted across two
centers, involving 39 patients (15 men and 24
women) who underwent the 'footing' technique to
treat Paprosky IlIB acetabular defects between 2007
and 2020. The median patient age was 64.4 years,
and the median follow-up period was 3.9 years. The
use of porous tantalum shells and two augments in
this technique demonstrated excellent outcomes in
the medium term, supporting its effectiveness for
managing these complex defects. However, their
technique (Footing Technique) did not incorporate
the drilling of the bipolar cup or the specific cement
augmentation strategy employed in our case.

Conclusion

The techniques employed in this case offers potential
alternatives for managing complex acetabular
defects, particularly those not conforming to existing
classifications.

Table 1: Comparative Analysis of Similar Case Reports

Study Year Technique Novel Aspects Outcomes
Improved Harris Hip Score
(12) —on-
Du et al. 2020 Cup-on-Cup Use of smaller cup on larger shell from 32.4 to 80.7
Chen et Screw-augmented cement
al.3) 2024 | Screw-Augmented Cement spacers utilized to enhance Enhanced stability
) stability
Wassil t P tantal hells with 89% implant ival at
a55|(1eA\)N e 2024 Footing Technique orous tantalum shells wi A)_lmp ant survival a
al. augments medium-term follow-up
Drilling bipol f Stable fixation;
Current Drilled Bipolar Cup with .” |r_1g Ipolar cup for screw . @ _e xation; no
2025 . fixation; cement over screw dislocation at 12-month
Case Cement Augmentation
heads follow-up
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Figure 7: A-C X-ray radiographies are taken 3 months after revision surgery for follow-up. A)
Anteroposterior radiograph of the pelvis and proximal femur showing a complex acetabular
reconstruction on the left side using a cup-cage construct and a long femoral stem. Multiple screws are
used for cage fixation into the bone. B) Full-length standing anteroposterior radiograph of both lower
extremities demonstrating coronal limb alignment. The left side shows the reconstructed hip with a well-
aligned long femoral stem. C) Full-length standing alighment view with mechanical axis analysis of both
lower extremities.

Acetabular revision surgery becomes particularly
challenging in the presence of advanced bone loss,
such as Paprosky type IIC defect. In these complex
scenarios, commonly employed techniques include
the use of reinforcement rings, oblong cups, porous
tantalum cementless components combined with
tantalum augments, and bone impaction
grafting+%19),

Our case introduces a novel approach for addressing
severe acetabular defects in the setting of prosthetic
protrusion. The technique involves the use of a
perforated bipolar cup cemented inside a cage
construct, a strategy not previously reported in the
literature. This innovative approach provides a viable
solution when conventional options are unavailable
due to the extensive nature of the bone loss. By using
the bipolar cup in this manner, we were able to create
a stable acetabular construct despite the lack of
traditional fixation points.

This technique also introduces a new perspective on
managing complex acetabular defects, emphasizing
the importance of customizing surgical strategies to
the unique anatomical challenges of each patient.
Additionally, the classification of acetabular defects

(
L

91

has been traditionally limited to the Paprosky
system™. While this system remains valuable for
most cases, we propose an extension to the Paprosky
classification, suggesting a new category for cases of
extensive acetabular failure with prosthetic
protrusion. This new sub-classification could help
guide future management decisions for similar cases,
offering a more nuanced approach to acetabular
reconstruction in the face of severe bone loss.

Atypical Acetabular Bone Defect: A New
Subclassification?

The presented case involves an acetabular bone
defect exhibiting characteristics reminiscent of
Paprosky type IIC, such as superior migration and
extensive bone loss. However, the defect's specific
morphology—marked by lack of anterior and
posterior column—does not align precisely with
existing Paprosky classifications*?). This discrepancy
suggests the potential need for a new
subclassification, to encompass such unique
presentations. Recognizing and categorizing these
atypical defects are crucial for guiding surgical
planning and implant selection. Innovative Surgical
Techniques for Enhanced Fixation with drilling the
Bipolar cup for better fixation was employed wherein
the bipolar cup was drilled using a high-speed drill to
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Postoperatively, the patient again received empiric IV
antibiotics (same regimen) and remained in the ICU
for two days. Pain was mild to moderate and was
managed effectively with intravenous
acetaminophen and rectal diclofenac as needed. No
early complications were noted, and the patient
expressed satisfaction with his status.

On postoperative day 2, he was able to sit with
assistance. By day 4, partial weight-bearing was
initiated with the aid of a walker and one caregiver.
The patient demonstrated steady early recovery and
was later transferred to the general ward for further
rehabilitation.

Third Operation

On postoperative day 5 ,the patient experienced a
dislocation while rising from a chair, which was
confirmed by radiographic imaging (Figure 5). So,
third revision surgery was planned to correct the
cage inclination.
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Figure 5: Anteroposterior (AP) radiograph of the
left hip. The radiograph demonstrates a left total
hip arthroplasty with a dislocated femoral head
superiorly and laterally relative to the acetabular
cup t. No evidence of periprosthetic fracture is
observed in the surrounding bone. Soft tissue
shadows are unremarkable, without signs of
hematoma or infection.

To correct the cage inclination, three screws were
inserted into the outer table of the ilium above the
cage. These screws were then incorporated using
bone cement, effectively augmenting the superior
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rim of the cage. Given the patient's abductor
weakness, we also opted for a constrained liner.
However, due to the inner diameter of the GAP I
cage, it was not possible to accommodate even the
smallest size of dual mobility or standard
constrained liners.

As an alternative, we perforated the outer surface of
a bipolar cup using a metal drill (Figure 6), creating
multiple holes. The bipolar cup was then cemented
into the cage at an appropriate version, inclination,
and tension (Figure 7).

The perforations allowed the cement to interdigitate
with the cup, enhancing fixation strength.
Additionally, the bipolar liner itself offers a degree of
constraint, making it a viable option in cases of
abductor deficiency.

Through this combination of corrected inclination
and the use of a bipolar liner, we successfully
prevented further dislocations and achieved a stable
reconstruction.

Figure 6: perforated the outer surface of a
bipolar cup using a metal drill.

On the left side, the mechanical lateral distal femoral
angle (LDFA) measures 88.9°, the medial proximal
tibial angle (MPTA) is 88.7°, and the joint line
convergence angle (JLCA) is 2.8°, suggesting near-
neutral alignment. The mechanical axis angle (MAA)
is 56°, and anatomical axis angle (AA) is 52°. The right
side shows LDFA of 90.6°, MPTA of 87°, JLCA of 4.9°,
and MAA of 56°, all within acceptable ranges. Overall,
alignment is symmetrical with no significant
mechanical axis deviation.
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5. Elevation of the hip center and creation of a
neo acetabulum in the superior region

In this patient, extent of acetabular destruction and
corrosion, specifically, absence of posterior column
and wall , and missing acetabular rim and inferior
margin, which are essential for the stability of an
acetabular cage were concerning issues. Also, the
medial wall of the acetabulum was absent (which is
another prerequisite for proper cup or cage
placement). Notably, the ischium had undergone
complete osteolysis secondary to metallosis and
prosthetic protrusion. So, in this case, the inferior
rim, posterior wall and column and medial wall were
missing. This precluded the use of custom triflange
designs, GIl cages, and cup-cage constructs.
Moreover, tumor-specific reconstructions were
considered high-risk due to the extensive nature of
the surgery and the patient's advanced age. As a
result, no standard reconstructive options were
deemed viable. Therefore, the treatment strategy of
“hip center elevation” was selected. Therefore, we
decided to elevate the hip center (2.5-3 cm) and
compensate for limb shortening and potential
abductor dysfunction by using a long femoral stem
with maximum tensioning.
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This approach aimed to achieve a limb length
discrepancy that was tolerable, and potentially
correctable for the patient.

So, a high hip center reconstruction was planned to
utilize superior bone stock (superior to anatomic
acetabulum) and restore lower limb biomechanics.
Intraoperatively, a relatively intact segment of bone
was identified above the anatomic acetabulum. As a
result, reaming was performed at a site superior to
the anatomic acetabular cavity to create a neo-
acetabulum and an elevated acetabular bed. So, a
reasonably acceptable cavity was achieved, and the
GAP |l cage was subsequently implanted at this newly
prepared site (Figure 3 and 4).

In this case, due to the bony configuration in the
reconstructed area, achieving the desired and
optimal inclination was not possible. Consequently,
given the lack of alternative options, we proceeded
with the available anatomy and accepted a slightly
horizontal position for cage placement, as no other
viable options were available at the time. We know
that key criteria for cage fixation are: Adequate
superior bone stock, acceptable inferior support at
the neo-acetabular site, satisfactory inclination and
anterior-posterior positioning.

Figure 4: Pelvic radiograph demonstrating postoperative appearance of a complex acetabular
reconstruction using Gll cage.
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Figure 2: A) Three-dimensional CT reconstruction of the pelvis in the anterior view reveals destruction of
posterior column and wall, the medial wall of the acetabulum, and the ischium, loss of the floor and rim
of the left acetabulum. B) Posterior 3D CT view highlighting massive bone loss of the posterior acetabular
wall and ischial segment, with clear absence of posterior column support (at left side). C) Oblique 3D CT
reconstruction of the left hemipelvis.

These findings are largely consistent with a severe
combined segmental and cavitary defect
characteristic of Paprosky type IIC, except that in this
case, in addition to the typical IIC involvement, there
is complete loss of the posterior column and wall and
the inferior rim. Given the degree of component
migration, CT angiography was performed to assess
the relationship of the intrapelvic prosthetic
components to adjacent vascular structures. The
external iliac, internal iliac, and obturator arteries
were visualized and found intact, ruling out vascular
encroachment. Clinically, the patient did not show
systemic signs of infection, and laboratory work-up
revealed a normal white blood cell (WBC) count.
Inflammatory markers (ESR and CRP) were mildly
elevated, likely as a result of chronic mechanical
irritation, metallosis and osteolysis, rather than
infection. Subsequently, joint aspiration was
performed, which revealed a negative leukocyte
esterase test, normal white blood cell count, and
negative microbial cultures.

Preoperative Work-up

The patient’s acetabular bone loss was classified as
resembling Paprosky type IIC; however, the extent of
destruction surpassed this classification, particularly
regarding its severity and anatomical compromise.
Given the atypical pattern of pelvic bone loss, which
may represent an unclassified form of acetabular
defect, revision THA was planned. Considering the
potential risk of iliac artery injury during prosthesis
removal, a prophylactic Fogarty catheter (size 4) was
placed by the vascular surgeon for bleeding control.

(
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These evaluations confirmed the patient’s suitability
for surgery.Due to the extent of acetabular
destruction, a two-stage surgical approach was
planned:

Explantation of the Failed Prosthesis and
Biopsy as the first stage

A lateral Harding- approach was used for the
explantation of the prosthetic components. Tissue
samples were obtained from five different
anatomical sites. Intraoperatively, extensive
osteolysis and metallosis was observed, with
complete loss of the posterior column and wall,
medial wall, inferior rim, and ischium, extending
protrusion near to the bladder. After explantation,
the patient was admitted to the ICU for one day
under complete bed rest (CBR) and was given empiric
intravenous antibiotics (vancomycin 1 g every 8 hours
and meropenem 1 g every 12 hours) postoperatively.
Second Operation - Revision
Surgery

Complex

The second stage was performed on day three,
following confirmation of negative microbial culture
results .We knew that the following options are
generally available for the reconstruction of
extensive acetabular defects:
1. Various cages such as the GlI, with or without
bone grafting,
2. Tantalum cup-cage constructs,
without bone grafting,
3. Custom designs such as tri-flange implants
4. Custom prosthesis tumor

]
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However, in cases of severe bone destruction, such as
in this patient, this classification system and other
classification system such as Gross classification do
not always adequately represent the full extent of the
damage. This case demonstrates an advanced stage
of acetabular failure, which requires an innovative
approach for successful reconstruction*67),

Current reconstructive strategies for extensive
acetabular defects include the use of cages, tantalum
augments, or custom triflange implants. However,
these options rely heavily on the integrity of the
posterior column, medial wall, and ischium to ensure
stable fixation. In cases where these structures are
compromised, as seen in the patient presented here,
conventional techniques are often inadequate. For
example, the loss of the acetabular rim and the
ischium, along with complete destruction of the
medial wall, complicates the fixation of traditional
components, making these solutions unfeasible and
ultimately, the use of a tumor prosthesis might be
considered, albeit at the cost of high morbidity and
mortality®*Y). In this case report, the patient faced
with severe osteolysis and acetabular bone loss after
a previous THA. The aim of this case report is not only
to present a novel surgical technique to manage
cases like these, but also to highlight the need for
further exploration of alternative classification
systems and treatment strategies for complex
acetabular defects. Our goal is to contribute to the
body of knowledge that will allow clinicians to better
address this challenging complication and improve
patient outcomes.
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A 71-year-old male with a history of degenerative
joint disease (DJD) of the left hip, well-controlled type
2 diabetes mellitus, and hypertension had been
underwent a primary total hip arthroplasty in another
center. His body mass index (BMI) was 24.2 kg/m? (70
kg, 170 cm). 2 years later, the patient started to
experience progressive left-sided limp, reduced
weight-bearing capacity, and limited range of motion
(ROM). Over the next nine months, the condition
deteriorated significantly, ultimately patient became
non-ambulatory.

The initial radiographic assessment revealed severe
loss of the acetabular bone, with involvement of the
posterior wall and column, the medial (inner) wall,
and the inferior rim of the acetabulum. The
prosthetic cup had migrated into the true pelvis,
abutting the urinary bladder, although there was no
evidence of bladder invasion. This suggested
advanced component loosening and catastrophic
failure of the acetabular construct (Figure 1). The
ischial erosion was attributed to chronic metalosis
and altered stress transfer. No signs of periosteal
reaction or soft tissue gas were observed, which
would have indicated infection.

Three-dimensional CT scan (Figure 2) demonstrated
extensive destruction involving the posterior column
and wall, the medial wall of the acetabulum, and the
inferior acetabular rim, accompanied by complete
loss of the acetabular floor.

Figure 1: A) Anteroposterior pelvic radiograph demonstrating left total hip arthroplasty with its
components. Notable findings include central and medial migration of the acetabular component with
disruption of the medial wall and a protrusion pattern. B) Oblique view of the left hip following total hip
arthroplasty. Signs of periprosthetic bone loss persist around the cup and proximal femoral stem. C)
Lateral pelvic radiograph with protrusion of acetabular component and dislocation.
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Reconstruction of Extensive Acetabular Wall Destruction with Protrusion of the

Acetabular Component after Primary Total Hip Arthroplasty
(Case Report)

ﬁbstract \

Severe acetabular bone loss following total hip arthroplasty (THA) presents a complex reconstructive challenge.
Traditional classification systems, such as Paprosky, may not fully capture the morphology of defects in the most
extreme cases. Additionally, previous revision plans could not safely manage such cases. A 71-year-old man
presented with pain and instability four years after a primary THA. Imaging revealed a massive acetabular defect
with extensive osteolysis and metallosis, including complete loss of the posterior column, medial wall, posterior
wall, inferior rim, and ischium, and only the anterior wall and column remained intact. The acetabular cup had
also protruded into the pelvic cavity, approaching the bladder, and had migrated centrally. While the defect
resembled a Paprosky type IIC pattern, it was markedly more severe and did not fit existing classifications. A
complex two-stage reconstructive surgery was performed, involving elevation of the hip center by 2.5 to 3 cm and
compensation for limb shortening through femoral stem lengthening using a long-stem prosthesis. After 2-step
revision surgery, the patient experienced prosthetic dislocation, necessitating a third surgery. During this
procedure, a bipolar cup was manually drilled to allow bone cement to pass through the holes for improved
fixation. Additionally, bone cement was applied over the screw heads (positioned superior to the cup) to construct
a scaffold that enhanced implant stability and reduced the risk of dislocation. This case may represent a novel
subtype of acetabular bone defect not encompassed by current classification systems. Furthermore, the
innovative approach of penetrating a bipolar cup and using cement augmentation over a screw framework
presents a potential new strategy for achieving stable fixation in cases of severe bone loss. This case underscores
the need for updated classification systems to account for atypical acetabular defect patterns and demonstrates
a novel fixation technique that may improve outcomes in revision THA involving extensive bone loss.

Keywords: Revision surgery , Bone cement, Acetabulum.
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Despite being a relatively uncommon occurrence, acetabular protrusion also
occurs in patients who undergo revision THA®., Risk factors include advanced
age, low bone mineral density, rheumatoid arthritis, and repeated mechanical
loading, which exacerbate bone resorption and the weakening of the
acetabular structure®2%),

The failure of acetabular components leading to such protrusion poses
significant challenges for revision surgery. Traditionally, acetabular defects are
classified according to the Paprosky classification, which categorizes defects
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Figure 4: Final view of lateral retinacular release, which in this

patient was carried out up to Stage 5.

A longitudinal incision is made, outside-in, around 2
cm lateral to the edge of the patella. The capsular and
synovial layers should remain intact, and the joint
should not be opened to prevent postoperative
subcutaneous hematoma. Prior to performing stage
two of the release, it is recommended to explore and
identify the superior lateral genicular artery. This
artery can typically be found immediately distal to the
vastus lateralis fibers, and 2-2.5 cm from the
superolateral corner of the patella. However, some
studies have questioned the necessity of preserving
this artery.

Ritter?>?3 argued that maintaining this artery does
not reduce PF complications because the artery is
very small and may rupture or thrombose during
medialization of the patella, rendering it functionally
insignificant.

Conclusion

Patellofemoral (PF) complications are among the
most common issues following total knee
arthroplasty (TKA). The primary causes can be
grouped into three categories:

1. Patient-related factors
2. Prosthesis design-related factors
3. Surgical technique-related factors

Therefore, careful preoperative patient preparation,
appropriate prosthesis selection, and meticulous
surgical technique are essential for the prevention of
PF complications.

—

1

Patellar Tracking in Total Knee Replacement

Figure 5: Sequential stages of lateral
retinacular release.
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resecting more than 50% of the lateral facet, as this
may itself induce lateral patellar tilt. If PFM persisted
after lateral facetectomy, they proceeded to staged
LRR. Some authors have even advocated performing
lateral facetectomy in all cases of primary TKA29),

In an interesting study published by Strachan et al. in
the Journal of Arthroplasty in 2009, a novel staged
LRR technique was introduced®. The tourniquet was
inflated in full flexion and was not deflated during
intraoperative patellar tracking assessment. After
placement of the trial components, patellar tracking
was first evaluated using the No Thumb test. If the No
Thumb test was positive, they proceeded to the two-
stitch technique, in which the capsule was
temporarily closed with two sutures—one at the
superolateral corner of the patella and the other at
the mid-patellar region, similar to the towel clip
method. Patellar tracking was then reassessed.

They proposed a six-step staged LRR protocol. If only
the No Thumb test was positive (and the two-stitch
test was negative), stage one was performed. If both
the No Thumb and two-stitch tests were positive,
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stages one and two were performed, followed by
reassessment.

If PFM persisted, subsequent stages were undertaken
sequentially up to stage six. At each step, patellar
tracking was rechecked, and progression occurred
only if maltracking remained.

In this series, 52% of patients exhibited PFM and
required some degree of LRR. Among 50 patients
with PFM, 9 (18%) were corrected at stage one, 10
(20%) at stage two, 16 (32%) at stage three, 13 (26%)
at stage four, and 2 (4%) at stage five. None required
stage six. Postoperative evaluation of patellar
position using patellar radiographs at 45° knee flexion
revealed that out of 96 operated patients, 13
demonstrated lateral patellar tilt of 5-10°, and 3 had
tilt greater than 10°. One patient showed lateral
patellar translation >10 mm, and 5 had medial
patellar translation >5 mm. No cases of patellar
subluxation or dislocation were observed.

The six stages of this staged LRR technique are
detailed in Table 1, with illustrations of the procedure
provided in Figure 3-5.

Table 1: Staged Lateral Retinacular Release (LRR) Technique

Stage Surgical Step
Stage 1 Release of the lateral patellofemoral ligament (LPFL) from within the joint
Stage 2 | Release of the lateral retinaculum from 25 mm above the patella down to the superior border of the patella
Stage 3 Release of the lateral retinaculum down to the mid-patellar level
Stage 4 Release of the lateral retinaculum down to the inferior pole of the patella
Stage 5 | Release of the lateral retinaculum from the inferior pole of the patella down to the level of the knee joint line
Stage 6 Release of the lateral retinaculum extending to the level of the tibial tubercle

Epicon a‘é/é
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Figure 3: Stage 1 of lateral retinacular release.
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mechanism, and therefore does not require deflation
to assess patellar tracking!®*?.

One of the most frequent surgical errors leading to
PFJ instability is internal rotation of the femoral or
tibial component, or both*'4. After placing the trial
components and the tourniquet is deflated, patellar
tracking should be reassessed. If PFM is present,
internal rotation of the components shouold carefully
evaluated. There is no single absolute threshold value
for internal rotation of each component; rather, the
combined internal rotation of both femoral and tibial
components is critical®**. Berger et al. demonstrated
a direct relationship between the magnitude of
combined internal rotation and the severity of PFJ
problems: combined internal rotation of 1-4°
resulted in lateral patellar tilting, 3—8° in patellar
subluxation, and 7-17° in patellar dislocation with
subsequent patellar prosthesis failure®.

Proper Patellar Tracking

During TKA, after completing the final tibial and
femoral cuts and inserting the trial components, the
patella is repositioned and engaged within the
trochlear groove. Then check the patellar movement
in fully flexion and extension of knee without
applying manual force. The medial facet of the patella
should remain parallel to and in direct contact with
the medial facet of the trochlear groove, while the
apex of the patellar articular surface should track
centrally and within the deepest portion of the
groove,

Intraoperative Assessment of Patellofemoral
Tracking in TKA

One commonly used method for evaluating patellar
tracking is the No Thumb technique, in which the
surgeon does not apply thumb pressure to guide the
patella. After placement of the trial components and
reduction of the patella into the trochlear groove, the
knee is taken through full flexion and extension, and
patellar tracking is observed without manipulation.
However, the reliability of this technique has been
guestioned in several studies.

Archibeck et al.*?, reported about the 200 knees,
inflated the tourniquxet in full knee flexion and, after
placement of the trial components and patellar
reduction, initially assessed tracking using the No
Thumb technique without deflating the tourniquet.
With this method, PFM was observed in 39% of cases.
For patients with a positive No Thumb test, two towel
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clips were used to approximate the capsule
temporarily—one at the superolateral corner of the
patella and another at the mid-patellar region.
Patellar tracking was reassessed, and PFM was then
noted in only 6.5% of patients. LRR was performed
exclusively in those with a positive towel clip test. At
6-month  follow-up, none of the patients
demonstrated PFM on patellar view radiographs. The
authors concluded that the No Thumb test has a high
false-positive rate, approximately 32.5%.

Other studies have also shown that the No Thumb
technique tends to overestimate the presence of
PFM when the knee is approached through a medial
parapatellar arthrotomy*617),

Common Surgical  Interventions for
Correcting Patellar Maltracking and Their
Outcomes

The first surgical procedure introduced for correcting
intraoperative PFM was the classic lateral retinacular
release (LRR). In this technique, 1 cm lateral to the
patella, longitudinal incision is made, extended
distally from the fibers of the vastus lateralis to the
tibial tubercle, performed either inside-out or
outside-in. Although this method often corrects PFM,
it carries a high complication rate, including avascular
necrosis and possible fracture of the patella, anterior
knee pain, wound healing problems, increasing the
risk of lessening of patellar component, prolonged
hospitalization, increased transfusion requirements,
painful clicking during flexion-extension, and
restricted joint motion*®19),

Due to these high complication rates, alternative
methods for correcting PFM have been introduced
over time.

One of the simplest and most effective techniques is
lateral patellar facetectomy. In this procedure,
approximately 7-9 mm of the most lateral part of the
patella is resected with a saw and removed
subperiosteally®®. This lengthens the lateral
retinaculum and reduces the lateralizing force on the
patella (Figure 3). Lakstein et al.”) was proposed
lateral facetectomy as an appropriate substitute for
classic LRR. After insertion of trial components and
reduction of the patella into the trochlear groove,
patellar tracking was assessed. If PFM was observed,
lateral facetectomy was performed. Outcomes in this
group were comparable to those of patients without
intraoperative PFM. The authors therefore
recommended lateral facetectomy as their first-line
intervention for PFM correction, but advised against
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Medial Lateral

Figure 1: Lateral patellar tilt angle

Figure 2: Patellar shift or translation

lll. Patellar subluxation (Sx)
Partial displacement of the patella.

IV. Patellar dislocation (Dx)
Complete displacement of the patella.

Factors Influencing Patellar Tracking

A variety of factors can affect patellar tracking, which
can be categorized into 3 groups:

1. Patient-related factors

2. Prosthesis design-related factors

3. Surgical technique-related factors
Among patient-related factors, preoperative limb
alignment (valgus deformity), pre-existing patellar Sx
or Dx, and advanced PFJ osteoarthritis are
particularly important. These conditions increase the
likelihood of requiring corrective procedures for PFM
and also predispose patients to PFJ complications
after surgery. Therefore, in such cases, the surgeon
must plan carefully preoperatively and adopt
intraoperative  strategies to correct these
deformities.
Another critical factor influencing patellar tracking is
the design of trochlear groove in femoral component.
Modern femoral components are referred to as
patella-friendly, as their groove design is more
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anatomical, allowing better articulation with the
native patella and thereby reducing the need for
patellar reshaping. In patella-friendly prosthesis
designs, the following features are incorporated:

1. The anterior flange of the femoral
component extends proximally, allowing the
patella to engage the trochlear groove at
lower degrees of knee flexion.

2. The trochlear groove is asymmetric, with the
lateral ridge higher than the medial ridge,
which  facilitates = smoother  patellar
engagement in early knee flexion.

3. The groove is wider, deeper, and extends
further distally.

4. The groove orientation is directed laterally,
running from distal-central to proximal-
lateral.

5. The anterior flange thickness is minimized to
prevent patellofemoral overstuffing.

In a randomized clinical trial (RCT), two types of
prostheses were compared: modern patella-friendly
designs versus older designs lacking these anatomical
considerations®. At final follow-up, anterior knee
pain was reported in 21% of cases with patella-
friendly prostheses versus 31% in the older design
group. Similarly, the need for revision surgery due to
PFJ complications was 1.2% in the modern group and
12% in the older group.

Surgical errors represent another major cause of PFM
and, in fact, are the most common. These include
residual valgus alignment, patella alta, internal
rotation of the femoral or tibial components,
inadequate gap balancing, and failure to perform
lateral retinacular release (LRR) when indicated*1°),
Another intraoperative factor that can influence
patellar tracking is whether the tourniquet is active or
inactive at the time of assessment, as well as the
degree of knee flexion when it is inflated. Studies
have shown that inflating the tourniquet in full knee
extension can cause lateral patellar tilt and falsely
increase the perceived need for lateral retinacular
release1?,

Husted et al., inflated the tourniquet in full extension.
After placement of the trial components, patellar
tracking was assessed. When PFM was noted, the
tourniquet was deflated, and patellar tracking was
reassessed. It was found that in 31% of patients, PFM
resolved simply by deflating the tourniquet®?.
Importantly, if the tourniquet in full flexion of knee is
turned on, it does not adversely affect the extensor
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Patellar Tracking in Total Knee Replacement
(Review Article)

(Abstract \

One of the common complications after total knee replacement surgery is pain and instability in the patellofemoral
joint, which significantly impacts patients' quality of life. Statistics show that 8-12% of revision knee replacement
surgeries are due to issues related to the patellofemoral joint. A critical concern during surgery is patellar
maltracking, which is frequently observed. This condition occurs when the patella does not move along its proper
path, leading to functional problems and pain. Various methods have been introduced to evaluate and correct
patellar maltracking. This review article addresses different aspects of this issue, including: Definition of
patellofemoral maltracking, factors affecting patellar tracking, intraoperative evaluation of patellar tracking, the
concept of Perfect Patellar Tracking, Surgical methods to correct patellar maltracking. This article aims to provide
a comprehensive perspective on the importance of proper correction of patellar tracking to improve surgical
outcomes and patients’ satisfaction.

Keywords: Patella, Knee replacement arthroplasty, Patellofemoral joint.
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[P aISRCTII TRl One of the common complications after total knee arthroplasty (TKA) is pain
JCHENVIIES IRV IEINEEU and/or instability of the patellofemoral joint (PFJ). Currently, 8-12% of TKA
T, 7 revision procedures are performed due to PFJ-related problems*~3. Even mild
degrees of patellar maltracking can result in PFJ pain, while more severe cases
may lead to patellar subluxation (Sx) or complete dislocation (Dx)*®).
Approximately 5-52% of patients undergoing primary TKA require a corrective
surgical procedure for patellofemoral maltracking (PFM)®, the most frequent
cause of which is surgical error. Therefore, prevention of this complication is
of critical importance.
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Definition of Patellofemoral Maltracking (PFM)
PFM can present in four different forms“:

I. Lateral patellar tilt greater than 5

On an axial view or patellar radiograph, one line is drawn tangent to the most
anterior points of the lateral and medial femoral condyles, and another line is
drawn across the widest portion of the patella. The angle between these two
lines is defined as the patellar tilt. If the intersection point of these lines lies
lateral to the PF joint, it indicates lateral patellar tilt; if it lies medially, medial
patellar tilt is present (Figure 1).

Il. Patellar shift or translation greater than 5 mm

On an axial view, a line is drawn tangent to the posterior aspects of both
femoral condyles, known as the posterior condylar axis (PCA). A perpendicular
line to the PCA is then drawn through the apex of the patellar articular surface.
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Email address: the trochlea. The horizontal distance between these two perpendicular lines
smjmort@yahoo.com represents the patellar shift or translation (Figure 2).
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underweight. Scoliosis surgery is generally associated
with considerable intraoperative bleeding. In the
present study, the mean intraoperative blood loss
was 1213.89 + 830 mL. These findings were similar to
those reported by Borden et al., where the mean
blood loss in patients undergoing combined anterior
and posterior approaches was 1277 + 821 mL®.

In the current study, intraoperative blood transfusion
was required in 85% of cases, and 30% also required
postoperative transfusion. Dick et al., in their study
on pediatric scoliosis surgery, reported that overall
24.4% of patients received allogeneic transfusion,
with this percentage showing a decreasing trend over
a 15-year period?. Kim et al. similarly reported that
9.7% of patients with AIS undergoing posterior
corrective surgery required massive transfusion*!).
Yu et al. also demonstrated that 59.7% of patients
experienced severe blood loss*?. Cristante et al.
noted that most scoliosis patients in their study
required blood transfusion, although none required
massive transfusion®,

The findings of the present study demonstrated that
scoliosis surgery is accompanied by a marked decline
in  hematological indices during the early
postoperative days, which in most cases improves
without the need for specific therapeutic
intervention. Hemoglobin, as one of the principal
indicators of transfusion need, reached its lowest
level by postoperative day five and subsequently
recovered, consistent with the findings of Soliman et
al."4. Overall, blood transfusion in these patients
should only be performed under critical conditions
and with consideration of clinical indicators, as
unnecessary transfusion increases the risk of adverse
events.

In addition, the findings showed that patients with
low BMI and higher body weight were at the greatest
risk of requiring transfusion. These results are
consistent with the studies of Thompson and
Dupuis®>*®. Similarly, Kim et al. reported that low
BMI was associated with massive transfusion™V,
Borden et al. further identified operative time, male
sex, and increased preoperative kyphosis as
independent predictors of greater blood loss®.
Examination of patients’ hemodynamics during
hemoglobin decline showed that none of the
measured variables had a significant correlation with
the amount of blood loss or intraoperative
transfusion volume. CBC indices, including RBC, PLT,
Hb, and HCT, demonstrated significant reductions up
to the fifth postoperative day. WBC levels increased

(
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on the first postoperative day and subsequently
declined by day five.

Statistically significant differences were observed
between preoperative and postoperative values for
most indices, including day five. These findings are in
line with those of Soliman et al., who reported the
lowest hemoglobin levels on the second and third
postoperative days and considered monitoring
beyond the third day unnecessary*.

Conclusion

The present study emphasizes that careful
monitoring of CBC parameters in patients undergoing
scoliosis surgery can play a pivotal role in risk
assessment, prediction of transfusion requirements,
and reduction of postoperative complications.
Considering the natural course of CBC index
correction after the third postoperative day, blood
transfusion should be undertaken cautiously and
strictly based on clinical evidence. Moreover, surgery
duration and body mass index should be regarded as
key factors in predicting intraoperative blood loss.

Limitations

The present study is a retrospective cross-sectional
investigation, and a prospective study s
recommended. The scope of this study was limited by
the relatively small number of participants.
Therefore, conducting larger-scale studies in this field
is warranted.
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Table 2: CBC parameters before and after surgery

A Five-Year Evaluation of CBC Changes ...

Parameter Preoperative Day 1 Post-op Day 5 Post-op
RBC (million/uL) 4.83 £0.59 4.36 £ 0.69 3.33+0.40
Hb (g/dL) 13.72 £1.52 12.66 £ 1.50 9.63+1.21
HCT (%) 40.92+4.10 37.03£4.95 28.80 +3.43
WBC (k/uL) 7.64 +2.03 15.66 £ 6.03 7.56+3.18

PLT (k/uL) 257.65 £ 68.73 197.18 + 71.65 204.28 + 93.07

Table 3: Comparison of CBC parameters before and one day after surgery

Parameter Preoperative Day 1 Post-op p-value
RBC (million/uL) 4.83+0.59 4.36+0.69 .000
Hb (g/dL) 13.72 £1.52 12.66 +1.50 .000
HCT (%) 40.92+4.10 37.03+£4.95 .000
WBC (k/uL) 7.64+2.03 15.66 £ 6.03 .000
PLT (k/uL) 257.65 £ 68.73 197.18 £ 71.65 .000

Table 4: Comparison of CBC parameters one day and five days after surgery

Parameter Day 1 Post-op Day 5 Post-op p-value
RBC (million/pL) 4.36 £ 0.69 3.33+0.40 .000
Hb (g/dL) 12.66 £ 1.50 9.63+1.21 .000
HCT (%) 37.03+4.95 28.80 + 3.43 .000
WABC (k/uL) 15.66 + 6.03 7.56+3.18 .000
PLT (k/uL) 197.18 + 71.65 204.28 + 93.07 .000
Component n Minimum (mL) Maximum (mL) Mean (mL) SD
FFP 8 200.00 1200.00 606.25 356.00
PRBC 60 100.00 2800.00 1002.00 584.67
Total transfusion 60 100.00 2800.00 1098.66 660.38

Table 6: Multivariate regression predicting intraoperative transfusion volume

Variable B Std. Error Beta p-value
Constant 1572.49 939.86 - .102
Age -2.37 6.64 -0.068 722
Gender 38.09 174.70 0.029 .828
BMI -77.48 35.22 -0.609 .033
Surgical duration (min) 229.45 80.30 0.410 .007
Weight (kg) 30.78 10.80 0.911 .007
SBP -7.43 7.02 -0.181 .296
DBP -12.66 11.46 -0.182 .275

including all patients who had undergone scoliosis
surgery between 2015 and 2020. Data related to 70
scoliosis surgeries were obtained. The mean age of
the patients was 18.43 + 24 years. Of the study
population, 65.7% were female and 34.3% were
male. Assessment of weight, height, and body mass
index (BMI) showed that 58% were of normal body
status, 22% were overweight, and 20% were

( 1
L 7 )

The present study was conducted with the aim of
investigating five-year changes in CBC following
scoliosis surgery. The study sample was collected
retrospectively from the archives of Shahid Madani,
Valiasr International, and Shariati Hospitals in Tabriz,
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Materials & Methods

Study design

This study was designed as a retrospective cohort
based on clinical records.

Study population and sampling

The study population included all scoliosis patients
who underwent corrective surgery between 2015
and 2020 at Shohada, Valiasr, and Madani hospitals
in Tabriz. Sampling was performed by census, and a
total of 70 patients with complete records were
included.

Inclusion criteria were documentation of pre- and
postoperative CBC (first 5 days of hospitalization),
intraoperative blood loss, perioperative transfusion
volume (intra- and postoperative up to 5 days), and
hemodynamic status during surgery, recovery, and
intensive care.
Exclusion criteria records,
hematologic disorders, underlying conditions such as
diabetes or congenital heart disease, preoperative
use of anticoagulants, and diagnoses of thalassemia
or hemophilia.

included incomplete

Data collection

Data were extracted using a checklist that included
demographic characteristics, BMI, duration of
surgery, intraoperative blood loss, transfusion
volume, and CBC parameters.

Statistical analysis

Data were analyzed using SPSS version 22. Paired t-
test, multivariate linear regression, and the
Kolmogorov—Smirnov test were applied. A
significance level of p < 0.05 was considered.
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Demographic characteristics

The mean age of the patients was 24.04 + 18.43
years. Females comprised 65.7% of the cohort, while
34.3% were male. BMI analysis showed that 22%
were obese, 58% normal, and 20% underweight
(Table 1).

CBC changes

RBC, Hb, and HCT levels showed a significant
decrease one day after surgery, which persisted until
the fifth postoperative day. Platelet count (PLT)
demonstrated a significant reduction on the first
postoperative day, followed by a marked increase by
day five. White blood cell count (WBC) exhibited a
significant rise on the first postoperative day and
subsequently declined. The results indicated that the
mean values of the variables on the first
postoperative day were significantly different from
those before surgery. Furthermore, the mean values
of the variables on the first and fifth postoperative
days differed significantly from each other (Table 2,3
and 4).

Blood transfusion

Intraoperative transfusion was performed in 85% of
patients, and 30% required  transfusion
postoperatively. The mean transfusion volume was
1098.6 mL, primarily PRBCs (Table 5).

Regression analysis of transfusion predictors

Based on the multivariate regression model, higher
body weight, lower body mass index, and longer
surgical duration were associated with an increased
volume of blood transfused (P < 0.05) (Table 6).

Table 1: Demographic characteristics of patients

Variable n Minimum Maximum Mean SD
Age (years) 70 3.00 73.00 24.04 18.43
Weight (kg) 68 13.00 105.00 52.22 21.49
Height (cm) 64 86.00 180.00 150.33 20.96
BMI (kg/m?) 63 12.75 36.33 22.62 5.16
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A Five-Year Evaluation of CBC Changes Following Scoliosis Surgery

Gstract \

Introduction: Scoliosis is one of the most common spinal deformities, often requiring extensive surgical
intervention. These surgeries are usually followed by profuse blood loss and need for blood transfusion, which
can lead to a number of postoperative complications. This study is aimed of analyzing the changes in complete
blood count (CBC) parameters of the patients who have had scoliosis surgery with in a 5 years period in a teaching
unit. underwent scoliosis correcting surgery over a period of five years.

Materials & Methods: Retrospective analysis of data of 70 patients who underwent scoliosis surgery in 5 years
period was done in this study. Demographic information, body mass index (BMI), hemodynamic status, duration
of surgery, quantity of blood loss, and details of intraoperative and postoperative blood transfusions were
recorded. CBC parameters RBC, WBC, PLT, HB, and HCT were evaluated preoperatively and on all five days
postoperatively.

Results & Discussion: 70 patients with mean age of 24 + 18.43 years were studied. The females accounted for
65.7% and males accounted for 34.3% of the patients. Assessment of weight, height, and BMI showed 58% with
normal physical status, 22% were overweight, and 20% underweight. The results demonstrated that elevated
body weight (p = 0.007), low BMI (p = 0.033) and prolonged operating time (p = 0.007) were significantly
associated with greater demand for blood transfusion intraoperatively. Substantial decreases in RBC, PLT, HB, and
HCT were noted during the five days of postoperative period. In contrast, WBC count increased dramatically on
the day of surgery, then decreased stepwise.

Conclusion: Since hemoglobin levels are likely to stabilize spontaneously after scoliosis surgery, unjustified
transfusions need to be avoided. In cases with higher risk factors, preventive strategies before surgery may reduce
complications to some extent. This study provides a useful platform for building more efficient care protocols for
scoliosis surgery.

Keywords: Scoliosis, Complete blood count (CBC), Blood transfusion, Hemoglobin, Spinal surgery.
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and after surgery is a low-cost, rapid, and effective method for assessing the
clinical status of patients. Nevertheless, only a limited number of studies in Iran
have systematically evaluated these changes over a long-term period.
Therefore, the aim of the present study was to investigate five-year trends in
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Surgical interventions for patellar fractures
performed in Sari between 2010 and 2022
demonstrated no significant association between the
type of surgery and the time required to return to
activity. However, a significant association was
observed between the presence of complications and
the development of osteoarthritis. Moreover,
patients without complications had better functional
outcomes and reported lower levels of pain. Overall,
the mean functional scores were higher in patients
without complications compared to those with
complications. These findings highlight the
importance of addressing postoperative
complications in improving patients’ quality of life.
Various studies have employed different methods to
evaluate treatment outcomes, with most reporting
favorable or satisfactory results"®*%. However, just a
few studies have repoted patient’s outcome
measures™. Our findings suggest that the KOOS
guestionnaire can show the functional recovery and
quality of life after patellar fractures. This instrument
demonstrated acceptable patient relevance, high
reliability, and satisfactory responsiveness. For full
content validation, comprehensiveness, clarity of
information, and professional grading remain
critical®®. The present study confirmed a good
correlations across all 11 KOOS subscales at follow-up
intervals of less than and more than five years.
Another tool employed in this study was the WOMAC
guestionnaire, which is among the most widely used
instruments for assessing patients with osteoarthritis
and patellar surgery, providing more detailed
information directly from patients. Previous research
has shown that individuals with patellar fractures
may experience chronic pain and limitations in daily
activities, negatively affecting quality of life*”). With
regard to surgical techniques for reduction and
fixation of patellar fractures, our findings confirm the
efficacy of surgery, in alignment with outcome
criteria established by other investigators in this
field18-21),

In a study by Giesinger et al., pain and total WOMAC
scores were found to be the best predictors of
treatment success??. Conversely, Lungu et al., in a
similar study with a different population and
therapeutic intervention, highlighted the high
sensitivity of WOMAC items related to function and
stiffness, arguing that responses to these items are

—
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strongly influenced by individual and environmental
factors®).

Differences in results between these studies may
stem from variations in study design, patient
populations, or other confounding factors. Vina et al.
reported that patients who improved following
surgery demonstrated, on average, lower WOMAC
scores for pain, disability, and stiffness compared to
those who did not improve at two vyears
postoperatively, underscoring the need to carefully
monitor potential adverse effects of newer treatment
options®.

In 2020, 94.4% return-to-sport rate following patellar
tendon rupture repair was reported by Beranger et
al., a finding not corroborated by our study®.

Conclusion

This study, which included a small group of patients—
mainly those need additional surgery for hardware-
related complications—reported generally positive
outcomes. The limitations of this are retrospective
design, single-center setting, short term follow-up,
failure to compare different types of implants and
potential confounding influences such as patient
compliance to rehabilitation protocols and
experience of surgeon .

Future studies are recommended to include a larger
sample size, achieve a more balanced distribution of
male and female participants, and incorporate direct
comparisons among different implant types.
Additionally, longer follow-up periods would provide
more comprehensive insights into long-term
outcomes.
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The WOMAC questionnaire results indicated no
significant differences in function, pain, or range of
motion between groups categorized by time since
surgery (P = 0.608, P = 0.342, and P = 0.721,
respectively). Likewise, no significant differences
were observed in these variables between groups
categorized by surgical technique (P = 0.395, P =
0.340, and P = 0.072, respectively). In contrast, when
patients were grouped according to the presence of
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complications, significant and meaningful differences
were observed across all three variables (P < 0.001 for
each).

Complications assessed in this study included
nonunion, wire breakage, infection, and symptomatic
implants requiring removal. Overall, 17 patients
(32.1%) experienced complications, whereas 36
patients (67.9%) remained complication-free
(Figure 2).

Table 2: Frequency distribution of underlying comorbidities among study participants

Variable Category Frequency Relative frequency (%)
Yes 15 28.3
Diabetes
No 38 71.7
Hypertension Yes 19 358
vP No 34 64.2
Hyperlipidemia Yes 12 226
yperip No 41 77.4
Yes 4 7.5
Rheumatoid arthritis
No 49 92.5
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Figure 2: Comparison of mean function based on the type of surgery (P = 0.395) (A). Comparison of mean
pain based on the type of surgery (P = 0.340) (B). Comparison of mean range of motion based on the type
of surgery (P = 0.072) (C). Comparison of mean function based on the presence of complications (P <
0.001) (D). Comparison of mean pain based on the presence of complications (P < 0.001) (E). Comparison
of mean range of motion based on the presence of complications (P < 0.001) (F).
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Data Analysis

For descriptive purposes, descriptive statistical
methods were applied, including mean and standard
deviation for normally distributed quantitative
variables, median and interquartile range for non-
normally distributed quantitative variables, and
frequency and relative frequency for qualitative
variables. Box plots, pie charts, and bar charts were
also employed. For analytical purposes, chi-square
and independent t-tests were used. Data were
analyzed using SPSS version 22, with a significance
level set at 0.05. Graphs were generated using Excel
2019 and GraphPad Prism version 10.

A total of 53 patients were evaluated for underlying
comorbidities. Among them, 28.3% had diabetes,

Outcomes of Surgical Treatment ...

35.8% had hypertension, 22.6% had hyperlipidemia,
and 7.5% had rheumatoid arthritis. The time elapsed
since surgery was less than 5 years in 62.3% of
patients and more than 5 years in 37.7%.

Surgical techniques included tension band wiring in
73.6% and cerclage wiring in 26.4% of patients (Table
2). The KOOS questionnaire results in two groups
showed no significant differences in function divided
by time since surgery (P =0.321) and also Similarly in
pain scores (P = 0.550).

When patients were categorized based on surgical
technique, no significant differences were observed
in either functional outcomes (P = 0.334) or pain
scores (P = 0.278). However, when patients were
divided into groups based on the presence or absence
of complications, a significant difference in both
function and mean pain levels was clearly observed
(P <0.001 for both) (Figure 1).
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Figure 1: The KOOS questionnaire results: Comparison of mean function based on time after surgery (P =
0.321) (A). Comparison of mean pain based on time after surgery (P = 0.550) (B). Comparison of mean

function based on type of surgery (P = 0.334) (C). Comparison of mean pain based on type of surgery (P =
0.278) (D). Comparison of mean function based on the presence of complications (P < 0.001) (E).

Comparison of mean pain based on the presence of complications (P < 0.001) (F).
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Therefore, the present study aimed to retrospectively
investigate the outcomes of patellar fracture surgery
and the factors affecting them over a ten-year period
(2010-2022). It should be noted that patellar
fractures have not yet been evaluated in the Iranian
population. The hope is that identifying the best
surgical method for this type of fracture will
significantly reduce complications while improving
joint function and patients’ quality of life.

Materials & Methods

This descriptive-correlational study included 53
patients with a mean age of 45.60+ 16.00 year, 90.6%
were men and 9.4% were women (Table 1). The study
was conducted between 2010 and 2022 at Imam
Khomeini and Bu-Ali Sina Hospitals in Sari, both
affiliated with Mazandaran University of Medical
Sciences. The study population consisted of patients
with patellar fractures who presented to these
centers. It should be noted that these patients were
treated by different surgeons. Patients were
categorized into two groups: those with less than 5
years and those with more than 5 years since surgery.
Patients with ipsilateral femoral fractures were
excluded. Radiographic evaluations of the knee,
functional assessment, pain levels, and range of
motion were analyzed by the same orthopedic
resident using the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC). The
severity of osteoarthritis was assessed using the Knee
injury and Osteoarthritis Outcome Score (KOOS2)
guestionnaire, which includes several domains: pain,
stiffness, physical function, and quality of life. Each
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domain consists of multiple items, which are scored
individually, and the total scores for each domain
were subsequently analyzed.

Radiographic evidence of osteoarthritis was graded
using the Kellgren—Lawrence (K-L) scale, classifying
patients into four subgroups: none, mild, moderate,
and severe osteoarthritis. The grading system is:
grade 0 (normal), grade 1 (doubtful osteophyte),
grade 2 (definite osteophyte and possible joint space
narrowing), grade 3 (moderate joint space narrowing,
multiple moderate osteophytes, and possible bone
end deformity), and grade 4 (severe joint space
narrowing, marked sclerosis, large osteophytes, and
definite bone end deformity)®.

Return to previous activities was assessed and
categorized as poor, moderate, or good.
Complications such as infection, nonunion, and
symptomatic implants requiring removal were also
evaluated. Finally, the WOMAC questionnaire—an
internationally standardized tool for assessing
treatment outcomes in patients with knee
osteoarthritis—was used. This instrument consists of
guestions covering symptoms, stiffness, pain, and
physical activities. Each question is scored on a 5-
point Likert scale (0—4), yielding a total score ranging
from 0 to 100. A score of 0 represents the maximum
level of disability, while 100 indicates no disability.
Improvement in the WOMAC score reflects clinical
recovery.

All evaluations were performed after obtaining
approval from the Ethics Committee of Mazandaran
University of Medical Sciences and securing the
necessary permissions. Informed consent was
obtained from all participants prior to inclusion.

Table 1: Demographic variables in participants

Variable Category Frequency Relative frequency (%)
Male 48 90.6
Gender Female 5 9.4
Diploma 6 11.3
Associate degree 2 3.8
Education level Bachelor’s degree 21 39.6
Master’s degree 17 32.1
Doctorate or higher 7 13.2
Homemaker 1 1.9
Employment status Student 6 11.3
Self-employed 29 54.7
Employee 17 32.1
. . Yes 36 67.9
Having children No 17 321

—
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Outcomes of Surgical Treatment for Patellar Fracture

Abstract

Introduction: The patella has an important role in knee extension and shock absorption. This retrospective study
assessed factors influencing surgical outcomes of patellar fractures over ten years at a single center.

Materials & Methods: A descriptive-correlational design was applied to patellar fracture cases treated at a
university center over a decade. Patients were stratified into follow-ups of <5 or 25 years. Data included
demographics, medical history, functional outcomes (Koo’s and WOMAC indices), pain, range of motion, and
osteoarthritis severity (Kallgren/Lawrence classification). Census sampling was used. Analyses were performed in
SPSS, with visualizations in Excel and GraphPad Prism.

Results & Discussion: Among 53 patients (mean age 60.45 + 16.00; 90.6% male), 62.3% had <5-year and 37.7% had
>5-years follow-up. Follow-up duration did not correlate with outcomes. Treatment complications significantly
correlated with degenerative arthritis. Functional scores were higher (p < 0.05) and pain scores lower (p < 0.05) in
patients without complications.

Conclusion: Patellar fracture surgery yielded favorable mid-term outcomes, with complications linked to poorer
function and higher pain. Reoperation rates were low, supporting surgical efficacy.

Keywords: Patella, Bone fractures, Fracture fixation.
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The patella is the largest sesamoid bone in the body and plays a role in knee
extension by connecting the quadriceps tendon to the patellar tendon®. This
bone, approximately 5 cm in width, is located in anterior of the knee within the
quadriceps tendon'?. It has been reported that nearly one percent of fractures
of bones involve the patella®. Patellar fractures are more common between
the ages of 20 and 50 years, with an incidence twice as high in men compared
to women®. Various classifications of patellar fractures have been described
in the literature, including osteochondral, transverse, comminuted, stellate,
vertical, and polar fractures. Among these, transverse fractures are the most
frequent®. Another classification distinguishes between direct and indirect
fractures. Direct fractures typically occur due to trauma and are often
associated with comminution, whereas indirect fractures usually result from
excessive traction on the patella during extension.

Treatment options for patellar fractures include tension band wiring, modified
tension band wiring, cerclage wiring, external fixation, total or partial
patellectomy, and open reduction with internal fixation (ORIF)!®. Postoperative
dysfunction is the most common complication and has been observed across
all surgical methods!”. Among the three surgical techniques of titanium tension
band, X-shaped plate, and titanium cerclage, the X-shaped plate has been
shown to result in the lowest complication rates®.

To date, no study has compared all available surgical methods to determine
the optimal approach for treating patellar fractures by evaluating
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Abolfazl Ghadiri, MD complications and patient satisfaction. Furthermore, a review of accessible

Email address: databases revealed that factors influencing surgical outcomes in this context
saghadiri.70@gmail.com have not yet been examined.
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limited in its scope due to the relatively low number
of its participants. Further large-scale studies on this
subject matter are warranted.
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In this study, we measured certain laboratory
parameters in patients afflicted with shoulder
adhesive capsulitis and also evaluated the
relationship between those parameters with clinical
state of frozen shoulder, measured through Constant
Shoulder Score (CSS). Among several markers, only
CRP showed statistically significant association with
CSS. Several researches have been conducted to
evaluate the relationship between biomarkers and
frozen shoulder. By obtaining an estimation of
markers' level in frozen shoulder patients, they can
also be compared with other shoulder pathologies.
The Frozen shoulder inflammatory process
hypothesis was confirmed by Bulgen et al. In 1982,
who reported high CRP levels in 25% of patients and
ESR in 20% of patients with normal lymphocyte
counts!”). In the present study, ESR was reported to
be high in 7 patients (24%) and CRP in 2 patients (7%).
Park et al. in 2020 investigated the levels of CRP in a
group of 202 patients with idiopathic adhesive
capsulitis (IAC), along with 606 healthy individuals,
finding increased levels of CRP (> 1 mg/L) in these
patients, while also suggesting that the level of CRP in
IAC was associated with diabetes, FBS,
hypertriglyceridemia and hypolipoproteinemia®.
Park et al. also conducted a case-control study to
evaluate association between fasting glucose levels
and idiopathic adhesive capsulitis in a normoglycemic
population®. They concluded idiopathic adhesive
capsulitis is positively associated with fasting glucose
levels of 90-99 mg/dL, which are currently considered
normoglycemic. Hyperglycemia is a known risk factor
for adhesive capsulitis, and Park et al. study
concludes that higher level of blood glucose even in
normal range is a risk factor. In our study, fasting
glucose of 5 (17.2%) patients was above the upper
limit, as compared to that of the remaining 24
(82.8%) patients which was within the normal range
(70 — 100 md/dL), but the statistical analysis did not
show any significant relationship between FBS and
CSS.

In a study by Gumina et al., who looked at the
relationship between blood tests and CSSs in the first
phase of the disease, about 56 patients who were
treated conservatively at the first visit in the first
phase of the disease were evaluated for their
requested tests and CSS, then after 4 months the
tests and examinations were repeated®.

—

67

Iranian Journal of Orthopaedic Surgery
Vol. 23, No. 2 (Serial No. 89), Spring 2025, p. 64-68

There was no statistically significant relationship
between blood parameters of FBS, cholesterol, LDL,
triglyceride, fibrinogen, white blood cells, ESR, CRP,
rheumatoid factor and constant score. However, in
the present study, there was a significant relationship
between CRP and constant score (P = 0.025). In the
above study, no treatment other than physiotherapy
was performed for patients for 4 months to prevent
any reduction of inflammatory factors in blood. But
after 4 months, a significant inverse relationship was
recorded between Constant score and glycemia (P =
007), triglyceride (P = 0.05), ESR (0.017), CRP
(0.013)™. The association between frozen shoulder
and blood lipids has been investigated by Bunker and
Esler®®. Because some pathological diseases such as
diabetes™), epilepsy'*?, alcoholism*® and heart
disease™ are more common among people with
hyperlipidemia, the authors concluded that
hyperlipidemia may be a common strand that binds
adhesive capsules to these pathologies. They
reported that fasting triglyceride and cholesterol
levels were significantly increased in the frozen
shoulder group compared with the control group.
Unfortunately, they did not mention the percentage
of patients with adhesive capsules and
hyperlipidemia. Our data also confirms this
association, showing that two-thirds and almost half
of patients with adhesive capsules have high levels of
cholesterol and triglycerides, respectively. Although
we have confirmed this relationship, other studies
are needed to gain a more accurate understanding of
the factors that link the two conditions.

Conclusion

Based on our findings, although adhesive capsulitis is
significantly associated with the level of pro-
inflammatory marker of CRP, white blood cell counts
and serum levels of lipoproteins were not found to be
reliable predictors of the disease. The serum level of
CRP might be a reliable biomarker for predicting the
qualitative state of pain and range of motion in
patients with adhesive capsulitis, as it is correlated
with CSS. Of note, it can be postulated that 1 mg/L
decrease in the level of CRP would increase CSS by
about 41.4 points.

Limitations of the Study

Limitations of the present investigation are being a
cross-sectional single center study on a small group
of patients with adhesive capsulitis, which was
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had unbearable pain and 2 patients (6.9) had mild evaluated, which was significantly related to CRP (P =

pain and one patient (3.4%) had very little pain. 0.025).

Only 6 patients (20.7%) had a history of recent Collectively, it can be postulated that 1 mg/L
shoulder trauma and 23 patients (79.3%) had no decrease in the level of CRP would increase CSS by
trauma to the shoulder. about 41.4 points, the mean value of which was 53.37
Statistically, the relationship between constant +15.41. Table 2 reports Laboratory factors values and
shoulder score and the requested experiments was their relationship with Constant shoulder score.

Table 1: Demographic information of the participants enrolled at the study.

. Participants (n = 29)
Variable Number (n =) | Percent (%)
Age 55.59 +9.57
S Female 22 75.9
& Male 7 24.1
Mean Value 27.78 £ 4.59
Normal 7 24.1
BMI Overweight 10 34.5
Moderate Obesity 5 17.2
Severe Obesity 2 6.9
Diabetes Mellitus 1 3.4
Cardiovascular Disease 2 6.9
Epilepsy 1 3.4
Comorbidity Hypothyroidism 1 3.4
Hyperlipidemia 1 3.4
Diabetes + Hyperlipidemia 3 10.3
None 20 69
Dominant Hand Dominant Hand
Left Right Left Right
Left 5 8 17.2 27.6
Affected Shoulder Right 2 12 6.9 41.4
Both 0 2 0 6.9
Medication 7 24.1
Physiotherapy 4 13.8
Type of Treatment Corticosteroid Injection 4 13.8
Laser Therapy 1 3.4
Combination Therapy 4 13.8
None 9 31.1
Blood Values Minimum Maximum MeanzStd. Deviation Adopted range of normality P value
FBS 83 150 100.61+17.29 70-110 mg/dl 0.78
Platelets 214*103 450*103 240%103+59*103 150-450 103/ pl 0.75
WBC 4.200 16.200 6.445+2.399 4-11 103/l 0.86
Neut. 1.50 7.30 3.235+1.484 2-8 103/ul 0.75
Lymph 1400 3000 2119.84418.17 0.9-5.2 103/pl 0.69
ESR 1 48 16.89+13.14 0-22 mm/h 0.07
CRP 0 36 2.8516.88 0-10 mg/L 0.02
LDL 22 195 125.96+38.11 0-150 mg/dI 0.66
VLDL 11.5 120 41.60+28.65 2-30 mg/dl 0.34
TG 50 479 160.72+100.67 30-150 mg/dl 0.3
Cholesterol 75 350 216.13+62.04 0-200 mg/dI 0.6
Fibrinogen 200 472 300.26%66.09 200-400 mg/dI 0.73
RF 0 36 4.6518.14 0-15 IU/ml 0.34
CSS 16 75 53.37+15.41
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Some studies report patients with frozen shoulder to
have high ESR (28%), CRP (34%), fibrinogen (21%),
and WBC (53%) compared to otherwise healthy
individuals”. Finding a significant relationship
between lab tests and clinical state of frozen shoulder
is valuable information which helps physician in
assessing patients with frozen shoulder and making
more accurate clinical judgement about their
functional state and possibly help in choosing better
treatment options. In the present study, we intended
to measure certain laboratory markers in patients
with frozen shoulder and evaluate these markers'
relationship with clinical state of the disease which is
represented with CSS.

Materials & Methods

This cross-sectional study was performed to evaluate
the blood factors, and CSS in patients with froze
shoulder. Patients with frozen shoulder referred to
the orthopedics clinic of a referral tertiary
institutional hospital from March 2019 to March 2020
were included.

Inclusion criteria

Having met the clinical diagnostic criteria and having
been visited at the outpatient clinic of a tertiary
referral university-based hospital at least once
Exclusion criteria: Patients referring to the clinic 9
months after the onset of the disease; patients'
dissatisfaction to participate in the study. After
explaining the purpose of the study and obtaining
written informed consent, 50 patients who had been
referred in the first 4 months of their disease (in the
freezing phase) were considered and assigned to the
study. However, only 29 cases met the criteria.
Sampling was done by convenience method.
Diagnostic criteria for adhesive capsules included: 1)
limited and painful shoulder for at least 4 weeks, 2)
severe shoulder pain that interfered with daily life or
work performance, 3) nocturnal pain, 4) painful
limitation of raising active and passive to less than
100 degrees, and 5) limitation of at least 50% in
external rotation®®. Radiography was also requested
to rule out other possible causes for all patients. A file
was created for these patients and basic patient
information such as age, sex, education and
occupation, along with the Constant Shoulder Score
(CSS) questionnaire was collected. CSS is a multi-item
functional scale assessing pain, ADL (activity of daily
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living), ROM(range of motion) and strength of the
affected shoulder. Its score ranges from 0 to 100
points, representing worst and best shoulder
function, respectively®. Visual analogue scale (VAS)
was used for pain evaluation. Also, clinical findings
such as patient examinations and complaints and
laboratory findings and other modalities and imaging
were recorded as needed. Patients were referred to
the same laboratory for ESR, CRP and other
parameters' level. Finally, the obtained data were
statistically analyzed using SPSS version 26 statistical
analysis software. Independent t test was used for
guantitative variables such as the level of requested
tests, and Pearson test and Spearman coefficient
were used to determine the relationship between
data. Significance level was considered P <0.05.

Ethical considerations

The present study was approved by the regional
ethics committee of Tabriz University of Medical
Sciences based on the Helsinki Declaration with the
ethics code IR.TBZMED.REC.1398.990.The purpose of
the study were explained and written informed
consent was obtained. Admission to the study was
completely optional. Data confidentiality and having
the right to quit the research anytime intended were
warranted.

In this study, 50 patients were diagnosed clinically
with frozen shoulder over the span of one year, of
whom 29 patients met the criteria for the study.
None of the patients gave a family history of the
disease in close relatives. Most patients were right-
handed (75.9%). 14 patients had right shoulder
(48.3%), 13 patients left shoulder (44.8%) and 2
patients had both shoulders (6.9%) involved. The
hand dominancy had no statistically significant
relationship with the involved shoulder (P = 0.242).
Table 1 summarizes demographic information of the
participants such as age, gender, BMI, comorbidities,
the patients' handedness and the affected shoulder's
side, and type of treatment they received. In 15
patients behind the shoulder (51.7%), 7 patients
(24%) above, 3 patients in front (10.3%), 3 patients at
lateral shoulder (10.3%) and in one patient neck were
reported as the pain site. Nine patients (31%) had
moderate pain, 7 patients (24%) severe pain, 7
patients very severe pain (24%), 3 patients (10.3%)
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Evaluation of Serological Factors and their Relationship with Constant Shoulder Score

in Frozen Shoulder Patients
G)stract \

Introduction: Frozen Shoulder is a painful and debilitating illness that affects 2 to 5% of the general population,
characterized with significant shoulder pain and reduced mobility, resulting in loss of passive and active
movements. This is a cross-sectional study to evaluate serological factors in these patients and their relationship
with Constant Shoulder Score (CSS) which may be of diagnostic benefit.

Materials & Methods: Frozen shoulder (Adhesive Capsulitis) cases referring within 4 months of the disease were
considered for the study (referred sample). Diagnostic criteria for adhesive capsules included: 1) limited and
painful shoulder for at least 4 weeks, 2) severe shoulder pain that interfered with daily life or work performance,
3) nocturnal pain, 4) painful limitation of raising active and passive to less than 100 degrees, and 5) limitation of
at least 50% in external rotation. After primary clinical evaluations, a series of specific blood tests were requested
and the shoulder range of motion and scores were recorded The mean levels of fasting blood glucose (FBS),
Erythrocyte Sedimentation Rate (ESR) and C-Reactive Protein (CRP) CRP levels and associated with constant
shoulder score (CSS) were documented.

Results & Discussion: Fifty patients with frozen shoulder referred to the orthopedics clinic of a tertiary teaching
hospital within one year period were included. A total of 29 patients with adhesive capsulitis were assigned to the
study, of whom 22 were female (76%) and 7 male (24%). The mean levels of fasting blood glucose (FBS),
Erythrocyte Sedimentation Rate (ESR) and C-Reactive Protein (CRP) were 100.61 + 17.29 mg/dL, 16.89 + 13.14
mm/h and 2.85 + 6.88 mg/L, respectively. CRP levels were inversely associated with constant shoulder score (CSS).
Conclusion: The serum level of CRP might be a reliable biomarker for predicting the qualitative state of pain and
range of motion in patients with adhesive capsulitis.

Keywords: Adhesive capsulitis, Frozen shoulder, Serologic tests, Hematologic tests.
Alireza Rouhani, MD?, Asghar EImi, MD?, Hesam Danesh, MD?, Masoud Parish, MD?, Mohsen Dashti, MD3,
Hadi Hamedfar MD#, Shahab Mahdipour, MD*

Introduction

Frozen shoulder, also known as adhesive capsulitis, is an inflammatory disorder
that causes shoulder stiffness and pain, described as "A syndrome of varied
severity defined by the gradual development of global restriction of active and
passive shoulder mobility where radiographic signs other than mild osteopenia
are absent," according to the American Academy of Orthopedic Surgeons!®.
The majority of patients exhibit a severe decrease of passive range of motion,
which is an important diagnostic criterion. In the general community, adhesive
capsulitis affects two to five percent of the population. The average age of
onset is around 55 years old. Females have a somewhat higher prevalence
(1.4:1). The non-dominant hand is usually affected. Interestingly, various
autoimmune comorbid diseases, such as thyroid problems and diabetes
mellitus, have been proven to predispose people to this syndrome.
Furthermore, depending on the duration of their diabetes, patients with
diabetes often have worse treatment outcomes'?.

Adhesive capsulitis' exact pathogenesis is uncertain. Inflammation begins in
the joint capsule and synovial fluid, according to the most widely accepted
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theory. Reactive fibrosis and adhesions of the synovial lining of the joint follow
the inflammation. Pain results from the capsule's initial inflammation, and
capsular fibrosis and adhesions result in a reduction in range of motion®.
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In the autograft group, soft connective tissue was
observed, which appeared to transform directly into
bone, with minimal cartilage at the defect site. Bone
formation in this group occurred mainly via
intramembranous ossification, indicating primary
and direct bone healing™®. In the untreated group,
disorganized bone formation and limited
vascularization were observed, suggesting reduced
angiogenesis during repair. Overall, the untreated
group showed the weakest bone healing among all
groups.

This study also demonstrated that chitosan enhanced
angiogenesis compared with the untreated group,
which had empty defects. Increased vascularization
improves the bone’s potential for repair*®. Chitosan
that was used in vitro study can enhance adhesion
and proliferation of osteoblasts and mesenchymal
stem cells®??),

Hu et al. evaluated the effectiveness and mechanism
of nanofiber scaffolds of chitosan on healing of bone
. Critical-sized defects in the femur of rats was treated
with chitosan nanofiber scaffolds, and the opposite
femur wused as control. Imaging analyses
demonstrated that the scaffolds significantly
improved bone repair, increasing trabecular bone
thickness while reducing trabecular separation).
Our study confirms that these effects are enhanced
with chitosan-based treatments.

Arian et al. reported of a composite scaffold
consisting of chitosan (CS), gelatin (Gel), and platelet
gel (PG), named CS-Gel-PG, on critical-sized in radial
defects of both sides in 40 rats. The autograft and CS-
Gel-PG groups had better formation of new bone,
bone and cartilage tissue density, bone volume, and
mechanical performance compared with untreated,
CS, and Gel-PG groups™?.

Chitosan scaffolds represent a promising option for
healing of a critical-sized defect on radial bone; But
the mechanisms underlying enhanced bone healing
by these natural materials require further
investigation. Future research should focus on
optimizing antibacterial and osteogenic effects of
chitosan in physiological conditions and improving its
biological performance. Such evidence may
overcome current challenges and offer new
perspectives for treating infected bone defects??.

Conclusion

The results of this study indicate that chitosan
enhances regeneration of bone with mechanical
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stimulation of bone tissue. Chitosan exerts its effects
by promoting proliferation of osteoblasts and
mesenchymal stem cells, and by supporting
osteogenic differentiation of adipose-derived stem
cells. Overall, these findings suggest that tissue
engineering and biomaterials can serve as viable
alternatives to bone grafts. Selecting a cost-effective
and readily available biomaterial may provide an
alternative to autografts and allografts, positioning
tissue engineering as a promising approach for
treatment of bone defects in the future.
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Today, identifying an ideal biomaterial for managing
the large defect of bone , delaying union, and
nonunion remains a major issue for research in the
worldwide. Numerous studies about the bone
regeneration, have reported good results*Y. The
present study investigated the radiological and
histopathological effects of chitosan powder on bone
healing in a rat model. The study was designed on the
radius because it is the only bone in which a full-
thickness defect can be created without the use of
pins, screws, or plates, due to its connection with the
ulna at the distal end.

Selecting an appropriate animal model and simulate
fractures carefully, can show healing processes of
normal and abnormal bone, and facilitate the
development of novel therapeutic approaches!?,
Rodents and rabbits are frequently chosen due to
favorable economic factors. In this study, the animal
model were rats, and the radius served as the
fracture model.

An important aspect of this study was the inclusion of
an autograft treatment group, regarded as the “gold
standard,” against which all other groups were
compared. In medical and social literatures, the term
“gold standard” refers to the best available method
or reference against which other interventions are
evaluated®®. Three groups were used in this study:
untreated, autograft, and chitosan-treated. The study
period was 56 days, and the results demonstrated a
positive effect of chitosan on bone repair.
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Figure 5: Histopathology of the defect in the chitosan-treated gr
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Radiological evaluations were performed at weeks 4
and 8, while histopathological assessments were
conducted at the end of week 8.

Radiographic imaging was important in current
clinical diagnosis and also for monitoring the
progression of disease, and therapeutic follow-up.
Techniques such as radiography, CT scan , MRI,
ultrasound, and nuclear imaging studies are essential
tools in diagnostic in bone problems**). Histological
staining followed by histomorphometry provides
another method to evaluate fracture callus, allowing
differentiation between tissue types (cartilage, soft
connective tissue, degree of ossification, cellular
components, bone marrow). This involves staining
thin tissue sections with selective dyes, enabling both
visual  identification and  computer-assisted
analysis'*®. Differentiating cartilage from soft
connective tissue is particularly important, as
connective tissue filling a fracture defect may indicate
poor or absent bone formation, whereas cartilage
and newly formed bone indicate active healing.
Excess soft connective tissue is a key marker of
nonunion®),

Histopathological analysis in the present study
revealed that the chitosan-treated group performed
more effectively than the untreated group. The
presence of cartilage and bone in the chitosan group
indicates its positive influence on bone repair,

facilitating secondary and endochondral bone
formation. Chitosan promotes healing through
enhanced cell proliferation, angiogenesis, and

modulation of inflammatory responses™”).

]
)




Fatemeh Heidari et al.

Statistical analysis showed significant differences
between the untreated and the autograft group (P =
0.008), also between the untreated and the chitosan
group (P =0.03).

These findings indicate that the untreated group
performed significantly worse than both treated
groups. In addition, there was a statistically
significant difference between the autograft and
chitosan groups (P = 0.008), demonstrating that the
autograft group showed superior performance.
Statistical analysis also confirmed a significant
difference between the untreated and autograft
groups (P =0.008), supporting the conclusion that the
autograft group outperformed the untreated group.
Finally, a significant difference was shown between
the autograft and chitosan groups (P = 0.01),
indicating that the autograft group had better
outcomes.
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Histopathological Evaluation

In the untreated group, disorganized soft connective
tissue was observed within the defect site, with blood
vessels, small amounts of cartilage, and limited bone
formation at the edges of the fracture site (Figure 3).
In the autograft group, the defect site contained a
substantial amount of cartilage and bone. Bone
formation appeared to occur predominantly via
intramembranous ossification, with most connective
tissue directly transforming into bone.

Considerable amounts of cartilage and soft
connective tissue were also noted at the defect site
(Figure 4).

In the chitosan-treated group, histopathological
examination revealed limited amounts of bone, soft
connective tissue, and cartilage formation within the
defect area (Figure 5).
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Figure 4: Histopathology of the defect in the autograft group (100x, H & E).
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done by an experienced pathologist - blinded to the
group allocation to avoid bias.

Table 2: Bone healing was assessed using the
Emery scoring system

Defect Condition Grade
Empty 0
Fibrous connective tissue only
Predominantly fibrous tissue over cartilage
Predominantly cartilage over fibrous tissue
Cartilage only
Predominantly cartilage over bone
Predominantly bone over cartilage
Bone only

N[ (wWIN|E

Statistical Analysis

The obtained results were first analyzed using the
Kruskal-Wallis H test (ANOVA). When the P-value

Effects of Using Chitosan (CHS) Scaffolds ...

was less than 0.05, further analysis was performed
using the Mann—Whitney U test. In this test, values of
P < 0.05 were considered statistically significant. All
statistical analyses were performed using SPSS
software.

None of the rats died during the study period. All
animals maintained normal appetite and body
weight. Radiographs of the forelimbs were taken on
days 0, 28, and 56 in lateral view. Each radiograph
was scored based on the radiographic signs observed,
and the total score was calculated (Figure 1 and 2).
Qualitative data were reported as median
(minimum—maximum). Statistical comparisons of the
data were performed using the Kruskal-Wallis H test
and the Mann—-Whitney U test (Table 3).

Figure 1. Radiological views of the groups on day 28: untreated group (a), autograft group (b), and
chitosan-treated group (c).

Figure 2: Radiological views of the groups on day 56: untreated group (a), autograft group (b), and
chitosan-treated group (c).

Table 3: Comparison of Radiological Evaluation of Groups at Weeks 4 and 8

Day / Group | Untreated Median (min—max) | Autograft Median (min—-max) | Chitosan Median (min—max) | P-value
Day 28 0 (0-2)* 4 (4-6)* 2 (2-3) 0.001
Day 56 3 (2-4)* 6 (4-10)* 3 (2-5) 0.02

*= statistically significant differences among groups.
[ 50 )
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This study conducted to assess the effect of chitosan
powder on healing of bone in rats, through
radiological and histopathological analyses. By
quantitatively and qualitatively examining the healing
and union process, this study seeks to highlight the
advantages and limitations of this method, with the
ultimate goal of introducing scaffolds of sufficient
strength for the treatment of such fractures in the
future.

Materials & Methods

This study was conducted in May 2024 at the Faculty
of Veterinary Medicine, Shiraz University, in the
Department of Surgery and Radiology. Chitosan was
available in commercial powder form.

Animals and Grouping

A total of 15 adult male rats, weighing 200 + 20 g,
were housed in a cage for one month to acclimatize
to the environment and to undergo complete health
assessment. The rats ,randomly were divided into
three groups: untreated (Sham), autograft, and
chitosan powder—treated groups.

Surgical Procedure

Anesthesia was induced with 0.1 mL of 10% ketamine
combined with 0.1 mL of midazolam. The surgical site
was aseptically prepared. An incision, twice the width
of the defect, was made on the skin along the left
forelimb over the radius, exposing the bone. Using an
electric file and abrasive tool, a 3-mm segment of the
radial metaphysis along with the surrounding
periosteum was removed. The size of the defect was
defined as twice the diameter of the bone. To prevent
thermal necrosis, bone cutting was performed under
continuous irrigation with normal saline. Any
intraoperative blood clots were carefully removed
from the defect to prevent them from serving as a
scaffold for new bone formation.

In the untreated group, the defect site was left
empty, in the second group, the autologous bone
graft was used for filling the defect, and in the third
group, it was filled with chitosan powder. After
completion, the surgical incision was sutured.

Postoperative Care and Evaluation

The rats were monitored daily for forelimb use,
weight-bearing on the operated limb, general
condition, appetite, and physical activity. Local
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wounds, inflammation, swelling, stiffness, redness,
hemorrhage, defect filling, and lack of bone healing
were also assessed. Radiographs were taken over an
eight-week period post-surgery to evaluate bone
healing radiologically. Lateral radiographs of the
forelimb were obtained on days 0, 28, and 56.
Evaluation and scoring of the obtained radiographs
with a modified Lane and Sandhu grading system was
done.(Table 1)

Table 1. Modified Lane and Sandhu Radiographic
Grading System

Bone Formation Grading
No evidence of bone formation 0
Bone formation with 25% defect filling 1
Bone formation with 50% defect filling 2
Bone formation with 75% defect filling 3
Bone formation with complete (100%)
defect filling 4
Union (Proximal and Distal) Grading
No union 0
Probable union 1
Complete union 2
Remodeling Grading
No evidence of remodeling 0
Mild evidence of remodeling 1
Complete remodeling 2

Histopathological Evaluation

After eighth week, the rats were humanely sacrificed,
and tissue sampling was performed for
histopathological assessment. The isolated tissue
samples were immediately fixed in freshly prepared
10% formalin for three days. After 24 hours, the
formalin solution was replaced. Subsequently, the
samples were decalcified and the samples were
regularly examined with a fine needle to confirm the
removal of mineral components. Complete
decalcification was confirmed when the needle could
penetrate the sample without resistance. To remove
residual acid, the samples were rinsed under running
water for 30 minutes®.

The samples were then embedded in paraffin blocks,
sectioned at 5 um thickness, then with hematoxylin
and eosin was stained for histopathological
evaluation. Bone healing was assessed using the
Emery scoring system™® (Table 2). In addition, the
number of osteoblasts, osteocytes, osteoclasts, and
trabeculae numbers was histologically examined
across four fields under a light microscope at 100x
magnification. All evaluations of the lesion site were
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Effects of Using Chitosan (CHS) Scaffolds on Bone Healing in Rat Animal Model:
Radiological and Histopathological Evaluations

(Abstract \

Introduction: Bone fracture is one of the most common bone injuries in the world. It is, therefore, not surprising
that bone healing is a critical orthopedic problem. Currently, bone grafts (autografts, allografts and xenografts)
have been used as bone replacement strategies. The purpose of this study was to evaluate the efficacy of
application of chitosan (CHS) as an osteo-inducer in the process of bone healing.

Materials & Methods: Fifteen male rats, in the same age and weight range, were divided into three groups of 5. 3
mm of metaphysis of the radius bone of each animal was removed. The defect was left empty in the first, filled
with autograft in the second ,and filled with CHS in the third group. Radiographs of the defects were obtained on
28th and 56th day post-operation. The animals were euthanized according to human ethics and the defects were
investigated histologically on the 56th post-operation day.

Results & Discussion: According to radiographic and histopathologic results, CHS indicated a improved effect ,and
improved bone healing process in comparison with the other two treatment modalities.

Conclusion: It can be concluded that use of chitosan improves the potential for bone formation and bone healing
criteria. These composite materials, however, deserve more studies.

Keywords: Chitosan, Bone regeneration, Bone grafting, Rat.
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Introduction
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2. Department of Pathology, School of Bone is a combined structure composed of both mineral and organic
Veterinary Medicine, SICIll components. The primary mineral component is calcium phosphate, whereas
University, Shiraz, Iran. the main organic component consists of collagen!?. Bones are not just lifeless
scaffolding, but are dynamic, supportive , protective and hematopoiesis
organs. The difference of bone from another connective tissues are hardness
and strength. These specific capabilities are due to the incorporation of mineral
salts into a collagen fibers matrix, non-collagenous proteins, and other
components'?.

A critical-sized defect in bone is a lost or resected part of bone because of
trauma, osteomyelitis, tumor, or other reasons , that cannot heal on its own®®,
The most common cause of bone defects is fracture and the healing process is
a combination of biological and mechanical aspects”. The appropriate
management of bone fractures and bone defects still remains unresolved and
5-10% of them have failure in healing ,resulting in nonunion®®. Chitosan is a
natural polysaccharide widely used in medicine, derived from chitin. It is also
found as a component of fungal cell walls, the exoskeletons of crustaceans and
insects, and fish scales”®. It is inexpensive, adaptable, available, nontoxic,
biocompatible, and has a numerous natural source also it is antimicrobial,
antioxidant, anti-inflammatory, and anticancer characteristics , with excellent
hemocompatibility, and hemostatic activity—chitosan has attracted significant
attention!”). Chitosan, resembling glycosaminoglycans, is a natural component
of the extracellular matrix that provides a microenvironment for growing cell
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with shock wave compared with conventional
medical treatment. Considering the inconsistencies in
previous studies, further research with standardized
designs, detailed evaluation of patient-specific
factors, device types, and treatment energy levels is
recommended to clarify the clinical applicability of
this method.

Conclusion

The present study demonstrated that shock wave is
more effective than medical treatment for pain
relieving and functional improvement in plantar
fasciitis. Significant decreasing VAS scores, also Roles
and Maudsley scale improvement in the shock wave
therapy confirm the clinical efficacy of this method.
Furthermore, assessment of outcomes one year after
treatment showed that the therapeutic benefits of
treatment with shock wave are sustained.

In terms of safety, the incidence side effects with the
shock wave was minimal and transient, with no
persistent complications observed during long-term
follow-up. This indicates that the method is both safe
and well tolerated.

In conclusion, shock wave therapy can be considered
an effective, low-complication, and durable
treatment option for patients with plantar fasciitis.
Expanding future studies to investigate treatment
response factors, energy levels, and device types will
contribute to optimizing this therapeutic approach.

Recommendations

Based on the findings of this study, future prospective
research focusing on factors influencing response to
different treatment modalities (such as initial
symptom severity, patient characteristics, device
type, and energy settings) may significantly improve
clinical decision-making and the selection of optimal
therapies for individual patients.

Moreover, applying the results of this study in
healthcare policymaking—particularly in the targeted
allocation of therapeutic resources—may help
reduce the economic and social burden of plantar
fasciitis on patients and healthcare systems.

Limitations of the Study

Despite the promising results, certain limitations
should be considered when interpreting these
findings. The relatively small sample size and
recruitment from a single center may affect the
generalizability of the results. In addition, advanced
imaging techniques were not employed to
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comprehensively evaluate structural changes in the
plantar fascia, limiting the assessment of underlying
mechanisms of shock wave therapy.

Furthermore, psychological variables such as patient
anxiety or treatment-related beliefs were not
assessed, although they may influence pain
perception and therapeutic response. Future studies
should employ multicenter designs, larger sample
sizes, and a more comprehensive evaluation of
variables affecting treatment response.
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Scale Roles and Maudsley

Table 3: Roles and Maudsley scale changes in two groups

Treatment Group

Pre treatment

12 weeks after treatment

P value | 12 months after treatment | P value

Shock Wave Therapy 0.53+2.85

0.70+1.78

0.71+1.60

Medical Treatment 0.55+2.53

0.55+1.95

0.003 0.047

0.59+1.75

Roles and Maudsley

= g @
- R W s

=
e W

Before treatment

=@==Shock Wave Therapy

12 weeks after
treatment

12 months after
treatment

=@=Medical Treatment

Figure 2: Comparison of Roles and Maudsley scale changes between the shock wave therapy and medical

treatment groups

Given the epidemiological importance of plantar
fasciitis and its considerable impact on patients’
quality of life, this study was designed to compare the
effectiveness of shock wave with medical treatment
in the management of this condition. Selecting
Firoozgar Hospital as the study center provided the
opportunity for a more detailed evaluation of
therapeutic interventions in an affected population
and contributed to the development of improved
clinical treatment protocols.

The results of statistical analysis using ANCOVA
showed that shock wave therapy demonstrated
significantly greater effectiveness than conventional
medical treatments in reducing pain intensity (based
on VAS scores) and functional improvement (based
on Roles and Maudsley scale) at both the 12-week
and 12-month follow-up intervals (P < 0.05). The
absence of significant demographic differences
between the two groups further strengthens the
validity of direct comparison between the
therapeutic approaches. The findings of this study are
consistent with some previous research. Wang et al.
(2002) reported safety and effectiveness of shock
wave therapy in treatment of plantar fasciitis, with
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one-year follow-up and without systemic or local
complications®. Similarly, the meta-analysis by Aqil
et al. (2013) demonstrated significant improvement
in VAS pain scores compared with placebo, with
therapeutic effects persisting up to 12 months,

In contrast, Haake et al. (2003) questioned the
effectiveness of shock wave therapy, reporting no
significant difference from placebo™®. These
discrepancies may be explained by variations in study
design, inclusion criteria, device type, and energy
intensity applied. On the other hand, Ogden et al.
(2001), in a study of over 300 patients, reported
substantial therapeutic success of the shock wave
therapy versus placebo, further supporting the
effectiveness of this approach®®,

Regarding adverse events, the present study found
that although transient complications such as
treatment-related pain, erythema, swelling, and
headache were more frequently observed in
treatment with shock wave, none persisted at 12-
month follow-up, and no statistically significant
difference compared with the medical treatment
group was detected (P = 0.077). These findings
support the relative safety and tolerability of shock
wave therapy.

Overall, the results of this study confirm the efficacy,
safety, and durability of treatment of plantar fasciitis
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In this study, 80 patients with plantar fasciitis
between 2023 and 2025 were included in two groups
, 40 patients was treated with shock wave and 40
with medication. There were no statistically
significant differences between the two groups in age
and sex distribution (P > 0.05) (Table 1). Comparison
of changes in VAS scores between the two groups
using ANCOVA showed the shock wave therapy
group was significantly greater pain reduction than
the medical treatment group at both follow-up
intervals (week 12, P < 0.001; month 12, P = 0.022;
overall P < 0.05) (Table 2, Figure 1).

In the comparison of Roles and Maudsley scale
changes between the shock wave therapy and
medical treatment groups using ANCOVA, the

A Comparative Study of Shock Wave ...

reduction in the Roles and Maudsley score was
significantly greater in the shock wave therapy group
at both follow-up intervals (week 12, P = 0.003;
month 12, P = 0.047) compared with the medical
treatment group (P < 0.05) (Table 3, Figure 2).

There were no statistically significant difference
between two groups in adverse effects at 12 weeks
after treatment (P = 0.077). Given the transient
nature of the observed adverse effects, no new
complications were reported after 12month. In the
shock wave therapy , seven adverse events were
recorded, including pain during intervention in 3
patients (42.9%), localized erythema in 2 patients
(28.5%), treatment-site swelling in 1 patient (14.3%),
and severe headache in 1 patient (14.3%). In the
medical treatment group, two adverse events were
reported, both related to gastrointestinal intolerance
to oral medication.

Table 1: Distribution of sex and age in the shock wave therapy and medical treatment groups

Variable Shock Wave Therapy (n=40) Medical Treatment (n=40) P value
Male 16 (40.0) 10 (25.0)
S 0.152
[ Female 24 (60.0) 30 (75.0)
Age (years) 8.25+47.28 9.21 £ 49.55 0.248
Table 2: VAS scores in two treatment groups
VAS score
Treatment Group 12 weeks after 12 months after
Before treatment P value P value
treatment treatment
Shock Wave Therapy 1.14+7.23 1.42+4.30 1.53+3.93
Medical Treatment 1.16 + 6.50 1.15 + 4.90 >0.001 1.20+4.28 0.022
10
9
8
7
[J]
*8— 6
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<
< 4
3
2
1
0

Before treatment

==@==Shock Wave Therapy

12 weeks after
treatment

12 months after
treatment

=@=Medical Treatment

Figure 1: Comparison of changes in VAS scores between the shock wave therapy and medical therapy
groups
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One novel, non-invasive approach is Shock Wave
Therapy (SWT), which transmits high-energy sound
waves to provoke repair of tissue and decreasing
pain'’®1?_ This method has U.S. Food and Drug
Administration (FDA) approval as a non-surgical
management in chronic plantar fasciitis and is used as
a standard therapeutic option in many countries.
Given the high prevalence of plantar fasciitis, its
adverse effects on quality of life, and abscent of
conclusive document regarding the superiority of
therapeutic methods, the present study was
designed to compare the effectiveness of shock wave
therapy and medical treatment in plantar fasciitis
patients.

Materials & Methods

This was a prospective mixed-cohort study conducted
at the Orthopedic Clinic of Firoozgar Hospital, Tehran,
between 2023 and 2025. The study population
consisted of patients with plantar fasciitis referred to
this clinic. Based on the studies by Haake et al. 3, Aqil
et al. ® and Ogden et al.’® Wang et al.*® and
considering a=0.05, $=0.2, P1=0.56, P0=0.23, and
r=1, the sample size was calculated as 80 patients (40
in the shock wave therapy group and 40 in the
medical treatment group). Sampling was performed
using a convenience method.

Prior to initiating the study, ethical approval was
obtained from Iran University of Medical Sciences
and the hospital’s Research Committee. After
providing complete information regarding the study
objectives and procedures, all participants signed
informed consent forms. Patients were then
allocated to either the shock wave therapy group or
the medical treatment group.

Inclusion criteria

e Diagnosis of plantar fasciitis by a specialist
physician

e 18 years or older of age

o Informed consent for participating in this
study

Exclusion criteria

e Structural deformities of the lower limb

e History of surgery or shock wave therapy for
plantar fasciitis

e lLack of cooperation or response during
follow-up

Iranian Journal of Orthopaedic Surgery
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Interventions

e Shock Wave Therapy group: Treatment was
administered using the Dornier Epos Ultra
device equipped with a 7.5 MHz linear
ultrasound localization system. Three
sessions were conducted every two weeks
(t2 days). Each session included 4000
impulses with a positive energy flux density
of 0.08 mJ/mm?, administered under local
anesthesia with 2 mL of 1% mepivacaine. The
total positive energy delivered was 0.96
J/mm? with a positive pressure of 13.7 MPa.

e Maedical treatment group: Patients received
plantar fascia stretching exercises, ice
massage, and NSAIDs for 12 weeks. The
stretching  protocol included specific
exercises targeting the plantar fascia and calf
muscles, performed at home three times
daily, each session lasting 10 minutes. A
physiotherapist provided training during the
first session, and patients were instructed to
perform the exercises regularly.

Follow-up and Assessment

Patients were evaluated at week 12 and one year
after the final intervention. The assessment indices
included:

e Roles and Maudsley score (4-grade scale:
excellent, good, acceptable, poor)

e Visual Analog Scale (VAS; 0 = no pain, 10 =
intolerable pain) for pain under various
conditions (rest, night, local pressure,
morning)

e Documentation of possible adverse effects

Statistical Analysis

Data were analyzed using SPSS version 26.
Quantitative variables were described as mean %
standard deviation, and qualitative variables as
frequency and percentage. Data normality was tested
using the Kolmogorov—Smirnov test. Group
comparisons were made using corresponding
parametric or non-parametric tests. A significance
level of 0.05 was adopted. Possible side effects were
also recorded during follow-up.

All patient information was treated confidentially,
and no costs were imposed on participants. The study
was conducted with full approval of the Ethics
Committee of Iran University of Medical Sciences.
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A Comparative Study of Shock Wave Therapy and Medical Treatment in the
Management of Plantar Fasciitis

(Abstract \

Introduction: Plantar fasciitis is a common problem presenting with heel pain and functional limitations. Given
the contradictory results of previous studies on the effectiveness of medical and non-invasive treatments, this
study was designed to compare the results of shockwave therapy and medical treatment on pain intensity,
function, and treatment complications.

Materials & Methods: In a prospective cohort study, 80 patients with plantar fasciitis from an orthopaedic clinic
were selected during a 2-years period and, after obtaining informed consent, were assigned to two groups of
medical treatment and shockwave therapy. Shockwave therapy was performed with the Dornier Epos Ultra device
and medical treatment included plantar fascia traction, ice massage, and NSAID medication. Pain and function
indices were assessed at 12 weeks and one year after treatment using the VAS and Roles and Maudsley scales.
Data analysis was performed with SPSS version 26.

Results & Discussion: The reduction in VAS score and improvement in function based on Roles and Maudsley in
the shockwave therapy group was significantly greater than the medical treatment group (P<0.05). No significant
difference was seen in the age and gender distribution of the two groups. The incidence of side effects in both
groups was not statistically different, and all recorded side effects were transient.

Conclusion: Shockwave therapy has a stable and higher efficacy than medical treatment in controlling pain and
functional improvement in plantar fasciitis and can be used as an effective and safety treatment.

Keywords: Plantar fasciitis, Shock wave therapy, Treatment outcome, Heel.
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Introduction

Plantar fasciitis is a common causes of heel pain, affecting one in ten
individuals during their lifetime®™. The term “plantar fasciopathy” provides a
more accurate description of this clinical condition, as its nature is primarily
degenerative and less frequently associated with inflammation. Predisposing
factors include limitation in ankle dorsiflexion, increasing body mass index
(BMI), and long time standing?. Although the condition is more prevalent
among athletes, particularly runners, sedentary individuals are also at risk.
Studies have shown that with appropriate treatment, approximately 80% of
patients recover within 12 months®4,

Diagnosis is primarily clinical, with the hallmark symptom being severe,
localized pain in the proximal plantar region of the foot, especially in the early
morning, which worsens later in the day. Point tenderness at the attachment
of fascia to the calcaneus is a common finding on physical examination®®,
Ultrasound has also been recognized as a cost-effective and reliable method
for diagnosis®.

First-line treatments include plantar fascia stretching exercises, cryotherapy,
and non-steroidal anti-inflammatory drugs (NSAIDs). However, certain
commonly used night splints and orthoses did not show significant
effectiveness compared with placebo. In resistant cases, options such as
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