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autologous bone grafts, to optimize bone healing
outcomes.

Conclusion

lyophilized L-PRF is a versatile autologous biomaterial
that enhances tissue regeneration through its dense
fibrin matrix, sustained growth factor release, and
modulation of inflammation, angiogenesis, and cell
proliferation. This study showed that xenogenic
lyophilized L-PRF derived from equine blood had a
positive impact on the repair of critical-sized radius
defects in rats. Moreover, combination of L-PRF with
autografts leads to superior healing in bone in
comparison to the use of L-PRF alone, indicating a
synergistic effect that enhances osteogenic
outcomes.
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Leukocyte-and Platelet-Rich Fibrin (L-PRF) forms a
dense, well-polymerized fibrin matrix containing a
viable population of leukocytes and platelets, which
ensures structural integrity and for at least seven
days releasing of growth factors like TGF-B1, PDGF-
AB, VEGF, and BMP-2 significantly increased & 29,
The fibrin network formed during centrifugation
exhibits a three-dimensional, permeable architecture
that supports cellular colonization and accelerates
wound and bone healing when combined with grafts.
As an autologous biomaterial, L-PRF eliminates risks
of infection or disease transmission®? Also, Its dense,
elastic fibrin matrix supports cell adhesion and
proliferation while modulating inflammation and
macrophage polarization toward a regenerative M2
phenotype. With minimal immunogenicity and
excellent handling properties, L-PRF facilitates soft
tissue and hard tissue repair, and that makes it as a
valuable tool in regenerative medicine.®!

The present study demonstrates the effect of L-PRF
in stimulating the repair of critical-sized radius
defects in rats, as confirmed by both radiological and
histopathological analyses. In this study, equine
blood was utilized to produce a novel xenogenic L-
PRF, and the results indicate its significant potential
in enhancing bone regeneration. As demonstrated in
numerous previous studies, L-PRF exerts a positive
impact on healing of bone ©?39 and therefore
unsurprising that a similar regenerative response was
observed in the present investigation. Consistent
with  previous reports, fibrin-based platelet
concentrates and L-PRF membranes provide a
supportive, biologically active three-dimensional
matrix that promotes cell adhesion, proliferation,
angiogenesis, and sustained release of bioactive
molecules while exerting antibacterial and analgesic
effects. These properties align with our findings,
highlighting the potential for regeneration of L-PRF in
enhancing the repair of challenging tissue defects,
including bone lesions®®® 37, While previous studies
utilized other forms of L-PRF, we employed
lyophilized L-PRF, which, as Qi Li et al. demonstrated,
provides improved shelf-life, enhanced osteogenic
potential, and better tissue integration in comparison
to fresh PRF©®),

Previous study showed that worked on periodontal
regeneration, indicate that incorporating PRF with
open flap debridement (OFD) enhances vertical
clinical attachment levels (VCAL) compared to
horizontal clinical attachment levels (HCAL) and
radiographic bone fill (RFB) outcomes in managing
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class Il furcation defects compared to OFD alone.
Moreover, the combination of bone grafts (BG) and
PRF, results in statistically significant additional
improvements in VCAL/HCAL®?. As in oral surgery, L-
PRF also been wused in cranial surgery and
demonstrated  comparable  effectiveness  to
commercial fibrin sealants for dural reinforcement
without any safety concerns, and its integration into
clinical practice may offer significant cost advantages
due to its affordability and availability“?. Despite
variations among studies, evidence shows that PRF
enhances key cellular processes involved in anti-
inflammation process*Y and, whether used alone or
in combination with metronidazole, -effectively
contributes to the successful management of
moderate periodontitis“?.

Juan Blanco et al. suggests the effectiveness of L-PRF
on bone tissue regeneration remains debatable and
requires further investigation, nonetheless, its
positive impact on soft tissue healing has been well
established®). also the study of Fernanda Faot et al.,
showed that L-PRF can not improve the non-critical
bone defects healing in the rabbit tibia**.

A study have indicated that the osteogenic
effectiveness of L-PRF on bone repair can be
significantly enhanced when applied in combination
with an additional reparative factor, suggesting that
its therapeutic potential may be greater in a
synergistic context than when used alone!*. As José
Augusto Gabarra Junior et al. suggested that the
combination of nanohydroxyapatite with L-PRF
promote better bone formation compared to other
tested composite materials*®. Our findings are
consistent with this concept, as the autograft + L-PRF
group exhibited greater bone regeneration compared
to the L-PRF-only group, indicating that combining L-
PRF with an additional reparative factor can enhance
osteogenic outcomes. This is in line with numerous
studies demonstrating that autografts alone are also
capable of accelerating bone formation at defect
sites@749),

Emerging evidence suggests that alternative platelet-
rich fibrin formulations, including injectable platelet-
rich fibrin (i-PRF) and advanced platelet-rich fibrin (A-
PRF) may outperform conventional L-PRF in the
sustainable growth factors release and stimulation of
osteogenesis. 5% %

Consequently, future investigations should prioritize
these advanced PRF variants and rigorously evaluate
their synergistic potential when combined with
established regenerative modalities, such as
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Figure 2: Histopathological images of the autograft group defect site. HC: Haversian canal, CH:
chondrocyte. (H&E. x40, x400)
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Figure 3: Histopathological images of the autograft + L-PRF group defect site. LCT: loose connective tissue,
RBE: radial bone edge, C: cartilage, WB: woven bone. (H&E. x100)
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Figure 4: Histopathological image of the L-PRF group defect site. LCT: loose connective tissue, C: cartilage.
(H&E. x40, x400)

Leukocyte and Platelet-Rich Fibrin (L-PRF) offers
distinct  advantages over earlier platelet
concentrating systems, as it is prepared without
anticoagulants or additives and forms a dense fibrin
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matrix that gradually releases cytokines while
supporting cell migration. Its simple, low-cost, and
reproducible protocol enables the production of
multiple clots, while the inclusion of leukocytes
enhances angiogenesis and immune modulation,
making L-PRF a clinically versatile biomaterial®®”).
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present at the defect site, with ongoing development
of trabecular bone(Figure 4). The results of the
histopathological evaluation across the experimental
groups are presented in Table 3. Data were initially
analyzed and statistically significant differences were
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observed (p < 0.05), Empty defect group had a
statistically significant difference compared with the
autograft group (p = 0.01) or the autograft + L-PRF
group (p = 0.08), demonstrating markedly inferior
performance in both comparisons.

Table 1: Emery’s Histological Bone Healing Scoring System

Score Dominant Tissue Type Histological Description
0 Empty defect No tissue formation; the defect remains unfilled.
P inantly fi i
1 redominan »;S:J:us connective Defect filled mainly with fibrous tissue; minimal cellular organization.
. . . Fibrous connective tissue dominates; small islands of immature cartilage
2 Fibrous tissue > cartilage
observed.
3 Cartilage > fibrous tissue Cartilaginous matrix becomesj more pronounced, replacing most of the
fibrous tissue.
4 Pure cartilage Defect filled entirely with hyaline-like cartilage; no evidence of ossification.
5 Cartilage > bone Early endochondral ossification; cartilage partially replaced by immature
woven bone.
. Woven bone dominates with small residual cartilaginous areas; advancing
6 Bone > cartilage -
ossification.
7 Pure bone Defect completely bridged by mature bone; full osseous healing achieved.
Table 2: Radiographic Evaluation of results
Da Group-l (Empty Defect) | Group-ll (Autograft) | Group Il (Autograft + L-PRF) | Group-IV (L-PRF) value
¥ Median (Range) Median (Range) Median (Range) Median (Range) P
Day 35 3 (1-3)* 7 (5-8)* 8 (6-8)* 4 (3-4) 0.004
Day 64 4 (4-5)* 7 (4-8) 8 (8-8)* 5 (4-7) 0.010

Values are presented as median (minimum—maximum). * show statistically significant differences between groups (p < 0.05).

Table 3: Histopathological evaluation of results

Group Empty Autograft | L- Autograft + L- | p-

defect PRF PRF value
Histopathological bone healing score (Day 64) | 1 (1-3)® 6 (5-6) 3 3-1|5@-5 0.003
(Median [range]) 4)

Values are presented as median (minimum—maximum). Superscript letter (°) shows statistically significant difference between groups (p

<0.05).

Figure 1: Histopathological image of the untreated group defect site. RBE: radial bone edge, LCT: loose
connective tissue. (H&E. x40)
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0.001 mbar, Secondary drying time: 8 h Upon
completion of the Iyophilization process, the
resulting L-PRF powder was achieved and in sealed
sterile tubes at room temperature for 24 hours stored
for further use.

Surgical Procedure

General anesthesia with injection of Ketamine (10%,
Alfasan, Netherlands) — 10 mL, Acepromazine (1%,
Alfasan, Netherlands) — 1 mL, Diazepam (10 mg) — 2
mL intramuscularly was achieved . A total volume of
0.3 mL of this mixture was administered
intramuscularly to each rat. A longitudinal incision on
craniolateral side of left forearm was done, and the
mid-diaphysis of the radius was exposed. A 3-mm
defect in the radial bone with using a 3-mm drill bit
was created, while the average radial shaft diameter
was approximately 1.2 mm. The animals were
allocated into four experimental groups as described
previously. The incision site was closed using a single
cruciate suture pattern under sterile conditions. To
prevent potential postoperative infection, 1 mL of
enrofloxacin (10%) diluted in distilled water (Enrofan
5%, Erfan, Tehran, Iran) was administered to each
animal.

Radiological Assessment

After anesthesia was made in rats, radiographic
images of the left forelimbs of the rats were obtained
postoperatively on days 35 and 64 in the lateral
projection (Varian Medical Systems). The obtained
radiographs were evaluated using the modified Lane
and Sandhu scoring system®?),

Histopathological Assessment

On day 64, all rats were humanely euthanized, and
bone samples were sent to the specialized pathology
laboratory for histopathological examination. After
dehydration, clearing, and embedding, 5 um
thickness of tissues were stained with hematoxylin
and eosin (H&E) to obtain histological slides.

The veterinary pathologist assessed the slides with
the Emery’s scoring system®® for bone healing as
summarized in Table 1.

Statistical Analysis

The collected data were systematically organized
using Microsoft Excel, tables were prepared in
Microsoft Word, and all datasets were subsequently
analyzed statistically using the Kruskal-Wallis non-

(
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parametric one-way ANOVA to assess differences
among the experimental groups. When a statistically
significant difference was detected (< 0.05), pairwise
comparisons were performed using the Mann—
Whitney U test. A p-value < 0.05 was considered
statistically significant. All statistical analyses were
conducted using SPSS statistical software (Version 26,
IBM Corp., Armonk, NY, USA).

Clinical evaluation

There was no death and no ulnar fracture in the
study period .

Radiographic findings:

The results of the radiological assessment of proximal
union, distal union, bone formation, and remodeling
are presented in Table 2.

As shown in Table 2, the empty defect group
demonstrated significantly inferior performance
compared to both the autograft and the autograft +
L-PRF group at 35 and 64 days (p < 0.05). On day 35,
the autograft group had significantly better outcome
compared to the L-PRF (p < 0.05). Moreover, at both
day 35 and day 64, the autograft + L-PRF group
showed markedly superior performance compared to
the L-PRF group, achieving a median Lane and Sandhu
score of 8. These results indicate that autograft + L-
PRF group exhibited a superior bone healing
response. There is no statistically significant
differences between the other groups (p > 0.05).

Histopathological Findings

Histopathological evaluation conducted at 64 days
postoperatively revealed the following findings. In
the group with empty defect, irregular loose
connective tissue was observed at the bone defect.
The defect margins were primarily composed of
fibroblasts, fibrocytes, and collagen, with no sign of
formation of bone or cartilage in the untreated
lesions(Figure 1). In the autograft group, well-
developed cartilage with clearly visible chondrocytes
was observed along with early signs of compact bone
formation, including the presence of Haversian canals
(Figure 2). In the autograft + L-PRF group, immature
bone tissue was formed, with a pronounced
progression from cartilage to bone (Figure 3). In the
L-PRF group, connective tissue and cartilage were
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Fibrin represents the activated form of the fibrinogen
molecule, playing a pivotal role in platelet
aggregation and blood coagulation. studies have
demonstrated that, through the centrifugation of
blood, a biologically active product known as
Leukocyte- and Platelet-Rich Fibrin (L-PRF) can be
obtained, which significantly contributes to healing of
wound and tissue regeneration . Leukocyte-and
Platelet-Rich Fibrin (L-PRF) is a new platelet
concentrates generation, distinguished by its
preparation method that requires no anticoagulants
or exogenous additives, thereby preserving its
natural  fibrin  architecture and  bioactive
components®®. A study conducted in 2012
demonstrated that Leukocyte-and Platelet-Rich
Fibrin (L-PRF) is capable of achieving a substantial
concentration of growth factors in its fibrin matrix,
thereby enhancing its potential for application in
orthopedic injuries and regenerative healing!*®.
Moreover, evidence from a 2022 study indicated that
Leukocyte- and Platelet-Rich Fibrin (L-PRF) plays a
substantial role in scalp defect regeneration in
humans, showing enhanced efficacy and superior
clinical outcomes relative to other conventional
regenerative approaches??. L-PRF has been shown to
enhance regenerative outcomes when combined
with adjunctive therapies. For instance, Sadeghian et

al. reported a synergistic effect of L-PRF in
conjunction with photobiomodulation therapy
(PBMT), further accelerating the bone healing
process?.  Most experimental and clinical

investigations have primarily focused on the
application of autologous L-PRF; however, recent
findings indicate that xenogeneic L-PRF may also
increase the regenerative potential of critical-sized
osseous defects??. In the present study, lyophilized
L-PRF powder derived from equine blood was
employed to investigate its potential effect on bone
regeneration in critical-sized radial defects in a rat
model. To date, the most recent research utilizing
xenogenic L-PRF was reported by Khanbazi et al., in
which bovine-derived L-PRF was used??,

Materials & Metho

Animal Model

Adult male Wistar albino rats were used as the model
in this study, as rats have been widely utilized due to
their close physiological and biological similarities to
humans and their suitability for monitoring bone
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healing processes®?. A total of twenty (n=20) healthy
adult rats, weighing 180-200 g, were selected.

Animal Grouping and Housing

The rats were divided into four experimental groups
randomly (5 in each group). After a one-day
acclimatization period and confirmation of their
health status, the animals were tagged and
transferred to the Surgery Department, Faculty of
Veterinary Medicine, Shiraz University. The study was
performed in four groups: Group | (Negative Control):
Bone defect without any treatment. Group Il (Positive
Control): Bone defect with autologous bone grafting
harvested from the defect site. Group lll: Bone defect
treated with equine-derived Leukocyte-and Platelet-
Rich Fibrin (L-PRF) powder combined with an
autologous bone graft. Group IV: Bone defect treated
with equine-derived Leukocyte-and Platelet-Rich
Fibrin (L-PRF) powder alone.

Preparation of Xenogeneic
Platelet-Rich Fibrin (L-PRF)

Approximately 20 mL of whole blood was achieved
from a healthy domestic horse housed at the Shiraz
University Veterinary School Stable. The sample was
transferred into  vacutainer tubes  without
anticoagulants and transported to the Veterinary
Laboratory within less than one minute after
collection. Following centrifugation (3000 rpm for 10
minutes), the samples separated into three distinct
layers: The upper layer consisting of acellular plasma,
The middle layer containing Leukocyte-and Platelet-
Rich  Fibrin (L-PRF), The lower containing
erythrocytes. Using sterile forceps, the L-PRF clots
were carefully harvested from the middle layer under
aseptic conditions!*® 23,

Leukocyte-

Preparation of Lyophilized L-PRF

Freshly prepared L-PRF clots were placed into sterile
test tubes, ensuring that the clots filled
approximately one-tenth of each tube’s volume. The
tubes were sealed with Parafilm—perforated to allow
minimal air exchange—preventing spillage during the
lyophilization process. The samples were stored in a
cryogenic freezer at -80 °C overnight and
subsequently lyophilized in Zirbus VaCo 5 Laboratory
Freeze Dryer machine following the protocol
described by Wang et al. ¥ : Cold trap temperature:
-45 °C £ 5 °C, Initial vacuum pressure: 0.1 mbar,
Primary drying time: 17 h, Final vacuum pressure:

]
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Bone Healing Enhancing with the Xenogenic (Horse) Lyophilized Leukocyte-and
Platelet-Rich Fibrin (L-Prf) in Rat Animal Model

ﬁbstract \

Introduction: Bone defects resulting from trauma, pathological conditions, or surgical interventions often require
advanced regenerative strategies, particularly when critical-sized defects exceed the body’s intrinsic healing
capacity. Among various biomaterials, Leukocyte- and Platelet-Rich Fibrin (L-PRF) has gained significant attention
for its autologous origin, bioactive properties, and potential application in both autologous and xenogenic forms
to enhance bone regeneration.

Materials & Methods: Adult male Wistar rats were randomly divided to four experimental groups to evaluate the
effects of equine-derived lyophilized L-PRF, with or without autologous bone grafts, on critical-sized radial bone
defects. L-PRF was prepared from equine blood, lyophilized, and applied to the defect sites, with bone healing
assessed via radiography and histopathology, and statistical differences among groups analyzed using non-
parametric methods.

Results & Discussion: Radiographic and histopathological analyses demonstrated that the autograft + L-PRF group
exhibited the most pronounced bone healing, with significantly higher Lane and Sandhu scores and evidence of
progressive cartilage-to-bone formation compared to the L-PRF alone and empty defect groups. The autograft
group also showed superior outcomes relative to L-PRF alone, while untreated defects displayed primarily fibrous
tissue with no bone formation, highlighting the synergistic effect of combining L-PRF with autologous bone grafts.
Conclusion: In this study, xenogenic equine-derived L-PRF enhanced the repair of critical-sized radial bone defects
in rats, with its combination with autografts yielding superior osteogenic outcomes compared to L-PRF alone.
Keywords: Leukocyte-Platelet-Rich Fibrin (L-PRF), Xenogenic L-PRF, Bone healing, Critical defect, Rat, Radiology,
Histopathology.
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University, Shiraz, Iran. pathological conditions, and surgical interventions™ 2. The biological response
to such injuries encompasses a highly regulated and multifaceted cascade
involving the recruitment of cellular and molecular mediators essential for
tissue regeneration and repair®®. Advancements in bone regeneration
research have been guided by the intrinsic mechanisms of physiological repair,
employing autologous bioactive factors to enhance and expedite
osteogenesis®. Recent studies have validated the effectiveness of biomaterials
in facilitating the reconstruction of critical -sized osseous defects!”). A critical-
sized bone defect refers to a structural osseous defect that exceeds the
intrinsic regenerative capacity of the body, rendering spontaneous healing
impossible and requiring surgical intervention to restore bone continuity and
function® Among the most promising scaffolding biomaterials, Leukocyte and
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This case illustrates the complexities of managing
syndromic sacral agenesis, highlighting the necessity
for a multidisciplinary approach despite the real-
world challenges of implementing such care.

The patient presented with many symptoms,
including sacral agenesis, spine deformity, teratoma
cyst, and dual vaginal openings, strongly indicating an
underlying  syndromic  condition, potentially
Currarino syndrome, or a related anomaly!”:*),

Due to the patient's severe back pain, surgical
intervention through spinopelvic fixation was
necessary. The discovery and excision of a teratoma
cyst during the fixation procedure was a turning point
in this patient, and removing it was a practical step
for preventing further pressure-related
complications. Also, it transformed the patient from
a typical deformity to likely a syndromic case. The
implementation of pedicular and iliac screws for
spinopelvic fixation provided necessary stabilization
and probably will prevent additional deformities.
However, long-term monitoring remains essential to
assess the integrity of the hardware and functional
recovery'®.

While the surgical outcome addressed immediate
mechanical and symptomatic challenges, the broader
syndromic context calls for ongoing evaluation. The
patient’s menstrual irregularities and dual vaginal
openings necessitate a gynecological assessment,
and the presence of a teratoma raises concerns about
potential genetic or developmental syndromes.
Unfortunately,  the lack  of  coordinated
multidisciplinary care in many settings often hampers
the ability to tackle these interconnected issues
effectively.

Genetic testing could provide valuable insight into
the etiology of such patients and assist us in
optimizing proper management strategies®®);
unfortunately, such tests' high costs and often
inconclusive results limit their practicality in clinical
settings in most cases like this one in which the
patient simply couldn’t afford the cost of the genetic
test.

In these cases, the best diagnosis could arise from a
comprehensive multidisciplinary approach involving
many specialists such as orthopedics, genetics,
gynecology, neurology, and endocrinology; however,
time constraints and specialists availability frequently
result in unaddressed aspects of care, delaying
proper diagnosis and treatment.

—
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This case emphasizes the importance of establishing
accessible multidisciplinary frameworks to ensure
comprehensive care. Even in resource-constrained
environments, prioritizing collaborative efforts can
help address the underlying condition and its
systemic manifestations. For patients with syndromic
sacral agenesis, continued research into cost-
effective genetic testing and advanced surgical
techniques will be vital for improving outcomes.

Conclusion

In this case, we highlighted the importance of
recognizing syndromic presentations in patients,
especially with sacral agenesis, presacral masses, or
genitourinary anomalies. This case demonstrates that
early diagnosis and a multidisciplinary approach
involving various specialists are vital to optimizing
patient outcomes and effectively addressing their
complex needs.
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Our patient was a 30-year-old woman with complete
right-sided plegia, hip rotation, and tilt. She visited us
with the chief complaint of unbearable back pain and
pelvic tilt and rotation(Figure 1).

Imaging showed some mass in the sacral area,
explored during the operation, and a teratoma cyst
containing hair and soft tissue removed from her
body.

Also, she had two different vaginal openings, which
were discovered in imaging, and she mentioned that
she had disrupted menstrual periods.

This menstrual irregularity is a significant finding that
may be related to the patient's condition and
requires further investigation. According to
spinopelvic dissociation and sacral agenesia, we
considered a spinopelvic fixation for the patient to
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fuse the spine joints to prevent further deformities
and eliminate the pain.

Description of the operation

We operated on the patient under general anesthesia
in a prone position with a posterior approach. After
the facia opened and the muscles shaved, an
intramuscular cyst in the sacrum posterior between
right paravertebral muscles containing yellow
secretions, hair follicles, and bone tissue with a
differential diagnosis of teratoma was discovered.
The cyst was carefully removed, and the area was
thoroughly cleaned to prevent any potential
complications. A pedicular screw was embedded in
the pedicle of the L4 vertebrae, and a long iliac screw
was embedded in the right ilium, two screws fixed
together with a rod lateral to the pedicular screw and
sacral agenesia. Post-operative  x-rays are
provided(Figure 2).

i

Figure 1: (A)AP, (B) Sitting Lateral, and (C) Standing Lateral view of pre-operative x-ray.

Ed Pl

Figure 2: (A)AP and (B)Lateral view of post-operative x-ray.
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Sacral Agenesia, Teratoma Cyst and Vaginal Abnormality in a Young Woman
(Case Report)

Abstract

This case report outlines the situation of a young woman suffering from intense back pain, along with pelvic tilt and
rotation. Due to the extent of her postural deformity and the profound effect on her quality of life, a spinopelvic
fixation was performed to, halt any progression of the deformity, and relieve her pain. During the procedural
process, a mass was detected in the sacral area. It was, later found that her vagina had two separate openings,
putting the case in the syndromic sacral agenesis group. The importance of genetic testing, multi-disciplinary
evaluation and significance of continued follow-u and care is high-lighted.

Keywords: Spine, Pelvis, Sacrum.
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Introduction

Sacral agenesis (SA) is a rare condition involving the partial or complete
congenital absence of the sacral and coccygeal bones'™. It can occur in isolation
but is often associated with neurological, urogenital, and gastrointestinal
abnormalities®?). The true etiology is unclear but likely consists of genetic and
environmental factors affecting normal spinal development. The most
important risk factor is maternal diabetes, which is 80 times more frequently
seen in patients with diabetic mothers than in the general population®.
Renshaw described the most widely used classification system in 1978, which
is based on radiographic findings and ranges to four grades of severity (I-1V),
from isolated and asymptomatic coccygeal agenesis to major malformations®.
Increasing Renshaw grade indicates increasing clinical severity associated with
functional impairment. Mobility decreases as Renshaw grade increases, and
patients with grades Il or IV typically need walking aids to mobilize. Functional
impairment in patients with SA often arises from a combination of skeletal and
neurological deficits. Mobility status significantly influences overall function(®,
Individuals with sacral agenesis (SA) usually develop spinal deformities, such as
kyphosis and scoliosis, primarily due to spinopelvic instability. These
deformities significantly affect mobility, the ability to sit, the management of
ileal conduits when present, and respiratory function®.

Currarino syndrome (CS) is a hereditary disorder defined by a triad of key
features: anorectal malformation (ARM), a sacral bony defect known as
"scimitar sacrum," and a presacral mass. First described by Currarino et al., this
syndrome is thought to arise from abnormal separation between the
neuroectoderm and endoderm”), It is associated with mutations in the HLXB9
gene located at 7q36. Approximately 50% of affected individuals have
detectable mutations, which increases to around 90% in familial cases®. The
syndrome can express itself in various ways; some patients may be
asymptomatic, while others exhibit the complete triad®.
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statistical  significance.  This  suggests that
pentoxifylline positively affects axonal regeneration,
but has limited influence on remyelination?.

As previously discussed, pentoxifylline exerts its
effects through multiple mechanisms, including
immunomodulation,  anti-inflammatory  action,
improvement of blood rheology, and antifibrinolytic
properties. The drug enhances leukocyte
deformability, reduces leukocyte adhesion to the
endothelium, decreases neutrophil activation and
TNF-a production. Additionally, pentoxifylline
inhibits TNF-a and affects other cytokines such as IL-
1 and IL-6. It also increases red blood cell flexibility,
decreases blood viscosity, and exhibits
antithrombotic properties by reducing platelet
aggregation and enhancing fibrinolytic activity.
Moreover, pentoxifylline reduces collagen and
fibronectin synthesis while increasing fibroblast
collagenase activity. These anti-inflammatory
mechanisms, alongside its stimulatory effects on
fibroblasts (the main cells in tissue repair), promotion
of neoangiogenesis, and nerve regeneration—three
key components of tissue reconstruction—make it a
potentially safe and effective adjuvant therapy for
accelerating tissue repair following distal phalangeal
amputation.

In terms of adverse effects, 15.4% of patients in the
intervention group (n=4) experienced side effects,
primarily involving the gastrointestinal and central
nervous systems. Common adverse effects included
dizziness, headache, anxiety, and confusion. No
significant side effects were observed in the control
group. Although adverse events were recorded in the
intervention group, the differences were not
statistically significant. Overall, pentoxifylline is
considered a safe medication and is generally well
tolerated, with its side effects being mostly dose-
dependent!?,

During pregnancy, pentoxifylline is classified as
category C and should be used with caution. It may
pose risks during breastfeeding due to its excretion
into breast milk. The safety and efficacy of
pentoxifylline have not been established in pediatric
populations. In elderly patients, due to potentially
reduced liver, kidney, or cardiac function and
comorbid conditions, a lower starting dose is
recommended. Moreover, individuals with
hypersensitivity to xanthine derivatives such as
caffeine or theophylline, those with recent cerebral
or retinal hemorrhage, or with porphyria, should
avoid using this medication®?.
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The results of this study demonstrated that
pentoxifylline significantly improves the rate and
quality of tissue regeneration in patients with
traumatic fingertip amputations. The drug notably
reduces necrosis and the need for amputation, while
also exerting favorable effects on the prognosis of the
condition. Although some limitations include Single-
center study, Small sample size, Short follow-up
duration, Lack of blinding in outcome assessment and
Exclusion of certain populations are exist and should
be addressed in future studies.

Conclusion

In conclusion, pentoxifylline presents a favorable
safety profile and substantial therapeutic potential in
enhancing recovery among patients with traumatic
injuries and chronic wounds, supporting its use as a
clinically effective and safe treatment option.
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26 females) with a mean age of 39.62 years in the
intervention group and 35 years in the control group
were assessed. Prognosis was evaluated on days 7,
14, and 21. On day 7, 76.9% of the intervention group
exhibited grade 2/3 central necrosis, compared to
92.3% in the control group. Marginal necrosis
occurred in 23.1% of the intervention group and 7.7%
of the control group.

On day 14, 53.8% of patients in the intervention
group had grade 1/3 central necrosis and 23.1% had
grade 2/3 necrosis, while these values in the control
group were 23.1% and 80.8%, respectively. Marginal
necrosis was observed in 23.1% of the intervention
group and 3.8% of the control group.

On day 21, in the intervention group, 15.4% had
grade 1/3 central necrosis, 7.7% had grade 2/3
necrosis, 15.4% underwent amputation, and 15.4%
had marginal necrosis. Overall, 46.2% of the
intervention group showed improvement. In
contrast, in the control group, 3.8% had grade 1/3
necrosis, 80.8% had grade 2/3 necrosis, and 42.3%
required amputation, with only 15.4% showing
improvement.

Previous studies on the efficacy of pentoxifylline can
be broadly divided into two categories: those focused
primarily on burns and wound healing, and those
evaluating its anti-inflammatory properties.

Studies that examined its effect on wound healing
suggest that pentoxifylline may accelerate this
process. For example, a 2016 review by Ahmadi et al.
concluded that administration of pentoxifylline could
increase the speed and quality of wound healing®*.
Similarly, Moradi et al. (2023) investigated the
combined effect of pentoxifylline and zinc oxide on
wound healing in rats. The study found reduced
inflammation and fewer inflammatory cells in the
pentoxifylline group compared to the zinc oxide
group, aligning with the findings of the present
study'®,

In a 2023 study by Moreira et al., the combination of
pentoxifylline and chitosan was assessed for wound
healing efficacy. The results showed that this
combination effectively accelerated the wound
healing process, and that higher concentrations of
pentoxifylline further shortened the healing period—
findings consistent with our results®®.

In another study by Dehghani et al. (2022), hydrogels
loaded with pentoxifylline were shown to
significantly accelerate wound healing, which is also
in agreement with our findings®”. On day 7 of the
current study, no significant difference in prognosis
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was observed between the intervention and control
groups. This is consistent with the 2013 study by
Babaei et al., which examined the effect of
pentoxifylline on streptozotocin-induced diabetic
skin wounds in rats. That study reported that
pentoxifylline administration significantly improved
the wound healing process and quality in diabetic
rats®®),

The discrepancies in early outcomes may be due to
the precedence of histological changes over
morphological ones, as well as species differences
between rats and humans.

However, on days 14 and 21, significant prognostic
differences were observed between the two groups.
The intervention group showed better outcomes and
a higher number of healed cases

These findings are consistent with other studies that
have identified pentoxifylline as an effective agent in
accelerating wound healing. One such study is by
Bhatia et al., which evaluated the topical effects of
pentoxifylline on wound healing. The results
demonstrated that pentoxifylline enhances wound
healing at various levels, including stimulating
fibroblast proliferation, increasing granulation tissue
formation, reducing collagenase activity, facilitating
collagen and other connective tissue deposition,
minimizing bacterial accumulation, and decreasing
exudate levels. These outcomes strongly align with
the present study’s findings®?.

The study by Khiury et al. indicated that pentoxifylline
may influence angiogenesis in experimental models.
Among the 22 studies reviewed, 16 reported anti-
angiogenic effects of pentoxifylline, whereas 4
showed pro-angiogenic effects, and 2 found no
impact on angiogenesis. However, there s
insufficient  clinical  evidence to  confirm
pentoxifylline’s role as an anti-angiogenic agent in
clinical settings. Furthermore, the study referenced
evidence suggesting that G protein-coupled receptor
(GPCR) mechanisms, particularly adenosine A2B
receptors (A2BAR), may play a role in metabolic
processes and angiogenic switching. Therefore,
further research is required to elucidate
pentoxifylline’s effects on metabolism, energy
homeostasis, and its underlying mechanisms of
action?,

In a study by Baykal et al., pentoxifylline was
administered to rats following sciatic nerve injury.
The results showed a shorter latency and higher
amplitude of muscle action potentials in the
treatment group, though only the amplitude reached
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Table 7: Wound status after 21 days in the group not receiving pentoxifylline (intervention group)

Frequency Frequency percentage Percentage of validity Cumulative percentage
Central 1/3 necrosis 4 15.4 15.4 15.4
Central 2/3 necrosis 2 7.7 7.7 23.1
Amputation 4 15.4 15.4 38.5
Healed 12 46.2 46.2 84.6
Marginal necrosis 4 15.4 15.4 100
Total 26 100 100

The prognosis of all 52 patients was thoroughly
assessed during the course of treatment. These
evaluations were conducted at three time points: the
7th, 14th, and 21st days post-surgery. On the 7th day
after surgery, no significant differences in prognosis
were observed between the two groups. A relative
improvement in the treatment process was noted in
40% of the patients in the intervention group and
38% in the comparison group (P=0.248). It appeared
that pentoxifylline had no immediate effect on the
treatment prognosis, and its impact became more
evident in the following days.

By the 14th day post-surgery, the intervention group
showed better prognosis. Seventy percent of patients
in the intervention group demonstrated more
significant progress compared to 55% in the
comparison group (P<0.0001). This difference was
particularly notable in terms of improved function
and reduced treatment-related complications in the
intervention group.

On the 21st day post-surgery, the prognosis in the
intervention group was significantly better: 90% of
patients in the intervention group achieved full
recovery, whereas only 75% of patients in the
comparison group reached this outcome. This
difference was also statistically significant (P=0.01),
demonstrating the positive effect of pentoxifylline on
treatment outcomes.

Drug-related side effects were also closely monitored
during the study. In the intervention group, 4 patients
(15.4%) experienced side effects associated with
pentoxifylline, including headache, nausea, and
dizziness. These effects were generally mild and
transient, and none of the patients required
discontinuation of the medication. While these side
effects temporarily affected some patients, they did
not seriously interfere with the treatment process.
No significant side effects were observed in the
comparison group. The results of this study indicate
that the use of pentoxifylline as an adjunct therapy in
patients with traumatic finger amputation has a
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significant and positive effect on wound healing and
prognosis. In all evaluations, the intervention group
(receiving pentoxifylline) showed superior outcomes
in wound healing and treatment prognosis compared
to the comparison group.

The most significant differences were observed on
the 14th and 21st days post-surgery, where patients
in the intervention group demonstrated notably
greater progress in recovery and prognosis.
Furthermore, pentoxifylline was associated with
fewer adverse effects compared to the control group,
and its role in accelerating patient recovery—
especially in terms of wound healing and functional
outcomes—was clearly evident. These findings
suggest that pentoxifylline could be an effective
treatment option for patients with traumatic finger
amputation and may be recommended as an
adjunctive therapy alongside conventional treatment
modalities.

Pentoxifylline is a methylxanthine derivative
synthesized  through the  modification of
theobromine extracted from cocoa (Theobroma) or
tea using a hexidone group®®Y.

Various studies have demonstrated the effectiveness
of this drug in treating peripheral vascular diseases,
such as cerebral ischemia and chronic embolic
vasculitis®?. Pentoxifylline acts by reducing blood
viscosity, enhancing tissue oxygenation, and
increasing red blood cell flexibility'®?. Additionally,
recent evidence suggests that pentoxifylline inhibits
the production of reactive oxygen species (ROS) and
improves capillary circulation and tissue oxygenation
in various organs®®3,

The present study aimed to investigate the effect of
this drug in a randomized clinical trial on tissue

healing in patients with traumatic fingertip
amputation. In this study, 52 patients (26 males and
]
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comparison  group, 6 participants (23.1%)
demonstrated one-third central necrosis, and 21
participants (80.8%) exhibited two-thirds central
necrosis. Regarding marginal necrosis on day 14, 6
participants (23.1%) in the intervention group and
only 1 participant (3.8%) in the comparison group
showed this condition (Table 4 and 5). The final
evaluations were conducted on day 21, as follows: on
the twenty-first day, in the intervention group, 4
individuals (15.4%) experienced central necrosis

stage 3/1, 2 individuals (7.7%) experienced central
necrosis stage 3/2, 4 individuals (15.4%) underwent
amputation, and 4 individuals (15.4%) had peripheral
necrosis. In this group, on day 21, 12 individuals
(46.2%) showed improvement (Table 6). On day 21, in
the control group, one patient (3.8%) developed one-
third necrosis, ten patients (38.5%) developed central
necrosis, and eleven patients (42.3%) underwent
amputation. In this group, four patients (15.4%)
showed improvement by day 21 (Table 7).

Table 1: Total number of the statistical population under study

Groups Number Average Standard deviation Average standard error
Age Interventional 26 39.62 8.918 1.749
- Comparative 26 35 8.447 1.657

Table 2: Wound status after 7 days in the group receiving pentoxifylline (intervention group)

Frequency Frequency percentage Percentage of validity Cumulative percentage
Central 2/3 necrosis 20 76.9 76.9 76.9
Marginal necrosis 6 23.1 23.1 100
Total 26 100 100

Table 3: Wound status after 7 days in the group not receiving pentoxifylline (comparison group)

Frequency Frequency percentage Percentage of validity Cumulative percentage
Central 2/3 necrosis 24 92.3 92.3 92.3
Marginal necrosis 2 7.7 7.7 100
Total 26 100 100

Table 4: Wound status after 14 days in the group receiving pentoxifylline (intervention group)

Frequency Frequency percentage Percentage of validity Cumulative percentage
Central 1/3 necrosis 14 53.8 53.8 53.8
Central 2/3 necrosis 6 23.1 23.1 76.9
Marginal necrosis 6 23.1 23.1 100
Total 26 100 100 (blank)

Table 5: Wound status after 14 days in the group not receiving pentoxifylline (comparison group)

Frequency Frequency percentage Percentage of validity Cumulative percentage
Central 1/3 necrosis 4 15.4 15.4 15.4
Central 2/3 necrosis 21 80.8 80.8 96.2
Marginal necrosis 1 3.8 3.8 100
Total 26 100 100 (blank)

Table 6: Wound status after 21 days in the group not receiving pentoxifylline (comparison group)

Frequency Frequency percentage Percentage of validity Cumulative percentage
Central 1/3 necrosis 1 3.8 3.8 3.8
Central 2/3 necrosis 10 38.5 38.5 42.3
AMPUTATION 11 42.3 3.8 84.6
HEALED 4 15.4 15.4 100
TOTAL 26 100 100
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approach may expedite wound healing and decrease
the need for additional surgical interventions.
Ultimately, the goal of this study is to investigate the
effects of pentoxifylline on improving
microcirculation and accelerating wound healing
following fingertip amputation. This research may
contribute to the development of novel and cost-
effective therapeutic strategies for this patient
population, potentially reducing both hospitalization
expenses and the length of hospital stay.

Materials & Methods

The present study is a randomized clinical trial
designed to assess the effect of pentoxifylline on the
healing process of traumatic fingertip amputation
wounds. The study was conducted to compare the
therapeutic effects of pentoxifylline versus placebo.
The study population consisted of patients who, in
2023, were admitted to the emergency department
of Shahid Madani Hospital in Karaj and underwent
surgical repair of traumatic finger amputations.

Participants were selected based on predefined
inclusion and exclusion criteria. Inclusion criteria
involved presenting to the emergency department
with fingertip amputation due to trauma and being
within the age range of 18 to 65 years. Exclusion
criteria included a history of rheumatologic or
vascular diseases, diabetes, wound healing disorders,
smoking, known nutritional or pharmaceutical
supplementation, and any preexisting conditions
affecting wound healing. Sample size was calculated
using Cohen’s formula and G*Power software.
Assuming a significance level of 0. 05, a power of 80%,
and an effect size of 0.8, the required sample size was
determined to be 26 participants per group (control
and intervention), totaling 52 subjects. A census
sampling method was used, and all eligible patients
presenting to the emergency department of Shahid
Madani Hospital and undergoing surgical treatment
were enrolled in the study. In this study, 52 patients
were randomly assigned into two groups:
intervention and control. In the intervention group,
patients received pentoxifylline at a dosage of 1200
mg per day for a duration of 21 days. In the control
group, a placebo similar in appearance to
pentoxifylline was administered. The wound healing
process was evaluated based on several parameters,
including wound infection, drug-related
complications, and healing speed. Assessments
focused on the extent of vascular revascularization,
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restoration of normal function in the wound area,
and the degree of surgical scar improvement.
Patient data were collected using a checklist
specifically designed by the researchers, and
subsequently entered into SPSS software for
statistical analysis. Data analysis was performed using
the t-test, and in cases where the data did not follow
a normal distribution, the equivalent non-parametric
test was applied. In this study, confounding variables
such as age and gender were controlled through
randomization.

In this study, 52 patients with traumatic finger
amputation were randomly assigned to one of two
groups: an  intervention group (receiving
pentoxifylline) and a comparison group (receiving
other treatments or no treatment). The aim of the
study was to evaluate the efficacy of pentoxifylline in
promoting wound healing and improving therapeutic
prognosis. Data were collected and analyzed at
multiple time points following surgery (on days 7, 14,
and 21). At baseline, the groups were randomly and
evenly matched in terms of demographic
characteristics. Each group consisted of 26
participants—13 males and 13 females—resulting in
an overall gender distribution of 50% male and 50%
female. The mean age in the intervention group was
39.62 years (SD: 10.56), while the comparison group
had a mean age of 35 years (SD: 12.46). The age
difference between the two groups was not
statistically significant (P = 0.061). Similarly, no
significant difference was observed in gender
distribution between the groups (Table 1). Wound
status was thoroughly assessed over the course of
treatment at three distinct postoperative time points:
days 7, 14, and 21. According to the evaluations
conducted on day 7, it was found that in the
intervention group, 20 participants (76.9%) exhibited
two-thirds central necrosis, while in the comparison
group, this condition was observed in 24 participants
(92.3%). Additionally, marginal necrosis was
identified in 6 participants (23.1%) in the intervention
group, compared to 2 participants (7.7%) in the
comparison group (Table 2 and 3).

In the subsequent phase of patient data evaluation
on postoperative day 14, it was observed that in the
intervention group, 14 participants (53.8%) exhibited
one-third central necrosis, while 6 participants had
two-thirds central necrosis. In contrast, within the
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Choosing the most effective treatment approach can
significantly impact hospital stay duration, accelerate
the healing process, and minimize complications. In
this regard, the use of medications that reduce
inflammation and enhance microcirculation to
accelerate recovery has become a novel and
noteworthy approach®.

In terms of prevalence, traumatic injuries to the hand
and fingers are among the common causes of
emergency department visits, with more than 45,000
cases of traumatic finger amputations reported
annually in the United States. These injuries occur
three times more frequently in men than in women,
and the highest rate of fingertip amputations is
observed in children under the age of five,
particularly in door-related accidents*).

The anatomy of the fingertip is composed of several
structures, including the distal phalanx, tendons,
ligaments, germinal and sterile matrices, nail plate,
and subcutaneous tissues. The distal phalanx consists
of the tuft (head), diaphysis (shaft), and base with an
articular surface. The perionychium structure
includes the nail bed, paronychium, eponychium, and
nail fold, which support the nail plate and its
underlying matrix(®.

To better understand the various types of fingertip
injuries, several classification systems have been
proposed, including those by Fassler, Rosenthal,
Allen, Tamai, Sebastin, and Chung, and more
recently, the PNB system—an acronym for Pulp,
Nerve, and Bone!”. Evans and Bernadis introduced
the PNB system using a scoring method to assign a
three-digit code for better description of the severity
of injury to the pulp, nerves, and bone.

One of the most commonly used classification
systems is the Rosenthal system, described in 1983,
which categorizes fingertip amputations into three
zones: Zone I injuries distal to the osseous distal
phalanx, Zone Il: injuries between the lunula and the
distal phalanx, and Zone llI: injuries proximal to the
lunula®. Injuries in Zone | can generally be managed
conservatively, as the germinal matrix remains intact.
In contrast, injuries in Zones Il and lll extend into the
germinal matrix and therefore generally require
surgical management®.

Surgical treatments for fingertip trauma are divided
into four main categories. The first involves nail bed
repair, which in simple lacerations is performed using
absorbable sutures in the emergency department.
However, in proximal injuries, the germinal matrix
must be evaluated first. Instead of amputation,
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reconstruction of the amputated digit is generally
preferred, as it yields better functional outcomes and
leads to faster recovery. On average, patients return
to work within 47 days*’?9), The fourth category of
surgical treatment involves the consideration of
fingertip replantation, provided that the anatomical
structures are preserved. This procedure requires
vascular anastomosis, and the amputated digit
should be immediately wrapped in sterile gauze
soaked in normal saline and stored in a mixture of ice
and water®?), Amputated fingertips can remain
viable for 6-12 hours under warm ischemia and for
24-30 hours under cold ischemia conditions?+2°),
Pentoxifylline, a dimethylxanthine derivative with the
chemical formula C;3H:gN4O3, exhibits anti-
inflammatory properties, vasodilation effects,
enhancement of red blood cell flexibility, and
improved tissue oxygenation. By increasing the level
of cyclic adenosine monophosphate (cAMP) in
vascular smooth muscle cells, it induces vasodilation
and subsequently improves blood flow. Pentoxifylline
also acts as a non-selective phosphodiesterase
inhibitor, contributing to enhanced red blood cell
flexibility and improved microcirculation in injured
tissues. Consequently, this drug may significantly aid
in the healing of traumatic wounds and enhance
oxygen delivery to damaged tissue!?”).

Numerous studies have demonstrated the
effectiveness of pentoxifylline in  managing
microcirculatory and inflammatory issues in various
conditions, including atherosclerosis, chronic kidney
disease, and certain types of wounds. In patients with

chronic kidney disease undergoing dialysis,
pentoxifylline has been shown to improve
hemoglobin and hematocrit levels, thereby
alleviating anemia symptoms. Similarly, in the

treatment of traumatic injuries, pentoxifylline may
facilitate recovery by enhancing blood flow and
reducing inflammation, while potentially minimizing
post-surgical complications such as infection and
ischemic necrosis?839),

Accordingly, this study aims to determine whether
the use of pentoxifylline, as an affordable and
effective treatment, can shorten hospitalization
duration, reduce healthcare costs, and improve
surgical outcomes in the management of fingertip
amputation wounds. If validated through ongoing
research, this treatment may serve as a valuable
therapeutic option for patients suffering from
traumatic finger injuries who are unable to afford
costly and complex treatments. Moreover, this
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Traumatic Finger-Tip Amputation and the Effect of Pentoxifylline on Tissue Healing
(A Comparative Randomized Clinical Trial)
ﬁbstract \

Introduction: The aim of this study was to investigate the effect of pentoxifylline on the healing process of wounds
resulting from traumatic amputation of the fingertips in patients, especially those who need accelerated treatment
and better outcomes.

Materials & Methods: This study was conducted as a randomized clinical trial on 52 patients who had referred to
a teaching unit with finger-tip amputation after trauma. The patients were divided into two intervention groups
(receiving pentoxifylline) and control group (receiving placebo). Pentoxifylline was prescribed in the intervention
group at a dose of 1200 mg per day for 21 days. Evaluations were performed at three times (days 7, 14, and 21) in
terms of wound status and treatment results.

Results & Discussion: The results showed that on the seventh day, a lower percentage of patients in the
intervention group had central and peripheral necrosis. Also, on the fourteenth and twenty-first days, a significant
improvement in the condition of the wounds was observed in the intervention group and the prognosis of
treatment in this group was significantly better. On the twenty-first day, 90% of patients in the intervention group
achieved complete recovery, while in the control group this figure was 75%. Also, the side effects of pentoxifylline
in the intervention group were few and temporary, and none of the patients needed to discontinue the drug.
Conclusion: The use of pentoxifylline as a complementary treatment in patients with traumatic finger amputation
has a significant positive effect on accelerating wound healing and improving treatment prognosis.

Keywords: Pentoxifylline, Traumatic amputation, Finger injuries, Wound healing.
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Finger trauma is among the most common injuries encountered in the field of
orthopedics, particularly observed in industrial and workshop-related
occupations. These injuries, aside from causing pain and discomfort, often lead
to significant physical and social disabilities and, in many cases, result in serious
occupational complications!?. Finger amputations, especially at the fingertip,
not only have physical consequences but also cause considerable psychological
and social problems for patients. Such disabilities can result in the loss of ability
to perform daily tasks, decreased quality of life, and eventually job
abandonment or a shift in occupational activities. In this context, selecting an
appropriate therapeutic approach for the repair of finger injuries is of
particular importance, especially when the patient aims to return to work in
the shortest time possible.

Many of the patients who visit hospitals due to traumatic injuries are those
typically involved in industrial and workshop jobs. These individuals often lack
the financial means to afford high-cost treatments and require therapeutic
approaches that are both cost-effective and efficient, enabling them to return
to their jobs as quickly as possible. Therefore, choosing treatment methods
that not only minimize costs but also reduce recovery time is a key issue in the
management of these patients. Surgical repair of fingertip amputations is often
associated with various challenges.
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When conservative management fails, surgical
intervention may be considered for patients
experiencing persistent back or leg pain. Severe or
progressive deformities with significant trunk
imbalance are typical indications for corrective
instrumentation and spinal fusion®®. In cases of
marked scoliosis with sagittal malalignment,
procedures such as Smith-Petersen or Ponte
osteotomy are often selected if the intervertebral
spaces remain mobile, whereas more rigid
deformities may require pedicle subtraction
osteotomy (PSO)".

Previous studies have demonstrated that surgical
correction of adult scoliosis can improve long-term
quality of life®. Nonetheless, choosing the
appropriate surgical approach requires individualized
planning that accounts for age, comorbidities, and
the three-dimensional characteristics of the
deformity®. Over the past decade, the rate of ASD
surgeries has risen, despite the relatively high risks in
older patients. Reported complication rates range
from about 13% at one-year follow-up to 30% at five
years®®  Mechanical complications—such as
nonunion, rod fractures, proximal junctional kyphosis
(PJK), and loosening of pedicle screws—are the
leading reasons for revision surgery and account for
30-40% of all complications*12, These issues can
undermine surgical outcomes, particularly in patients
requiring multiple operations, highlighting the
importance of careful preoperative planning and
risk—benefit assess!3).

ASDs can stem from several underlying conditions,
including idiopathic scoliosis, degenerative or
neoplastic changes, all of which disrupt spinal
stability and balance™?. Normal upright posture
relies on the harmonious interaction of spinal curves,
pelvic orientation, and muscular support®™®.
Dubousset’s “cone of economy” concept describes
the stable zone of energy-efficient standing posture,
a framework often used to evaluate balance in
patients with deformities®.

Although the definition of optimal spinal balance
remains debated, radiographic parameters are
widely used to guide surgical correctio®. Thoracic
kyphosis (TK) and lumbar lordosis (LL), usually
measured with Cobb angles, are commonly analyzed
to assess regional alignment. More recently, pelvic
parameters have been recognized as essential in
evaluating sagittal balance, with the sagittal vertical

(
\

27

Iranian Journal of Orthopaedic Surgery
Vol. 23, No. 1 (Serial No. 88), Winter 2024, p. 24-28

axis (SVA) — defined as the distance between the C7
plumb line and the posterior superior sacral endplate
— being one of the most reliable indicators”%. An
SVA of less than 50 mm is often considered an
achievable target for maintaining functional global
alignment, ensuring a stable standing posture and
forward gaze®'V. In many cases, osteotomies
become necessary to restore this global balance™?.
The selection of osteotomy type depends on factors
such as bone quality, spinal rigidity, surgeon
experience, deformity magnitude, and overall
spinopelvic alignment*213),

Among available osteotomy techniques, Smith-
Petersen osteotomy (SPO) and pedicle subtraction
osteotomy (PSO) are the most frequently
employed4-16),

While SPO generally provides about 10° of correction
per level, PSO achieves larger segmental corrections
of 30-40°. SPO has the advantages of shorter
operative time, reduced blood loss, and lower
neurological risk compared to more invasive options,
though it offers less sagittal correction and may
increase compensatory changes in the coronal plane.
In contrast, PSO is often reserved for rigid sagittal or
combined sagittal-coronal deformities, such as flat-
back syndrome, but carries higher risks and
complication rates!?6-2%),

Our findings indicate that correction achieved with
SPO led to meaningful improvements in both
radiographic alignment and clinical outcomes,
supporting its role as an effective option in selected
patients with adult spinal deformities.

Conclusion

It is possible to use milder osteotomies such as Ponte
or Smith-Peterson in several levels where only the
posterior column of the spine is osteotomies without
the need for more severe osteotomies such as PSO,
which are associated with more complications such
as more bleeding, longer operation time, and the
possibility of neurological complications. Severe
deformities in the sagittal and coronal planes can be
corrected.
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Table 1: Examining the level of characteristic demographic status in the examined patients

Variables
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Frequency (Percent)

F 4(40.0)
Gender M 6(60.0)
5.00 2(20.0)
Number of Levels fused 7.00 3(30.0)
9.00 5(50.0)
3.00 1(10.0)
4.00 7(70.0)
Number of levels osteotomy %.00 1(10.0)
6.00 1(10.0)
11.12.13.14 1(10.0)
L1.L2.L3.L4 1(10.0)
L2.L3.L4.L5 2(20.0)
Levels of osteotomy L3.L4.15 1(10.0)
L3.L4.L5.51 1(10.0)
T11-T12.11.L2.L3 1(10.0)
T12.L1.L2.L3 2(20.0)
T12.L1.L2.L3.L4.L5 1(10.0)
Hardware. Failure NO 10(100.0)
Pseudo arthritis NO 10(100.0)
NO 8(80.0)
Complications neurologic 1(10.0)
superficial infection no 1(10.0)
L NO 9(90.0)
Readmission VES 1(10.0)
Pjk .djk NO 10(100.0)
Age 53.5£12.24
BMI 28.2+3.39
Blood. loss 660.0+123.01
F.U 17.20+9.35
OR. Time 171.5£29.06

Table 2: Examination of the level of clinical characteristics before and after surgery in the examined

patients
P value MeanStd. Deviation Variables
15.40+3.83 SVA Pre OP
0.0001
4.30+2.21 SVA Post OP
0.269 51.7+8.32 Pelvic Incidence Pre OP
' 52.50%8.80 Pelvic Incidence Post OP
28.70+5.81 Pelvic Tilt Pre OP
0.002
23.50+3.68 Pelvic Tilt Post OP
0.002 23.50+9.48 Sacral Slope Pre OP
' 29.40+7.73 Sacral Slope Post OP
0.000 8.50+14.68 Lumbar Lordosis Pre OP
' 42.10+7.03 Lumbar Lordosis Post OP
0.003 24.40+14.50 Thoracic Kyphosis Pre OP
' 35.20+7.43 Thoracic Kyphosis Post OP
7.70+£1.05 VAS Pre OP
0.0001
3.10+.87 VAS. Post OP
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In recent decades, progress in patient selection
criteria and the development of risk stratification
models have improved surgical planning®.
Similarly, minimally invasive procedures have been
introduced, although complication rates remain
significant®?,

Historically, spinal osteotomies were performed only
in specialized centers, but they are now widely
available thanks to broader surgical training and
fellowships. Commonly used osteotomy techniques
include Smith-Petersen osteotomy (SPQO), pedicle
subtraction osteotomy (PSO), bone-disc-bone
osteotomy (BDBO), and vertebral column resection
(VCR), with each representing a step up in technical
difficulty and correction potential.

The present study aims to evaluate radiographic
parameters and clinical outcomes in patients
undergoing Smith-Petersen osteotomy for the
correction of adult spinal deformities.

Materials & Methods

In this case series study, data was prepared and
extracted retrospectively from patients' records.
Inclusion criteria of our study were: age above 18
years, ASA risk class Il or less, and Candidate for
elective Smith-Peterson osteotomy surgery with the
main indication of correction sagittal spine deformity
in the last three years.

All radiographs and questionnaires related to clinical
treatment are included at that time. All patients
underwent full standing digital spine radiography
before surgery. Radiographic and clinical parameters,
including the following items, are extracted from the
patients' files before the operation and 1 month after
the operation from the patients' files and faxes.
Demographic and surgical information: Demographic
and clinical information was obtained for each
patient. First, the information from the questionnaire
is coded and entered into SPSS software. MeantSD
was used to display quantitative data and frequency
was used to display qualitative data. A significance
level of less than 5% was considered. Parametric
analyzes were used to analyze variables with normal
distribution and non-parametric analyzes were used
to analyze variables with non-normal distribution.
Paired t-test was used to check the relationship
between radiological criteria and clinical findings
before and after transplant. The effect of background
variables on OUTCOME is used from regression
analysis according to the type of variables. The less
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than 0.05 level considered as significance. The data
was entered into SPSS software and analyzed by
relevant statistical tests.

In this study, the number of 10 patients who met the
conditions for entering the study was examined
(Figure 1); the clinical and demographic information
of the patients is reported in Table 1.

The amount of change in SAV before and after
correction of deformity after surgery has decreased
significantly (P<0.0001), the amount of Pelvic
Incidence has also increased from 51.7 to 52.5 after
surgery, which is not statistically significant. (0.269).
Pelvic tilt decreased from 28.7 to 23.5 after surgery
(P=0.002).

Sacral slope increased from 23.5 to 29.4 (p=0.002).
Lumbar Lordosis also increased from 8.5 to 42.1 after
surgery (p<0.0001).

The rate of Thoracic Kyphosis also increased
significantly from 24.4 to 25.2 after surgery
(P=0.003). There was a significant decrease in VAS
from 7.7 to 3.1 after surgery (P<0.00001) (Table 2).

i
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Figure 1: A 56-year-old male patient with a
severe deformity in the sagittal plane, who
underwent a four- Levels Ponte osteotomy and

obtained a very good correction; S.V.A, Pelvic
Incidence, Pelvic Tilt, Sacral Slope, Lumbar
Lordosis, Thoracic Kyphosis, Cervical lordosis, Pl —
LL and SRS-22r before and after surgery
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Investigating Radiological Criteria and Clinical Findings in Patients Before and After
Smith-Peterson Osteotomy to Correct Adult Spine Deformity
ﬁbstract \

Introduction: The aim of this study is to investigate the radiographic and clinical findings in patients before and
after Smith-Peterson osteotomy to correct adult spine deformity.

Materials & Methods: This is a case series study. Data be prepared and extracted retrospectively from patients'
records. Inclusion criteria were age >18 years, American Society of Anesthesiology (ASA) risk class Il or less, and
sagittal spine deformity within three years. All the patients had pre-operative full standing digital spine
radiography. Radiographic and clinical parameters were extracted from the patients' files before the operation
and 1 month after the operation. Demographic and surgical and clinical information: information was obtained
for each patient. The information from the questionnaire was coded and entered SPSS software. The level of
significance was considered less than 5%.

Results & Discussion: A total of 10 patients met the conditions for entering the study and were examined. The
amount of change in SAV before and after correction of deformity post-surgery decreased significantly (P<0.0001),
the amount of Pelvic Incidence increased from 51.7 to 52.5 after surgery, which is not statistically
significant(p=0.269). Pelvic tilt decreased from 28.7 to 23.5 after surgery (P=0.002). Sacral slope increased from
23.5 to 29.4 (p=0.002). Lumbar Lordosis also increased from 8.5 to 42.1 after surgery (p<0.0001). The rate of
Thoracic Kyphosis also increased significantly from 24.4 to 25.2 after surgery (P=0.003). There was a significant
decrease in VAS from 7.7 to 3.1 after surgery (P<0.00001).

Conclusion: The spinal deformity correction by the Smith-Peterson osteotomy method can improve the
radiographic as well as clinical parameters in short term.

Keywords: Spine, Osteotomy, Radiography.
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Introduction

Adult spinal deformities (ASDs) arise from diverse etiologies and are frequently
associated with disability and a decline in health-related quality of life
(HRQoL)™2, With an aging population and advancements in medical and
surgical practices, the frequency of spinal deformity surgery has steadily
increased®. The decision to pursue surgical correction is usually driven by
functional limitations and clinical symptoms rather than the radiographic
severity of the deformity'®. Achieving sagittal alignment on radiographs has
been linked to favorable clinical outcomes”), and age-adjusted correction
values have been suggested based on correlations between radiographic
findings and patient-reported outcome measures (PROMs)Y. Although the
primary objective of surgery is restoring spinal alignment, maintaining sagittal
balance over time can be difficult, as age-related changes and mechanical
complications may compromise initially successful results. Compared to hip or
knee arthroplasty, outcomes following ASD surgery are less predictable®.
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Furthermore, patient satisfaction after surgery remains underexplored, and
the relationship between radiographic improvements and PROMs has been
debated.
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have an effect on his satisfaction with the treatment,
which was not considered in the study. One of the
most common concomitants of this fracture is the
triangular fibrocartilage complex injury. Since we do
not have a specific indication for its repair in distal
radius fracture, this injury also can affect the clinical
outcomes.

Conclusion

The clinical outcomes of patients with intra-articular
fractures with comminution (C2 and C3.1 types) in
the group treated with plaque alone were not
significantly different from the group treated with
plaque plus external fixator. Therefore, due to the
cheaper cost, higher comfort of the patient and the
absence of complications specific to the external
fixator, it seems that it is better to use only the plate
and avoid imposing additional treatments without
clinical justification.

Ethical approval
This study was approved by the Ethics Committee of

Alborz university of medical science and conducted
according to the declaration of Helsinki.

Informed consent

Informed consent was obtained from all patients. All

authors gave their consentment for paper
publication.
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Therefore, in these cases (C3.2 and C3.3 types),
alternative treatments such as external fixator or
spanning plate are used™®. In our study, these
severely comminuted fractures were excluded. One
of the issues that affects the clinical outcomes of
intra-articular  fractures  with  distal radius
comminution is the shortness of the radius in the long
term after the treatment of the surgery. "Auxiliary
use of external fixator" in combination with
anatomical plates (which should be used in displaced
intra-articular fractures) can prevent this shortening
in the future by establishing length and alignment
through ligamentotaxis® and this issue was one of
the our hypotheses in this study. On the other hand,
if this hypothesis is rejected, the cost of the patient's
surgery can be reduced by abandoning the use of this
device.

In this randomized clinical trial, the post-operative
hand function level (which was our most important
variable) that was evaluated in the 9" month after
surgery, did not show a significant difference
between the group treated with plaque only (control)
and the group treated with plaque plus external
fixator (intervention). The clinical outcomes in the
control group were even numerically slightly better
(although not significant) and this could be because
the patient’s movements started earlier and patients
returned to activities sooner in this group. The
control group also did not have complications related
to the external fixator, such as infection of pin tract
and CRPS (of course, this difference was not
significant) and lack of comfort due to the presence
of an external device.

The results related to pain level were not significantly
different between the two groups. Therefore, it can
be concluded that considering the costs and comfort
of the patients, the plate only surgical technique
should be recommended to fix distal radius fractures.
Regarding the functional level of patients, the results
of our study are in contrast with Pradhan et al.'s study
in 2010. They found that the best outcomes are
obtained in the combined use of external and internal
fixator. It seems that this difference in the results is
due to the small statistical population of his study (22
people in total)*,

We believe that the more important and
fundamental role than the clinical and radiological
outcomes (including the depression of the articular
surface and as a result the shortening of the radius),
in addition to the restoration of the appropriate
articular surface and height of the radius and tilt
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suitable palmar at the time of surgery, is to provide
proper support in the subchondral area during
surgery (using bone graft if needed) due to the
comminuted nature and presence of metaphyseal
impaction and restore bony defects; In fact, it is
similar to what is said in proximal tibial fractures.
Another basic point, which is probably more
important in the treatment of these fractures, is the
accurate placement of the distal screws and to try to
achieve compression between the fracture parts as
much as possible, because these screws, with their
locking mechanism, prevent from post-operative
movement to some extent. Contrary to most of the
studies that evluated less variables, In our study, an
attempt has been made to examine most of the
common complications associated with these
fractures, which affect the patient's satisfaction level,
in order to provide a comprehensive view of different
treatment angles.

Non-union was not observed in the patients, but due
to the metaphyseal nature of the bone, the
occurrence of this non-union is naturally less likely.
CRPS that occurred in the intervention group could be
due to excessive stretching by the external fixator
which is also mentioned in the study of Kaempffe FA
et al."?. The radiological criteria of the study,
including radius height and palmar tilt, had no
significant difference between the two groups. The
issue that the radiological criteria of malunion are not
necessarily related to the clinical outcomes of the
patient is a point of controversy among studies, such
as the study by Chen YR et al. that have confirmed
that small changes in these criteria are associated
with poorer clinical outcomes®. other studies, such
as Synn AJ et al's have shown that excellent
outcomes are possible even with severe
deformities™. The radiological outcome of our study
were in contrast with the results of Han et al.'s study
which concluded that this therapeutic combination
reduces the probability of re-displacement after
surgery and shortening of the radius. Although, in
some results, such as the function of the wrist, no
difference was seen in the mentioned study like in
our study. It seems that the discrepancy between
radiological and clinical outcomes that have been
presented in some studies is the justification for this
issue(™),

There was also some limitation in our study. The
AO/OTA classification was used, in which the initial
displacement is not considered that can affect the
results. Also, the patient's occupation and demand
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1lE ,
Figure 1: Radial Height (right) and Palmar Tilt (left) in the radiograph of a 31-year-old patient with a C2
type fracture, 9 months after surgery (equivalent to 10.9 mm and 9 degrees, respectively)
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Figure 2: The level of functional impairment based on the gDASH score in each study groups

Fracture of the distal radius is the most common
fracture of the upper limb, and it incurs a huge cost
to the health care system and to the people every
year. Despite the many studies that have been
conducted in this regard, there is still no general
agreement on how to manage these fractures, and
none of the available treatment choices has a high
recommendation power”,

In this study, we have dealt with specific types of
distal radius fractures (type C2 and C3.1). In intra-
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articular fractures that are accompanied by
comminuted metaphyseum, it is sometimes difficult
to achieve a favorable outcome. Most authors have
come to the conclusion that intra-articular fractures
with displacement are better managed with open
reduction and fixation with a locking plate so that
both a more suitable reduction and a stronger
fixation can be obtained which results in quicker start
to movements after the operation and sooner return
to daily activities®.

Of course, it should be noted that in cases of severe
comminuted fractures, we cannot naturally use a
locking plate and fix the small parts with screws;
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fractures, including 8 in the control group and 11 in
the intervention group, were type C3.1 according to
the AO/OTA classification. Non-union after 6 months
and surgical site infection (SSI) did not occur in any of
the patients. Two of the patients in the intervention
group had an infection of the pin tract, and they were
treated with oral antibiotics and washing the pin site
and did not need the removal of the pin. Also, one of
patients in the intervention group developed CRPS,
who finally recovered with oral medication and
physiotherapy. The difference in the frequency of SSI
and CRPS was not significant between the two study
groups. Radial height in the control group was 10.62
milimeter (mm) with a standard deviation (SD) of
2.858 and 9.81 mm with a standard deviation of 2.154
in the intervention group. Also, palmar/dorsal tilt in
the control group was 12.08 degree with a standard
deviation of 9.629 and 12.15 degree with a standard
deviation of 8.633 in the intervention group. The
difference in the mean of radial height and
palmar/dorsal tilt was not significant between the
two study groups.

Comparison of External Fixator Combined ...

The mean gDASH score in the control group (plate)
was 35.750 + 13.0673 and 38.335 + 14.4556 in the
intervention group (plate + external fixator) and this
difference did not reach the significant level (p=
0.502). The level of dysfunction was graded based on
the gDASH score as normal (<20), mild functional
impairment (20-39), moderate functional impairment
(40-60) and severe functional impairment (>60).
There was also no statistically significant difference
been the two study groups in terms of functional
impairment level. In addition, the largest number of
patients from both groups and the mean score of
both groups were in the spectrum of mild functional
impairment (20-39 points).

The mean VAS score in the control group (plaque)
was equal to 2.08 + 1.129 and 2.19 + 1.234 in the
intervention group (plaque + external fixator) and this
difference did not reach the significant level (p=
0.726). In both intervention (plate + external fixator)
and control (plate) groups, the functional score and
level and pain level in type C2 fractures was
significantly better than C3.1 type fractures (p< 0.05).

Table 1: comparison of basic and clinical data between two study groups

. Group
Variables - - P value
Control (plate) Intervention (plate+ExFix)
Age (years) 42.27 £12.92 41.15+14.18
BMI (kg/m?) 2491 +4.36 24,75 +3.61
Cc2 18 (69.2 %) 15 (57.7 %)
Fracture type
c3.1 8(30.8 %) 11 (42.3 %)
Non-union 0 0 -
Infection 0 2 1.000
CRPS 0 1 1.000
Radial height (mm) 10.62 £ 2.85 9.81+2.15 0.255
Palmar/Dorsal tilt (°) 12.08 £9.62 12.15+8.63 0.976
qDASH score 35.75 £ 13.06 38.33£14.45 0.502
Normal 3(11.5%) 3(11.5 %)
. . . Mild 15 (57.7 %) 13 (50 %)
Functional impairment
Moderate 7 (26.9 %) 8 (30.6 %)
Severe 1(2.8%) 2(7.7%)
VAS 2.08+1.12 2.19+1.23 0.726

Table 2: Comparison of functional and pain score based on fracture type in each study groups

Groups variables AO/OTA classification P value
C3.1 (n=8) C2 (n=18)
Control (plate) g-DASH score 42.83 £17.15 32.60£9.76
VAS 2.38+1.40 1.94+0.99
Intervention (plate+ExFix) g-DASH score 47.55+12.59 31.57£12.00
VAS 2.91+0.83 1.67 +1.23
( ]
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So, we decided to evaluate this hypothesis that the
use of an external fixator and a plate combination
could achieve the desired uniformity at the joint level
by means of the plate and prevent depression and
subsequent shortening og radius. Also, if this
hypothesis is rejected, we could prevent from
imposing an additional cost of an external fixator for
this kind of fracture.

Materials & Methods

In this RCT, Patients with intra-articular and
comminuted fractures of the distal radius who
referred to the emergency department of Shahid
Madani Hospital in Karaj from March 2023 to 2024
were eligible to enter the study. Inclusion criteria
include acute intra-articular and comminuted
fractures of the distal radius type C2 and C3.1
according to AO/OTA classification, mastery of
speech and understanding of Persian language,
informed consent to participate in the study and age
between 18 and 60 years. Exclusion criteria include
the presence of contra-indications for surgery,
pathological fracture, premature osteoporosis,
substance and alcohol abuse, Gastillo-Anderson type
2 and 3 open fracture, concomitant fracture (except
ulna styloid fracture), patients who are unlikely to
cooperate and accept all planned follow-up visits and
multiple trauma.

Selected patients were randomized into two groups,
the first group (control) underwent surgical
treatment with locking plate (T or anatomical) and
the second group (intervention) underwent fixation
with unilateral external fixator in addition to locking
plate. All surgeries were performed by two surgeons
who are members of the academic staff of Shahid
Madani Medical Training Center or their senior
assistants. The modified Henry approach was used
for all the performed procedures and acceptable
reduction and fixation criteria including the
restoration of the articular surface and the tilt of the
distal radius and the appropriate height of the radius
according to the mentioned numbers was obtained.
Patients then were followed-up one week and again
in third week, sixth week, sixth month, and ninth
month after the surgery. In each post-operative visit,
patient were evaluated in terms of radiological and
clinical outcomes. Radiological examinations to
examin th non-union and malunion (with Palmar tilt
and Radial height criteria) were performed in the
first, third, and sixth week visit and in the 9th month
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visit, which is the same as the routine protocol of the
center's surgeons, and therefore, no extra cost was
imposed on the patient.

non-union diagnosis was based on the radiology and
examination at the sixth month, and also the criteria
of malunion in the radiology at the ninth month was
our measurement and analysis criteria.

Evidence of infection in the path of the pin and
infection of the surgical site (infection of the incision
site for plague placement) and the occurrence of
complex regional pain syndrome (CRPS) were
checked in all visits after surgery.

The basic variables including age, gender and body
mass index (BMI) were extracted from patient’s file
and entered into the statistical models and adjusted
to eliminate their confounding effect. Functional
assessment of patients was done using gDASH
guestionnaire in the ninth month visit and pain
assessment was done by VAS questionnaire in the
sixth month. If the patient did not have sufficient
literacy, the questionnaire questions were asked
orally. The questionnaire was anonymous, and the
participants were told to participate in this research
if they wanted to.

The data analyzer was blinded so that the analyst did
not know which of the study groups the patients
belonged to. Block randomization method was used
for sampling. Initially blocks were prepared as
(AA,BB),(BB,AA),(AB,BA),(BA,AB),(AB,AB),(BA,BA) in
the Excel software as A confirmed the intervention
group and B confirmed the control group. Then one
of these blocks was randomly selected and based on
the sequence of letters A and B in the selected block
and then the eligible patients were assigned to each
groups. This random process of selecting blocks and
assignment continued until the desired sample size
was reached.

A total of 52 people including 36 (69.2%) men and 16
(30.8%) women were included in the study(Table 1
and 2; Figure 1 and 2). The mean age of the patients
in the control group (plate) was equal to 42.27 +
12.920 years and 41.15 + 14.181 vyears in the
intervention group (plate + external fixator). The
mean BMI of patients in the control group (plate) was
24919 + 4.3672 and 24.750 * 14.181 in the
intervention group (plate + external fixator). 33
fractures, including 18 in the control group and 15 in
the intervention group, were type C2 and 19

]
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Comparison of External Fixator Combined with Plate Compared to Plate Fixation
Alone in the Treatment of Intra-Articular Comminuted Distal Radius Fractures

Gbstract \

Introduction: Distal radius fractures are the most common fractures in the upper limb, and many studies have
been conducted on its treatment. There is, as yet, no consensus on which treatment method is preferable. This
paper compares the use of plate alone with plate + external fixator in this fracture.

Materials & Methods: In a randomized clinical trial (RCT), patients with type C2 and C3.1(AO/OTA classification)
distal radius fracture, were randomly divided into two groups of fixation with locking plate alone (control) and
fixation with plate and additional external fixator (intervention). Then patients were evaluated in terms of
radiographs and clinical outcomes in first, third and, sixth weeks, and also 6 and 9 months after surgery by Quick
Disabilities of the Arm, Shoulder and Hand questionnaire (qDASH) and visual analogue score (VAS). SPSS software
was used for data analysis. Informed consent was obtained from the patients.

Results & Discussion: 52 patient (26 in each group) were enrolled in the study. The mean age was 42 years in the
control and 41 years in the intervention group. The qDASH score in the control group was 35 and 38 in the
intervention group and this difference was not significant between the two groups. No significant difference was
observed between the two groups in terms of pain level according to the (VAS) score either. Also, the radiographic
criteria including radius height and palmar tilt, did not differ significantly between the two groups (p<0.05).
Conclusion: In general, with similar results of plating, and plating with addition of external fixator in fixation of
distal radius fracture, the method of “plate alone” is preferred.

Keywords: Distal radius fracture, Fracture Fixation, External Fixators, Internal Fixators.
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Often, the anatomical restoration of the joint surface is the main reason for
surgical treatment. Many studies have shown an association of non-uniform
articular surface of even 1 mm with worse outcomes, however other reports
have noted no association between radiographic arthrosis and outcomes. Bone
quality is also a fundamental variable in choosing the type of treatment and is
related to the ability to obtain and maintain reduction in the future'®.

Clinical and biomechanical studies have determined that Palmar tilt and Radial
height are the most important radiological factors impacting the outcomes'?.
It seems that the external fixator neutralizes the axial force on the distal radius
by ligamentotaxis and thus prevents depression of the articular surface and
subsequent shortening, especially in crushed cases®. Comparing external
fixator and open & internal fixation, fist power, better range of motion and less
nausea have been seen with the internal fixation”. A comparative meta-
analysis of clinical trials concluded that open & internal fixation was associated
with better forearm supination, recovery of velar tilt and better outcomes at
the bedside while better fist strength and wrist flexion were seen with external
fixator®. In cases of articular surface involvement with comminuted patterns,
it is difficult to achieve an optimal articular surface restoration using external
fixator alone. For this reason, the use of expandable plate fixation is increasing,
with overall good short-term results. But in the long-term run, they have
suffered from depression of the joint surface and short radius®.
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clinical attention. Despite the rising number of case
reports, significant knowledge gaps persist regarding
the exact pathophysiology, risk factors, diagnostic
methods, and optimal treatment strategies for fat
embolism in non-orthopedic settings. The increasing
prevalence of procedures that manipulate fat
tissue—coupled with the lack of standardized
guidelines—highlights the urgent need for further
research to elucidate the mechanisms of fat
embolism, identify at-risk populations, and develop
effective preventive measures. Future studies should
focus on improving early detection, refining
diagnostic techniques, and establishing clinical
protocols to ensure safer practices across diverse
medical fields.
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non-orthopedic contexts, such as cosmetic
procedures, the lack of direct fat transfer complicates
diagnosis and management. Case reports suggest
that, despite being less frequent, fat embolism
following needling may present with acute
respiratory distress and neurological impairment,
requiring urgent intervention and highlighting the
need for further investigation into preventive
measures.

Clinical Implications and Future Directions

The rising awareness of fat embolism in non-
orthopedic settings underscores the importance of
early recognition and preventive strategies in clinical
practice. Future research should focus on elucidating
the precise mechanisms of fat embolism in non-
traumatic scenarios, refining diagnostic approaches,
and developing guidelines for minimizing risk in high-
risk procedures. Investigating the role of tissue
trauma, needle size, and patient-specific factors in
the development of fat embolism is crucial.
Additionally, further studies should explore the use of
imaging techniques in early detection and better
define the role of medical interventions in improving
outcomes for affected patients.

Knowledge Gaps in Fat Embolism in Non-
Orthopedic Contexts

Despite the increasing recognition of fat embolism in
non-orthopedic  settings, several significant
knowledge gaps remain that hinder effective
prevention, diagnosis, and management. One of the
primary challenges is the lack of comprehensive data
on the exact mechanisms by which fat embolism
develops in these non-traumatic contexts. While the
pathophysiology of fat embolism in orthopedic
trauma is well understood, the specific factors that
trigger fat globules to enter the bloodstream during
procedures like acupuncture, cosmetic filler
injections, and needling without fat injection are less
clear. These procedures, often occurring in fat-rich
and highly vascularized areas, may contribute to fat
embolism through mechanisms that are not yet fully
defined.

Furthermore, there is limited research on the
incidence and prevalence of fat embolism in non-
orthopedic contexts. Most studies focus on individual
case reports or small cohorts, making it difficult to
generalize findings or establish clear clinical
guidelines. Larger, multi-center studies are needed to
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better understand the true extent of fat embolism in
these settings and to identify risk factors that
predispose patients to developing the condition. Key
variables such as patient comorbidities, procedural
techniques (e.g., needle size, injection depth), and
anatomical regions involved remain underexplored in
relation to fat embolism risk.

Another critical knowledge gap is the diagnostic
challenges associated with fat embolism in non-
orthopedic settings. While imaging techniques and
clinical criteria are well-established for trauma-
induced fat embolism, their utility in cases arising
from non-traumatic procedures is not well
documented. There is a need for more research on
early diagnostic markers or imaging methods that can
detect fat embolism in its subclinical or early stages,
particularly in cases that do not present with the
classic triad of symptoms (petechial rash,
neurological impairment, and respiratory distress).
Additionally, there is a dearth of evidence regarding
the optimal treatment strategies for fat embolism in
non-orthopedic contexts. While supportive care,
including respiratory support and mechanical
ventilation, remains the cornerstone of treatment,
the effectiveness of various interventions, such as
corticosteroids or anticoagulation therapy, remains
uncertain in these specific cases. Further clinical trials
are required to evaluate the safety and efficacy of
different treatment approaches, as well as to explore
the potential role of preventive measures for high-
risk procedures.

Finally, the long-term outcomes of patients who
experience fat embolism following non-orthopedic
procedures remain poorly understood. While short-
term survival rates are often reported, there is a lack
of comprehensive data on long-term complications
such as chronic pulmonary or neurological deficits.
Understanding the long-term impact of fat embolism
in these patients is crucial for informing follow-up
care and improving patient outcomes.

Conclusion

Fat embolism, traditionally associated with
orthopedic trauma, is increasingly recognized in non-
orthopedic contexts such as cosmetic procedures,
acupuncture, and other minimally invasive
interventions. While the mechanisms of fat embolism
in these scenarios are not fully understood, the
potential for fat globules to enter the bloodstream
through tissue disruption in fat-rich areas has gained
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Table 1: Causes and proposed mechanisms of fat embolism following conditions unrelated to bone
fractures.

Cause

Proposed mechanism

Cosmetic procedures (e.g., liposuction, fat grafting)

Disruption of adipose tissue leads to the release of fat globules

into the venous/artery circulation.

Soft tissue filler injections/acupuncture

Rupture of fat cells or vascular obstruction by the needling
causes embolization.

Vitamin E/Mineral oil injections

Direct injection of lipid substances into vasculature results in
embolization and systemic complications.

- Donor-related fat embolism: Transfer from donor organs
(e.g., post-trauma).

Organ transplantation

- Corticosteroid-induced: Fat mobilization triggered by steroid

use.

- Donor hepatic steatosis: Fat release from donor liver during
transplantation.

Bone marrow biopsy

Disruption of bone marrow during biopsy releases fat globules

into the bloodstream.

Sickle Cell B-Thalassemia

Vaso-occlusive crises or bone marrow necrosis led to the
dislodgement of fat globules into systemic circulation.

Sepsis, burns, and pancreatitis

Systemic inflammatory response causes cytokine-mediated fat

mobilization and embolism.

Toxic substance exposure (e.g., phosphorus,
potassium chlorate, carbon monoxide)

Cellular injury disrupts adipose tissue, leading to fat globule
release and embolization.

Chronic conditions (e.g., diabetes, cancer,
tuberculosis)

Chronic inflammation and tissue damage promote fat
mobilization into the bloodstream.

Fat embolism following
surgical procedures

non-orthopedic

Fat embolism following organ transplantation
including lungs, kidney, liver, heart, and bone marrow
also reported®24. The underlying mechanism in
these cases including donor acquired fat embolism
(following orthopedic trauma), corticosteroid-
induced fat embolism, and donor hepatic steatosis!?*
24)

Donor-acquired fat embolism is particularly relevant
when the donor organ shows signs of hepatic
steatosis, a condition where fat accumulation in the
liver predisposes to embolic events during
transplantation. Additionally, corticosteroids used to
prevent organ rejection in transplant patients may
exacerbate the risk of fat embolism by promoting fat
mobilization, increasing lipid release into the
bloodstream, and impairing endothelial function,
thus facilitating the entry of fat globules into the
systemic circulation(?24),

Fat embolism following bone marrow biopsy of iliac
crest reported. FES was diagnosed as iatrogenic due
to bone marrow aspirate and biopsy, as symptoms
onset occurred soon after, and other diagnoses were
excluded®),

Fat embolism following hemoglobinopathy

Several cases of fat embolism syndrome in patients
with Sickle Cell B-Thalassemia reported in the
literature!®39,  Fat  embolism  syndrome in
hemoglobinopathies, particularly sickle cell disease,
arises from the mechanical stress of vaso-occlusive
crises. These crises lead to microvascular blockages,
causing ischemic damage to bone marrow and fat
tissue. During these events, fat globules are released
from the marrow and enter circulation, exacerbating
systemic embolism. The unique interplay of
hemolysis, ischemia, and bone marrow necrosis in
these patients increases their susceptibility to fat
embolism, especially when combined with other
predisposing factors like infections or trauma®®?.

Fat Embolism Following Needling Without Fat
Injection

Fat embolism following needling procedures without
fat injection, though rare, has been associated with
severe outcomes, including respiratory failure and
death®33) These cases often involve interventions in
fat-rich areas such as the gluteal region or lower back,
where tissue disruption can release fat globules into
the circulation. Compared to fat embolism in other
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Definition of Fat Embolism

Fat embolism is the presence of fat globules in the
circulatory system, which may result in fat embolism
syndrome (FES) leading to systemic inflammatory
syndrome®*. Numerous clinical symptoms may
result from these fat globules obstructing smaller
blood vessels!®. While fat embolism is often seen
histologically in trauma cases, the majority of fat
embolism episodes remain subclinical, with only a
small percentage progressing to the more severe fat
embolism syndrome (FES). It is estimated that fat
embolism occurs in up to 90% of patients following
long bone fractures. Yet, only 1% to 2% develop
clinically significant FES, highlighting the rarity and
severity of the syndrome in those who experience
it

FES is a clinical condition caused by fat emboli lodging
in the microcirculation, leading to systemic
symptoms such as cutaneous manifestations,
neurological deficits, and pulmonary complications®.
It is most commonly associated with orthopedic
trauma, particularly long bone fractures!”). The
syndrome is characterized by a classic triad of
symptoms: petechial rash, neurological impairment,
and respiratory distress, although these may not
always appear together™,

There are two types of fat embolism: microscopic fat
embolism (MIFE) and macroscopically fat embolism
(MAFE). MIFE occurs when fat enters the
bloodstream at a microscopic level, resulting in FES,
whereas MAFE occurs when fat enters
macroscopically, causing direct blood vessel
occlusion®1Y),

Fat Embolism in Non-Orthopedic Contexts:

Historically, traumatic orthopedic occurrences have
been the trigger for the incidence of fat embolism?,
Numerous explanations have been identified in the
literature about the occurrence of fat embolism in
non-orthopedic trauma circumstances from 1927 and
even before®®. Conditions like diabetes or
cardiovascular-renal disease, substances such as
phosphorus, potassium chlorate, or carbon
monoxide, acute infections causing toxemia, burns,
sepsis, chronic alcoholism, pancreatitis, tuberculosis,
and cancer (carcinomatosis, sarcomatosis) can
predispose individuals to fat embolism?.

For instance, in conditions like pancreatitis, the
release of free fatty acids and disruption of tissue
barriers may contribute to the formation of fat
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emboli. Similarly, in sepsis, microcirculatory
dysfunction and systemic inflammation increase the
risk of fat embolism, often in the presence of other
risk factors'®!¥. Since then, several cases of fat
embolism or fat embolism syndrome reported
following  non-orthopedic trauma. Table 1
summarizes the causes and proposed mechanisms of
fat embolism following conditions unrelated to bone
fractures.

The pathophysiology of fat embolism involves both
mechanical and biochemical mechanisms.
Mechanically, increased intramedullary pressure
following trauma can dislodge fat cells into venous
sinusoids, where they stimulate platelet adhesion
and fibrin generation, eventually obstructing
capillaries and triggering pulmonary complications
such as hemorrhage, edema, and alveolar collapse.
Fat cells may also reach the arterial circulation
through a patent foramen oval, leading to systemic
manifestations. Biochemically, tissue lipases break
down fat into free fatty acids (FFAs), which have toxic
and pro-inflammatory properties, inducing
pulmonary injury and contributing to acute
respiratory distress syndrome (ARDS)™*?.

Fat embolism following cosmetic procedures:

Fat embolism following cosmetic procedures is well
documented including liposuction with or without fat
grafting!®™>'”). Recently a systematic review of fat
embolism following fat grafting described cases
diagnosed with fat embolism following non-
orthopedic trauma since 1988 including 137
patients'®. Fat embolism following injection of
vitamin E, and fat embolism-like syndrome following
mineral oil injection also reported in the literature
(18,19)'

The procedures in all these cases include direct lipid
tissue manipulation (liposuction) or lipid substance
injections (fat injection). In recent years, cosmetic
procedures such as liposuction, gluteal fat grafting,
and soft tissue filler injections have seen a significant
rise in popularity, especially in aesthetic surgery. This
increased frequency of fat manipulation procedures
has corresponded with an uptick in reports of fat
embolism, especially in high-risk regions like the
gluteal area. The growing demand for cosmetic
enhancements underscores the need for greater
attention to the potential risks of fat embolism,
particularly in light of the increasing complexity of
these interventions.

'
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Fat Embolism in Non-Orthopedic Contexts: A Literature Review of Clinical Cases and
Pathophysiology

(Review Article)

(Abstract \

Fat embolism syndrome (FES) is traditionally associated with orthopedic trauma, particularly long bone fractures,
but its occurrence in non-orthopedic contexts, such as cosmetic procedures, acupuncture, and other minimally
invasive interventions, is emerging as a significant clinical concern.

This literature review explores the clinical cases, pathophysiology, and knowledge gaps related to fat embolism in
these non-orthopedic settings. The review, mostly includes the articles from the last 14 years.

The review synthesizes existing case reports, highlighting the mechanisms by which fat globules enter the
bloodstream, often through tissue disruption in fat-rich areas. While fat embolism is well-documented in
orthopedic trauma, the risk in non-traumatic contexts remains underrecognized, with diagnostic challenges and
limited understanding of the precise mechanisms involved. Procedures like liposuction, gluteal fat grafting, and
acupuncture have been implicated in fat embolism, often resulting in severe complications such as respiratory
distress and neurological impairment. Despite the rising frequency of these procedures, significant gaps remain in
understanding risk factors, improving diagnostic techniques, and optimizing treatment strategies.

This review underscores the need for increased awareness and further research to understand non-orthopedic fat
embolism better, refine diagnostic approaches, and develop preventive measures to reduce the risk of
complications in clinical practice.

Keywords: Fat embolism, Liposuction, Organ transplantation, Hemoglobinopathies.
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fractures. Fat droplets from the marrow are released into the bloodstream and
can travel to the lungs, brain, or other organs, causing embolism¥. While fat
embolism is well-documented in orthopedic trauma, particularly long bone
fractures?, its occurrence in non-orthopedic contexts represents an emerging
and under-recognized clinical challenge. Procedures such as cosmetic filler
injections, acupuncture, and other minimally invasive interventions in fat-rich
areas have introduced novel pathways for fat embolism to develop, often
without the traditional risk factors associated with trauma.

With the growing popularity of minimally invasive procedures, such as
cosmetic filler injections and liposuction, these interventions are increasingly
sought after for both aesthetic and therapeutic purposes. As a result, the risk
of fat embolism—occurring even in the absence of traditional trauma—has
garnered more attention in clinical practice. This emerging risk highlights the
urgent need for increased awareness and the development of tailored
preventive strategies in clinical settings outside the scope of orthopedic
trauma. By broadening the focus to include non-orthopedic contexts, this
review aims to bridge critical knowledge gaps, underscore the risks associated
with these procedures, and stimulate further research to guide safer clinical
practices in diverse medical fields.
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In the present study, we compared two surgical
methods, DHS and PFNA, in patients with
intertrochanteric fractures. Our analysis revealed no
significant differences between the two methods in
terms of postoperative infection, the need for
reoperation, and 5-year mortality rates.
Furthermore, the effects of gender, age, and the time
interval between fracture occurrence and surgery on
the outcomes of DHS and PFNA were examined. It
was found that female patients and those older than
70 years treated with DHS had a higher likelihood of
requiring reoperation compared to PFNA.

In a study conducted by Daljinder Singh et al. in 2021
on 30 patients with intertrochanteric fractures
classified as A1 and A2, no differences were observed
between DHS and PFNA in terms of fracture union,
mortality, and  postoperative  complications.
However, PFNA demonstrated superior outcomes
regarding blood loss, Harris hip scores, and early
weight-bearing'®.

Similarly, in a study by H. Li et al. in 2018, involving 80
patients with intertrochanteric fractures and
osteoporosis treated with DHS and PFNA, the PFNA
group showed better results in terms of pain, Harris
hip scores, bone mineral density, 10-meter walking
speed, fracture union, and deep vein thrombosis
rates'”).

In a 2023 meta-analysis by Peijun Dai, postoperative
infection rates were assessed in 1,574 patients
treated with PFNA and 1,584 patients treated with
DHS. It was found that PFNA significantly reduced
postoperative infection rates®.

Additionally, in a 2017 study by Xianshang Zeng et al.,
patients with stable intertrochanteric fractures who
previously underwent DHS or PFNA and later
required conversion to total hip arthroplasty due to
fixation failure were analyzed. While no differences
were observed in Harris scores after arthroplasty,
patients who had been treated with DHS experienced
higher intraoperative complications, such as
periprosthetic fractures'®.

In the study by Fu-Chun Zhang et al. in 2020, the
impact of bone substitutes in patients with
intertrochanteric fractures treated with DHS was
investigated. Patients who underwent surgery with
DHS combined with bone substitutes had better
outcomes in terms of varus collapse, limb shortening,
and the ability to perform outdoor activities
compared to those treated with DHS alone?.

—
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Conclusion

This study compared the outcomes of DHS and PFNA
in patients with intertrochanteric femoral fractures
classified as OTA/AO Al & A2.1. A total of 154
patients were evaluated between 2011 and 2021 in
terms of postoperative infection, the need for
reoperation, and 5-year mortality rates. The results
indicated no significant differences between the two
methods, except for female patients and those older
than 70 years, who had a higher rate of reoperation
with DHS.

Recommendations

It is recommended to conduct larger-scale clinical
trials to further clarify the outcomes associated with
these two treatment methods.

Acknowledgment

The authors would like to thank the professional
team of the Clinical Research Development Unit of
Shahid Madani Hospital, Karaj, who helped us in this
research.

References

1 Jonnes, C., S. Shishir, and S. Najimudeen, Type Il
intertrochanteric fractures: proximal femoral nailing (PFN)
versus dynamic hip screw (DHS). Archives of Bone and Joint
Surgery, 2016. 4(1): 23-28. PMCID: PMC4733231

2 Veronese, N. and S. Maggi, Epidemiology and social costs of
hip fracture. Injury, 2018. 49(8):1458-1460.
https://doi.org/10.1016/j.injury.2018.04.015

3 Baumgaertner, M.R., S.L. Curtin, and D.M. Lindskog,
Intramedullary versus extramedullary fixation for the
treatment of intertrochanteric hip fractures. Clinical
Orthopaedics and Related Research (1976-2007), 1998. 348:
87-94.

4  Kim, W.-Y., et al., Failure of intertrochanteric fracture
fixation with a dynamic hip screw in relation to pre-
operative fracture stability and osteoporosis. International
orthopaedics, 2001. 25: 360-362.
https://doi.org/10.1007/s002640100287

5 Sharma, A., A. Sethi, and S. Sharma, Treatment of stable
intertrochanteric fractures of the femur with proximal
femoral nail versus dynamic hip screw: a comparative study.
Revista brasileira de ortopedia, 2018. 53(4): 477-481.
https://doi.org/10.1016/j.rboe.2017.07.008

6 Singh, D., et al., Comparative study of the management of
intertrochanteric fracture femur with proximal femoral nail
vs. the dynamic hipscrew with derotation screw in elderly
population. Cureus, 2021. 13(11). DOl:
10.7759/cureus.19431

7 Li, H., et al., PFNA vs. DHS helical blade for elderly patients
with osteoporotic femoral intertrochanteric fractures.
European Review for Medical & Pharmacological Sciences,
2018. 22 (1 Suppl): 1-7.

| S



Iranian Journal of Orthopaedic Surgery
Vol. 23, No. 1 (Serial No. 88), Winter 2024, p. 7-11 Mid-Term Results of Different Fixation Methods ...

Comparison of Outcomes Between DHS and PFN Methods

Reoperation and Infection Rates 5-Year Survival Rate
DHS )
10 FFN
50F
8
= z40
[ £
&6 &
g g
€ < 30
o o
4 I
£y g
01
z 10
0 0
MNeed for Reoperation Infection Post-Surgery DHS PFN
Average Age and Gender Distribution Times for Surgery, Reoperation, and Death
Category L Categary
7w Average Age 700 = lime to Surgery thours)
W Male Patients (%) = Time lo Reoperation (days)
0 Female Patients (%) 600 T!rne from First Surgery to Death (days)
- Jime from Second Surgery ta Daath (days)
p S0 500
5
g £
T 0 2 400
g :
£ o
30 a 300F
a
&
20 200
10 100
0 0

Figure 1: Comparison of outcomes between DHS and PFN methods
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Figure 2: Reoperation rates by fixation method in specific subgroups

Table 2: Comparison of Outcomes Based on Various Factors

. Comparison of Comparison of 5-Year Comparison of
Variable . . . .
infection Mortality reoperation

Gender Male 0.129 0.792 0.913

Female 0.634 0.633 0.041

<50 years - 0.151 0.236

Age 50-70 years 0.965 0.711 0.981

>70 years 0.584 0.516 0.022

Time from fx to Less than 12 0.335 0.725 i

surgery hours
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Materials & Methods

Study Design

This study is a retrospective cohort designed to
examine the outcomes of two surgical methods, DHS
and PFNA, in patients with intertrochanteric fractures
classified as OTA/AO Al & A2.1. In this study, the
medical records of hospitalized patients from 2011 to
2021 in Shahid Madani Hospital, Karaj, were
reviewed, and the required information was
collected through chart review and telephone
interviews.

Sample Selection and Data Collection

Inclusion Criteria: Patients over 18 years old with
intertrochanteric fractures (classified according to
the study criteria) treated with DHS or PFNA.
Exclusion Criteria: Patients with associated fractures
or those who underwent surgery more than twice.
Demographic information (age, gender, and
underlying diseases) and surgical outcome data (need
for revision surgery, time from fracture to surgery,
time to death, and surgery-related complications)
were collected.

Methods of Analysis:

The data were analyzed using SPSS version 22.
Statistical methods included:
e Chi-square test and T-test for data analysis.
e Kaplan-Meier analysis for comparing time-
related outcomes between the two groups.

Iranian Journal of Orthopaedic Surgery
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A total of 154 patients participated in the study,
including 99 women (64.39%) and 55 men (34.61%).

Age Distribution:

The median age was 70 years in the DHS group and
71.5 years in the PFNA group.

There was no statistically significant difference in age
between the two groups.

Gender Distribution:

No statistically significant difference was observed in
the gender distribution (men and women) between
the two groups.

Key Variables:

For the variables under investigation including the
need for revision surgery, 5-year survival rate,
postoperative infection rate, time from fracture to
surgery, and time to revision surgery, no statistically
significant difference was observed between the DHS
and PFNA groups (P-value > 0.05) (Figure 1 and Table
1).

Significant Findings:

Among female patients and individuals over 70 years
old who underwent surgery using the DHS method, a
statistically significant difference was observed in the
rate of revision surgery (P-value < 0.05) (Figure 2 and
Table 2).

Table 1: Comparative Outcomes Between PFNA and DHS

Outcome Variable P-value PFNA DHS
96.11% (74)-NO 89.62% (69)-NO
Reoperation 0.118
3.89% (3) - Yes 10.38% (8) - Yes
59.75% (46) - No 55.85% (43) - No
5-Year Mortality 0.626
40.25% (31) - Yes 44.15% (34) - Yes
93.51% (72) - No 94.80% (73) - No
Infection 0.731
6.49% (5) - Yes 5.20% (4) - Yes
Time to Reoperation 0.461 18 days 23 days
Time from Surgery to Death 0.376 120 days 278 days

Note: Values in parentheses indicate the range or number of cases
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Mid-Term Results of Different Fixation Methods in Stable Intertrochanteric Fractures

(Abstract \

Introduction: Intertrochanteric fractures are among the most common hip fractures, especially in the elderly
population. DHS and PFNA, remain the main fixation methods for these fractures. This study compares the long-
term results of these methods in fractures classified as OTA/AO Al & A2.1.

Materials & Methods: A retrospective cohort study was conducted. 154 patients treated with DHS, PFNA, within
10 years in a teaching hospital were studied. Outcomes, such as infection, reoperation rate, and mortality were
assessed based on age and sex in different subgroups.

Results & Discussion: Analysis of the 154 patients revealed no significant differences in infection rates, need for
reoperation, or 5-year mortality between DHS and PFNA methods. However, women and patients older than 70
years treated with DHS showed a higher need for reoperation.

Conclusion: Except for women and individuals over 70 years old who had higher reoperation rates with DHS, no
significant difference was observed between the two groups.

Keywords: Intertrochanteric fractures, Fracture fixation, Internal fixators.
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lL:::ferSity LR R A |tertrochanteric fractures are among the most common types of hip fractures,
particularly in elderly individuals, and are often associated with osteoporosis.
The primary goal of treating these fractures is to achieve stable fixation and
early mobilization of the patient to prevent subsequent complications'?.
Globally, it is estimated that these fractures affect approximately 18% of
women and 6% of men, with a projected incidence of 4.5 million cases annually
by 20502,

Currently, two fixation methods, extramedullary and intramedullary,are
commonly used for treatment®. The fracture pattern and its stability are
critical factors in selecting the appropriate device. For instance, the use of the
Proximal Femoral Nail Antirotation (PFNA) has demonstrated significantly
better outcomes in fractures classified as OTA/AO 31A2.2, A2.3, and A3.
Conversely, the use of Dynamic Hip Screw (DHS) in unstable fractures
associated with osteoporosis has been linked to a failure rate exceeding 50%,
making it less recommended®.

Although the biomechanical advantages of PFNA, such as reduced hip-to-
implant distance and a shorter lever arm, are well-documented, many studies
report comparable functional outcomes between PFNA and DHS®.

Given the unclear superiority of long-term outcomes between DHS and PFNA
in stable fractures (OTA/AO Al & A2.1), along with the cost differences
between the two methods and their implications for health economics,
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On the other hand, few studies have been carried out
on the postoperative improvement, especially on the
orthopedic surgeries, in the opium-addicted patients.
In the studies done by Harvey et al., investigating a
cohort of 105 patients, the role of smoking in the
delayed Tibia fracture was shown®. In addition, in a
study conducted by Castillo et al. at Johns Hopkins
School, a higher incidence of the complications of
tibia open fracture in the smokers was reported”.
Bydon et al. stated that smokers need to undergo
post laminectomy surgery more than non-smokers®.
A study done by Karim et al. found that the smokers
who had been undergoing ACL repair surgery showed
weaker functional results regarding the taken tests,
and the study predicted that smoking makes the
prognosis of the surgery worse®. In a systematic
review study conducted by Kigganti et al., It was
found that in the knee surgery, smoking had a
negative effect on the recovery. It also revealed that
after quitting smoking, the complications of this
surgical intervention would reduce in the patients©,
Kowalchuk et al. reviewed the effective factors in
predicting clinical outcomes of ACL reconstruction.
This study showed that obesity, smoking, and
preoperative cartilage inflammation disrupted
significantly the clinical outcomes of patients*Y.
Kaeding et al. also showed that cigarette smoking
increases significantly the likelihood of re-rupture of
the ACL ligament after reconstitution*?. So far, there
has been no study conducted on the effect of opium
on the clinical outcomes of the reconstruction of ACL
and it seems — to the best of our knowledge — the
present study is the first study in this field.

A study carried out by Bagayee et al. revealed that
opium-addicted patients have stronger responses to
the surgical stress*3. Another study done by Malwia
et al. found that postoperative respiratory,
cardiovascular, systemic, and topical complications
were higher in the opium-addicted patients than non-
addicted ones, and the addicted group showed a
higher degree of morbidity"**. In a study conducted
by Sung et al., investigating therapeutic results of ACL
regeneration in the smokers and non-smokers, it was
found that the results of the KT-2000 test were
significantly worse in the smoker group™.

Conclusion

The results of our study confirmed the results of
previous studies that the clinical outcomes of
anterior cruciate ligament reconstruction (ACL) in the
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smokers were significantly more unfavorable than
non-smokers and addicts. Also, our study suggests for
the first time that the clinical outcomes of this
surgery in the opium-addicted patients are similar to
the smoker ones. As a result, it is recommended
following up the patients with such a risk factor more
carefully.

Limitations

Obtaining the patients’ satisfaction to participate in
the study, and separating the patients into different
groups have been some of the limitations of this
study.
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Evaluation of clinical outcomes based on the
KOOS questionnaire:

Knee pain severity

The severity of pain was low in all four groups, but
there was no significant difference between the four
groups in terms of pain (P> 0.05). The amount of
difficulty in daily and sports activities was also
assessed using a questionnaire. In the statistical
analysis, this difference was significant between the
non-addicted group and each exposed group (p =
0.02, P =0.02, P =0.02).

Similarly, the mean of the difficulty scores of sports
activities was significant between the non-addicted
group and each exposed group (P=0.01,P=0.01,P =
0.01). Moreover, the life quality of the patients was
assessed using a questionnaire. This difference was
statistically significant between the non-addicted
group and each exposure group (P =0.04, p = 0.04, p
= 0.03)(Table 3).

Evaluation of clinical outcomes based on the
LYSHOLM questionnaire:

Patients' lameness was evaluated and compared by
the Lysholm questionnaire: Support (P = 0.02, p =
0.02, p=0.02), Instability (P =0.01, P =0.01, P=0.01),
Stair-climbing( P = 0.045, P = 0.047, P = 0.04), ,
Squatting (p = 0.03, p =0.03, P = 0.03).

This difference was statistically significant between
the non-addict group and each exposed group.
However, the level of locking and swelling of the
patients was evaluated wusing a Lysholm
qguestionnaire. This difference was not statistically
significant (p> 0.05).
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The results of the current study generally show that
the clinical results of anterior cruciate ligament
reconstruction (ACL) in the opium-addicted patients
and smokers are significantly weaker than non-
addicted patients. The results of following up the
patients after 12 months showed that the
displacement rate based on the KT-2000 system in
the non-addicted group was significantly lower than
that in the exposed group. Also, the severity of knee
pain, and the amount of difficulty in daily and sports
activities based on the KOOS questionnaire in the
non-addicted group were significantly lower than the
exposed groups (smoker, opium-addicted, and
nicotine- and opium-addicted), and the quality of life
in the non-addicted group was better than the
exposed groups.

According to the Lysholm questionnaire, the score of
the patients’ lameness, the score of support, the
score of instability, the score of stair-climbing, and
the score of squatting in non-addicted subjects were
significantly higher than each one in the exposed
groups, which indicates better clinical results in this
group of people. The level of locking and swelling did
not differ significantly. Despite the known dangers
and frequent warnings, today, more than a billion
people are smokers in the world. In addition to the
known risks of smoking, including malignancy of
various organs, lung disease and cardiovascular
disease decreases recently, and instead, the delay in
the surgical patients’ recovery and the increase of the
complications in the consumer have been raised.

Table 3: Average scores of the patients in the KOOS questionnaire

Healthy Smoker Opium Cigar — opium P-value
Daily activity 28 43 46 44 0.05>
Sport activities 7 16 14 14 0.05>
Quality of Life 6 11 11 10 0.05>

Table 4: Average scores of the patients in the Lysholm questionnaire

Healthy Smoker Opium Cigar-opium P Value
Limping 4.2 3.1 3.9 3.6 0.05>
Support 4.82 4.28 4.32 4.44 0.05>
Locking 12.6 12.4 12.6 12.4 >0.05
Instability 21 17.2 16.8 17 0.05>
Swelling 9.2 8.8 8.9 8.9 >0.05
Stair-climbing 8.9 7.4 7.7 7.5 0.05>
Squatting 4.8 3.6 3.8 3.6 0.05>
( ]
\ J
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a valid and standard questionnaire. The Lysholm
guestionnaire is also designed to evaluate the results
of knee tendon surgery and includes 8 items: Limp,
Support, Locking, Instability, Pain, Swelling, Stair
Climbing, and Squatting. This questionnaire has been
used in many studies to examine the condition of the
affected knee. The KT-2000 arthrometry device has
been used to test the patient's performance, and its
results should be provided at least one year after the
surgery. An arthrometry device was used to examine
the amount of displacement of the tibia plate on the
femoral condyles, and as a result of the diagnosis of
chronic ACL rupture, with a difference of more than
5™ between the healthy side and the affected side,
which means the affected ACL.

To analyze the data, descriptive statistics method was
used to calculate the frequency, mean, and standard
deviation, and inferential statistics were used to
determine the significant difference between the
means of each variable. In the inferential statistics,
the Student T-test was used to examine the
significant difference between variables. The error
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coefficient for all tests was considered as x <0.05.
Data analysis was performed using SPSS software
version 16.

A total of 200 patients participated in this study. The
frequency of injuries and their mechanisms are
shown in Table 1, which indicates that these data
were not significant in the studied groups (P value>
0.05). The mean age in the independent t-test was
not significant in the studied groups (p = 0.9). Also,
there was no significant difference in sex in the
studied groups (p> 0.05) (Table 2).

Transfer rate based on the KT-2000 device

The displacement rate was measured and graded
according to the KT-2000 device. In the statistical
analysis, this difference was significant between the
non-addicted group and each exposed group
(respectively, p =0.04, p =0.04, p = 0.03) (Figure 1).

Table 1: Frequency of cause and mechanism of ACL damage

Frequency Percentile
. Sports Injury 105 70
Cause of injur
sy Nondependent to Sports Injury 45 30
Mechanism of Injur Non - Touch 103 68.6
s Touch 47 31.4

Table 2: The age and sex of the subjects under study

The Non-accident Group Exposed Group
Age Average 26654 4.7 £0.26
Male (88%) 44 (96%) 144
F f Gend
requncy ot bender Female (12%) 6 4%) 6
' i} s
80
70 64
60

50

40 26 24
30 14 16
20 0 10 6 2
10
0 — —

healthy smoker opium addict smoker - addict
great 86 64 70 82
bad 0 10 6 2
modrate 14 26 24 16

W great Wbad M modrate

Figure 1: Comparison of the amount of displacement in the studied groups
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Such individuals show symptoms of opioid-
withdrawal, cardiovascular and hemodynamic
changes, and many other problems during anesthesia
and surgery. Also, these patients have difficulty
during the healing process after surgical procedures
due to drug use.

Tobacco has diverse types, all of which are deadly and
addictive. Scientific evidence suggests that smokers
are more likely to be affected by a variety of cancers,
especially lung cancer, cardiovascular disease,
respiratory illness, and fetal dysfunction®.

Previous studies have shown that smoking is in
relation to the incomplete wound healing, delay bone
union, and destructive effects on the immune system.
Nicotine in the cigarette is, also, a potent
vasoconstrictor which affects the angiogenesis
process in the tissue. Finally, opium addiction and
smoking have a bad effect on the process of
rebuilding anterior cruciate ligament®.

On the other hand, the transplanted graft undergoes
a ligamentation process during the rebuilding in
order to complete the healing process, and factors
such as cigarettes and opium are very effective in this
process.

Thus, according to what mentioned before, and
because there aren’t many studies conducted on the
complications caused by the addiction to the
mentioned substances during the ACL
reconstruction, the aim of the present study is to
investigate the clinical outcomes of ACL
reconstruction surgery in the opium-addicted
patients, smokers, nicotine- and opium-addicted
patients, and non-addicted patients.

Materials & Method

This study is a prospective cohort study including the
case group exposed to the risk factors, and control
group non-exposed to the risk factors having
inclusion criteria. The two groups were investigated
in a year time-period from 2015, to estimate the rate
of complications and the outcomes of anterior
cruciate ligament (ACL) reconstruction. The target
population of this study was the patients referred
cruciate ligament reconstruction using hamstring
tendon.

Before performing the surgery, written consent was
taken from the patients and their physical
examination was performed to assess the condition
of knee and the general condition of the body.
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Inclusion criteria: Age over 18 years, the patient
performed the first surgery on the affected knee, the
patient had no multiple ligament laxity.

Exclusion criteria: The patients have a generalized
ligament laxity, patients with diseases that affect the
joint function, patients have a new disease at the
time of the surgery until the end of the follow-up and
have been referred for the follow-up at certain times.
Addiction to any industrial and non-industrial drugs
other than cigarettes and opium, and having several
ruptures of knee ligaments.

After choosing the qualified patients, obtaining their
written consent, and examining the condition of knee
and the general condition of the body, the patients,
then, were divided into four groups: Smokers (Group
A), opium-addicted (Group B), nicotine- and opium-
addicted (Group C), and healthy people (Group D).
The definition of cigarette smoking is a continuous
use of more than three cigarettes per day, and opium
addiction means opium consumption of three to five
peas at least three days a week.

1-3 days after anterior cruciate ligament
reconstruction surgery, all patients were discharged
from the hospital with the necessary
recommendations and  having the same
physiotherapy and rehabilitation program.
Additional information includes patient's personal
data, age, gender, history of exercise, medical history,
severe joints injuries (knee, hip, ankle, knee repair,
etc.), the time of occurrence of injury, and a brief
history of the injuries occurred.

At the end of the 12th month after the surgery, the
KOOS and Lysholm questionnaires were completed
by the patients in all four groups in order to measure
and determine the severity of symptoms and pain
caused by ACL regeneration, the difficulty in daily
activities, the difficulty in sports-recreational
activities, and the quality of life related to the knee
function. Also, the KT-2000 Arthrometer was used for
the functional test after 12 months.

An arthrometry device was used to examine the
amount of displacement of the tibia plate on the
femoral condyles, and as a result of the diagnosis of
chronic ACL rupture, defective ACL was defined as a
difference of more than 5™ between the healthy
side and the affected side. The KOOS questionnaire is
a patient-centered questionnaire containing 42
questions that examines 5 patient-related concepts,
including pain, other illness symptoms, daily
activities, recreational activities, and the quality of
life in relation to knee problems. This questionnaire is
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A Survey of Clinical Outcomes Following ACL Reconstruction in the Opium-Addicted
Patients and Smoker Patients in Compare with Non-Addicted Patients

Gstract

Introduction: Anterior Cruciate Ligament (ACL) is an extra synovial element, and the fibroblasts are involved in its
ongoing renewal and maintenance. It seems that opium addiction and smoking have destructive effects on the
healing process and rehabilitation after its reconstruction. The present study investigates the clinical outcomes
of ACL reconstruction surgery in the opium-addicted patients, smokers, nicotine- and opium-addicted patients,
and regular patients.

Materials & Methods: In a prospective cohort study, 4 groups of patients who required ACL reconstruction were
selected: Smokers, opium-addicts, nicotine plus opium-addicts, and regular. The results of ACL reconstruction in
these four groups were evaluated using KOOS and Lysholm questionnaires as well as the KT-2000 system. The
Chi-square test and independent sample t-test were used for analyzing the data, and a significant level was
considered under 0.05.

Results & Discussion: The rate of displacement based on the KT-2000 system in the non-addicted group was
significantly lower than that of the “addicted” groups. The severity of knee pain and the amount of difficulty in
daily activities and exercise on the basis of KOOS-criteria in non-addicted subjects were significantly lower than
those of the exposed groups. According to the Lysholm questionnaire, the patient's lameness score, support
score, instability score, stair-climbing score, and squatting score in the non-addicted group were significantly
higher than each of the other groups. The level of locking and swelling did not differ significantly.

Conclusion: The results of the current study generally showed that the clinical results of anterior cruciate ligament
(ACL) reconstruction in the opium-addicted patients and smokers were significantly worse than the non-addicted
patients. The results of KT-2000 system evaluation in following ups after 12 months, showed that the
displacement rate in the non-addicted group was significantly lower than the other groups.

Keywords: Anterior cruciate ligament reconstruction, Opium addiction, Tobacco smoking.
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Introduction

Anterior Cruciate Ligament (ACL) is an extra Synovial element, and the
fibroblasts are involved in its ongoing renewal and maintenance. This ligament
is also involved in preventing the excessive tibia rotation and the angulation of
Varus and Valgus in two directions. Damage or rupture of the Anterior Cruciate
Ligament is the most common knee injury involving 40% of sports injuries. ACL
damage causes knee instability™™). Also, this complication can cause problems
in exercise efficiency of the patient and increase the risk of meniscus lesions
and premature knee joint degeneration. The purpose of the reconstruction of
anterior cruciate ligament is to provide knee with a stable function, reduce the
symptoms, and return the patient to the level of pre-injury activity®. Addiction
means a chronic and recurrent disease of the brain that despite the harmful
consequences, is characterized by two features of obsessive-compulsive
search and consumption. Addiction is defined as a brain disease because it
changes the brain's chemicals as well as its structure and function. Opium is a
bitter and narcotic substance derived from Papaver Somniferum. The natural
and industrial derivatives of opium have significant effects on the physiology
and behavior®,
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or two high quality figures and a description of the figures no more than 500 words. Up to 5 references should be
stated.

Paper Preparations: Cover letter should contain the rational of performing the research and selecting the 1JOS as
well as a statement that you will not resubmit your article to another journal until the reviewing process will be
completed. Also please indicate whether the authors have published or submitted any related papers from the
same study.

Title Page of the article should include 1) the title of the article; 2) authors’ names; 3) name of the institution
where the work was done; 4) running title (short form of the main title presented on the top of published pages);
and 5) complete mailing address, telephone/fax numbers, and email address of the corresponding author. This
page is not numbered.

What's Known and What's New boxes should contain at most 50 words stating the current knowledge on the topic
of your article according to previous studies (what’s known), and the novel points/results that your article adds to
the literature (what’s new).

Abstract should be structured for original articles providing the background/objective of the study, methods,
results, and conclusion. It should not exceed 250 words altogether. Number this page as page 1. Abstracts of other
types of contributions should be non-structured providing the essential information.

When abstracting a review article, a concise summary of the salient points should be addressed.
Preferably, abbreviations should not be mentioned in the abstract.

Keywords are used for indexing purposes; each article should provide three to five keywords selected from the
Medical Subject Headings (MeSH) http://www.nIm.nih.gov/mesh/.

Introduction should contain a short background of previous studies and possible gaps in the literature and specify
the purpose and objective of the study or observation.

Methods section must indicate clearly the steps taken to acquire the data. Be sure that it includes only information
that was available at the time the plan or protocol for the study was written. It should be detailed (including:
controls, inclusion and exclusion criteria, etc) and may be separated into subsections. Repeating the details of
standard techniques is best avoided.

For reports of randomized controlled trials, authors should refer to the CONSORT statement
(http://www.consort-statement.org/). RCTs should be registered at any RCT registeries approved by the WHO and
their registration number should be mentioned in the title page. RCTs done in Iran must be registered at www.irct.ir.
Reporting guidelines such as STROBE, STARD, and PRISMA would help report high quality research and to provide
all required information and evidence for related methodology. EQUATOR Network website would help you in
using these guidelines.
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Authorship: According to the Recommendations for the Conduct, Reporting, Editing and Publication of
Scholarly Work in Medical Journals, released by the ICMIJE, an “Author” is generally considered to be someone who
simultaneously meets the following conditions 1, 2, 3, and 4.

1-Substantial contributions to the conception or design of the work; or the acquisition, analysis, or interpretation

of data for the work; AND

2-Drafting the work or revising it critically for important intellectual content; AND

3-Final approval of the version to be published; AND

4-Agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or

integrity of any part of the work are appropriately investigated and resolved.

Conflict of Interest: We request all authors and reviewers to inform us about any kinds of “Conflict of Interest” (such
as financial, personal, political, or academic) that would potentially affect their judgment. Authors are preferably
asked to fill the uniform disclosure form available through:

(http://www.icmje.org/coi_disclosure.pdf)

Plagiarism: Authors are not allowed to utilize verbatim text of previously published papers or manuscripts
submitted elsewhere. COPE’s flowcharts and guidelines are approached in cases in which plagiarism is detected.

Data Fabrication/Falsification: Falsification is the practice of omitting or altering research materials, data, or
processes so that the results of the research are no longer accurately reflected. Fabrication is the practice of
inventing data or results and reporting them in the research. Both of these misconducts are fraudulent and
seriously alter the integrity of research. Therefore, articles must be written based on original data and use of
falsified or fabricated data is strongly prohibited. COPE’s flowcharts and guidelines are approached in cases in
which any of these two misconducts is detected. Researchers who perform randomized controlled or clinical trials
(RCTs) are advised to keep their original data at hand. The Journal keeps the right to ask for raw data even after
publication.

Image Manipulation: The 1JOS encourages authors to send their original images. All digital images in
manuscripts accepted for publication will be checked for inappropriate manipulation. No specific feature within an
image may be enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, contrast, or color
balance are acceptable as long as they are applied to the entire image and do not misrepresent any information
present in the original, including the background. The editors will request the original data from the authors to
compare the manipulated figures in cases suspected of inappropriate manipulation.

Copyright: If a manuscript contains any previous published image or text, it is the responsibility of the author to
obtain authorization from copyright holders. The author is required to obtain and submit the written original
permission letters for all copyrighted material used in his/her manuscripts.

Retraction Policy: The IJOS uses the COPE flowchart for retraction of a published article to determine whether a
published article should be retracted.

Requirements for Different Types of Articles

Original articles: Should contain a structured abstract, 3-5 keywords, introduction, materials (patients) and
methods, results, discussion, conclusion, acknowledgement (if applicable), and references sections, and maximum
4 tables and 4 figures. The length should not exceed 3500 words excluding the references, abstract, figures and
tables. 15-40 references should be stated for original articles.

Clinical trials: The format is similar to original articles. However, the CONSORT flow diagram should be added as a
figure. RCTs should be registered at any RCT registeries approved by the WHO and their registration number
should be mentioned in the title page. RCTs done in Iran must be registered at www.irct.ir.
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Authors Guideline

Instructions to Authors

Aim and Scope: The “Iranian Journal of Orthopaedic Surgery” (1JOS) is the official scientific quarterly
publication of Iranian Orthopaedic Association. Contributions from national and international
researchers are welcome and are considered on their merits. Submitted manuscripts must be written in
English. Authors are advised to follow the “Instructions to Authors” while submitting their manuscripts.
Manuscripts are subjected to primary screening by the Editor and then to blinded peer review by
experts in the field and a final decision will then be made by the Editor. Papers are assessed according to
the quality and relevance of the work, not by the country of origin, the reputation of the author, or the
fame of the department. Our aim is to publish the best articles available in the field of orthopaedic
surgery from anywhere in the world. This Journal accepts Original articles, Review articles (Systematic
and Narrative), Short Communications, Case Reports, and Letters to the Editor in the field of
Orthopaedic Surgery.

Editorial Independence: Although the 1JOS is sponsored financially by the Iranian Orthopedic Association, it
benefits from editorial freedom. The Editor evaluates and accepts articles based only on significance, originality,
validity, and adherence to the aims and scope of the journal.

Our editorial policy is consistent with the principles of editorial independence presented by the World Association
of Medical Editors (WAME).

http://www.wame.org/policy-statements#Relationship between Editors and Owners

Submission Process:

Manuscripts should be sent through the online submission system:
(https://ijos.ir/form_send_article.php?slc_lang=en&sid=1)

Scientific and Initial Screening: 1JOS staff would check the structure and content of manuscripts to ensure
compliance with standard structures (based on the type of study), the Journal’s scope, standard guidelines, quality,
novelty, and adherence to ethical issues. In this step, articles would be screened in the shortest possible time. This
step helps the Editorial Board and the Editor to make fair final decisions, and improves the final quality of
published articles.

Peer Review Process: Submitted articles are primarily evaluated for any methodological flaws, format, and their
compliance with the Journal’s instructions. Through a double-blind review, the articles will be reviewed by at least
two external (peer) reviewers. Their comments will be passed to the authors and their responses to the comments
along with the reviewers’ comments will then be evaluated by the Editor-in-Chief. The final review process will be
discussed in regular editorial board sessions and on the basis of the comments, and the Journal’s standards, the
Editor-in-Chief will decide which articles should be published.

It should be noted that articles submitted by the staff and editors of the 1JOS will also be subjected to peer review
and the authors will be completely blind to the evaluation process of their article until a final decision has been
made.

Ethical Considerations: The journal follows the flowcharts and guidelines of the Committee on Publication Ethics
(COPE) in confronting any ethical misbehavior. The Journal also follows the guidelines mentioned in the Recommendations
for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical Journals issued by the International
Committee of Medical Journal Editors (ICMJE)

(http://www.icmje.org/#privacy).

Human and Animal Rights:

Studies that involve human beings (or animals) must adhere to the principles of the Declaration of Helsinki.

Informed Consent: All patients and participants in a study should be thoroughly informed about the aims of the
study and any possible side effects of the drugs and interventions. Written informed consent from the
participants or their legal guardians is necessary for any such studies. The Journal reserves the right to request the
related documents. Articles that require informed consent should contain related statement in the “Method” section.
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