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¢ Gaydess A, Duysen E, Li Y, Gilman V, Kabanov A, Lockridge O, et al. Visualization of exogenous delivery
of nanoformulated butyrylcholinesterase to the central nervous system. Chem Biol Interact.
2010;187:295-8. doi: 10.1016/j.cbi.2010.01.005. PubMed PMID: 20060815; PubMed Central PMCID:
PMC2998607.
eJavan S, Tabesh M. Action of carbon dioxide on pulmonary vasoconstriction. J Appl Physiol. In press 2005
Complete Book:
¢ Guyton AC: Textbook of Medical Physiology. 8th ed. Philadelphia, PA, Saunders, 1996.
Chapter in Book:
e Young VR. The role of skeletal muscle in the regulation of protein metabolism. In Munro HN, editor:
Mammalian protein metabolism. Vol 4. San Diego; Academic; 1970. p. 585-674.
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Monitoring and Follow-up

5.2. Long-term Management

Patients with low bone mineral density should EEIEEIE

undergo monitoring and follow-up studies. Initial Despite being off-label, anabolic agents are widely
DXA Z-score should be tested annually for height, recognized for their growth-promoting effects in
weight, and either BMI or pubertal status short children with osteoporosis. These agents have
evaluation. Spine DXA should be done every 24 also shown to improve final height in children with
months if Z-score is worsening. Long bone length severe osteogenesis imperfecta (Ol) and can be used
measurements can track growth velocity. Patients for pubertal children with anorexia nervosa and low
with growth velocity less than 5 cm per year should bone mineral density (BMD). The standard anabolic
receive appropriate investigations. Additional DXA T- agent for this is rhIGF-1. Alternatively, luteinizing
scores should be obtained at Z-score of -2.0 or less. hormone-releasing hormone analogues (LHRHa) can
Annual bone-specific alkaline phosphatase or serum be used for children with growth retardation due to
cross-linked C-telopeptide evaluation is early puberty. Bisphosphonates are the gold
recommended for those with predicted below standard therapy for pediatric osteoporosis, but
normal puberty age. Dietary counseling is important their use should be limited due to potential harm on
for weight gain failure. Counseling should be given in the growing skeleton. Instead, medication that can
cases of significant menstrual irregularities, absent be used long-term without side effects is being
menarche at age 15, or only one menstrual cycle in developed. Management of osteoporosis in children
the past 6 months. Monitoring of BMD after should include fracture treatment, addressing high-
stopping anti-osteoporosis medication is necessary. risk conditions, proper nutrition, exercise, and
The American Society for Bone and Mineral avoiding smoking and alcohol. Regular BMD
Research recommends repeating DXA every 2 years measurements and fracture risk assessment are
for patients with at least one major osteoporosis risk important to prevent further fractures. #5059 60)

factor. In patients with a DXA at femoral neck T-
score -2.0 or lower, more frequent DXA monitoring
is appropriate.

Conclusion
) It is of utmost importance for pediatricians to
Assessment of Treatment Eff'cacy possess extensive knowledge about both genetic

and acquired pediatric bone disorders, as these

(50-52)

Currently, dual-energy X-ray absorptiometry (DXA) is conditions can result in substantial morbidity and
the only established imaging technique that is necessitate early identification. In the context of
validated for assessing diagnosis and treatment osteoporosis in children, it is absolutely imperative
efficacy for osteoporosis. ¢ to consult with or make a referral to a specialized
The International Society for Clinical Densitometry pediatric bone expert. This aspect holds even
(ISCD) recommends at least a one-year interval for greater significance owing to the fact that children
T-scores determined by DXA at two different body possess an extraordinary capacity for natural and
sites, such as lumbar vertebrae (L1-L4) and total medication-facilitated recuperation, inclusive of the
proximal femora (hip; TPF), in order to monitor reshaping of vertebral fractures. Consequently,
treatment efficacy. Bone mineral content (BMC) is pediatricians assume a pivotal role in augmenting
usually normalized by total body weight and bone mass accumulation and ensuring optimal
transformed into Z-scores based on the same sex, musculoskeletal well-being in children afflicted with
age, and body size in a pediatric population. Of note, osteoporosis.

spine enlargement may not be reflected by an

improvement in the BMC Z-score after f
antiresorptive treatment, and thus vertebral References
volumetric BMD, as assessed by quantitative

Computed tomography, should be considered a 1. Forlino A, Cabral WA, Barnes AM, Marini JC. New

perspectives on osteogenesis imperfecta. Nature Reviews

more suitable marker of evaluation. Periodic Endocrinology. 2011;7(9):540-57. doi:
radiation exposure is one of the main concerns for 10.1038/nrendo.2011.81. PubMed PMID:  21670757;
quantitative |maging' (41, 57, 58) PubMed Central PMCID: PMC3443407.
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Treatment Approaches

Strategies for Improving Bone Health
Children with Low Bone Density :

in

The team treating a child with low bone density
should focus on managing the underlying condition
while also implementing general methods to
enhance bone health. For instance, weight gain and
a return to normal estrogen production can improve
bone density in adolescents with anorexia nervosa,
and vitamin D and calcium supplementation can
further promote bone remineralization.
Bisphosphonates are generally not recommended as
the first-line treatment for otherwise healthy
pediatric patients with low bone density. They
should be considered for children with severe
osteoporosis or certain conditions like osteogenesis
imperfecta, where recurrent fractures and vertebral
collapse may occur despite disease management.
Pediatricians should ensure that at-risk patients
receive adequate vitamin D and calcium, even
though there are no standardized amounts
recommended for children with these conditions.
Currently, the recommended daily intake for vitamin
D is 400 IU/d for infants younger than 1 year and
600 1U/d for children 1 year and older. Calcium
intake should match the recommended daily
allowance for healthy children, which varies based
on age. Collaborating with pediatric physical
therapists can also help safely maximize activity in
children at higher risk for osteoporosis and
fractures.

The main strategy in treating pediatric patients with
osteoporosis is to improve their bone mineral status.
Although osteoporosis of childhood due to chronic
illness is often irreversible, worsening can be
prevented, leading to improved growth in affected
prepubertal children or minimizing the decrease in
bone mass and fractures associated with chronic
illness in affected pubertal and postpubertal
children. Treatment for idiopathic juvenile
osteoporosis, secondary juvenile osteoporosis may
include some combination of higher calorie diets,
improved nutrition, increasing weight-bearing
activity, medical therapy designed to supplement
the bones with an anabolic agent, or for those with
germline LRP5 or LRP5-associated phenotypes,
possibly pharmacologic inhibition or gene editing
strategies for particular scenarios.** 4>

In all osteoporotic prepubertal pediatric patients
due to chronic illness affecting both cancellous and
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cortical bone, we generally recommend
supplementation with calcitriol 0.25 mcg daily to 0.5
mcg every other day and oral calcium 250 mg two to
three times daily within 30 minutes of a meal,
improving weight-bearing activity carefully, and
(when weight-bearing activity can be tolerated by
prepubertal children) providing a higher calorie diet
to meet estimated metabolic demands, meaning to
promote bone health with normal bodyweight
status.

In specific settings, additional anabolic agents such
as testosterone or other anabolic steroids, insulin-
like growth factor 1 or 3, teriparatide may be
considered on a case-by-approach in addition to
support for diet, weight-bearing activity, and
normalized underlying disease states, as clinical
experience and data become available.

Pharmacological Interventions

This topic has not been well studied in most long-
term studies on pediatric osteoporosis treatment.
Bisphosphonates have been used in adolescents as
young as 12.5 years old, but treatment regimens and
long-term effects are uncertain. Calcitonin and
raloxifene are not FDA-approved for pediatric use.
Vitamin D therapy may be considered for patients
with deficiency, and adequate intake for infants is
400 IU/d and for children 1 year and older is 600
IU/d. Vitamin D levels do not require routine
measurement but may be reasonable in children
with significant fractures. Severe cases may require
oral or intravenous calcium therapy. Insufficiency or
deficiency cases must be monitored to avoid
hypercalcemia and kidney stones. Diet is crucial for
bone health management.®“®

Nutritional and Lifestyle

Modifications

Calcium and vitamin D are crucial for healthy bone
development. Requirements vary by age, diet, and
sun exposure. Puberty and growth spurts require
increased calcium intake. Many pediatric patients
have low calcium intake, so supplemental calcium is
important. Vitamin D levels can be challenging to
maintain, especially in areas with less sun. Daily
supplementation is important. Calcium-rich foods
and exercise also help with bone health and fracture
reduction.#7-4)
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suspicion of osteoporosis / clinically significant fractures

!

Check for significant medical and family history , detailed history/review of

)

eRule out a disorder of mineral ion metabolism (e.g. rickets, hypophosphatasia) .

e Assess dietary intake, supplement use.

ePhysical exam for bowing deformity, widening of the wrists and ankles,

eSerum and urine calcium & phosphate,magnesium, serum and urine creatinine,
parathyroid hormone, alkaline phosphatase, 25 hydroxyvitamin D, 1.25(0OH),D

ex rays for rickets.

Diagnosis osteoporosis

(BMD) Z-score < -2 and a clinically significant fracture history :

two or more long bone fractures before the age of 10 years Abnormalities calcium,
phosphate, magnesium,
vitamin D, ALP, PTH?

or

three or more long bone fractures at any age up to 19 years

or
one or more vertebral compression fractures occurring YES NO
without high energy trauma or local disease l
Follow up and
treatment
accordingly
\ 4
Symptoms or signs of secondary osteoporosis?
v A4
« NO laboratory abnormalities Additional work-up:
e ESR
e NO signs of systemic disease e CBC
e serum TSH
o NO osteotoxic medication o free T4
Primary osteoporosis follow up and treatment * celiac screening
e LH, FSH, testosterone or estradiol
e Underlying condition
e osteotoxic medication?
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disease, copper levels, and stool calprotectin can
offer additional benefits. Incorporating an
evaluation of thyroid function when assessing
individuals with osteopenia is also strongly advised.
By conducting comprehensive laboratory tests,
healthcare professionals can gather essential
information that enables them to make accurate
diagnoses and develop effective treatment plans
specifically tailored to patients with osteopenia.!?
In some instances, fractures or bone pain may be
the initial symptoms of an underlying condition.
Therefore, it is recommended to also undergo an
erythrocyte sedimentation rate, a full blood count
with leucocyte differentiation, serum TSH, free T4,
and celiac screening. If hypogonadism is suspected,
it is advised to check levels of LH, FSH, testosterone
(for males) or estradiol (for females). If Cushing’s
disease is suspected, it is recommended to check 24-
hour urinary cortisol levels. The tests should be
based on the symptoms presented and pediatric
reference data appropriate for the population
should be used.®*3

Dual-energy X-ray absorptiometry (DXA) is widely
recognized as the gold standard method for
diagnosing osteoporosis and low bone mass. It is
currently utilized to evaluate skeletal status in the
field of pediatrics. In order to diagnose osteoporosis
in premenopausal women and assess low bone mass
in postmenopausal women, both the lumbar spine
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(L1 to L4) and the femoral neck are recommended,
as per the guidelines outlined by the World Health
Organization (WHO). Within the Swedish pediatric
normal reference cohort, growth is considered to be
the primary factor that can affect lumbar spine bone
mass measurements. Therefore, it has been
proposed that the inclusion of L1 and L2, in addition
to L1 to L4, may be beneficial when evaluating
patients in the pubertal stage. Moreover, when
assessing children with DXA, it is important to
consider the area that provides the least amount of
beam-hardening for the femoral neck. When
utilizing DXA to evaluate low bone mass, it is crucial
to report height velocity and bone age alongside the
bone mineral density (BMD) and bone mineral
apparent density (BMAD) Z-scores. It should be
noted that the pubertal stage of a patient may also
influence the BMD Z-score. . In addition, disrupting
factors, such as movement during measurement,
scoliosis, and metalwork, can give non-interpretable
results .44 44

If DXA-LS cannot be performed, alternative sites are
the distal forearm, the proximal hip, and the lateral
distal femur.®)

During periods of growth, it is recommended to use
a Z-score cut-off of -2, while a T-score cut-off of -2.5
is advisable for identifying osteoporosis or assessing
adults within high-risk age groups who may be prone
to pathologic fractures.

Common causes and associated conditions for secondary osteoporosis in children

Inflammatory

Critical Organ Dysfunction | Endocrine disorders . Lifestyle Medications
Disorders
eHematological disorders |eHypogonadism eSystemic vasculitis |eLimited eGlucocorticoids
(malignancy, thalassemia) eHyperthyroidism eSystemic juvenile sunlight e Anti-epileptic
eGlucocorticoid-treated arthritis exposure drugs
i 4 kid gi eGrowth hormone Inad
Iverand kidney diseases deficiency eJuvenile eina .equate e Anti-coagulants
eDiabetes mellitus, Cystic - dermatomyositis calcium and
fibrosi ’ eHyperparathyroidism vitamin D eMethotrexate
ibrosis . )
eEndogenous *Systemic lupus intake eAnti-retroviral
eShort bowel syndrome . . erythematosus
hypercortisolemia elack of agents
OLIrTfIammatory bowel eAmenorrhea due to OMlxedspnnectlve ph\(si‘cal eCalcineurin
15€ase anorexia nervosa tissue disease activity inhibitors
eNeuromuscular disorders e Hypercortisolism OIanamm.atory ePoor eProton pump
(e.g. duchenne muscular bowel disease nutrition inhibitors
dystrophy,CP) eHypogonadism o
eCeliac disease
eChemotherapy

——
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various fracture subtypes highlight the complexity
and diversity of fractures seen in children and
adolescents. Understanding the different types of
fractures is crucial for accurate diagnosis,
appropriate management, and optimal outcomes for
these young patients.

Lack of movement often leads to osteoporosis. The
mechanostat theory suggests that bone strength is
controlled by muscle force. When a person is
immobile, their muscles do not provide enough
tension to put pressure on the bones, which is
detected by osteocytes and causes them to send
signals that result in thinner and less dense
bones. (62525

So, children who have conditions like cerebral palsy
experience decreased periosteal apposition in the
bones of their lower extremities, leading to
decreased cortical thickness. As a result, fractures
most frequently happen in the distal femur and
tibia. 7?2 Children with Duchenne Muscular
Dystrophy need to be closely monitored by a
pediatric bone specialist due to their immobility,
extended use of steroids, and the development of
hypogonadism.?®  The  harmful impact of
glucocorticosteroids (GCs) on bone occurs because
of an initial period of heightened bone breakdown
followed by a period of reduced bone growth. 3033
In children, the administration of high doses of
corticosteroids via intravenous or oral routes, as well
as repeated pulse therapy treatments, has been
associated with the development of osteoporosis.®*
Insufficient data exists regarding the impact of low
and moderate steroid doses. Nevertheless, based on
adult population data, the continual use of systemic
corticosteroids at medium to low doses is also
believed to hinder growth and impact bone
development.©®> 3¢ Additionally, prolonged use of
inhaled corticosteroids (ICS) in kids may have an
adverse impact on bone mineral density. This was
observed in children who were prescribed high
doses of ICS, but not in those who received low or
moderate doses.®’3®) When taking into account the
severity of asthma, there is no observed increase in
the rate of fractures among children using ICS.“%

Comprehensive Assessment of

Clinical Presentation and
Manifestation of Symptoms

Skeletal fragility is significantly influenced by bone
mass, as well as disease, age, and genetic factors for
children and adolescents. Skeletal irregularities or
deformity can lead to pain and other problems of

(
L
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the spine, including asymmetry, kyphosis, or
scoliosis. Bone pain and malformations are frequent
reasons for pediatric patients to present to medical
and subspecialized healthcare providers, with levels
of care encompassing the spectrum from emergency
medicine, urgent care, and primary care practices, to
musculoskeletal, orthopedic, developmental, and
endocrinology subspecialists, as well as to pediatric
rheumatology, neurology, and rehabilitation
services. Treatment should be aimed at relieving
pain, providing injury care, and preventing further
musculoskeletal damage.

When evaluating a child for osteoporosis, it is
important to gather a comprehensive medical
history. This includes investigating any previous
fractures, such as the number, location, cause, and
findings from X-rays. Inquiring about back pain is
also crucial, as it could indicate vertebral fractures.
Additionally, obtaining a detailed history of any
other health conditions, physical activity, diet,
medications, growth and development, and family
medical history (including fractures and hearing loss)
is necessary. The physical examination should
encompass  measurements such as  head
circumference and body proportions, as well as
assessments of teeth, eyes, joint flexibility, spine,
skin, and puberty status.“?

It is highly recommended to obtain laboratory tests
for osteopenia, particularly in individuals who
present with differing clinical picture and radiologic
findings. These tests should include a thorough
analysis of  25-hydroxyvitamin D, calcium,
phosphate, alkaline phosphatase, and PTH levels. In
cases where severe liver disease is present, it is
crucial to also conduct a serum protein
electrophoresis and a comprehensive metabolic
panel as these can provide valuable insights.
Furthermore, for other specific conditions, it may be
prudent to consider tests for gluten sensitivity, celiac
disease, copper levels, stool calprotectin levels, and
TSH. Maintaining serum 250HD levels above 30
ng/mL is of utmost importance, especially in colder
climates and throughout the winter months, where
achieving optimal levels can pose a challenge. This
can be accomplished through a combination of
dietary sources, exposure to sunlight, and the use of
recommended supplements. Additionally, tests
focusing on conditions like gluten sensitivity, celiac

]
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treatment strategies for bone loss. As survival rates
for systemic conditions improve, the incidence of
osteoporosis is increasing, emphasizing the
importance of monitoring bone health in follow-up
care.®

The first International Consensus Conference on
Osteoporosis in 1992 suggested that osteoporosis be
defined as a state in which the bone mass and
structural changes within the bone, and the
resistance of the bone to stress are of such nature
that the risk of bone fractures increases. Osteopenia
is a term used to describe a total bone mass below
the normal peak bone mass of young adult
women.Osteopenia is considered a precursor of
osteoporosis. Pediatric osteoporosis refers to
reduced bone mass in the skeletally immature
patient.®

According to the International Society for Clinical
Densitometry (ISCD), pediatric osteoporosis is
diagnosed when an individual has a bone mineral
density (BMD) Z-score of -2 or lower and has
suffered from clinically significant fractures. These
fractures can include either two or more long bone
fractures before the age of 10, or three or more long
bone fractures before the age of 19. Additionally,
pediatric osteoporosis can occur with one or more
vertebral compression fractures that have occurred
without high energy trauma or local disease,
regardless of the BMD Z-score.**%%

The purpose of this definition is to differentiate
between children with a preexisting medical
condition and those with fractured bones due to
typical childhood activities or intentional injury.
However, there are various difficulties associated
with this definition. For instance, the requirement
for a BMD Z-score cut-off of < -2 as a component of
the osteoporosis definition. The score could vary by
up to 2 standard deviations based on the reference
data utilized to calculate the BMD Z-score. [*>17)
Another issue to consider is the potential for not
properly diagnosing conditions that make individuals
more likely to develop osteoporosis. For instance,
this could occur when children have low bone
mineral density (BMD) but have not yet experienced
a second or third fracture, or when the BMD Z-score
is above -2 despite having recurrent fractures. As a
result, it is important to follow current guidelines
and not rely solely on BMD when diagnosing
osteoporosis, but instead take into consideration the

(
\
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overall clinical context, including the seriousness and
expected outcome of the underlying disease or
treatment. (%)

Etiology and Risk Factors

Primary osteoporosis (PO) is an idiopathic bone
disorder prevalent in the adult population. However,
adult PO is often considered as a continuum of a
bone mass failure to develop in childhood.

PO refers to conditions of heritable bone fragility
caused by intrinsic skeletal defects with abnormal
composition of bone tissue. Causative genes affect
different pathways such as collagen type | synthesis,
bone mineralization, osteoblasts, or osteocyte
dysfunction.*>??) Children with primary osteoporosis
are a diverse group with a wide range of skeletal and
extraskeletal features, which can vary from mild to
severe forms. These conditions lead to serious bone
disease and low bone mass accumulation. It is
crucial to identify these conditions early in order to
begin treatment and seek specialized care.?%??

Ol, or osteogenesis imperfecta, is the most
frequently occurring primary form of osteoporosis.
Common symptoms include recurring fractures,
skeletal abnormalities, short stature, blue sclera,
dentinogenesis imperfecta, hearing impairment, and
loose ligaments. However, the specific symptoms
experienced can differ from patient to patient based
on the type of 0.3

Many diseases and medications can cause secondary
osteoporosis (SO). Although the terminology for the
etiology and pathophysiology of pediatric
osteoporosis is sometimes unclear, there are many
conditions that can lead to alterations in pediatric
bone mass, strength, and/or microarchitecture,
which may predispose patients to fractures during
growth or later in |life. These pediatric
"symptomatic" bone disorders should not be viewed
as causes of pediatric osteoporosis but rather as
forms of secondary pediatric SO.?%

Children and adolescents can present with fractures.
It is important to note that fractures, although not
specific to abnormal bone health, can often be
associated with low bone mass or quality packed
fracture (i.e., impaction-dependent fracture of a
healthy bone). Some examples of fractures that fall
into this category include vertebral compression,
sacral insufficiency, and scapular fractures.
Additionally, there are also other types of fractures
such as pubic rami stress reaction, proximal femoral
corner fractures, fibular fractures, pilon fractures
(triplane), and talar neck fracture subtypes. These

]
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Diagnosis and Management of Osteoporosis in Pediatric Patients

(Abstract \

In recent years, there has been a growing awareness of pediatric osteoporosis, a condition that can lead to
weakened bones and a higher risk of fractures in children. It is essential for pediatricians to be knowledgeable
about this issue so that they can identify and treat patients with osteoporosis or those at risk for it. Genetic
factors and various disorders play a role in bone formation and quality. Osteogenesis imperfecta is the most
common genetic condition linked to primary osteoporosis. Secondary osteoporosis can occur in children with
chronic illnesses. X-rays can help diagnose the condition. Prevention is key in managing pediatric osteoporosis, as
understanding normal bone development allows for early detection and treatment. Medications can help prevent
bone loss in pediatric patients. The definition of pediatric osteoporosis involves low bone mass and significant
fractures. Factors such as genes, medications, lack of movement, and corticosteroid use can contribute to
osteoporosis in children. Treatment options for pediatric osteoporosis are limited, but anabolic agents and
bisphosphonates may be used. Close monitoring and follow-up are crucial to prevent further fractures. It is
important for pediatricians to understand the diagnosis and treatment of pediatric osteoporosis, as well as
lifestyle factors and the effectiveness of treatment approaches.

Keywords : Osteoporosis , Pediatrics , Osteogenesis imperfecta, Bone Fractures , Vitamin D

Accepted: 15 days before printing

. J

Mohammad Mahdi Ebrahiminasab, MD?, Ali Shbeeb, MD*, Pouya Tabatabaei Irani, MD*, Taghi Baghdadi, MD*

1. Department of Orthopedic
Surgery, Reconstruction
Research Center, Tehran
University of Medical In recent years, there has been a growing awareness of osteoporosis in children.

Sciences, Tehran, Iran. Both genetic and acquired bone disorders in children can weaken bones, making
them more susceptible to fractures. If not addressed, these conditions can lead to
decreased bone mass, deformities, and overall impact on the child's quality of life,
with potential long-term effects. It is crucial for pediatricians to be aware of these
issues in order to identify and treat patients with or at risk of developing
osteoporosis.*?

Before reaching the age of 18, around 95% of the body's skeletal size, bone, and
muscle mass are already determined. This highlights the importance of childhood
in the development of a robust musculoskeletal system. Factors such as genetic
background, organ function, chronic systemic illnesses, medications, muscular
disorders, and metabolic disorders all contribute to the formation and quality of
bones. The main cause of primary osteoporosis is often an underlying genetic
defect, with osteogenesis imperfecta (Ol) being the most prevalent condition at
least 24 genes have been related to 013,

Secondary, or acquired, osteoporosis can occur in individuals with chronic
systemic illnesses as a result of the disease or its treatment. Children and teens
with osteoporosis may experience frequent fractures, deformities, and back pain.
Furthermore, the discovery of vertebral fractures on lateral spine x-rays can also
help in diagnosing osteoporosis.®7?

Often confused with fragile bone disease, pediatric osteoporosis can be quickly
identified using simple X-ray techniques, preventing it from causing further issues.
Prevention is key for managing osteoporosis in mobile and non-functional
children, as many skeletal issues in pediatric patients are overlooked due to a lack
of understanding of normal bone and joint physiology. By understanding the
normal bone development process, physicians can identify and address
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gmail.com treatment to prevent complications. This article discusses the diagnosis and
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Figure 3. Disarticulated wrist due to necrosis 6

months later

replantation on a 7-month-old girl after her thumb
got amputated with a pair of shears. 5 months after
the surgery, her thumb had normal function”). Hee
et al. reported a 2-year-old girl with a near-total
amputation of the forearm caused by a sawing
machine. A distal forearm replantation was
performed. The patient developed a supination
difficulty after 10 years but it was successfully
managed. 30 years after the procedure she had
normal motor and sensory functions®. Takeda et al.
reported a 22-month-old-patient with multiple digit
amputations. The treatment included an abdominal
pocket in conjunction with composite grafts of the
distal phalanxes and nails that got amputated®.

Conclusion

Upper extremity injuries are common and
occasionally severe conditions presenting to the
emergency departments. A  multidisciplinary
approach to these injuries, particularly in pediatric
patients who may sustain life-long adverse
consequences, in required.
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replantation and reconstruction surgery was
performed under general anesthesia. The possibility
of necrosis of the right upper limb was predicted.
Digits 1, 2 and 3 of the right hand had been
destroyed at the accident scene. The bones were
fixed with two pins. The following muscles and
tendons were repaired: flexor digitorum profundus

Figure 1. Amputation of the right hand and forearm
due to severe crushing injury

Figure 2. Affected limb immediately after surgery
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(tendons of the digits 4 and 5), extensor carpi
radialis brevis, extensor carpi ulnaris, and flexor
carpi ulnaris. The great saphenous vein was cut in
front of the inner ankle of the left leg. The right
radial and ulnar arteries were anastomosed and a
splint was used to protect the injured limb. The
place of anastomosis of the arteries was in the 5th
zone of the hand. After 3 days the patient was
discharged from the hospital and oral and topical
antibiotics were prescribed. A month later, a wrist
disarticulation procedure was performed due to
necrosis. After a 6-month-follow-up, on the
examination of the upper limb proximal to the wrist,
the sensory examination including tactile, pain,
temperature, and vibration sensation was normal.
Radial and ulnar pulse examination and elbow range
of motion were normal. In the reported patient, a
forearm transplant was performed for the patient,
and considering that a long time had passed since
the amputation of the forearm, it was expected that
the patient's entire forearm would become necrotic
and the patient's transplant would be rejected. But
only the areas distal to the forearm became necrotic
and we were able to save the patient from the
forearm to the wrist.

20,793 cases of amputation were reported in
children <5 years in the US between 2008 and
2012, Traumatic amputations in children have
potential risk of permanent physical and
psychological consequences®?. Different types of
procedures including replantation, revascularization,
reconstruction, flap covering, and stump closure are
performed to manage amputations and other severe
injuries to the upper limb®. Replants following crush
and avulsion injuries have shown lower survival
rates compared to other mechanisms of injury. The
crushing, rotational stretching, and shredding
components cause a large injured area and severe
vascular damage®. Replantation and reconstructive
procedures of a wide range of upper extremity
injuries in young children have been described in the
literature. Duteille et al. reported al8-month-old
boy who presented with amputation of the forearm
and severe injury to his back and shoulder after
being bitten by a dog. A series of expanders and
flaps were placed to enable him to use a mechanical
prosthesis®®. Gaul et al. performed a microvascular
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Reconstruction and Replantation of Hand in 7-month-old infant due to crush injury:
A case report

\
Abstract
Upper extremity injuries consist of a wide range of presentations, from small skin wounds to severe injuries that
require replantation and reconstructive surgeries. Herein we present a hemi-amputation and crush injury to the
upper extremity in a 7-month-old-infant following a motor vehicle accident which led to a replantation and
reconstructive procedure. A replantation and reconstruction procedure was performed under general anesthesia.
A month later, a wrist disarticulation procedure was performed due to necrosis. The bones were fixed with two
pins. The following muscles and tendons were repaired: flexor digitorum profundus (tendons of the digits 4 and
5), extensor carpi radialis brevis, extensor carpi ulnaris, and flexor carpi ulnaris. Right radial and ulnar arteries
were anastomosed and a splint was used to protect the injured limb. After a 6-month-follow-up, on the
examination of the upper limb proximal to the wrist, the sensory examination including tactile, pain,
temperature, and vibration sensation was normal.
Keywords: Hand transplantation, Transplantation,Traumatic limb amputation, Pediatrics
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Introduction
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2. USERN Office, Lorestan Upper extremity injuries are frequently seen in pediatric patients. Falls, strikes,
PUIESUEGREEICINEELEETIN and cuts are the common mechanisms of trauma-related injuries in children. 3.8%
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of all upper extremity injuries in children are motor vehicle-related. The upper
extremity amputations consist only 0.3% of all the injury types in children®®.

1. Student Research Committee,

3. Medical school, Lorestan
University of Medical Sciences,

Khorramabad, Iran Finger and thumb amputations are the most frequent amputation locations with a
e e e e prevalence of 54%, while upper limbs proximal to the fingers are the least

Bushehr University of Medical frequent location®. Because of the favorable plasticity and healing capacity,
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replantation should be considered for amputations at any level in children®. We
hereby present a 7-month-old-female infant who was admitted to our center due
to a drastic hemi-amputation and crush injury to her hand and forearm after
being involved in a road traffic accident.

Case Description

A 7-month-old-female infant was brought to the emergency department after 10
hours by air ambulance following a rollover road traffic accident. On admission,
the patient was in a unstable condition and her vital signs were not within the
normal range. On the lab data, a hemoglobin of 6.2 g/dL, white blood cell count of
14.6/uL, and blood sugar of 287 mg/dL were reported. The patient had a severe
crush injury to her right upper limb causing hemi-amputation of her hand and
forearm (Figure 1). The right upper limb along with the vessels and nerves were
completely amputated, and the patient's right forearm was hanging at the elbow
Corresponding Author: with only a little skin. Due to the patient's unfavorable condition and
Hormoz mahmoudvand hemodynamic instability, it was not possible to take radiographs and the patient
Email address: was immediately transferred to the operating room. Due to the sustained injury, a
hormozmahmoudvand3@ . . . .
gmail.com consultation with the plastic surgery team was done. After general anesthesia,
exploratory hemi-amputation of the right forearm was performed. An one stage

5. Department of Surgery,
Lorestan University of Medical
Sciences, Khorramabad, Iran

( ]
[ 104 |




Iranian Journal of Orthopaedic Surgery
Vol. 21, No. 3 (Serial No. 82), Summer 2023, p. 99 - 103

the Wrisberg type without posterior attachments
(unstable) was observed. Initially, saucerization was
performed while preserving a suitable peripheral
rim, and then it was reattached to the capsule using
the outside-in technique.

In a study by Kose and colleagues, age was identified
as the most important factor determining patient
prognosis, and prognosis worsened with increasing
age, while gender, disease type, presence or
absence of tears, and duration of symptoms did not
affect patient prognosis®.

A one-month follow-up of the patient revealed a
pain-free knee with a full active and passive range of
motion.

Conclusion

Unstable lateral discoid meniscus (Wrisberg type) is
an uncommon cause of chronic pain, limited motion,
and some degree of swelling in children, and may be
mistaken for many other causes of mono-arthritis,
including inflammatory diseases such as juvenile
idiopathic arthritis (JRA). A strong clinical suspicion is
necessary to differentiate discoid meniscus from
other diseases. We recommend that lateral discoid
meniscus be considered as an important differential
diagnosis in children presenting with mono-arthritis
of the knee.
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The most common clinical findings in these patients
include pain, swelling, locking, and an audible or
palpable "clunk" during knee flexion or extension!”).

In the patient under study, all of the above
symptoms and an audible clunk were present since
the age of two and were observed during the
physical examination.

The diagnosis of discoid meniscus, in addition to
clinical symptoms, requires various diagnostic
modalities such as radiography, ultrasound, and
MRI. Among these, MRI and direct visualization
during arthroscopy are considered the most
effective methods for differentiating between
complete and incomplete types. As the initial
diagnostic modality, radiography can help us
differentiate between complete and incomplete
cases. The presence of findings such as increased
lateral joint space, cupping of the lateral tibial
plateau, hypoplasia and squaring of the lateral
femoral condyle, hypoplasia of the tibial spine, high
fibular head, and condylar cut-off sign is indicative of
a complete discoid meniscus®?).

In a study by Song JG and colleagues'®, increased
joint space, condylar cut-off sign, and high fibular
head were mentioned as three useful radiological
findings for screening patients with complete discoid
meniscus. In the patient under study, increased
lateral joint space was evident on the AP view of the
knee radiograph.

Beck JJ and colleagues™® demonstrated that adult
MRI criteria can be used to diagnose discoid
meniscus in children and adolescents. They showed
that a bow-tie appearance on more than three
sagittal views, coverage of more than 70% of the
tibial plateau on sagittal views, a width greater than
14 mm on coronal views, and coverage of more than
20% of the tibial plateau on coronal views are
suitable for diagnosing lateral discoid meniscus.

In 1989, Silverman™? introduced five diagnostic
criteria for diagnosing discoid meniscus. According
to these criteria: 1. The presence of at least three
consecutive 5mm sequences with continuity
between the anterior and posterior horns of the
meniscus. 2. upper-lower height in the augmented
mid-zone generating a bowtie shape in the sagittal
view. 3. A difference in the size of the anterior and
posterior horns of the meniscus, which are usually
symmetrical. 4. The presence of a complete
meniscus on all MRI sequences in the coronal view
from anterior to posterior of the knee, which
normally should only be seen in the posterior and

(
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anterior sequences. 5. Increased transverse
diameter of the meniscus greater than or equal to
15 mm or greater than or equal to 20% of the width
of the tibial plateau on coronal view.

In the patient under study, increased superior-
inferior height of the meniscus, increased bow-tie
appearance on sagittal views, and continuity
between the anterior and posterior horns of the
meniscus on all coronal cuts from anterior to
posterior, and coverage of more than 20% of the
lateral tibial plateau on coronal views were evident.
In this patient, the meniscus was a complete discoid
type (type 1), covering the entire surface of the
lateral plateau (more than 20% of the plateau
surface and a meniscal width in the midbody of
more than 15 mm).

The treatment of discoid meniscus can be either
conservative or surgical. According to a study by
Yang and colleagues, there are three indications for
non-surgical treatment: 1. Asymptomatic lesions
discovered incidentally. 2. Cases with mild clinical
symptoms that do not affect the patient's normal
daily activities and sports. 3. Cases with severe
symptoms caused by other concomitant diseases*?).
According to Yang's study, two indications for
surgery include 1. Lesions that affect the patient's
daily activities. 2. Mild symptoms in young patients.
There are various treatment options, including
partial meniscectomy (such as saucerization or
reshaping), partial meniscectomy with repair, total
or subtotal meniscectomy, and meniscal allograft
transplantation. Several factors such as patient age,
type of discoid meniscus, lesion location, knee
stability, and patient activity level influence the
choice of treatment,

Nicholson and colleagues found that if a partial
meniscectomy is performed, the remaining meniscal
tissue should be evaluated for instability and
concomitant tears. They stated in this study that
concomitant tears should be repaired using the all-
inside suture technique for posterior meniscal tears,
inside-out for midbody tears, and outside-in for
anterior tears*®. When performing saucerization,
the amount of meniscus to be preserved is
controversial, and most researchers agree on
preserving 6 to 8 mm of the peripheral meniscus*.
In this study, due to the presence of clinical
symptoms and impaired function, surgical treatment
was chosen as the appropriate treatment option,
and the patient underwent arthroscopic surgery.
During arthroscopy, a complete discoid meniscus of
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Figure 2: Fat-suppressed MRI of the left knee:
a. Coronal view with discoid meniscus covering the entire of lateral tibial plateau
b. Sagittal view showing a discoid meniscus entrapped in the intercondylar notch.

Figure 3: Arthroscopic view:
a.Discoid meniscus before saucerization.
b: Discoid meniscus after saucerization and outside-in technique repair.

Unstable discoid lateral meniscus (Wrisberg type) is
a rare condition characterized by excessive mobility
and instability of the meniscus due to the absence of

.

{ 101 )

posterior attachments to the tibia. In this condition,
the only attachment of the lateral meniscus is the
Wrisberg ligament, which can be complete,
incomplete, or normal in shape®. In this patient, the
Wrisberg-type discoid meniscus was complete and
associated with instability and locking.
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Case presentation

A 6-year-old girl presented with left knee pain and
swelling for the past 4 vyears. The patient's
symptoms began at the age of 2 with morning
stiffness, swelling, and clicking. She continued with
impaired knee movement and difficulty walking due
to the inability to extend the knee fully. The parents
did not report any history of trauma.

various tests were performed to investigate and
diagnose the disease, and the patient had a positive
rheumatoid factor (RF) and C-reactive protein(CRP)
(1+), and a White blood cell (WBC) count of 16600 in
complete blood count (CBC). Based on the
symptoms and tests, the patient was diagnosed with
juvenile rheumatoid arthritis (JRA) for 4 years and
was treated with weekly methotrexate. The parents
mentioned two intra-articular  corticosteroid
injections to reduce the patient's symptoms. After
repeated visits and no response to treatment, the
patient was referred to the knee clinic and
underwent an examination.

On examination, there was swelling and limited knee
extension (10 degrees of flexion contracture) with a
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range of motion of 0-10-120 (20 degrees of flexion
limitation and 10 degrees of flexion contracture).
Anteroposterior(AP) and lateral radiographs of the
knee were obtained, and on the AP radiograph,
increased lateral joint space was seen. (Figure 1).
With Magnetic resonance imaging (MRI), the
patient was diagnosed with type 3 discoid meniscus.
On MRI, the discoid meniscus was seen trapped in
the intercondylar notch. The patient underwent
surgical treatment. On arthroscopy, the patient had
a complete and unstable lateral discoid meniscus
and was easily mobilized using a probe. Therefore,
the patient underwent arthroscopic saucerization
and repair of the lateral meniscus with a synovial
attachment using the outside-in technique (although
the posterior meniscus repair is usually performed
using the inside-out technique, in this patient, due
to the senior surgeon's skill, the outside-in
technique was used) (Figure 3).

After surgery, full range of motion and full weight-
bearing were started for the patient. In a one-month
follow-up, the patient's pain was completely
relieved, and full extension and flexion were
achieved, with a range of motion of 0-140 degrees.

Figure 1: Radiograph (anteroposterior view) of the left knee:
Increased joint space on the lateral side is observed.
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Discoid meniscus, a Rare Cause of Knee Mono-arthritis in Children

(A case report and literature review)

r

Abstract

Introduction: Knee pain is one of the most common musculoskeletal complaints in children and adolescents.
There are relatively wide differential diagnoses for knee monoarthritis in children. Discoid meniscus, the most
common congenital anomaly of the knee, can have a wide range of symptoms, such as pain, swelling, limited
range of motion, and mechanical symptoms, including clicking, snapping, popping, and locking of the knee. We
are reporting on such a case that had a late diagnosis and was being treated as rheumatoid arthritis.

Case presentation : A 6-year-old girl presented with a 4-year history of pain, swelling, and limited range of
motion in the left knee, being treated with the diagnosis of Juvenile Rheumatoid arthritis(JRA), with lack of
response to treatment. Suspicion of discoid meniscus was entertained by physical examination, and imaging
studies and confirmed by arthroscopy. The patient underwent arthroscopic saucerization and lateral meniscus

repair.

conclusion: According to this case report , discoid meniscus should be considered as an important, rare
differential diagnosis in children presenting with knee pain and swelling.
Keywords: knee; pain; Juvenile Rheumatoid arthritis, meniscus
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Introduction

Knee pain is one of the most common musculoskeletal complaints in children and
adolescents, and is more common in physically active patients. Up to 54% of
athletes experience some degree of knee pain annually. The differential diagnosis
for knee pain is relatively broad, which can make it challenging for physicians to
diagnose and trea.

The pattern, presentation, and duration of arthritis help to differentiate between
various differential diagnoses. Monoarthritis involving the knee can present
acutely or chronically. Some of the possible differential diagnoses for chronic
cases include juvenile idiopathic arthritis (JIA), chronic hemarthrosis, benign and
malignant bone tumors, chronic infections such as tuberculosis, and various other
diseases and intra-articular lesions such as pigmented villonodular synovitis
(PVNS) and sarcoidosis?.

One cause of knee pain is a discoid meniscus, which can be accompanied by other
symptoms such as swelling, and mechanical symptoms including clicking,
snapping, popping, and locking of the knee. A discoid meniscus is the most
common congenital abnormality of the knee, involving a spectrum of different
meniscal shapes, characterized by excessive coverage of the lateral tibial
plateau®. The prevalence of discoid meniscus is 0.4-20%, which is higher in
Southeast Asian countries such as Korea and Japan, although the true prevalence
is unknown due to the lack of symptoms in many patients. A discoid meniscus is
more likely to tear than a normal meniscus, which can occur even after a low-
energy trauma®,

According to Watanabe's classification®, the discoid meniscus is divided into
three types: Type 1 complete discoid meniscus, Type 2 incomplete, and Type 3
Wrisberg or unstable. The type of discoid meniscus, especially its stability or
instability, and the presence of pain and mechanical symptoms determine the
kind of treatment and prognosis®. this study aims to present a patient with
chronic knee pain with a diagnosis of discoid meniscus to demonstrate that a
strong clinical suspicion is necessary to diagnose this pathology in children,
especially in cases that occur at a young age.

[ 99 )

\ )



21.

22.

23.

20.

Karim Pisoudeh et al.

De C, Wignall A, Giannoudis V, Jimenez A, Sturdee S,
Aderinto J, et al. Peri-operative outcomes and predictors of
mortality in COVID-19 positive patients with hip fractures: a
multicentre study in the UK. Indian Journal of Orthopaedics.
2020;54:386-96. https://doi.org/10.1007/s43465-020-
00272-7. PubMed PMID: 33052147; PubMed Central PMCID:
PMC7545153.

Patralekh MK, Jain VK, lyengar KP, Upadhyaya GK, Vaishya R.
Mortality escalates in patients of proximal femoral fractures
with COVID-19: A systematic review and meta-analysis of 35
studies on 4255 patients. Journal of clinical orthopaedics
and trauma. 2021;18:80-93.
https://doi.org/10.1016/].jcot.2021.03.023. PubMed PMID:
33897205; PubMed Central PMCID: PMC8056882.

Pass B, Vajna E, Knauf T, Rascher K, Aigner R, Eschbach D, et
al. COVID-19 and proximal femur fracture in older adults—a
lethal combination? An analysis of the registry for geriatric
trauma (ATR-DGU). Journal of the American Medical
Directors Association. 2022;23(4):576-80.
https://doi.org/10.1016/j.jamda.2021.09.027. PubMed
PMID: 34678268; PubMed Central PMCID: PMC8487770.
Zajonz D, Vaitl P, Edel M, Fuchs O, Kiibler F, Schneider P, et
al. Effects of SARS-CoV-2 infections on inpatient mortality of
geriatric patients after proximal femoral fracture surgery.
Die Orthopadie. 2022;51(7):573-9.
https://doi.org/10.1007/s00132-022-04268-z. PubMed
PMID: 35776154; PubMed Central PMCID: PMC9191536.

—

98

Iranian Journal of Orthopaedic Surgery
Vol. 21, No. 3 (Serial No. 82), summer 2023, p. 93-98

'



Iranian Journal of Orthopaedic Surgery
Vol. 21, No. 3 (Serial No. 82), Summer 2023, p. 93 - 98

References

1.

Pustake M, Tambolkar I, Giri P, Gandhi C. SARS, MERS and
CoVID-19: An overview and comparison of clinical,
laboratory and radiological features. Journal of Family
Medicine and Primary Care. 2022;11(1):10-7. DOI:
10.4103/jfmpc.jfmpc_839_21. PubMed PMID: 35309670;
PubMed Central PMCID: PM(C8930171.

Petrosillo N, Viceconte G, Ergonul O, Ippolito G, Petersen E.
COVID-19, SARS and MERS: are they closely related?. Clinical
microbiology and infection. 2020;26(6):729-34.
https://doi.org/10.1016/j.cmi.2020.03.026. PubMed PMID:
32234451; PubMed Central PMCID: PMC7176926.
Mohammadpour M, Yazdi H, Bagherifard A, Jabalameli M,
Moghtadaei M, Torkaman A, et al. Evaluation of early
complications, outcome, and mortality in Coronavirus
Disease 2019 (COVID-19) infection in patients who
underwent orthopedic surgery. BMC Musculoskeletal
Disorders. 2022;23(1):64. https://doi.org/10.1186/s12891-
022-05010-8. PubMed PMID: 35042507; PubMed Central
PMCID: PMC8764495.

Shen H, He R, Zhang P, He Y, Liu Y, Wang G, et al. Risk factors
for postoperative medical morbidity and 3-month mortality
in elderly patients with hip fracture following hip
arthroplasty during COVID-19 pandemic. Journal of
Orthopaedic Surgery and Research.
2023;18(1):59.https://doi.org/10.1186/s13018-023-03511-3.
PubMed PMID: 36683026; PubMed Central PMCID:
PMC9867902.

Rashid F, Hawkes D, Mahmood A, Harrison WJ. Hip fracture
mortality in patients co-infected with coronavirus disease
2019: a comparison of the first two waves of the United
Kingdom pandemic during the pre-vaccine era. International
Orthopaedics. 2022:1-8. https://doi.org/10.1007/s00264-
021-05269-x. PubMed PMID: 34999906; PubMed Central
PMCID: PMC8742699.

Rashid F, Hawkes D, Mahmood A, Harrison WJ. Hip fracture
mortality in patients co-infected with coronavirus disease
2019: a comparison of the first two waves of the United
Kingdom pandemic during the pre-vaccine era. International
Orthopaedics. 2022:1-8. https://doi.org/10.1007/s00264-
021-05269-x. PubMed PMID: 34999906; PubMed Central
PMCID: PMC8742699.

Victoria  Wright E, Musbahi O, Singh A, Somashekar N,
Huber CP,et al. Increased perioperative mortality for
femoral neck fractures in patients with coronavirus disease
2019 (COVID-19): experience from the United Kingdom
during the first wave of the pandemic. Patient Safety in
Surgery 2021, 15(1):1-8.https://doi.org/10.1186/s13037-
020-00279-x. PubMed PMID: 33423685; PubMed Central
PMCID: PMC7797178.

Hoogenes B, Querée M, Townson A, Willms R, Eng JJ. COVID-
19 and spinal cord injury: clinical presentation, clinical
course, and clinical outcomes: a rapid systematic review.

Journal of Neurotrauma. 2021;38(9):1242-50.
https://doi.org/10.1089/neu.2020.7461. PubMed PMID:
33502924.

Hosseinzadeh R, Goharrizi MA, Bahardoust M, Alvanegh AG,
Ataee MR, Bagheri M, et al. Should all patients with
hypertension be worried about developing severe
coronavirus  disease 2019 (COVID-19)>. Clinical
Hypertension. 2021;27:1-7. https://doi.org/10.1186/s40885-

(
[ 97

Evaluation of Complications, Incidence, Mortality, and ...

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

021-00161-7. PubMed PMID: 33451360; PubMed Central
PMCID: PMC7809228.

Hwang S, Ahn C, Won M. Comparing the 30-day mortality
for hip fractures in patients with and without COVID-19: an
updated meta-analysis. Journal of Personalized Medicine.
2023;13(4):669. https://doi.org/10.3390/jpm13040669.
PubMed PMID: 37109055; PubMed Central PMCID:
PMC10142352.

Simunovic N, Devereaux PJ, Sprague S, Guyatt GH,
Schemitsch E, DeBeer J, et al. Effect of early surgery after hip
fracture on mortality and complications: systematic review
and meta-analysis. Cmaj. 2010;182(15):1609-16. DOI:
https://doi.org/10.1503/cmaj.092220. PubMed PMID:
20837683; PubMed Central PMCID: PMC2952007.

Shiga T, Wajima ZI, Ohe Y. Is operative delay associated with
increased mortality of hip fracture patients? Systematic

review, meta-analysis, and meta-regression. Canadian
Journal of Anesthesia/lournal canadien d'anesthésie.
2008;55(3):146-54. DOI:10.1007/BF03016088. PubMed

PMID: 7593064.

Freitas T, lbrahim A, Lourengo A, Chen-Xu J. Mortality in
COVID-19 patients after proximal femur fracture surgery: a
systematic review and meta-analysis. HIP International
2022:11207000221116764. PubMed PMID: 35959769;
PubMed Central PMCID: PMC10333983.

Mamarelis G, Oduoza U, Chekuri R, Estfan R, Greer T.
Mortality in patients with proximal femoral fracture during
the COVID-19 pandemic: a UK hospital’s experience. JBJS
Open Access. 2020;5(4):e20. DOI:
10.2106/JBJS.0A.20.00086. PubMed PMID: 33244510;
PubMed Central PMCID: PMC7682983.

Ward AE, Tadross D, Wells F, Majkowski L, Naveed U,
Jeyapalan R, et al. The impact of COVID-19 on morbidity and
mortality in neck of femur fracture patients: a prospective
case-control cohort study. Bone & joint open.
2020;1(11):669-75. https://doi.org/10.1302/2633-
1462.111.BJ0O-2020-0141.R1. PubMed PMID: 33263106;
PubMed Central PMCID: PMC7690756.

Mi B, Chen L, Xiong Y, Xue H, Zhou W, Liu G. Characteristics
and early prognosis of COVID-19 infection in fracture
patients. JBJS. 2020;102(9):750-8. DOI:
10.2106/JBJS.20.00390. PubMed PMID: 32379114; PubMed
Central PMCID: PMC7219849.

Tanner Il A, Jarvis S, Orlando A, Nwafo N, Madayag R,
Roberts Z, et al. A three-year retrospective multi-center
study on time to surgery and mortality for isolated geriatric
hip fractures. Journal of Clinical Orthopaedics and Trauma.
2020;11:556-61. https://doi.org/10.1016/j.jcot.2019.12.001.
PubMed PMID: 31992918; PubMed Central PMCID:
PMC6977169.

Nourbakhsh M, Zarezadeh A, Shemshaki H, Etemadifar MR,
Moezi M, Mazoochian F. Translation and cultural adaptation
of the oxford hip score for Iranian population. International
journal of preventive medicine. 2013;4(2):141. PMCID:
PMC3604844. PubMed PMID: 23543884; PubMed Central
PMCID: PMC3604844.

Kayani B, Onochie E, Patil V, Begum F, Cuthbert R, Ferguson
D, et al. The effects of COVID-19 on perioperative morbidity
and mortality in patients with hip fractures: a multicentre
cohort study. The bone & joint journal. 2020;102(9):1136-
45. https://doi.org/10.1302/0301-620X.102B9.BJJ-2020-
1127.R1. PubMed PMID: 32634023.

]
J




Karim Pisoudeh et al.

Univariate analysis revealed that the 30-day
mortality rate was significantly higher in the COVID-
19-positive group (28.8% vs. 10.2%; p=0.018). The
mean hospital stay was significantly longer in COVID-
19-positive  patients (17.1 vs. 12.8 days).
Additionally, ICU admissions, need for mechanical
ventilation, blood transfusion requirements, and
infection rates were significantly higher in the
COVID-19-positive group. At the last follow-up six
months post-surgery, the mean HHS for COVID-19-
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positive patients was significantly lower (58.8 + 5.9)
compared to the COVID-19-negative group (72.9 +
8.0). No significant differences were observed in DVT
rates between the two groups (Table 2).
Multivariate logistic regression analysis showed that
COVID-19-positive patients had a significantly higher
risk of mortality compared to COVID-19-negative
patients (adjusted OR: 1.71, 95% Cl: 1.11-2.63;
p=0.001). Other predictors of mortality included age,
hypertension, and smoking (Table 3).

Table 3. Results of multivariate analysis

Variables Adjusted Odds Ratio | 95% Confidence Interval | Significance Level
Prolonged Hospitalization 1.89 1.11-2.68 0.001
30-Day Mortality 351 2.28-4.81 0.001
ICU Admission 2.11 1.15-3.08 0.001
Infection 2.03 1.13-2.94 0.04
Decreased HHS Score 1.35 1.08-1.63 0.001

Table 4. Prediction of Complications and Mortality Based on Multivariate Logistic Regression Analysis

Variables Adjusted Odds Ratio | 95% Confidence Interval | Significance Level
COVID-19 Infection (Yes vs No) 9.88 3.58-16.18 0.001
Age (in years) 1.12 1.03-1.21 0.02
Hypertension (Yes vs No) 2.01 1.11-3.12 0.001
Smoking (Yes vs No) 1.54 1.02-2.07 0.024

This study demonstrates that the mortality and
complication rates for proximal femur fracture (PFF)
patients with COVID-19 are significantly higher than
for non-COVID-19 patients. The most important
predictive factors for mortality and surgical
outcomes were age, hypertension, and smoking
status. The findings are consistent with previous
research and support the conclusion that COVID-19
infection exacerbates surgical risks in PFF patients,
increasing the need for ICU admission, mechanical
ventilation, and blood transfusions. Despite
frequency matching and controlling for confounding
variables, COVID-19 remained a significant risk
factor for poor surgical outcomes in PFF patients.

Conclusion

COVID-19 infection significantly increases the risk of
mortality, postoperative complications, and reduced
hip function in patients undergoing surgery for
proximal femur fractures. These results highlight the
importance of specialized care and preoperative
planning for COVID-19-positive patients, particularly
older individuals, smokers, and those with
hypertension.
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COVID-19-negative group. The mean follow-up

_ period was longer in the COVID-19-positive group

. (8.1 + 2.2 vs. 7.9 + 2.1; p=0.31). No significant

The mean age of COVID-19-positive and COVID-19- differences were observed in the demographic
negative patients was 65.3 £ 5.7 years and 65.8 £ 5.7

: o characteristics of the two groups (Table 1).
years, respectively. In the COVID-19-positive group,
31 (52.5%) were men, compared to 34 (57.6%) in the

Table 1. Comparison of base features for the two study groups

Groups compared S
. Significance
Variables COVID-19 Positive COVID-19 Negative level
Patients (n:59) Patients (n:59)
Age (years) 65.3+5.7 65.3+5.7 87.0
Male 31(52.5%) 31 (52.5%) ;
Gend 39.0
ender Female 34 (57.6%) 34 (57.6%)
BMI 27.4+1.9 27.4+1.9 43.0
History of Type 2 Yes 9(3.15) 11 (6.18) 27.0
Diabetes No 50 (7.84) 48 (4.81) '
, , Yes 10 (9.16) 14 (7.23)
Hist fH t 46.0
IStory OT Fiypertension - v, 49 (1.83) 45 (3.76)
History of Yes 4 (8.6) 8(6.13) 1.0
Hyperlipidemia No 55 (2.93) 51 (4.86) '
_ Yes 6 (2.10) 6 (2.10)
Smok 98.0
moxing No 53 (8.89) 53 (8.89)
_ i Y
Follow-up Duration es 18422 9.7+1.2 310
(months) No

Table 2. Comparison of features for the study groups (univariate analysis)

Variables Comparison Significance COVID-19 Positive COVID-19 Negative
Groups Level Patients (n:59) Patients (n:59)
Length of Hospital Stay 0.001 17.1+1.7 13.4£2.2
(days)
. Yes 0.018 17 (28.8%)
30-Day Mortality Rat 6 (10.2%
ay Mortality Rate No 42 (71.2%) 53 (89.8%) (10.2%)
L Yes 0.002 20 (33.8%)
ICU Ad 6 (10.2%
mission NO 39 (66.2%) 53 (89.8%) (10.2%)
i Y 0.17 9 (15.39
Need for Besplratory es ( %) 11 (18.6%)
Ventilation NO 50 (84.7%) 48 (81.4%)
Need for Blood Yes 0.022 10 (16.9%)
. 14 (23.7%
Transfusion NO 49 (83.1%) 45 (76.3%) ( ‘)
. ) Yes 0.25 4 (6.8%)
D Vein Th b 8 (13.6%
eep vein Thrombosis NO 55 (93.2%) 51 (86.4%) (13.6%)
, Yes 0.024 14 (23.7%)
Infect 5 (8.5%
nrection NO 45 (76.3%) 54 (91.5%) (8:5%)
HHS Score 0.001 58.8+5.9 72.9+8.8

( |
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Materials and Methods

This prospective cohort study, approved by the
Ethics Committee of Iran University of Medical
Sciences (Code: IR.IUMS.FMD.1400.344), was
conducted on 611 patients with proximal femur
fractures who underwent surgery between 2019 and
2021 at Firouzgar Hospital in Tehran, affiliated with
Iran University of Medical Sciences. Based on
diagnostic testing, patients were divided into COVID-
19-positive and COVID-19-negative groups. A total of
59 PFF patients with COVID-19 were identified. Real-
time PCR was used to confirm COVID-19 diagnosis in
patients. To maintain balance, 59 COVID-19-negative
PFF patients were randomly selected from those
with negative PCR tests. Informed consent was
obtained from all patients.

The surgeries were performed as usual, and the
researchers did not intervene in the treatment
process. Typically, surgeries for patients with
positive PCR tests were delayed by 10 days, based
on the anesthesiologist’s decision and clearance
from a pulmonologist until the patient’s general
condition improved. All COVID-19 patients followed
the same treatment protocol. All surgeries were
performed by a senior orthopedic surgeon at the
same hospital.

Inclusion and Exclusion Criteria

Inclusion criteria included patients over 18 years old,
those with PFF requiring surgery, a minimum follow-
up of 30 days post-surgery, and informed consent.
Exclusion criteria included concurrent
musculoskeletal diseases (severe osteoarthritis,
rheumatoid arthritis, fibromyalgia, etc.), severe
psychiatric disorders (psychosis, mania, suicidality,
severe depression, or cognitive disorders like
dementia), other co-infections (hepatitis B and C,
HIV), antiviral drug use, cancer or
immunosuppressive therapy, chemotherapy, or
radiotherapy, chronic kidney disease (CKD), ischemic
heart disease, and cirrhosis.

Data Collection Tools

Patient information was recorded at admission and
during the study using an inclusion/exclusion
checklist. The two groups were matched for age,
smoking status, gender, type of treatment, fracture
type, type of implant, comorbidities, intraoperative
blood loss, and comorbidities such as diabetes,
hypertension, and hyperlipidemia. Data were
recorded in two parts: demographic information at
the time of admission (age, gender, body mass index
[BMI], PCR test result, comorbidities, and smoking)
and clinical outcomes 30 days post-surgery (final
status [death/survival], occurrence of complications,

(
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need for blood transfusion, need for mechanical
ventilation, ICU admission, length of hospital stay,
myocardial infarction, and infection).

Outcome Measures

Primary outcomes were defined as 30-day mortality,
hip function, and length of hospital stay. Secondary
outcomes included the need for ventilation, blood
transfusion, ICU admission, and postoperative
complications such as deep vein thrombosis (DVT),
infection rates, and myocardial infarction (Ml).
Thirty-day mortality was defined as any death within
30 days post-surgery. The Harris Hip Score (HHS) was
used to evaluate hip function at the final follow-up
six months post-surgery. Each patient received a
score between 0 and 100, with higher scores
indicating better function. The validity and reliability
of the Persian version of this questionnaire have
been confirmed for the Iranian population!*®,

Sample Size Calculation

The appropriate sample size for this study was
estimated based on an effect size of 0.41 for
differences in mortality rates between COVID-19-
positive and COVID-19-negative PFF patients,
according to a study by B Kayani et al., with an alpha
error of 5%, a 95% confidence interval (Cl), and 80%
study power. Using G Power software version 3.1, an
epidemiologist estimated 53 patients per group!®..

Statistical Analysis

Data analysis was conducted using SPSS software
version 23. Descriptive statistics (frequency and
percentage) were used for qualitative variables.
Qualitative variables were reported with means and
standard deviations. The normality of the variables'
distribution in the two groups was assessed using
the Kolmogorov-Smirnov test. Assuming normal
distribution, the t-test was used to compare
variables between the two groups; otherwise, the
nonparametric Mann-Whitney test was applied. The
chi-square test was used to analyze qualitative
variables between the two groups. To control for
confounding variables, multivariate analysis was
performed in addition to frequency matching.
Variables with a significance level below 0.20 in the
univariate analysis were entered into the
multivariate logistic regression analysis using the
Backward method. Multivariate logistic regression
analysis was used to determine the most important
predictors of outcomes in the two groups. The
adjusted odds ratio (OR) with a 95% confidence
interval (Cl) was reported to indicate effect size. A p-
value below 0.05 was considered statistically
significant.
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Evaluation of Complications, Incidence, Mortality, and Predictive Factors of Surgical

Outcomes for Proximal Femur Fractures in Patients with and without COVID-19: A
Prospective Observational Study

/Abstract \

Background: Despite a reduction in the global transmission and mortality rates of the coronavirus (COVID-19),
the infection continues to pose significant challenges for orthopedic surgeons. The present study aims to assess
the impact of COVID-19 infection on complications, incidence, mortality, and predictors of surgical outcomes for
proximal femur fractures.

Methods: This prospective observational study was conducted on 611 patients with proximal femur fractures
(PFF) and potential COVID-19, who underwent surgery at Teaching hospital, between 2019 and 2021. The
patients of these, 59 patients were definitively diagnosed with COVID-19, using frequency matching, were
compared for 30-day mortality. The hip function, average length of hospital stay, and the probability of ICU
admission between COVID-19-positive and COVID-19-negative patients were studied.

Results: 611 patients with proximal femur fracture had been treated, out of which 59 had definite diagnosis of
Covid. The 30-day mortality rate was significantly higher in the COVID-19-positive group (28.8% vs. 10.2%,
p=0.018). At the last follow-up, the mean Harris Hip Score (HHS) was lower in COVID-19-positive patients.
Multivariate analysis revealed that infection rates, average hospital stay duration, and ICU admissions were
significantly higher among COVID-19 patients. Older age, hypertension, and smoking significantly increased the
risk of postoperative complications in PFF patients.

Conclusion: COVID-19 infection increases mortality, length of hospital stay, and the likelihood of ICU admission,
while decreasing the mean HHS score in the target population. These results are particularly significant in older
patients, smokers, and those with hypertension.

Keywords: Proximal Femur Fracture - Mortality Rate - Coronavirus Disease 2019 - COVID-19 — Treatment Outcome
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Introduction

The global transmission crisis and the impact of COVID-19 infection are more
pronounced compared to other syndromes, such as Severe Acute Respiratory
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Syndrome (SARS) and Middle East Respiratory Syndrome (MERS)™ 2. Previous
studies have shown that COVID-19 is associated with increased complications and
mortality in orthopedic surgeries®. Mortality and complication rates also vary
depending on the fracture location and type of surgery!®®. Hip fractures are
among the most common orthopedic injuries, especially in elderly individuals who
often suffer from comorbidities’®. A 2023 review estimated a 30-day mortality
rate of 12.6% in COVID-19 patients with hip fractures!.

Proximal femur fractures (PFF) in the elderly are considered emergency surgeries.
Prior studies report an annual mortality rate of 14-36% for PFF before the COVID-
19 pandemic[*®!. Postoperative mortality for PFF has been reported to range from
14.8% to 60%!31°!,

Previous studies suggest that early-stage surgery reduces mortality, pneumonia,
and pressure ulcers in elderly patients!. However, undergoing surgery while
infected with COVID-19, even during early-stage interventions, is associated with
increased mortality and postoperative complications!*® 7],

Given these issues, the treatment of such fractures during the COVID-19
pandemic remains a challenge for orthopedic surgeons. In light of the importance
of this matter, this study was conducted to compare complications, incidence,
mortality, and predictors of surgical outcomes in PFF patients with and without
COVID-19.
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three groups. Additionally, patients reported
improvements in pain and function scores across all
three groups*”). However, our study indicated that
both treatment methods, corticosteroid injection
and normal saline, resulted in short-term
improvements in pain and function based on the
DASH questionnaire but saw a return of symptoms
in the long term (3 months later) similar to normal
saline, with pain scores increasing by 0.5 to 1 unit
and DASH scores increasing by 5 to 10 units.
Therefore, it can be concluded that corticosteroid
injection does not have an advantage over normal
saline, and both methods are ineffective for long-
term impact, being more effective in the short term,
requiring other methods for ongoing improvement
in patients.

In a study by Krogh et al.*® in 2013 aimed at
evaluating corticosteroid injection compared to
normal saline in improving lateral epicondylitis, it
was shown that steroids were more effective in
reducing pain at one month compared to saline or
platelet-rich plasma injections, but at three months,
there was no specific method with a particular
advantage. Additionally, it was shown that
corticosteroid injection resulted in reduced color
Doppler activity and tendon thickness compared to
other conditions, placing patients at greater risk for
side effects. Thus, considering the results of our
study and the aforementioned study and the
equivalent therapeutic effects of normal saline with
corticosteroid injection, alongside the occurrence of
side effects in the corticosteroid injection group, it
can be concluded that the best treatment method
between corticosteroid injection and normal saline
is normal saline, which has limited side effects.
Corticosteroid injection also has several adverse
effects, the most serious of which is tendon rupture.
These adverse effects have been reported in many
clinical studies assessing the efficacy of
corticosteroid injection. It seems there are adverse
effects for all injection methods except for platelet-
rich plasma and sclerosing agents™®. Therefore,
exploring other methods, including platelet-rich
plasma and sclerosing agents compared to normal
saline, in future studies is essential to arrive at the
best treatment method for these patients.

Conclusion

In conclusion, our study indicated that both
corticosteroid injection and normal saline result in

(
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short-term improvement of pain and function in
patients based on the DASH questionnaire (p <
0.05). However, in the long term (3 months after
intervention), we observed a recurrence of
symptoms, similar to normal saline. Based on the
high side effects of corticosteroids, treatment with
normal saline is preferable, and future studies
should focus on more effective and less invasive
treatment methods.
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The present study aimed to investigate the effect of
corticosteroids on pain and function in patients with
tennis elbow compared to the effect of normal
saline on pain and function in patients with tennis
elbow. According to the results of this study, there
was no statistically significant difference between
the two groups regarding pain, performance scores,
sensitivity to touch, and ultimately satisfaction
between the two groups.

In 2015, Lebiedziniki et al. conducted a study*# that
aimed to evaluate the effect of autologous
conditioned plasma (ACP) injection compared to
corticosteroid injection (Betamethasone) over a
one-year follow-up. The study method involved
randomly assigning patients to one of two groups,
both of which were comparable based on the initial
DASH score. Fifty-three patients were treated with
ACP, and 46 others received treatment with 1 ml of
Betamethasone and 2 ml of 1% Lidocaine. After six
weeks, the DASH scores in the Betamethasone
treatment group were significantly better, indicating
improvement; however, after one year, the ACP-
treated group had improved, with complete
recovery being more prevalent in the
Betamethasone group. Nevertheless, after one year,
the comparison of DASH scores in both groups
showed that the ACP group received very good and
good results, while the pain symptoms in the ACP
group were greater than those in the
Betamethasone group. Our study also indicated that
corticosteroid injection significantly reduced pain
and DASH scores in patients within one month, but
this reduction was also observed in the normal
saline group. In other words, the effect of
corticosteroid injection is similar to that of normal
saline.

In 2015, Murtezani A et al.*® evaluated the efficacy
of corticosteroid injection and physiotherapeutic
interventions (ultrasound and exercise) in treating
chronic cases of these patients in a clinical trial
involving 49 patients. The results indicated the
usefulness of treatment with ultrasound and
exercise for these patients*®. However, our study
found that corticosteroid injection significantly
reduced pain and DASH scores and also led to a
significant reduction in the frequency of sensitivity
to touch in patients in the first month after injection.
However, after three months, it was observed that
pain and DASH scores were increasing. These
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findings were also observed in the normal saline
group.

In a study conducted in Turkey in 2010 by Ozturan et
al.*®, the aim was to compare the effects of
autologous blood injection, corticosteroid injection,
and shockwave therapy in treating lateral
epicondylitis. Sixty individuals (32 women and 28
men) were randomly divided into three groups:
corticosteroid injection (group one), autologous
blood injection (group two), and shockwave therapy
(group three). The results were evaluated at 4, 12,
26, and 52 weeks post-treatment. In the fourth
week, the corticosteroid injection showed
significantly better results compared to the other
treatment methods according to the stated criteria.
The success rates in the fourth week among the
three groups were 90%, 16.6%, and 42.1%,
respectively. However, in the fifty-second week,
autologous blood injection and shockwave therapy
showed better results in the Thomson test and
upper extremity functional score. In the fifty-second
week, the success rate for corticosteroids was 5%,
while for autologous blood injection, it was 83%, and
for shockwave therapy, it was 89%.

In our study, it was also found that corticosteroid
injection had a favorable effect on both pain and
function, significantly reducing pain and improving
patient function in the first month after treatment,
but in the long term, a partial return in the scores of
both variables was observed. These effects were
also noted regarding normal saline injection. The
findings  regarding the ineffectiveness  of
corticosteroid injection on function oppose the
results obtained from our study, and the reason for
this discrepancy may be due to differences in sample
size, duration of patient follow-up, demographic
differences among patients, differences in inclusion
and exclusion criteria, and differences in sampling
methods.

In 2011, a study comparing autologous blood
injection, corticosteroids, and normal saline in
treating lateral epicondylitis was conducted on 28
individuals over a duration of less than six months.
Patients were followed up six months post-injection,
and the results indicated reductions in DASH scores,
functional scores, and pain. They were given
stretching exercises, and the measurements were at
an acceptable level. All three injections resulted in
reductions in DASH scores at 2 weeks and 2 months
and a significant reduction at 6 months; however,
there were no significant differences among the
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Table 2. Comparison of the Effect of Corticosteroid Injection vs. Normal Saline on Pain Levels

in Patients with Tennis Elbow

Variable Time Before One Month After Three Months After
Treatment Treatment Treatment
Pain during lift NOrZ?:'zia)"”e 7.42 +1.24 3.95 +1.49 4.23+1.26
Corticosteroid (n=22) 7.27 £1.77 3.86+1.72 436+1.29
P-value 0.870 0.678 0.735
Pain during twisting NOrZ?:'zia)"”e 7.19 +1.07 4.00 +1.48 4.52+1.16
Corticosteroid (n=22) 7.27+1.24 3.86+1.72 4.45+1.26
P-value 0.712 0.472 0.871
Pain during daily activities NOrZ?:'zia)"”e 7.33+1.46 3.57+1.43 4.42 +0.92
Corticosteroid (n=22) 7.63+1.21 3.54+1.81 4.72 +£1.02
P-value 0.560 0.522 0.342
Pain during ml'ddle finger Normal Saline 6.14+1.31 378+ 1.78 3.47 +1.47
extension (n=21)
Corticosteroid (n=22) 6.50 +1.62 2.19+2.15 3.63+1.59
P-value 0.443 0.501 0.707
Pain dyrmg extension of Normal Saline 6.3+ 161 347+1.32 3574153
fingers2to 5 (n=21)
Corticosteroid (n=22) 6.27 +£1.88 3.02+2.00 3.63+1.59
P-value 0.951 0.060 0.812
Pain during wrist extension Normflzia)"”e 7.09 + 1.48 3.09+1.06 4.41+1.41
Corticosteroid (n=22) 7.13+1.28 3.86+1.72 4.73+1.54
P-value 0.890 0.795 0.321
DASH Score Normflz‘c,’la)""e 42.04 +10.44 23.28 £ 8.31 28.14 £ 5.41
Corticosteroid (n=22) 41.41 +8.77 24.09 +9.91 29.81+5.94
P-value 0.535 0.942 0.323
N | Sali
Sensitivity to touch Or?rfz 13) "N 1 90.5% (19) 23.8% (5) 33.3% (7)
Corticosteroid (n=22) 90.9% (20) 27.3% (6) 36.4% (8)
P-value 0.961 0.795 0.835
Satisfaction Score Normal Saline 3.14+£0.96
(n=21)
Corticosteroid (n=22) 3.27+0.98
P-value 0.683
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Table 1. Demographic and Clinical Information of the Studied Patients

Group Normal Saline Corticosteroid Total P-value
Dominant Hand
Non-dominant Count 5 5 10
Percentage 23.8% 22.7% 23.3%
Dominant Count 16 17 33
Percentage 76.2% 77.3% 76.7%
Occupation
Housewife Count 6 5 11
Percentage 28.6% 22.7% 25.6%
Employee Count 7 6 13
Percentage 33.3% 27.3% 30.2%
Laborer Count 5 8 13
Percentage 23.8% 36.4% 30.2%
Freelance Count 2 1 3
Percentage 9.5% 4.5% 7.0%
Athlete Count 1 2 3
Percentage 4.8% 9.1% 7.0%
Duration of Illness (weeks) 0.742
Count 21 22 43
Mean £ SD 19.9+6.9 19.6£9.0 19.5+84
Body Mass Index (BMI) (kg/m?) 0.497
Count 21 22 43
Mean £ SD 25.2+25 25624 253+2.6
Gender 0.887
Male Count 10 10 20
Percentage 47.6% 45.5% 46.5%
Female Count 11 12 23
Percentage 52.4% 54.5% 53.5%
Age 0.556
Count 21 22 43
Mean t SD 39.4+10.1 419+7.5 40.3+11.9

As shown in the above table, there were no
statistically significant differences in mean age, BMI,

when twisting, pain during daily activities, pain
during middle finger

extension,

pain during

duration of illness, gender distribution, occupation,
and dominant hand between the two study groups
(P> 0.05).

According to Table 2, in our study, no significant
differences were observed in pain during lifting, pain

—

extension of fingers 2 to 5, pain during wrist
extension, DASH score, tenderness to palpation, and
satisfaction score between the two patient groups at
baseline, 1 month, and 3 months after treatment (P
> 0.05).
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were presented across different groups, and all
demographic and clinical characteristics of patients
were reported based on descriptive criteria. In the
analytical section, based on the fulfillment of
statistical assumptions, parametric and non-
parametric tests were used. For analyzing qualitative
findings, the Chi-square test was used, and for
comparing quantitative data, the independent T-test
was used. If initial assumptions such as normality
were not met, the Mann-Whitney U test was
employed. All tests were examined at a significance
level of 5%. To assess changes in outcome measures,
repeated measure ANOVA (FFT) and post hoc tests
were conducted.

Effect of Corticosteroids on Pain and Function in Patients ...

The present study aimed to investigate the effect of
corticosteroids on pain and function in patients with
tennis elbow compared to the effect of normal
saline on pain and function in the same patient
group. In this study, 50 patients were enrolled (25 in
each group), with 7 patients excluded during the
follow-up. Ultimately, 21 patients in the normal
saline group and 22 patients in the corticosteroid
group were analyzed (Figure 1). Among the 43
enrolled patients, 20 (46.5%) were male, and 23
(53.5%) were female. The mean age of the
participants was 40.27 years (+9.11), ranging from
22 to 57 years (Table 1).

Fig.1: Study Flowchart (CONSORT format)

Patients meeting entry criteria (50 patients)

A

y

Excluded from study (0 patients)
1. Did not meet entry criteria (0 patients)
2. Declined to participate (0 patients)

Randomization (50 patients)

.

L

Assignment

I

Group assigned to Normal Saline (25 patients)
Received full intervention (25 patients)
2. Did not receive intervention (0 patients)

Group assigned to Corticosteroid (25 patients)
Received full intervention (25 patients)
2. Did not receive intervention (0 patients)

[ Follow-up ]
Dropouts from study (1 patient) Dropouts from study (2 patient)
Did not cooperate (2 patients) Did not cooperate (2 patients)
i [ Analysis ]

Analyzed (22 patients)
Included in analysis (22 patients)
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Results available (21 patients)
Excluded from analysis (1 patient)
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One treatment method is the use of corticosteroids,
with some studies confirming the positive
therapeutic effect of corticosteroids, while others
refute this hypothesis. Steroid injections to the area
around the elbow with the highest local tenderness
are among the most common treatments for this
resistant non-invasive condition?. Reports indicate
that these injections can be helpful in 90% of
patients for less than one vyear, although these
invasive methods can be very harmful (local side

effects include flare-ups post-injection,
hypopigmentation and skin atrophy, infection,
tendon rupture, accelerated osteoarthritis

progression, and bone damage. Systemic side effects

include adrenal suppression or failure, facial
flushing,  hypertension,  hyperglycemia, and
osteoporosis). They also have a high rate of

complications and recurrence. In some studies, the
success rate of this treatment method has been
reported as low as 5%, indicating a significant
contradiction in the studies®*3.

Despite research conducted on the beneficial effects
of steroid injections in patients with lateral
epicondylitis, studies on this topic are limited and
present contradictory results regarding the success
rate of this treatment method. Additionally, living in
areas with low annual family incomes and economic
difficulties, along with the lack of effective
treatment, imposes exorbitant costs on families.
Given the significant side effects of invasive steroid
injections, there is a need to find a more suitable
treatment method to alleviate patients' pain when
steroids are ineffective. Therefore, the aim of this
study is to investigate the effect of corticosteroids
on pain and function in patients with tennis elbow.

This study is a clinical trial registered with code
IR.AJAUMS.REC.1397.016 at the Iranian Clinical
Trials Center. The study was conducted in 1397
(2018) on patients with lateral epicondylitis who had
been diagnosed for at least three months and visited
the outpatient clinic of the 501 Army Hospital. After
entering the study and obtaining consent, all
patients  (control and intervention groups)
underwent diagnostic and treatment measures
based on the decision of the responsible physician
upon entering the study. Inclusion criteria for the
study included the presence of pain in the outer
elbow based on at least 2 out of 4 tests: localized

(
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pressure, resisted wrist extension, resisted middle
finger extension, and resisted finger extension (2 to
5). The duration of symptoms should be at least 6
weeks. In complicated cases, Electromyogram-Nerve
conduction velocity was used as part of the
diagnostic process for patients. Patients with
localized elbow arthritis (clinically or radiologically
diagnosed), generalized polyarthritis, neurological
abnormalities in the arm, a history of steroid
injections or any local treatment in the past month,
closed epiphyses, pregnancy, or systemic diseases
were excluded from the study.
This study is a triple-blind randomized clinical trial.
All patients who met the inclusion criteria were
considered for enrollment. After obtaining written
consent and explaining the study conditions,
patients were asked to complete a demographic
information questionnaire, including age, gender,
body mass index (BMI), occupation, duration of pain,
and diagnosis of the disease. Patients were then
asked to rate their pain levels based on a Visual
Analog Scale (VAS), and each participant completed
the Disabilities of the Arm, Shoulder, and Hand
(DASH) questionnaire. They were then randomly
assigned to one of the study groups. The first group
received triamcinolone (in the form of a 2 cc ampule
of triamcinolone 40 mg/ml, manufactured by Daro
Pakhsh Company, Tehran, Iran) and the second

group received normal saline injection
(manufactured by Caspian Pharmaceutical Company,
Rasht, Iran). Both groups also received

physiotherapy treatment.

After signing the informed consent form, patients
were randomly and using a sealed envelope method
assigned to either the treatment or control group.
Both groups underwent specific strengthening and
stretching exercises for lateral epicondylitis
progressively. The treatment group received
corticosteroids in addition to the exercises, while the
control group received a placebo. Patients were
clinically evaluated before treatment, after one
month, and after three months of treatment, and
the results were recorded in pre-prepared forms.

All patient information, including demographic
factors and paraclinical symptoms, was recorded on
a checklist created by the investigator and entered
into the SPSS software (IBM Corporation, Armonk,
NY, version 22). Statistical analyses were performed
in both descriptive and analytical sections. In the

descriptive section, the mean and standard
deviation of pain and function as the main variable
)|
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Effect of Corticosteroids on Pain and Function in Patients with Tennis Elbow
Compared to Normal Saline: A Triple-Blind Randomized Clinical Trial

(Abstract \

Introduction: Tennis elbow or lateral epicondylitis is usually associated with chronic disability, and to date, a
suitable and effective treatment has not been introduced. Therefore, finding a treatment for this condition is
essential aim of this study to investigate the effect of corticosteroids on pain and function in patients with tennis
elbow.

Materials and Methods: This study was conducted on 43 patients (21 injected with normal saline and 22 with
the corticosteroid). Patients were randomly assigned to two groups, and the prescribed medications were
administered. Pain and function in patients were recorded 1 month and 3 months later. Chi-square tests and
Mann-Whitney tests were used to compare the data.

Findings: The results of our study showed that both treatment methods, corticosteroid injection and normal
saline, resulted in short-term improvement of pain and function in patients based on the DASH questionnaire
(p<0.05). However, in the long term (3 months after intervention), similar to normal saline, we observed a
recurrence of symptoms, with pain scores increasing by 0.5 to 1 unit and DASH scores increasing by 5 to 10 units.
Conclusion: It can be concluded that corticosteroid injection does not have superiority over normal saline, and
both methods have a minor effect in the long term and are more effective in the short term. Given the high side
effects of corticosteroids, treatment with normal saline is preferred.

Keywords: Lateral epicondylitis, corticosteroids, normal saline
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R N ALl ennis elbow (Elbow tennis) or lateral epicondylitis (Epicondylitis lateral) is the
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This condition involves the muscles, tendons, and epicondyle (a bony prominence
on the outer surface of the elbow that serves as the attachment site for some
forearm muscles). The pathophysiology of lateral epicondylitis typically involves
the osteotendinosis of the wrist extensor muscles at their origin (the lateral
epicondyle). Among them, the extensor carpi radialis brevis tendon is most
commonly affected®). Tennis elbow is often seen in adults over 30 years old who
engage in tennis regularly, as well as mechanics and carpenters. Symptoms
include pain and tenderness at the epicondyle, weak fist and pain when clenching,
pain during twisting movements of the hand or arm, such as using a screwdriver
or playing tennis. Notably, no specific findings are observed on radiographs of
these individuals® 4

Various studies have been conducted regarding tennis elbow and its treatment
methods. These studies have reported various treatment methods, including hot
or cold compresses, local physiotherapy, immobilization and hanging the affected
arm for 3 to 8 weeks depending on the severity of the condition, and reducing
hand activity for one month. The use of non-steroidal anti-inflammatory drugs
such as ibuprofen, naproxen, etc., as well as local injections of cortisone
(corticosteroids) or anesthetics at the affected site, are other treatment and
intervention methods®™ ®. If no improvement is achieved after 6 to 12 months of
Corresponding Author: these measures, surgery may assist the patient. Surgery typically involves
E:::iTaFZ:::ss- releasing the attachment site of the forearm extensor muscles from the lateral
dr.ehsan.fallah@gmail.com epicondyle and sometimes releasing the deep branch of the radial nerve in the
elbow region. Surgery can be performed either openly or arthroscopically?.
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complications such as neurapraxia and limited range
of motion were identified. Notably, younger age was
significantly associated with a higher incidence of
neurapraxia and restricted range of motion, while
the method of pin placement also played a critical
role in post-operative mobility outcomes. Despite
these complications, the majority of patients
experienced favorable outcomes, with only a small
percentage developing severe complications as
classified by the Clavien-Dindo-Sink and Dahl Pin Site
Complication scoring systems. These findings
underscore the importance of careful surgical
technique and appropriate follow-up to minimize
complications. Additionally, the study contributes
valuable data to the ongoing discussion of best
practices in pediatric orthopedic care, suggesting
that CRPP remains an effective and safe approach
when performed with attention to patient age and
surgical methodology.
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Regarding the type of Salter-Harris fracture, 87
patients did not have a physeal fracture, 11 patients
had a type | fracture, 59 patients had a type Il
fracture, 4 patients had a type lll fracture, and 7
patients had a Salter-Harris type IV fracture.
Regarding the pin placement pattern in surgery, de
Palma pattern was used in 86 patients, Kapanji
pattern was used in 29 cases, intramedullary pin was
used in 9 patients and single intramedullary pin was
used in 44 cases. 83 cases had ulnar fractures.
According to the Clavien-Dindo-Sink score, 96 cases
had no complications, 35 cases had complications of
grade 1, 27 cases had complications of grade 2, 9
cases had complications of grade 3, and 1 patient
had complications of grade 4. In the examination of
the DahlPin operative site complication score, 108
cases had no operative site complications, 30 cases
had complications of grade 1, 22 cases had
complications of grade 2, 6 cases had complications
of grade 3, and 2 cases had complications of grade 4.
Four patients had transient neurapraxia and 20
cases had limited range of motion. The results of
sub-group analysis indicate a significant association
between younger age and the occurrence of
neurapraxia and restricted range of motion.
Additionally, the method of pin placement is also
linked to limitations in joint mobility.

In a study, Beaty et al. (2024) compared the
outcomes of single versus double percutaneous
pinning in pediatric distal radius fractures. This
observational study of 101 patients found no
significant difference in complication rates between
the two groups, although fractures stabilized with
two pins showed slightly better post-operative
alignment compared to those with a single pin.
However, the clinical significance of this difference
was minimal, suggesting that both techniques are
effective if proper fracture reduction and post-
operative care are ensured??,

Khan et al. (2021) performed a systematic review to
identify risk factors for premature physeal arrest in
the distal radius. Their review of 13 studies indicated
that intra-articular  fractures and repeated
manipulations increased the risk of physeal arrest,
with symptoms such as pain, deformity, and reduced
range of motion being common. The authors
recommended at least 18 months of radiological
follow-up for all physeal injuries®).

In a cohort study by Michat Wasiak and his
colleagues™® in 2023 titled as “Early complications
of percutaneous K-wire fixation in pediatric distal
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radius fractures—a prospective cohort study”, 119
patients treated with CRPP were included. Follow-up
sessions were on four and five weeks, and three and
six months after operation. The data was gathered
by history, physical examination and radiographic
evaluations. Grade | or Il CDS were observed in 42
(35.3%) cases and 2 (1.7%) had grade Il
complications. In total, 44 (37%) cases had
complications. Re-operation was indicated in 2
patients. Inflammation of pin site (33.6%) was the
most frequent minor complication.

The study design of present study was inspired by
the study of Michat Wasiak et al. The results of the
two studies are also in part similar, but samples of
our study presented higher rates of complications.
Some of the factors related to this difference are
higher sample size of the present study, and
differences in initial characteristics of the two
population. In summary, based on results of this
study, CRPP can be viewed as a safe approach for
DRF in children considering its low rate of major
complications.

In a cross-sectional study by Ramoutar and his
colleagues in 2015@° titled “The outcomes of
displaced paediatric distal radius fractures treated
with percutaneous Kirschner wire fixation: a review
of 248 cases”. A total of 248 child aged 3 to 15 years
old were included in the study. The patients were
followed for 4-156 weeks. Mid-posterior angle
between the initial postoperative and radiographs at
the time of the removing of K-wire was increased
significantly. Twelve cases needed to be re-operated
due to displacement of the wires. Two hundred and
fifteen cases showed normal function after
removing K-wire. A total of 41 patients (17%) had
complications related to the use of K wire.

Unlike our study, Ramoutar et al. focused on more
severe cases which can explain the higher rate of
serious complications. This study highlights the
negative impact of CRPP that is mainly due to K-
wires, which emphasizes on the importance of
thinking twice before choosing more invasive
approaches.

Conclusion

This study highlights the significance of early
management in pediatric distal radius fractures,
particularly with closed reduction and percutaneous
pinning (CRPP). Among the 168 patients studied,
including both boys and girls, short-term
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According to the DahlPin operative site complication
score, 108 patients (64.3%) had no operative site
complications (score 0), 30 patients (17.9%) had
grade 1 complications, 22 patients (13.1%) had
grade 2 complications, 6 patients (3.6%) had grade 3
complications and 2 patients (1.2%) had grade 4
complications.

Regarding the occurrence of transient neuropraxia,
164 patients (6.97%) did not have transient
neuropraxia and 4 patients (4.2%) had transient
neuropraxia.

Regarding the incidence of range of motion
limitation, 148 patients (88.1%) did not have range
of motion limitation and 20 patients (11.9%) had
range of motion limitation.

Short-term complications of fixation of pediatric distal ...

Further, the relationship between sex, age, location
of pin placement and Salter-Harris fracture
classification of patients with site complications
(Clavien-Dindo-Sink and Dahl Pin Site Complication),
incidence of transient neurapraxia and limited range
of motion were measured. Based on the obtained
results, young age has a significant relationship with
the incidence of neurapraxia and limited range of
motion, the placement of the pin was also
associated with a limitation in the range of motion,
such that, in general, intramedullary pin placement
was accompanied by a lower occurrence of motion
limitation. (Tables 3-4).

Table-3 P-values of sub-group analysis

Conc?giciir;:eulnar Pin séifsrr::ent Salter-Harris | Age Gender
0.886 0.117 0.086 0.563 0.288 ClavienDindoSink
0.579 0.546 0.682 0.133 0.715 DahlPinSiteComplication
0.981 0.272 0.173 0.001 0.124 Transeint Neuropraxia
0.594 0.017 0.352 0.048 0.498 Restricted Range of Motion

Table-4 Relation of pin placement pattern with restriction of range of motion

The fact that distal radius fractures are the most
common fractures of pediatric population, highlights
the vital importance and huge impact of initial
management approaches in healthcare system.
The primary aim of this study was to shed more light
on the benefits and costs of closed reduction and

—
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Pin placement pattern
P-value de . intra- intra-medullary single
Kapanji .
Palma medullary pin
71 25 9 43 Num
No
42.30% | 14.90% 5.40% 25.60% % Restricted Range of
0.017 .
15 4 0 1 Num Motion
Yes
8.90% 2.40% 0.00% 0.60% %
percutaneous  pinning  treatment  approach.

In the present study, patients with distal radius bone
fractures who were treated by CRPP in Shahid
Madani Hospital Karaj were examined in terms of
short-term complications. Based on the obtained
results, a total of 168 people, including 104 boys and
64 girls, were included in the study with the
complaint of distal fracture of the radius bone.
Patients had median age of 13 with interquartile
range of 10-14 years.
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In terms of Salter-Harris fracture, 87 patients
(51.8%) did not have a physeal fracture, 11 patients
(6.5%) had a Salter-Harris type | fracture, 59 patients
(35.1%) had a Salter-Harris type Il fracture, 4
patients (2.4%) had Salter-Harris type Il fracture, 7
patients (4.2%) had Salter-Harris type IV fracture.

In terms of pin placement pattern in surgery, 86
patients (51.2%) used the de Palma pattern for pin
placement, 29 patients (17.3%) used the Kapanji
pattern for pin placement, 9 patients (5.4%) used
the intramedullary pin, and 44 patients (26.2%) used

Iranian Journal of Orthopaedic Surgery
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a single intramedullary pin. Regarding the presence
of distal ulna fracture, 85 patients (50.6%) did not
have ulnar fracture and 83 patients (49.4%) had
ulnar fracture.

According to the Clavien-Dindo-Sink score, 96
patients (57.1%) had no complications (score 0), 35
patients (20.8%) had grade 1 complications, 27
patients (16.1%) had grade 2 complications, 9
patients (5.4%) had complications They had grade 3
and 1 patient (0.6%) had grade 4 complications.
(Table-2)

Figure 1: Images before (A and B) and after (C and D) surgery of a 13-year-old boy
with a distal radius and ulnar bone fracture, treated with PCP and casting.
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that region. The cast was removed, and an
erythematous area was observed. Both the pins and
the cast were removed six weeks later, after signs of
fracture healing were observed.
Two scoring systems where used to evaluate
patients outcomes. The Clavien-Dindo
classification system, originally developed by Pierre-
Alain Clavien in 1992 and further refined by Dindo et
al. in 2004, is widely used for grading postoperative
surgical complications. This classification focuses on
the severity of complications based on the
interventions required to manage them, rather than
subjective measures. It consists of five primary
grades, ranging from minor complications that
require only medication (Grade 1) to life-threatening
complications requiring intensive care management
(Grade 1V), with death being classified as Grade V2,
The Dahl Pin-Site Complication Scoring System is
used to evaluate complications at pin sites,
particularly in the context of external fixation
treatments. The system classifies pin-site conditions
as follows:
e Grade O indicates a normal pin site without any
complications.
e Grade 1 represents mild inflammation.
e Grade 2 includes serous discharge.
e Grade 3 is characterized by purulent discharge.
e Grade 4 indicates bone osteolysis, and
e Grade 5represents sequestration of the bone
around the pin.
This scoring system provides a detailed way to
assess the severity of pin-site complications, which is
crucial for monitoring infections and guiding further
treatment. This system is particularly useful in
pediatric  orthopedic studies, including the
assessment of complications arising from
percutaneous pinning, where pin-site infections and
related issues are common(?3,
Median (interquartile range) was used to express
guantitative variables and qualitative variables were
presented as number (percentage). The analyzes
were performed using SPSS software and the
significance level was considered to be 0.05.

During the study period, 400 patients with distal
radius fractures visited the hospital. Based on the
inclusion and exclusion criteria, a total of 168
patients, including 104 boys (61.9%) and 64 girls
(38.1%), were enrolled in the study. Images related
to the patient before and after surgery are
available in Figure 1. The patients had median age
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of 13 with interquartile range of 10-14 vyears
(patients aged 3-15 years were included in the
study). (Table-1).

Table-1 Distribution of demographic and

background variables

61.9 | 104 Male
Gender
38.1| 64 Female
13 (10-14) Age
518 | 87 Not a physeal
fracture
6.5 | 11 I
351 | 59 r Salter Harris
2.4 4 1]
4.2 v
51.2 | 86 de Palma
17.3 | 29 Kapanji
Pin placement
5.4 9 intra-medullary pattern
26.2 | aa mtra.—medt.‘lllary
single pin
50.6 | 85 No Concomitant
distal ulna
49.4 | 83 Yes fracture

Table-2 Distribution of outcome measures

79

% n
57.1 96 No complication
20.8 35 Grade 1
161 | 27 Grade 2 Clavien-Dindo-
Sink
5.4 9 Grade 3
0.6 1 Grade 4
64.3 | 108 Grade O
17.9 30 Grade 1
13.1 | 22 Grade 2 Dahl Pin-Site
Complication
3.6 6 Grade 3
1.2 2 Grade 4
97.6 | 164 No Transient
2.4 4 Yes neuropraxia
88.1 | 148 No Limited range
11.9 20 Yes of motion
]
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include closed reduction and casting as most
conservative approach, and closed reduction and
percutaneous pinning (CRPP), external fixation and
open reduction with internal fixation (ORIF) as non-
conservative approachesy). In children with closed
fractures without any indication for referring, closed
reduction and careful follow-up could be enough**
%) For patients with severely displaced fractures,
CRPP is advised***”), The advantages of this method
include low cost, less invasiveness than the open
method, and proven results over time, and the
disadvantages include infections of the pin system
and tendon irritation®.

Several studies have investigated the complications
and outcomes associated with percutaneous fixation
of pediatric distal radius fractures. Wasiak et al.
(2023) conducted a prospective cohort study to
evaluate the early complications of percutaneous K-
wire fixation in pediatric distal radius fractures. They
followed 116 patients with displaced and unstable
fractures, monitoring them at 4 weeks, 5 weeks, 3
months, and 6 months post-surgery. The study
found a 37% complication rate, with most being
minor issues such as pin site inflammation (33.6%).
Two patients required additional surgery due to
deep infections and pin migration. Overall, they
concluded that the procedure is safe with a low rate
of major complications but highlighted the need for
careful post-surgical monitoring to manage minor
complications®.

With all due respect to its benefits, CRPP is not an
easy choice as it is still an invasive approach to some
levels thus comes with some complications and
risks'®. Possible treatment complications are still
important issues that have to be considered when in
decision making. The complications rate for pinning
for these patients in distal radius fractures varies
from 0 to 38%®. Possible complications include
pin site, iatrogenic injury of
components, pin dislodgement
requiring re-surgery for pin removal, and ablation
leading to malunion®. Parents want to avoid
residual abnormalities and expect to have received
the correct treatment in the first visit!?”. This cohort
study was designed to evaluate the short-term
complications of pinning radius fractures in children,
help the surgeon make an appropriate decision
according to the situation of patients, and also look
for solutions to reduce complications.

infection of

neurovascular
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Methods and Material

In this study, patients diagnosed with a fracture of
the distal radius aged 3-15 years who referred to
Shahid Madani Hospital in Karaj were evaluated.
Inclusion criteria were displacement of distal radius
fractures that were treated by pinning, age 3-15
years, and exclusion criteria included use of another
treatment method, patients how refuse to co-
operate, and patients refuse to for co-operate in
follow-up.

Patients who visited Shahid Madani Hospital for one
year from February 1402 and underwent pinning
were included in the study and were followed up for
6 months. Pinning surgery was performed for
fractures with more than 50% translation and volar
angulation greater than 30 degrees. For each
patient, two pins were placed by default, and in
cases where instability was suspected, three 1.5 mm
pins were inserted.Patients underwent surgery 12
hours after the fracture. Antibiotic prophylaxis was
started before the surgery?!. After obtaining closed
reduction, the wires were placed under fluoroscopic
control. The tips of the pins remained ten
millimeters or more away from the skin and sterile
gauze was used as its dressing. Right after the
surgery, casting was applied and covered the tips of
the pins. The patients were monitored at least 12
hours in the surgery department. After discharge,
the patients were referred to the relevant doctor for
follow-up.

Visits were made during four and five weeks, and
three and six months post operation, and included
standard history, physical examination and
radiologic studies. At each visit patients were
assessed for possible neurovascular, and pin site
complications, and range of motion limitations of
both limbs. At each visit, lateral and anteroposterior
radiographs were used to evaluate displacement,
osteitis, wire migration, and bone remodeling. In
this study, an inability to achieve 5 degrees of
flexion, 30 degrees of wrist extension, radial
deviation of less than 10 degrees, and ulnar
deviation of less than 15 degrees within a 2-month
period after surgery was considered a limitation of
motion.

Upon observing lucency around the pins in the X-ray,
loosening of the pins, discharge, and the patient's
fever and chills, there was suspicion of a deep
infection. Additionally, with increased swelling of
the wrist and fingers and a feeling of warmth in the
area, there was suspicion of a superficial infection in
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Short-term complications of fixation of pediatric distal radius fracture by
percutaneous pinning in patients referred to Shahid Madani Hospital

(Abstract \

Aims: Distal radius fracture (DRF) has the highest rate among pediatric fractures. The management of distal
radius fractures in children has to be as non-invasive as possible, which requires definitive care for proper
reduction and stabilization. This study was designed to evaluate the short-term complications of pinning radius
fractures in children, help the surgeon make an appropriate decision according to the situation of patients, and
also look for solutions to reduce complications.

Methods: In this cohort study, patients diagnosed with distal radius fracture aged 3-15 years who visited Shahid
Madani Hospital in Karaj were evaluated. Demographic characteristics and type of fracture of patients who
underwent pinning of distal radius fractures, were collected after obtaining their consent. Then the
complications of patients were evaluated based on Clavien-Dindo-Sink, and dahl scores four and five weeks, and
three and six months after the surgery.

Results: According to the Clavien-Dindo-Sink score, 96 cases had no complications, 35 cases had complications
of grade 1, 27 cases had complications of grade 2, 9 cases had complications of grade 3, and 1 patient had
complications of grade 4. In the examination of the DahlPin operative site complication score, 108 cases had no
operative site complications, 30 cases had complications of grade 1, 22 cases had complications of grade 2, 6
cases had complications of grade 3, and 2 cases had complications of grade 4. Four cases had transient
neurapraxia and 20 cases had limited range of motion.

Conclusion: The results obtained from this study create a more comprehensive understanding of the
complications and weaknesses of the percutaneous pinning treatment method for distal radius fracture

patients.

Keywords: Salter-Harris Fractures, Wrist Fractures, Fracture Fixation
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Introduction
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reasons for going to the emergency room 2. DRF has the highest frequency
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among the fractures of children®®®). Radius fractures constitute 20% of pediatric
fractures, of which 62% include metaphyseal involvement® 7,

Pediatric distal radius fractures are often classified based on their relationship to
the distal physis (growth plate). The Salter-Harris classification system is widely
used. These fractures can vary in severity and potential for growth disturbance,
with higher classifications (IV and V) posing greater risks. Additionally,
metaphyseal fractures are common and typically stable. They can be complete
fractures, such as Colles' (apex volar) or Smith’s (apex dorsal), or incomplete, such
as torus (buckle) fractures. Diaphyseal fractures, which involve the midshaft of the
radius or ulna, can include isolated fractures or more complex injuries like both
bone fractures and greenstick fractures, where only one side of the bone is
fractured while the other bends. Lastly, Monteggia fractures involve an ulnar
fracture with radial dislocation, and Galeazzi fractures consist of a distal radius
fracture with dislocation of the distal radioulnar joint®.

One of the most common early complications of DRF is injury of median nerve®®
which can present as carpal tunnel syndrome. The treatment of DRF in children
has to be as non-invasive as possible, which requires definitive care for proper
reduction and stabilization!?). Treatment methods available for fractures of distal
radius fall in two groups of conservative and non-conservative approaches. These
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Conclusion

Our findings demonstrated that the position of the

femoral
significantly

not
knee

tunnel in AP radiography does

impact clinical outcomes or

function post-ACL reconstruction in short term
follow-up. Further research with larger sample sizes
and longer follow-up periods is recommended to

validate these findings

and provide a more

comprehensive understanding of the influence of
femoral tunnel positioning on ACL reconstruction
outcomes
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Table 2 Comparison of Knee Function in 3 Groups based on Lateral Radiograph (Mean + SD)

. Anterior Group Intermediate Group Posterior Group
Variables p-value
n=11 n= 67 n=22
ROM 127.48 £ 49.06 128.67 +5.41 129.34 £4.15 0.248
. . Positive 3(27.3) 12 (17.91) 2 (9.09)
Pivot Shift ) 0.399
Negative 8(72.7) 55 (82.09) 20 (90.91
IKDC 76.39+11.56 74.06 £ 11.17 71.48 +15.19 0.510
Lysholm 78.75+ 13.67 81.27 +9.88 83.63+9.93 0.422
Modified Cincinnati 86.98 + 6.88 85.60 *+ 6.65 84.06 +9.05 0.511
ROM: Range of Motion, IKDC: International Knee Documentation Committee

Table 3 Comparison of Knee Function in 3 Groups based on Anteroposterior Radiograph (Mean + SD)

) <39% Group 39-45% Group >45% Group
Variables p-value
n=83 n=17 n=0
ROM 128.15+4.92 127.38 +3.65 - 0.541
) ) Positive 14 (16.90) 3(17.65)
Pivot Shift ) - 0.938
Negative 69 (83.1) 14 (82.35)
IKDC 74.66 +12.16 72.47 £9.16 - 0.484
Lysholm 81.85+10.71 79.85 £ 8.37 - 0.469
Modified Cincinnati 85.96+7.24 84.65 +5.46 - 0.405
ROM: Range of Motion, IKDC: International Knee Documentation Committee

they did not observe significant differences in
functional outcomes between various tunnel
positions in their cohort®¥. This suggests that while
anatomical positioning is strived for to prevent
complications, it may not always translate into
improved functional outcomes, at least in short
term.

Radiological studies, such as those by Nema et al.,
evaluated the femoral tunnel position in ACL
reconstruction, finding an average position of 30%
posterior to the Blumensaat line in 45 patients™*?.
This study classified endobutton positions according
to the criteria established by Gunaydin et al.*®, with
most subjects falling into the intermediate category.
Gunaydin's study on 130 patients also found no
significant differences in knee function across
different endobutton positions when assessed using
IKDC, Lysholm, and Cincinnati questionnaires*®. Our
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findings are consistent with these results, as no
significant differences in clinical examination or knee
function were observed among the different
endobutton position groups.

This study has several limitations that may affect the
interpretation and generalization of the results.
Firstly, the relatively small sample size of 100
subjects may limit the statistical power and precision
of the findings. A larger sample size could enhance
the robustness and generalizability of the results to
a broader patient population. Secondly, the follow-
up period of six months is relatively short. Long-term
follow-up is essential to assess the durability and
sustainability of the observed outcomes. Future
studies with extended follow-up periods could
provide insights into potential long-term
complications or adverse effects that may arise over
time.
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load and valgus stress to the knee while internally
rotating the tibia and moving the knee from full
extension to 90 degrees of flexion. The test is
considered positive when a subluxation of the lateral
tibial plateau occurs, typically between 30-40
degrees of knee flexion.

Data Analysis

Quantitative variables were expressed as mean *
standard deviation, while qualitative variables were
reported as percentages. The Kolmogorov-Smirnov
test was used to assess the normal distribution of
variables. Comparison of means between groups
was performed using one-way analysis of variance
(ANOVA). Qualitative data were compared between
study groups using the Chi-square test and Fisher's
exact test. All statistical analyses were conducted
using IBM SPSS Statistics version 26 and statistical
significance was set at p < 0.05.

Results

A total of 100 patients who had undergone single-
bundle ACL reconstruction during 2 years were
evaluated. The average age was 29.49 + 8.06 years,
and 90% were male. The demographic
characteristics of the patients are summarized in
Table 1. Most patients (n=67) were in the
intermediate group based on lateral radiograph
endobutton positioning, with 22 in the anterior
group and 11 in the posterior group.

Table 1 Demographic Characteristics of Included
Patients

Variables Mean = SD or n (%)
Age (year) 29.49 + 8.06
Male 90 (90)
Gender
Female 10 (10)
Height 165.41 +7.97
Weight 73.49+7.84
BMI 26.77 £1.34
BMI: Body Mass Index

The average range of motion (ROM) was 127.48 +
49.06, 128.67 + 5.41, and 129.34 + 4.15 in the
anterior, intermediate, and posterior groups
respectively (p-value=0.248). The pivot shift was
positive in 4 cases of the anterior group, 12 cases of
the intermediate group, and 2 cases of the posterior
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group (p=0.399). There were no significant
differences in IKDC, Lysholm, Modified Cincinnati
scores, or pivot shift test results among the three
groups based on lateral radiograph endobutton
positioning (Table 2).

Furthermore, when patients were categorized by
femoral tunnel position on AP radiographs, 83% fell
into the less than 39% group, 17% in the 39-45%
group, and none in the greater than 45% group.
Again, no significant difference was observed in
knee ROM, IKDC, Lysholm, Modified Cincinnati
scores, or pivot shift test results between these
groups (Table 3).

In this study, we investigated the impact of femoral
endobutton positioning on radiologic and clinical
outcomes in patients who underwent ACL
reconstruction. Patients were categorized based on
endobutton position in lateral radiographs, with
most patients falling into the intermediate group.
Clinical outcomes were assessed using ROM and
pivot shift tests, showing no significant differences
among the three groups. Additionally, knee function
was evaluated using the Modified Cincinnati,
Lysholm, and IKDC scores, with results indicating
that endobutton position in lateral radiographs does
not significantly affect knee function or clinical
outcomes.

Patients were also classified based on the ratio of
the femoral tunnel center distance from the lateral
condyle edge to the outermost points of the femoral
condyles on AP radiographs. Most patients had a
ratio of less than 39%. The study found no significant
impact of femoral tunnel positioning on clinical
examinations and knee function outcomes.

Several studies have examined the relationship
between femoral tunnel positioning and clinical
outcomes in ACL reconstruction. Arthur et.al. in a
study of 1214 cases of ACL reconstruction using
Endobutton fixation demonstrated a malpositioning
rate of 3.5%1!%. Their results emphasized the
importance of accurate intraoperative technique,
such as fluoroscopy, to minimize misplacement™?. In
another study by Lee et al., the authors investigated
the influence of femoral tunnel position on
postoperative outcomes, concluding that non-
anatomic tunnel placement was linked to increased
revision rates*¥). They found that a shallow femoral
tunnel could negatively impact knee stability, yet
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development of premature osteoarthritis. Recent
advancements in preoperative planning techniques,
including 3D planning and navigation systems,
provide surgeons with valuable information in
achieving more precise tunnel placement®®),
Previous studies have not extensively explored the
relationship between endobutton position on
radiographs and clinical outcomes, particularly
regarding the pivot shift test during follow-up.
Therefore, this study aims to investigate the impact
of endobutton position on flexion and hyperflexion
radiographs on pivot shift test results and knee
function outcomes at a 6-month follow-up period.

In this observational study, we evaluated the
radiologic and clinical outcomes of patients who had
undergone ACL reconstruction using the single-
bundle technique at our institution from 2021 to
2023. Inclusion criteria for the study were patients
aged 18 to 40 years and those who received single-
bundle ACL reconstruction. Exclusion criteria
included history of previous ACL surgery, multiple
knee injuries, knee osteoarthritis with a severity
stage of 2 or above, according to Kellgren-Lawrence
criteria, and systemic inflammatory diseases such as
rheumatoid arthritis.

All ACL reconstructions were performed by an
experienced orthopedic surgeon using the single-
bundle technique. A transportal technique was
employed to create the femoral tunnel. The tibial
tunnel's starting point was superior to the pes
anserinus, and the intraarticular site was centered at
the femoral and tibial footprint. Femoral fixation
was achieved using Endobutton fixation. Patients
were categorized into three groups based on the
anatomical position of the endobutton in the lateral
radiograph of the knee as anterior, intermediate,
and posterior (Figure 1).

The position of the femoral tunnel in the frontal
plane was evaluated using anteroposterior (AP)
radiography, reported as the ratio of the distance
from the center of the femoral tunnel to the outer
condyle, relative to the distance between the
outermost points of the femoral condyles (Figure 2).
Range of motion (ROM) and knee function were
assessed using the International Knee
Documentation Committee (IKDC), Lysholm, and
Modified Cincinnati scores, as well as the clinical
pivot shift test at six months post-surgery’.

Evaluation of the Effect of Femoral Tunnel Direction on ...

Figure 2 Femoral Endobutton Position assessment
in the anteroposterior radiograph:

a= Distance of Tunnel Center to Outer Cortex of
lateral condyle,

b= Diameter of femoral condyle, a/b= ratio of the
two diameters

Pivot Shift Test

To perform the pivot shift test, the patient is
positioned supine. The examiner grasps the patient's
heel with one hand while slightly flexing the hip. The
other hand is placed on the lateral aspect of the
proximal tibia. The examiner then applies an axial
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Evaluation of the Effect of Femoral Tunnel Direction on Clinical Outcomes
After ACL Reconstruction

(Abstract \

Background: Anterior cruciate ligament (ACL) reconstruction is a commonly performed procedure to restore the
stability of the knee. However, there is still no consensus on the optimal approach for determining the position
of the tibial and femoral tunnels. In this study, we aimed to evaluate the effect of endobutton positioning on the
clinical outcomes of the patients who underwent ACL reconstruction.

Methods: The adult patients who underwent single-bundle ACL reconstruction surgery within 1.5 years at our
institution were studied. The patients were categorized based on the position of the femoral endobutton
observed in AP radiographs and lateral radiographs as anterior, intermediate, and posterior. We investigated the
relationship between the position of the femoral endobutton in lateral and AP radiographs with the clinical
outcomes of range of motion (ROM), Pivot Shift examination, and knee function scores at the 6-month follow-
up.

Results: We studied 100 cases (90 males, 10 females). The Intermediate group based on lateral radiographs had
the largest number of patients, but there were no significant differences in the clinical examination results and
knee function among these groups. Although the majority of individuals fell into the <39% group, there was no
significant difference in clinical outcome and knee function across these groups.

Conclusion: In conclusion, our study found no significant relationship between the radiographic position of the
femoral endobutton and the clinical examination and knee function results. Further research is needed to better
understand the optimal approach and position of tibial and femoral tunnels and the appropriate grip for ACL
reconstruction.

Keywords: Anterior Cruciate Ligament Reconstruction, Anterior Cruciate Ligament, Radiography, Treatment Outcome
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and previous joint infections!?. In the present study,
TKA did not cause mortality among the patients.

In a meta-analysis conducted by Lum et al.*? on the
mortality of patients with PJI, a total of 20719 cases
were investigated. The mean mortality rate was
reported to be 14.4%. The mortality rate following
PJI within the first year was 4.33%, which increased
by 3.13% each year. The 5-year mortality rate was
21.64%. The comparison of national mortality with
the one-year mortality reported in this meta-analytic
study revealed that the risk of death increased
significantly following PJI in the knee (10). The
difference between these findings and those of the
current study might be related to the very low
occurrence of joint infection among the patients
investigated in the current study.

Based on the findings of the present study, we
would like to suggest that modified irrigation can
effectively prevent joint infection following TKA.
Lack of control group was one of the limitations of
this study. While medical observance detailed
surgical principles, operating room and personnel
cleanliness, instrument, airflow, traffic in operating
room, proper dropping, etc are essential parameters
in PJI prevention, this irrigation may also have a role.
It is recommended that further studies be
conducted to replicate and validate the findings
obtained in this study.
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In a study conducted by Mulpur et al.® in 2024, the
effectiveness of intrawound vancomycin in the
prevention of periprosthetic joint infection after
primary total knee arthroplasty was described as a
prospective, double-blind, randomized controlled
trial. The results of this recent study have stated that
intrawound vancomycin powder does not seem to
reduce the rate of PJI/SSI in primary knee
arthroplasty, including high-risk groups. Their results
showed that although it is safe from a renal point of
view, intrawound vancomycin was associated with
increased postoperative aseptic wound
complications. Therefore, intralesional vancomycin
may not be effective in reducing the rate of PJI in
primary TKA.

In the study by Xu et al. in 2020®!, which was a
systematic review and meta-analysis on the efficacy
and safety of intrawound vancomycin in primary hip
and knee arthroplasty, it was stated that current
studies show that intrawound vancomycin used in
primary arthroplasty Hip and knee braces may
reduce the incidence of PJI, but may also increase
the risk of aseptic wound complications. In this
systematic review, 9 studies including 4607 patients
were included. Intralesional vancomycin was
associated with a lower incidence of PJI (30 patients

(1.20%) vs. 58 control patients (2.75%)) and
concurrent acute kidney injury (four patients
(0.28%) vs. four patients (0.35%)). became.

However, vancomycin did not reduce the risk of
surface infection (four patients (0.67%) versus six
control patients (1.60%)) and was associated with a
higher incidence of aseptic wound complications (23
patients).

In a study conducted by Patel et al.”), the efficacy
and safety of intrawound application of vancomycin
in TKA was evaluated. Patients in the control group
(112 cases) and experimental group (384 cases)
were matched in terms of their general
characteristics and underlying diseases. The results
revealed that the occurrence of all types of
infections, including PJI, was lower in the
experimental group. There were no significant
differences between the two groups in terms of
toxicity and acute kidney injury. Regarding 90-day
rehospitalization rate, there was no significant
difference between the two groups. However,
rehospitalization due to infection was lower among
the patients in the experimental group. These
findings suggest that intrawound application of
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vancomycin can be a safe and economical method
for reducing PJI in subsequent follow-ups.

In another study, Petis et al.l’% investigated long-
term, clinical data obtained from the patients
undergoing two-stage exchange protocol for the
treatment of PJI after TKA. In their study, 245 knees
undergoing TKA from 1991 to 2006 were selected to
be analyzed. Then treatment with two-stage
exchange protocol was undertaken due to the
development of infections. Cumulative incidence of
reinfection was 4% within 1 year, 14% within 5
years, 16% within 10 years, and 17% within 15 years.
Factors that predicted reinfection included BMI of
higher than 30 kg/m2 and reoperation.
Complications were predominantly related to
surgical wound healing, which required reoperation
in 5% of the knees.

In the study conducted by Koh et al.'Y, 11134
patients undergoing TKA were investigated. They
found that reoperation had been performed on 357
patients, for which they identified 5 main reasons:
PJI, aseptic loosening, patellofemoral arthritis, joint
instability, joint stiffness, and arthrofibrosis (in the
order ; the most to the least frequent). As some
methods have proved to be effective in reducing
joint infection, it has been recommended that
different methods be compared with each other in
terms of their effectiveness in reducing PJI following
TKA.

In our study, acute or chronic joint infection was not
observed in any case and only in two of, late
hematogenous infection was detected. Moreover,
non-purulent wound drainage was observed in 11
patients within the first week after surgery. Delay in
wound closure was also observed 20 days after
surgery. Fistula, however, was not observed in any
of the patients under investigation in this study.
Factors such as uncontrolled high blood sugar,
obesity, smoking, drug abuse, and nasal colonization
by staphylococcus aureus have been recognized as
risk factors for PJI31, |n a systematic investigation,
male sex, congestive heart failure, diabetes mellitus,
obesity, systemic neoplasia, chronic pulmonary
disease, and hypertension were detected as
potential risk factors for PJI following hip or knee
arthroplasty. Behavioral risk factors included alcohol
abuse, immunosuppressive  therapy, steroid
treatment, and tobacco use. Infectious risk factors,
on the other hand, were infections in the surgical
site, postoperative infections in the urinary system,
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Table 1: Underlying diseases of the patients under investigation

An investigation of the effect of modified irrigation on the ...

No underlying | . . Diabetes & Heart | Pulmonary | Renal | Rheumatic
. diabetes | Hypertension . . . . .
conditions hypertension | disease disease disease | Disease
898 (74.8) 105 (8.7) 45 (3.7) 39(3.2) 29(2.4) | 23(1.9) 7 (0.6) 21(7.1)

Table 2: Patients' education level

Education
lliterate and elementary Guidance school | High school and diploma College
school Education
F
requency 1010 (84.1) 45 (3.7) 32 (2.7) 21 (1.7)
(percent)

Table 3: Patients' laboratory findings

Variable
Hemoglobin | Leukocyte PMN Platelet Urea | Creatinine | blood sugar ESR
(g/dl) (X10°/L) | percent (Xx10%/L) | (mg/dl) | (mg/dl) (mg/dl) (mm/hr)
Meant SD 1.8£13.1 2.7+£8.4 7.6£85.2 | 90.1£241.8 | 5£20.5 | 0.46x1.4 28.31144.3 | 1.4£20.3

the development of late hematogenous infection
(identified by microbial culture of urine). The
diagnosis of infection in these two patients was
confirmed with the results of joint aspiration and
microbiological examinations (culture and smear).
As for non-infectious complications following TKA,
non-purulent wound drainage was observed in 11
patients (%0.91) during the first week after the
surgery. These patients were all aged and on steroid
for the treatment of rheumatoid arthritis or kidney
diseases. This complication was treated in all of the
cases by immobilizing their joint in full extension.
Moreover, lack of full closure of wound was
observed in 4 of the cases (%0.33) 20 days after the
surgery. After ruling out infection, this complication
was also treated by debridement. Fistula was not
observed in any of the patients investigated in this
study.

The aim of the present study was to investigate the
effect of using a modified irrigation protocol at

(
{

69

surgery and its effect on occurrence of PJls following
TKA. In this method, the entire wound is washed out
every 5 minutes using a 50 cc Toomey syringe
containing a mixture of betadine and normal saline
(1:10). In order to reach antimicrobial effectiveness,
betadine needs to remain 10-15 minutes on the
surgical field. Acute or chronic deep infection was
not observed in any of the patients in this study.
Also, only in 2 patients late hematogenous infection
was observed in the respiratory and urinary systems.
In a study conducted on I&D irrigation and
debridement in 2018!®, the 4-year degradation rate
was found to be 57.4%, and the average survival
rate was found to be 14.32 months. 5- year
mortality was also reported to be 19.9%.
Multivariate modeling revealed that the organism
culture status was an independent predictor of I&D
failure. Culture-negative status had a higher hazard
for failure than culture-positive patients. Results also
indicated that 1&D was limited in controlling
infections following TKA and should be used
selectively in certain circumstances. Compared with
the method proposed in the current study, 1&D
seems to be less effective.
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One of the various methods proposed for reducing
the occurrence of PJI following TKA is Irrigation and
Debridement (I&D). However, results have indicated
that I&D has limited efficacy in controlling infections
following TKA and should be used selectively in
certain circumstances!®.

Another way for reducing the occurrence of PJl is
the intrawound application of vancomycin. Studies
have shown that in addition to being safe and
economical, this method can reduce the occurrence
of PJI in subsequent follow-ups!”.

Modified irrigation is defined as the continuous
washing of surgical wounds. In this method, the
entire wound is washed out every 5 minutes using a
50 ce Toomey syringe containing a mixture of
irrigation serum. We have nominated this method as
'modified irrigation'.

Considering the previous studies and their failure to
come up with a method to fully prevent PJI following
TKA, it seems that alternative methods can be more
effective in reducing the occurrence of this
complication. Accordingly, we aimed in this study to
investigate the effectiveness of our new method for
the prevention of PJI, reducing the occurrence of PJI
following TKA.

This study was a descriptive, cross-sectional study.
Patients referring to the private medical centers in
Ardabil for TKA constituted the statistical population
of the study. Using census sampling technique, all of
the patients undergoing TKA in these medical
centers from 2016 to 2020 were investigated. This
study was approved by the Research Ethics
Committee of Ardabil University of Medical Sciences
with the code of IRRARUMS.REC.1399.340. A total of
1201 patients entered the study after signing a
written informed consent. The exclusion criteria
were: history of malignancy or infection, non-
referral for follow-up investigations, and being
discontent with the study circumstances. All the
cases had received intraoperative wound irrigation
with 50ML 1:10 mixture solution of betadine, and
saline every 5 minutes. In detail, it could be said that
during the surgery (as long as it takes), a 50 cc
syringe filled with betadine solution diluted with
normal saline with a dilution concentration of 1:10 is
pushed into the prosthesis site every 5 minutes. For
patients, vancomycin-containing bone cement was
used. The surgery was performed using a

(
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tourniquet. The average length of operations was
one to one and a half hours.

The results of infection, and laboratory tests
(including WBC, hemoglobin, ESR, creatinine, blood
sugar, platelet count, urea, and PMN) was obtained
via checking their medical records, asking their
treating doctor, and getting information from the
patients themselves. The surgeon carrying out TKA
was the same for all of the patients. Telephone
follow-ups were performed remotely in 3rd and 9th
month, and symptoms related to PJI and symptoms
such as pain, joint swelling, redness, mobility and
joint motion limitation, fever and chills, and etc.,
were investigated. Any case with above-mentioned
symptoms, underwent ultrasound images to confirm
joint effusion, and subsequent joint fluid aspiration,
culture, and smear. Chronic joint infection manifest
which are detectable with CRP, ESR, D-Dimer tests.
The patients in this study were also investigated in
terms of these symptoms. In this study, all of the
patients received routine antibiotic prophylaxis.

The data obtained were all fed into SPSS Software,
Version 22. Then descriptive (mean, standard
deviation, frequency, normality tests) and inferential
statistics were used to analyze the data.

Out of 1201 patients with TKA, 615 patients (51.2%)
were male. The mean age of the patients was
64.8+6.1 years. Their mean BMI was 29.2+2.3
kg/m2. 303 of the patients (52.2%) had underlying
diseases, the details of which are presented in Table
1. The majority of the patients (84.1%) were either
illiterate or had only elementary education (Table 2).
Total joint arthroplasty was performed on the right
knee in 653 cases (52.9%), on the left knee in 514
cases (42.8%), and on each right and left knee in 52
cases (4.3%) (Table 3).

Acute or chronic deep joint infections was not
observed in any patient under investigation.
Similarly, chronic infection was not observed in
patient following the use of modified irrigation
method.

Late hematogenous infection was observed in 2
patients (%0.16). One of them was a 72-year-old
man whose lungs had been infected with
pseudomonas prior to the development of this
infection (identified by sputum microbial culture).
The other one was a 56-year-old woman whose
urinary system had been infected with E. Coli before

]
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An investigation of the effect of modified irrigation on the frequency of knee joint
infection following Total Knee Arthroplasty (TKA)
ﬁbstract \

Background and purpose: Despite its effectiveness as a therapeutic intervention, Total Knee Arthroplasty (TKA)
is sometimes followed by joint infection as a serious postoperative complication. This study aimed to investigate
the effect of modified irrigation on the frequency of knee joint infection following TKA.

Methods: In this descriptive, cross-sectional study, the patients undergoing TKA in the non-educational medical
centers in one city by single surgeon were investigated. For the selection of the patients to be included in the
study, census sampling method was used. All these cases received irrigation of wound with 50ML of irrigation
serum 1:10 beta dine and normal saline during TKA procedure. The demographic information about each patient
education level, underlying diseases, the type of infection, and laboratory test results (including WBC,
hemoglobin, ESR, creatinine, blood sugar, platelet count, urea, and PMN) was obtained from their medical
records, from the patients themselves and their treating physicians. The obtained data were analyzed using SPSS
Software.

Findings: 1201 patients including, 586 (48.8%) female and 615 (51.2%) male. with mean age 64.8+6.1 years were
studied. Acute or chronic deep infections was not observed in any patient in 2 patients, late hematogenous
infection from respiratory and urinary systems were detected. Non-purulent wound drainage released from the
surgical site in 11 patients. Also, lack of full closure of wound was observed in 4 of the patients under
investigation. Fistula, however, was not observed in any patient.

Conclusion: As the result of using modified irrigation method after TKA, no occurrences of joint infection (acute
or chronic) or fistula were observed. This method was only found to be associated with late hematogenous
infection and other non-infectious complications such as non-purulent wound drainage and lack of full closure

of wounds.

Keywords: Therapeutic Irrigation, Infectious Arthritis, Total knee replacement.
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Introduction

The need for Total Knee Arthroplasty (TKA) has recently been increasing all
over the world. However, postoperative infection poses a major threat to the
effectiveness of this surgical treatment!¥. Various risk factors have been
recognized for Prosthetic Joint Infection (PJI) including uncontrolled high
blood sugar, obesity, smoking, drug abuse, and nasal colonization by
staphylococcus aureus?3. The risk factors for PJI in hip or knee arthroplasty
have been found to be male sex, congestive heart failure, diabetes mellitus,
obesity, systemic neoplasia, chronic pulmonary disease, and hypertension.
Moreover, alcohol abuse, immunosuppressive therapy, steroid treatment,
and tobacco use have been reported as behavioral risk factors. Infectious risk
factors, on the other hand, have been detected to be infections in the surgical
site, postoperative infection in urinary system, and previous joint infections!*.
In general, preventing PJI following TKA requires special strategies in relation
to preoperative, intraoperative, and postoperative cares?. Currently, the
methods used for the prevention of PJI revolve around such issues as
antibiotic prophylaxis, operating room conditions, surgical factors, and factors
related to skin and wound®®. However, despite all of the efforts to prevent
this complication, it still occurs in 0.5 to 1.9 % of TKAsP.
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