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Studies suggest that femoral neck is the most
frequent area of the femur bone that affected?>3%,
Also they mentioned that in the knee area, proximal
tibia stress fractures are much common than distal
femur fractures?Y), Distal femur fractures with intra-
articular involvement are complex and rare
injuries®?. Complex fractures usually occur after
high-energy traumas in young people and as a result
of osteoporosis in elderly patients®®. When stress
fractures occur, osteoclasts absorb the damaged
bone tissue, and then the osteoblasts form new bone
to reinforce the damaged area. If physical stress
continues before the bones are reinforced,
inflammation, micro-fractures, and cortical breaks
occur®¥, It is important to suspect stress fractures in
addition to other differential diagnoses such as
bursitis, tendonitis, mechanical causes, tumor, etc.
when patients present with localized pain that begins
suddenly and worsens with physical activity!>3°.

Conservative and surgical treatments are the
recommended methods of managing this type of
fractures. Braces and casts are used for conservative
treatment. This technique is the cause of more knee
stiffness in patients with arthritis due to long-time
immobilization even after physiotherapy®1%29),

Distal femur fractures, which are associated with
intra-articular involvement, have always been
challenging for orthopedic surgeons. For the
treatment and management of this type of fracture,
surgery is the preferred method®®. Osteotomy
without or with TKA can achieve acceptable
results®®®, but it requires two surgical steps, which
can cause implant failure or non-union?®. One-stage
TKA with internal fixation of the stress fracture
involves only one stage of anesthesia and surgery,

Figure 2: Intra-operative view of the fracture and
intra-articular involvement.
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though this procedure is more extensive and requires
longer incisions. This method, while stabilizing the
fracture, corrects the deformation and unfavorable
biomechanics at the fracture site and treats arthritis
in one step, on the other hand, it also provides the
possibility of early movement®®3”), The prognosis of
stress fractures that are diagnosed early is good,
while delayed diagnosis and treatment can cause
non-union and poor outcomes. Muscle weakness,
gait abnormalities, and chronic pain are some long-
term symptoms®©), Osteopenia, using
corticosteroids, and disorders of calcium metabolism
cause decreasing bone strength and increase the risk
of non-union®®®. In our case, we faced bilateral distal
femur stress fractures with intra-articular extension
in an elderly with DJD. She could mobilize her knee
just after the surgery, and a complete radiographic
bone union was achieved. She was symptom free and
did not mention any complaint about her knees. To
the best of our knowledge there are limited reports
about distal femoral fracture with intra-articular
extension in the literature.

Conclusion

In conclusion, stress fractures even with intra-
articular involvement in the elderly with underlying
diseases such as osteoarthritis may not have special
symptoms and can mimic arthritis symptoms and
hide behind them. Misdiagnosed and neglected these
factures have severe consequences. Orthopedics
must consider stress fractures in the differential
diagnosis of elderly patients with DJD and persistent
pain.

Figure 3: The radiographs showed a well-located
knee prosthesis in situ without any sign of fractures
post-operatively.
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A 71-year-old obese woman presented to our center
with complaints of intensification of pain, limitation
of movements and weight bearing. The patient's pain
had onset years ago, and there was no significant
change in its severity until one month before the visit.
The pain had been aggravated about a month ago
with a preference for the right knee without a history
of trauma or excessive using the extremities. She
mentioned a 10 years history of DJD and osteoporosis
but denied any history of trauma or knee surgeries.

She had painful range of motion and her knee motion
was much limited in the right knee. Any sign of
erythema, swelling, or warmth on her knees was not
noted. The examination of her remaining
musculoskeletal system was normal. Anteroposterior
and lateral radiographs of the right knee were
requested, which showed signs of osteoarthritis and
a stress fracture of the right distal femur (Figure 1A).
Due to the limited facilities, we planned on knee
immobilization and non-weight bearing for three
months so that after bone union she candidate for
total knee arthroplasty. The patient did not visit at
the appointed time and after a year and a half from
the initial visit, she presented again with worsening
pain in both knees, this time with preference for left
knee pain. Bilateral knee X-rays were demonstrated,
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complete bone union on the right side, and a stress
fracture of the left distal femur (Figure 1B).

Right total knee arthroplasty and knee
immobilization with non-weight bearing for the left
side were planned. After the bone union of the left
knee, she underwent total knee arthroplasty on the
left side (Figure 2). In both surgeries, knee
mobilization was started postoperatively on the same
day of surgery and partial weight bearing the next day
of surgery. But in the interval between the two
surgeries, it was recommended not to put too much
pressure on the opposite knee. After two years of
follow-up, her knees were free of pain, and no
specific complaint was mentioned. The radiographs
showed a well-located knee prosthesis in situ without
any sign of fractures (Figure 3).

Stress injuries occur when the force repeatedly
applied to the bone is less than the force required to
cause a fracture®™. A combination of stress and
insufficiency fractures due to abnormal bone (i.e.
osteoarthritis) and abnormal stresses (i.e.
deformities) caused stress fractures in elderlies!®.
Stress fractures of the femur accounts up to 7% of all
these fractures®@”:28),

fracture of the right distal femur and B) left distal femur about a year and a half from the initial visit.
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Bilateral Distal Femur Stress Fracture
(Case Report)

(Abstract \

Stress fractures are rare injuries that occur due to redundant mechanical pressure or overuse of the bone. We aim
to report a case of bilateral distal femoral stress fracture with intra-articular extension in an old woman with
degenerative joint disease (DJD) and osteoporosis. Here we report a bilateral intra-articular distal femoral stress
fractures in an elderly woman with a history of osteoporosis and osteoarthritis with complaints of intensification
of pain, limitation of movements and weight bearing. Unfortunately, the patient neglected, and did not visit for
more than a year after the initial visit. She underwent total knee arthroplasty for both knees three months apart.
After two years of follow-up, her knees were free of pain, and no specific complaint was mentioned. Stress fractures
even with intra-articular extension in the elderly with osteoarthritis may mimic arthritis symptoms and hide behind
them. Orthopedics must consider stress fractures in the differential diagnosis of elderly patients with osteoarthritis
and persistent pain.

Keywords: Stress fractures, Distal femur fractures, Total knee arthroplasty.
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Introduction

Stress fractures are rare injuries that occur due to redundant mechanical
pressure or overuse of the bone™?. Stress fractures are classified into
insufficiency and fatigue fractures. According to the definition, insufficiency
fractures (IF) is defined as abnormal bone fractures under normal stresses, and
fatigue fractures are described as normal bone fractures under abnormal
pressures as seen in athletes or militaries'>>%. These types of fractures occur
less often in the areas around the knee, i.e., distal of the femur, femoral
condyles, proximal femoral metaphyses, and patellal®. Stress fractures in the
elderly population can occur mainly due to osteoporosis®®, deformities after
traumas!”), deformed degenerated knees®*3), total knee arthroplasty (TKA)**
) rheumatoid arthritis*?*®, osteoarthritis®>!Y), Paget’s disease*®, and
pyrophosphate arthropathy*. Early diagnosis of femoral stress fractures is so
difficult, so, these fractures may misdiagnose or ignore in 75% of the
examinations®??. On the other hand, managing these fractures in patients with
osteoarthritis is also challenging, because internal fixation of the fracture site
is difficult due to the osteoporosis and changes that have occurred secondary
to the underlying disease!?23. Rest with or without casting, is commonly used
for treating stress fractures!®24  while, surgeries are rarely used(®®1%24),
Internal fixation followed by TKA in second stage, or just one stage TKA with
long stem tibial or femoral components are surgical treatment options for
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Sina Zamani, MD these types of fractures'?!. Here, we aimed to report a case of a bilateral distal
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musculoskeletal system include osteoporosis and
fractures, avascular necrosis, bone growth
disturbances in children, hypocalcemia, and vitamin
D deficiency. Corticosteroids reduce the number and
function of osteoblasts, increase their apoptosis,
increase the number of osteoclasts, and decrease
their apoptosis, leading to an increase in bone
resorption and a reduction in bone formation. They
also reduce calcium absorption from the
gastrointestinal system, increase renal excretion, and
directly affect the growth plate in children.
Furthermore, they disrupt the growth hormone and
IGF-1 pathway, leading to detrimental effects.
Therefore, given the potential adverse effects of
corticosteroid therapy, it is crucial to minimize their
use and, whenever possible, substitute them with
more  appropriate  alternatives to  prevent
complications. In cases where corticosteroid
treatment is unavoidable, strategies such as limiting
the duration of therapy, maintaining intervals of at
least three months between treatment courses, and
prescribing the lowest effective dose are
recommended. These measures can significantly
reduce the risk of osteoporosis and fractures.
Moreover, supplementation with calcium and
vitamin D is advised to further mitigate these adverse
skeletal effects.

References

1 Hartmann, K., et al., Molecular actions of glucocorticoids in
cartilage and bone during health, disease, and steroid
therapy. Physiological reviews, 2016. 96(2):409-447.doi:
10.1152/physrev.00011.2015

Mitra, R., Adverse effects of corticosteroids on bone
metabolism: a review. PM&R, 2011. 3(5): 466-471.doi:
10.1016/j.pmrj.2011.02.017

Botwin, K., et al., Fluoroscopically guided caudal epidural
steroid injections in degenerative lumbar spine stenosis.
Pain Physician, 2007. 10(4): 547-548.

Strehl, C., et al., Defining conditions where long-term
glucocorticoid treatment has an acceptably low level of
harm to facilitate implementation of existing
recommendations: viewpoints from an EULAR task force.
Annals of the rheumatic diseases, 2016. 75(6): 952-957.doi:
10.1136/annrheumdis-2015-208916

Van Staa, T., et al., Use of oral corticosteroids and risk of
fractures. Journal of bone and mineral research, 2000. 15(6):
993-1000.doi: 10.1359/jbmr.2000.15.6.993

Hardy, R. and M. Cooper, Bone loss in inflammatory
disorders. Journal of Endocrinology, 2009. 201(3): 309-
320.doi: 10.1677/JOE-08-0568

van Staa, T.P., et al., Use of oral corticosteroids in the United
Kingdom. Qjm, 2000. 93(2): 105-111. doi:
10.1093/qjmed/93.2.105

—

166

Iranian Journal of Orthopaedic Surgery

Vol. 22, No. 3 (Serial No. 86), Summer 2024, p. 161-167

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

van Staa, T.P., et al., Children and the risk of fractures caused
by oral corticosteroids. J Bone Miner Res, 2003. 18(5):. 913-
918.doi: 10.1359/jbmr.2003.18.5.913

Overman, R.A,, J.Y. Yeh, and C.L. Deal, Prevalence of oral
glucocorticoid usage in the United States: a general
population perspective. Arthritis Care Res (Hoboken), 2013.
65(2):294-298.doi: 10.1002/acr.21796

Silverman, S., et al., International management of bone
health in glucocorticoid-exposed individuals in the
observational GLOW study. Osteoporos Int, 2015. 26(1):419-
420.doi: 10.1007/s00198-014-2883-2

Fardet, L., I. Petersen, and |. Nazareth, Prevalence of long-
term oral glucocorticoid prescriptions in the UK over the
past 20 years. Rheumatology (Oxford), 2011. 50(11): p.
1982-1990 .doi: 10.1093/rheumatology/ker017

Laugesen, K., et al., Systemic glucocorticoid use in Denmark:
a population-based prevalence study. BMJ Open, 2017. 7(5):
e015237.doi: 10.1136/bmjopen-2016-015237.

Tuck, S., et al., Sex steroids and bone turnover markers in
men with symptomatic vertebral fractures. Bone, 2008.
43(6):999-1005.. doi: 10.1016/j.bone.2008.08.123.

Soen, S. and Y. Tanaka, Glucocorticoid-induced
osteoporosis: skeletal manifestations of glucocorticoid use
and 2004 Japanese Society for Bone and Mineral Research-
proposed guidelines for its management. Modern
Rheumatology, 2005. 15(3:163-168.doi: 10.1007/s10165-
005-0391-0.

Dalle Carbonare, L., et al., Comparison of trabecular bone
microarchitecture and remodeling in glucocorticoid-induced
and postmenopausal osteoporosis. J Bone Miner Res, 2001.
16(1): 97-103. doi: 10.1359/jbmr.2001.16.1.97.

van Staa, T.P., et al., Oral corticosteroids and fracture risk:
relationship to daily and cumulative doses. Rheumatology
(Oxford), 2000. 39(12):1383138-9. doi:
10.1093/rheumatology/39.

Steinbuch, M., T.E. Youket, and S. Cohen, Oral glucocorticoid
use is associated with an increased risk of fracture.
Osteoporos Int, 2004. 15(4): 323-328. doi: 10.1007/s00198-
003-1548-3.

Van Staa, T.P., et al.,, Bone density threshold and other
predictors of vertebral fracture in patients receiving oral
glucocorticoid therapy. Arthritis Rheum, 2003. 48(11): 3224-
3229.doi: 10.1002/art.11283.

Walsh, L.J., et al., The impact of oral corticosteroid use on
bone mineral density and vertebral fracture. Am J Respir Crit
Care Med, 2002. 166(5):691-695. doi:
10.1164/rccm.2110047.

Van Staa, T.P., et al., Use of oral corticosteroids and risk of
fractures. J Bone Miner Res, 2000. 15(6): 993-1000.
https://doi.org/10.1002/1099-
1557(200009/10)9:5%3C359::AID-PDS507%3E3.0.CO;2-E
Yoshioka, T., et al., Steroid receptors in osteoblasts. Clinical
Orthopaedics and Related Research (1976-2007), 1980. 148:
297-303.

Jilka, R.L., et al., Increased bone formation by prevention of
osteoblast apoptosis with parathyroid hormone. The Journal
of clinical investigation, 1999. 104(4): p. 439-446 . doi:
10.1172/)Cl6610.

Gunal, I. and V. Karatosun, Avascular necrosis of the femoral
heads after single corticosteroid injection. CMAJ, 2006.
175(1): 31-33. doi: 10.1503/cmaj.051638.

Wang, G.J., et al.,, Femoral head blood flow in long-term
steroid therapy: study of rabbit model. South Med J, 1983.

| S



Iranian Journal of Orthopaedic Surgery
Vol. 22, No. 3 (Serial No. 86), Summer 2024, p. 161-167

apparent increase in cortical bone volume) and a
reduction in bone mineral content. Additionally,
corticosteroids disrupt IGF-1 signaling, thereby
exacerbating muscle cell apoptosis!®.

Vitamin D Deficiency and Calcium Metabolism
Vitamin D deficiency, specifically 25-hydroxyvitamin
D (25(0OH)D), is commonly observed in populations,
and several studies have recognized its role in
musculoskeletal diseases, increased fracture risk,
cardiovascular diseases, kidney diseases,
autoimmune diseases, and infections®”.

Recent  studies have  demonstrated that
corticosteroid use can result in a decrease in vitamin
D and its metabolites*’. In a study conducted by
Skversky et al between 2001 and 2006, 0.9% of the
American adult and pediatric population reported
recent corticosteroid use within the past 30 days,
with a significant percentage having 25-
hydroxyvitamin D levels less than 10 ng/ml, which
was noteworthy compared to those not using
steroids™”),

Studies by Toloza et al.*®, which included 124
patients with SLE under corticosteroid therapy, and
by Searing et al.”9, involving 100 asthma patients
treated with corticosteroids, found a significant
correlation between corticosteroid therapy and
reduced levels of 25-hydroxyvitamin D.

The exact mechanism for this association is not
completely understood. Still, it's demonstrated that
dexamethasone, a commonly used corticosteroid,
increased the expression of the enzyme vitamin D 24-
hydroxylase, leading to a reduction of vitamin D
metabolites such as 25-hydroxyvitamin D and 1,25-
hydroxyvitamin D9,

It appears that corticosteroids, directly through their
receptors and in conjunction with C/EBP and vitamin
D receptors, increase the transcription of the enzyme
24-hydroxylase. It also reduce 25(0OH)D levels by
raising the 24-hydroxylase enzyme activity. Despite
the suspicion that underlying diseases, such as those
requiring corticosteroid prescriptions, along with
malnutrition and reduced sunlight exposure, may be
the primary factors contributing to vitamin D
deficiency, various studies have adjusted for these
factors and identified corticosteroid use as an
independent factor in vitamin D reduction®.
Vitamin D deficiency, when compounded by other
effects of corticosteroids, contributes to a reduction
in serum ionized calcium levels. In addition,
corticosteroid therapy impairs intestinal calcium
absorption, enhances renal tubular calcium
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excretion, and interferes with its reabsorption within
the kidneys®?).

Therefore, serum vitamin D levels should be closely
monitored in patients initiating corticosteroid
therapy, given the increased risk of developing
hypocalcemia®®®. Corticosteroids may also be used in
the treatment of hypercalcemia due to their effects
on reducing serum calcium. By interfering with
calcium absorption from the intestines and disrupting
renal reabsorption, corticosteroids can decrease
serum calcium levels in hypercalcemic conditions. In
normal calcium states, although corticosteroids may
create a negative calcium balance, clinically evident
hypocalcemia rarely occurs. Therefore, it seems that
hypocalcemia induced by corticosteroid use may
require predisposing conditions, such as vitamin D
deficiency and hypoparathyroidism.

Shouchak et al. observed a negative correlation
between cumulative corticosteroid dose and vitamin
D levels in patients suffering SLE under corticosteroid
therapy. Specifically, lower vitamin D concentrations
were associated with higher corticosteroid doses.
Based on this study, patients with cumulative
corticosteroid doses over 42.8 grams had an average
vitamin D level 31.7% lower than those with a dose
under 42.8 grams. Among patients receiving higher
doses of corticosteroids, 72.5% had vitamin D
deficiency, compared to 52% in the lower-dose
group. The results of this study demonstrated a
statistically significant inverse association between
cumulative corticosteroid dose and serum vitamin D
levels in patients with SLE receiving corticosteroid
therapy. Furthermore, vitamin D deficiency was
found to be highly prevalent in this population and
was associated with increased disease activity,
elevated inflammatory markers (including
Erythrocyte Sedimentation Rate (ESR) and C-Reactive
Protein (CRP), and interleukin-6), greater organ
damage severity, higher cumulative corticosteroid
exposure, alterations in bone turnover markers (such
as reduced osteocalcin), and decreased bone mineral
density. In contrast, no significant correlation was
observed with patient age or disease duration®®*.,

Conclusion

Corticosteroid drugs, as one of the most commonly
used medications, are associated with numerous side
effects. The musculoskeletal system is one of the
main target organs for these drugs. The most
important adverse effects of corticosteroids on the
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factors, and the risk of AVN. Findings indicate that
two of the strongest predictors of AVN in this
population are the daily dose of oral glucocorticoids
and the development of Cushingoid features in
response to steroid treatment. In one study,
individuals who developed AVN were found to have
received significantly higher mean doses of
prednisone (60 mg/day) compared with those
without AVN (37 mg/day)®®.

In a retrospective analysis of patients with SLE, total
cumulative prednisone exposure did not differ
significantly between those who developed AVN and
controls. However, notable differences were
observed in the peak cumulative doses during the
first month and the first four months of therapy!®®.
Interestingly, this early-dose effect on AVN risk was
not replicated in a separate study investigating
patients with Crohn’s disease®®”),

Growth disturbance in Children

Physical growth in children is a reflection of their
overall health, and proper physical and skeletal
development requires the functioning of several key
factors. When these factors operate appropriately,
normal physical growth occurs. Corticosteroids,
through various mechanisms and by affecting
multiple systems in the body, can disrupt the physical
and skeletal growth of both children and adults®®.
Corticosteroids affect the gastrointestinal system,
impairing calcium absorption, and act on the kidneys
to increase excretion, thereby disrupting calcium
reabsorption and leading to increased parathyroid
hormone levels. They also influence bones, disrupting
their function by reducing the amount of osteoblasts
and increasing the number of osteoclasts.
Additionally, corticosteroids induce apoptosis and
atrophy in muscle cells, decrease sex hormones, and
consequently reduce skeletal load. Furthermore,
corticosteroids interfere with the growth hormone-
insulin-like growth factor 1 (GH-IGF-1) axis, have a
direct effect on the growth plate, reduce the
proliferation of chondrocytes and hypertrophy, and
increase chondrocyte apoptosis. These effects reduce
the production of the matrix and its mineralization,
impair osteogenesis, and ultimately lead to
disturbances in the longitudinal growth of bones®.

Growth Hormone and IGF-1 Axis

Linear growth of bone in the growth plate and the
subsequent process of chondrogenesis and
conversion of cartilage to bone (enchondral
ossification) occur with the support of growth
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hormone (GH) and insulin-like growth factor 1 (IGF-
1), both of which are essential stimulators of linear
bone growth0),

Corticosteroids affect this axis at various levels.
Short-term use of corticosteroids stimulates the
production of GH and IGF-1, while long-term use
eventually leads to a decrease in the function and
production of growth hormone,

Corticosteroids reduce ghrelin receptors in the
arcuate nucleus of the brain, leading to reduced GH-
releasing hormone (GHRH) in the hypothalamus.
Additionally, corticosteroids reduce the reaction of
somatotrope cells in the pituitary to GHRH and
increase the production and activity of somatostatin
in the hypothalamus, a hormone that inhibits growth
hormone production. In this way, corticosteroids
affect growth hormone levels at multiple points, from
the arcuate nucleus to the pituitary, and reduce the
sensitivity of target cells to IGF-1, thereby disrupting
growth in children?).

Direct Effect on Growth Plate

Corticosteroids can disrupt bone growth in children
by directly affecting the growth plate in various ways.
Corticosteroids reduce the expression of GH
receptors and directly decrease IGF-1 production,
leading to reduced cell differentiation and increased
apoptosis. In the proliferative zone, corticosteroids
prevent chondrocyte proliferation by reducing IGF-1
production. In fact, corticosteroids disrupt the
expression of growth hormone receptors, the
production of IGF-1, and the hormone's binding to its
receptort®3,

Corticosteroids also interfere with collagen matrix
production and mineralization, as well as increase cell
death (apoptosis) and disrupt vascularization®?.

Direct Effect on Bone and Muscle

Corticosteroids exert profound effects on bone by
directly interfering with multiple cellular and
structural components. They impair longitudinal
bone growth by suppressing growth plate activity and
attenuate osteoblast function, resulting in reduced
bone formation. Concurrently, they stimulate
osteoclast proliferation and activity, thereby
enhancing bone resorption®®,

Moreover, corticosteroids diminish IGF-1 production,
which subsequently compromises bone matrix and
collagen synthesis, as well as mineralization. Indirect
mechanisms, including disturbances in calcium
homeostasis, further contribute to a decline in
trabecular bone volume (accompanied by an
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vary depending on factors such as the underlying
condition, as well as the patient age and sex
distribution of the study groups. Large-scale,
population-based research has further confirmed a
strong relationship between corticosteroid exposure
and elevated incidence of fractures??. Specifically,
elevated risks have been documented for hip
fractures (relative risk 1.6), vertebral fractures
(relative risk 2.6), and non-spinal fractures (relative
risk 1.3). Importantly, even at low doses,
corticosteroids pose a measurable hazard: daily
doses as low as 2.5 mg have been related to vertebral
fractures. This relative enhancement in fracture risk
is dose-dependent and varies with the duration of
corticosteroid use. Additionally, discontinuation of
the drug reduces the relative risk of fractures within
the first year, with a more prominent reduction
observed within the first three months. Therefore,
given the relative decrease in fracture risk in the first
three months, it seems necessary to apply a 3-month
interval between corticosteroid treatments,
especially in patients with an elevated risk of
osteoporosis!???),

Osteonecrosis Following Corticosteroid Use
Osteonecrosis, referred to as avascular necrosis
(AVN), is a progressive condition recognized by the
death of bone and bone marrow due to compromised
blood supply. The primary mechanism involves
disruption of circulation to the bone surface, which
triggers the loss of fat cells and osteocytes, followed
by bone marrow edema and structural deterioration.
The femoral head, pelvis, knee, and jaw (particularly
in the context of bisphosphonate therapy) are the
most frequently affected sites. Among the major
contributing factors, corticosteroid therapy and
excessive alcohol intake remain the leading causes of
osteonecrosis!?®,

Theories Regarding the Cause of Osteonecrosis

The mechanisms through which glucocorticoids
contribute to the development of AVN are not yet
completely understood, though several hypotheses
have been proposed. Suggested pathways include
glucocorticoid-induced hyperlipidemia leading to fat
embolism, impairment of local blood flow, and
alterations in bone marrow edema that collectively
compromise vascular supply to bone tissue. Evidence
from animal studies has supported aspects of these
mechanisms®*%). Furthermore, research indicates
that glucocorticoids and alcohol share similar
detrimental effects on osteoblast function and

Musculoskeletal Side Effects Associated ...

osteogenesis, which may exacerbate osteonecrosis
and hinder the repair of damage associated with
hyperlipidemia(?628),

Predisposing Factors in the Progression of
Corticosteroid-Induced Osteonecrosis

A strong link between AVN and lipid abnormalities
has been documented in multiple studies. As early as
1978, Jacobs reported that patients with femoral
head necrosis frequently presented with
hypercholesterolemia (17 cases) or
hypertriglyceridemia (7 cases)?3), Alcohol intake
has since been identified as a major risk factor, with
fracture risk increasing proportionally to weekly
consumption. Compared with non-drinkers, the
relative risk (RR) was 3.3 in those consuming less than
400 mL per week, 9.8 for individuals consuming 400—
1000 mL, and 17.9 for those exceeding 1000 mL (P >
0.001). Patients with liver dysfunction had an RR of
4.6 (P>0.001), which rose to 11 when combined with
alcohol intake above 400 mL weekly (P > 0.001).
Smoking has also emerged as an independent risk
factor, with smokers exhibiting a threefold greater
likelihood of developing osteonecrosis compared to
non-smokers, regardless of alcohol use®?.

A retrospective review of patients with AVN found
that 84% exhibited hypercholesterolemia, with an
average cholesterol level of 254 mg/dL (P >
0.0031)®2- The use of protease inhibitors in highly
active antiretroviral therapy (HAART) has also been
associated with elevated cholesterol and triglyceride
levels, further linking these agents to an increased
risk of AVN®G3),

Therefore, factors such as hyperlipidemia, alcohol
consumption, smoking, and liver dysfunction can be
considered predisposing factors for the development

of AVN in patients receiving glucocorticoid
treatment.
Required Dose for the Development of

Osteonecrosis

The threshold dose and treatment duration of
corticosteroids necessary to trigger osteonecrosis
remain unclear. However, recent evidence suggests
that very high corticosteroid exposure can precipitate
AVN, with reports documenting cases after
cumulative doses of approximately 5100 mg of
methylprednisolone administered over only 2-3
weeks3,

Research in patients with systemic lupus
erythematosus (SLE) has explored the relationship
between glucocorticoid therapy, prothrombotic
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Osteoporosis caused by corticosteroids remains a
considerable and common clinical issue. This
condition was initially recognized in patients suffering
from Cushing's disease or any condition involving
elevated endogenous corticosteroid levels. However,
since the introduction of therapeutic corticosteroids
more than 60 years ago, corticosteroid-induced
osteoporosis is now increasingly seen in individuals
undergoing corticosteroid therapy'®. This condition is
distinct from postmenopausal or age-related
osteoporosis and is thus considered an isolated
metabolic bone disease!>?,

This review provides a comprehensive overview of
the bone-related adverse effects related to systemic
corticosteroid use. By synthesizing current research
and clinical evidence, it aims to clarify the impact of
corticosteroids on bone health and to inform
strategies for mitigating these complications during
treatment.

Epidemiology of Corticosteroid Use

Corticosteroid use remains widespread and
continues to rise across different patients. In the
United Kingdom, research has shown that around 1%
of individuals are long-term users of oral
corticosteroids, with the prevalence climbing to
nearly 3% among older adults”®). Data from the
United States National Health and Nutrition
Examination Survey (1999-2008) indicated a
comparable rate, with 1.2% of the population on
prolonged corticosteroid therapy®. Findings from the
Global Osteoporosis Study revealed that 4.6% of
postmenopausal women were using
corticosteroids'?.  Evidence from UK health
databases further suggests that long-term use has
been steadily increasing over time™Y. Similarly, a
Danish population-based investigation found that 3%
of residents had filled at least one prescription for
systemic corticosteroids, with the prevalence rising
to 8-10% in older age groups?. Collectively, these
data highlight that a substantial fraction of the
universal population is regularly exposed to
corticosteroids, emphasizing the need for ongoing
surveillance of their epidemiological trends.

Pathogenesis

Exposure to corticosteroids, whether endogenous
(elevated endogenous glucocorticoids) or exogenous
(pharmacologic agents), promotes bone resorption.
Endogenous glucocorticoids, regulated through the
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hypothalamic—pituitary—adrenal axis, play a pivotal
role in bone metabolism™®. Similarly, sex steroids are
essential regulators of skeletal homeostasis, as
reductions in androgen and estradiol levels are
strongly correlated with an enhanced risk of
symptomatic fractures of the spine®?.

Corticosteroid exposure results in an imbalance
between osteoblast and osteoclast activity.
Specifically, corticosteroids enhance resorption of
bone by prolonging osteoclast survival, while
simultaneously suppressing bone formation through
inhibition and apoptosis of osteoblasts and
osteocytes. This imbalance leads to net bone loss. In
postmenopausal osteoporosis, such corticosteroid-
induced acceleration of bone resorption appears to
be a central mechanism underlying disease
progression®).

Osteoporosis and Fractures Following Corticosteroid
Use

Corticosteroid-induced osteoporosis (CIO) represents
one of the leading forms of secondary, drug-related
osteoporosis, with approximately 20% of affected
individuals reporting prior corticosteroid exposure*?,
Corticosteroid therapy is well known to accelerate
bone loss, alter bone structure, and markedly elevate
fracture risk®. The decline in bone mineral density
often begins within the first 3—6 months of treatment
and persists for as long as therapy continues. Besides
the vertebrae, fractures are frequently observed in
trabecular-rich bone such as the ribs and pelvis*>7),
indicating a particular vulnerability of these regions
compared to cortical bone. Notably, some reports
have documented the occurrence of fractures in
corticosteroid users even before measurable
reductions in bone mineral density, highlighting that
bone quality, in addition to bone mass, is adversely
affected by elevated corticosteroid levels®7:8),

The most important risk factors for developing CIO
include older age (65 years), prolonged exposure to
the drug for more than 3 months, a definite history of
osteoporosis,  positive  familial  history  of
osteoporosis, low calcium intake, prior fractures,
family history of hip fractures, and rheumatoid
arthritis, which themselves increase the likelihood of
fractures®®,

Multiple investigations have sought to quantify
fracture risk in patients undergoing prolonged
corticosteroid therapy. In certain populations
receiving prolonged corticosteroid therapy, the
probability of acquiring osteoporosis or sustaining
spinal fractures exceeds fifty percent™. These risks
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Musculoskeletal Side Effects Associated with Long-Term Corticosteroid Use
(Review Article)

(Abstract \

Corticosteroids are widely used medications with increasing prevalence in clinical practice. In autoimmune and
rheumatological diseases, the use of corticosteroids in both pulsed and long-term manners is very common. Due
to the COVID-19 pandemic, their consumption increased. However, long-term use is associated with several
adverse effects on the musculoskeletal system, including osteoporosis, an elevated risk of fracture, avascular
necrosis, hypocalcemia, hypovitaminosis D, and impaired bone growth in children. Corticosteroid-induced
osteoporosis is the most common form of secondary osteoporosis. Several factors, such as age, time of use, family
history of osteoporosis, previous fractures, and calcium intake, contribute to its prevalence. Corticosteroids exert
their effects by disrupting the balance between the activity of osteoblasts and osteoclasts. These medications also
disturb the calcium metabolism by altering intestinal calcium absorption and renal calcium excretion. To minimize
these side effects, corticosteroid therapy should be limited whenever possible. Also, supplementing with calcium
and vitamin D, incorporating breaks of at least three months between corticosteroid courses, and considering
alternative therapies, especially in pediatric patients, can help mitigate the potential risks.

Keywords: Corticosteroids, Osteoporosis, Musculoskeletal system, Drug side effects.
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using this method have higher mechanical strength
and smaller pores, although their properties are not
easily controlled”%73),

Melt molding

This technique involves mixing polymer powder and
loading it into a mold. Upon heating, the mixture
forms a scaffold with controlled characteristics.

Rapid prototyping (RP)

RP is noted for producing scaffolds with complete
cross-linking.  Unlike traditional methods, this
technique allows precise control of scaffold
architecture and pore size. In RP, a 3D computer
model is created and digitally sliced into cross-
sectional layers, which are then used to fabricate the
scaffold layer by layer’4,

Natural 3D scaffolds

Biomaterials have extensive applications in scaffold
design. For example, collagen is effective in creating
bioactive scaffolds, providing an ideal environment
for the adhesion and proliferation of osteoblast-like
cells, which are essential for bone tissue
engineering!’®.

Suitable scaffolds with effective performance can
also be created through the decellularization of
natural matrices.

3D printed scaffolds

3D printing enables the fabrication of scaffolds with
highly tunable properties using computer models.
These scaffolds have predetermined structures with
specific physical, chemical, and biological features,
making them applicable for the repair of various soft
and hard tissues!®,

Conclusion

The repair of damaged tissues is one of the major
challenges in medicine, and tissue engineering has
emerged as an effective solution. Designing scaffolds
with suitable properties, such as biocompatibility and
biodegradability, is crucial in this process. Techniques
such as electrospinning, phase separation, and 3D
printing have contributed to the development of
various scaffolds for the repair of tissues like bone
and cartilage.

However, further research is needed to evaluate the
efficiency of these scaffolds under physiological
conditions to identify the best scaffold for each type
of tissue.
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orthopedics, wound and skin

reconstruction(®?.

healing,

Albumin-Based Scaffolds

Due to its abundance in the human body and unique
structural characteristics, albumin is a biocompatible,
biodegradable, and physiologically stable protein(?.
These properties contribute to its various
applications, such as being combined with other
materials to create scaffolds or used as a coating for
fabricated scaffolds(®?.

Collagen/silk fibroin nanofiber scaffold

Zargar et al.?® emonstrated that nanofiber scaffolds
containing fibroin and collagen can aid in corneal
epithelium repair. Additionally, the combination of
fibroin with fluorinated titanium nanoparticles has

shown suitable bioactivity for bone tissue
engineering. Another study indicated that
electrospun fibroin, even without additional

modifications, has the potential to enhance the
proliferation of mesenchymal stem cells?"53).

Hardistonite

Calcium/silicate ceramics have a wide range of
applications in tissue engineering due to their diverse
properties. Hardystonite is one such ceramic.
Sadeghzadeh et al.®¥ were the first to produce
bioactive hardystonite powder and scaffolds using
mechanical alloying and pore-forming agents.

Katira hydrogel

In a study, a hydrogel was synthesized using katira
gum containing tyramine, horseradish peroxidase
enzyme, and hydrogen peroxide. The differentiation
of mesenchymal stem cells into chondrocytes was
confirmed through various assays®®.

Nano apatite/PLGA composite scaffold

Tabtar Ahangar® developed an apatite matrix
similar to human trabecular bone by pyrolyzing
bovine femur bone and enhancing its properties
through the combination with PLGA and copper.

3D Gelatin-Laminin Scaffold

A study demonstrated the effectiveness of coating a
three-dimensional gelatin scaffold with laminin to
facilitate the differentiation of mouse adipose-
derived mesenchymal stem cells into hepatocyte-like
cells®®,

Polycaprolactone/keratin scaffold reinforced with
COOH-MWCNT
In the research
biocompatibility

et al®  the

polycaprolactone,

(
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polycaprolactone/ keratin, and polycaprolactone/

keratin  scaffolds reinforced with carboxyl-
functionalized multi-walled carbon nanotubes
(COOH-MWCNT) was compared during

electrospinning. The findings indicated that COOH-
MWCNT provided effective reinforcement for the
osteogenic differentiation of mesenchymal stem cells

Porous titanium scaffold covered with ackermanite
In a study®, akermanite coating was prepared using
the sol-gel method to enhance the properties of a
porous titanium scaffold created with sodium
chloride as a porogen. Bioactivity assessments (using
simulated body fluid), scanning electron microscopy
images, and X-ray diffraction analysis demonstrated
the scaffold’s suitability for bone tissue engineering.

Methods Used for Fabricating Tissue
Engineering Scaffolds

Electrospinning (ES)

Electrospinning is one of the most efficient methods
for fabricating nanostructured scaffolds, and it is
widely used compared to other techniques. During
ES, a polymer solution is processed into nanofibers
(ranging from nanometer to micrometer in diameter)
that have a high surface-to-volume ratio and are
suitable for cell interactions. By controlling the
voltage and solution properties, the characteristics of
the resulting fibers can be adjusted. This versatility
makes electrospinning highly popular among tissue
engineers for nanofiber fabrication(8%%,

Despite its widespread use, ES has challenges, such as
the random alignment of polymers affecting pore
size. To address these issues, melt electrospinning
(MES) is recommended7%7),

In MES, polymers are melted by passing through a
heater, and a jet initiation system is used to shape
and collect the fibers7?.

Emulsion freeze drying

In this method, an emulsion is created by mixing a
polymer solution with water. The emulsion is then
rapidly cooled and frozen, resulting in a highly porous
scaffold with pore sizes ranging from 20 to 200
micrometers and porosity up to 90%"Y.

Thermally induced phase separation

This fabrication technique involves immersing a
polymer solution in a temperature lower than the
solvent’s freezing point, causing the solution to
separate into polymer-rich and polymer-poor phases,
forming a porous scaffold. The scaffolds produced

]
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Graphene and graphene oxide

Graphene and its derivatives, such as graphene oxide,
have attracted significant attention from researchers
because of their electrical, thermal, and optical
properties, which are very similar to those of carbon
nanotubes. These materials are used in the design of
conductive and smart scaffolds in tissue
engineering®*®),

Scaffolds based on neuroprotection of cerium oxide
nanoparticles

In nerve tissue engineering, scaffolds made from
allogenic tissues are favored due to their similarity to
the natural environment and reduced
immunogenicity.

One major challenge in nerve injury repair is the
generation of free radicals, which can be managed
using cerium oxide nanoparticles as antioxidants.
These nanoparticles help neutralize reactive oxygen
species due to their activity similar to that of
superoxide dismutase and catalase!*.

Nanoclinoptilolite scaffold, gelatin and B-TCP
Composites made from biomaterials like gelatin and
beta-tricalcium phosphate (B-TCP) are widely used in
jaw tissue engineering. However, these composites
have low strength, which significantly limits their
extensive application??,

Natural scaffolds

Natural biomaterial scaffolds are used in tissue
engineering applications, such as cartilage, due to
their favorable properties. These materials include
chitosan, collagen/gelatin, alginate, fibrin, elastin,
heparin, chondroitin sulfate, and hyaluronic acid.
Despite their superior biological properties compared
to synthetic types, they have limitations such as the
risk of contamination, immunogenicity, limited
production, and low mechanical strength. To address
these challenges, synthetic scaffolds like polyglycolic
acid (PGA), polyethylene oxide (PEO), polylactic acid
(PLA), and polyethylene glycol (PEG) have gained
attention(°%>2),

Nanostructured scaffolds

Nanotechnology is a valuable tool for creating
scaffolds that mimic the extracellular matrix in tissue
engineering. Natural tissues, organs, and cells directly
interact with nanostructured matrices. Nanofibers,
including nanotubes, electrospun nanofibers, and
nanoparticles, provide a promising nano-scale
platform for applications in tissue engineering, such
as cartilage®?.

(
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Polyurethane based scaffolds
Polyurethane scaffolds are of great interest in tissue
engineering, particularly for vascular and vaginal
tissue regeneration!®#??%  These scaffolds are
prepared using nanotechnology techniques like
electrospinning, and the nanometric fiber diameter
allows for a strong resemblance to the natural matrix.
Additionally, combining these scaffolds with
polymers such as polycaprolactone and polyethylene
terephthalate helps replicate the structure of
vascular matrices!?>24,

Porous hybrid scaffolds based on PEPC

The research by Aghmioni and colleagues®*>?
indicates that the combination of polymers used in
scaffold preparation plays a crucial role in providing
the necessary microenvironment and substrate for
tissue engineering. The study showed that PCP and
PEPC scaffolds exhibited different biomechanical and
biochemical behaviors, with the hybrid PCP scaffold
being more suitable for soft tissue engineering.

Decellularized Scaffolds from Natural Matrices

One of the novel methods involves decellularizing
natural scaffolds. In this approach, researchers use
physical, chemical, or enzymatic methods to remove
cells from the tissue without damaging the
extracellular matrix (ECM), resulting in suitable
scaffolds. For instance, in recent years, numerous
scaffolds have been prepared through
decellularization of tissues such as mouse testis,
sciatic nerve, sheep bladder, and bovine trabecular
bone tissue®*°7),

Hydrogels

Hydrogels are three-dimensional polymeric networks
that are insoluble in water, cross-linked through
chemical or physical methods. A key feature of
hydrogels is their high capacity to absorb water or
biological fluids®®. Structurally, hydrogels simulate
the matrix differently compared to traditional three-
dimensional scaffolds. They are derived from natural
or synthetic polar monomers. Today, synthetic
hydrogels have replaced natural ones due to their
improved properties®.

Fibrin scaffolds

Fibrin's significant properties, such as
biocompatibility, physiological structure, ability to
promote cell infiltration, and tissue regeneration
through its degradation derivatives, have led to its
widespread application in regenerative medicine,
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Nanostructured Apatite Scaffolds

Apatitic scaffolds, due to their high structural
similarity to bone tissue, structural stability,
mechanical strength, and biocompatibility, are
influential factors in bone tissue engineering®Y.
Additionally, combining these scaffolds with
materials such as ostrich eggshell, polycaprolactone,
platelet-rich fibrin, carboxymethyl chitosan, and
barium titanate improves the properties of the
mentioned scaffolds®®?3”), However, some studies
indicate a greater impact of natural apatitic scaffolds
derived from bone tissue compared to synthetic
scaffolds®®®),

Composite Scaffolds

Various composites with diverse compositions are
used in tissue engineering for the repair of tissues
such as bone. These scaffolds are constructed by
combining biocompatible and bioactive materials like
polycaprolactone, apatite, and gelatin to provide
suitable mechanical properties while also enhancing
biological characteristics. Additionally, the
incorporation of antibiotics such as tetracycline can
prevent infections®°43),

Conductive Nanofibrous Scaffolds

Conductive scaffolds are used in the engineering of
electroactive tissues such as heart, nerve, and bone.
These scaffolds can be created by combining
conductive organic materials with nanostructures.
The nanostructures employed include a wide range of
materials such as graphene, carbon nanotubes, and
metal nanoparticles like gold.

Nano-structured apatite scaffolds

Apatite scaffolds are significant in bone tissue
engineering due to their high structural similarity to
bone tissue, structural stability, mechanical strength,
and biocompatibility®?. The combination of these
scaffolds with materials such as ostrich eggshell,
polycaprolactone, platelet-rich fibrin, carboxymethyl
chitosan, and barium titanate enhances their
properties®33%), However, some studies indicate that
natural apatite scaffolds derived from bone tissue
have a greater impact compared to synthetic
scaffolds®®?).

Composite scaffolding

Various composites with diverse compositions are
used in tissue engineering for the repair of tissues
such as bone. These scaffolds are constructed by
combining biocompatible and bioactive materials like
polycaprolactone, apatite, and gelatin to provide

§
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suitable mechanical properties while also enhancing
biological characteristics. Additionally, the
incorporation of antibiotics such as tetracycline can
prevent infections%44),

Conductive nanofibrous scaffolds

Conductive scaffolds are used in the engineering of
electroactive tissues such as heart, nerve, and bone.
These scaffolds can be created by combining
conductive organic materials with nanostructures.
The nanostructures employed include a wide range of
materials such as graphene, carbon nanotubes, and
metal nanoparticles like gold.

Intrinsically conductive polymers

These polymers have found diverse applications in
medicine due to their electrical conductivity,
particularly in fields such as biosensors and
implantable electronic devices. However, one major
challenge in tissue engineering is the inherent non-
degradability of these materials, which can be
modified through combination with other
substances.

Polypyrrole

Polypyrrole is one of the most well-known synthetic
conductive polymers. This amorphous and opaque
polymer is derived from water-soluble monomers.
Due to features like ease of synthesis, modifiability,
and stability, it is used in various applications,
including biosensors and drug delivery®.

Polyaniline

Polyaniline is a polymer produced by the redox
polymerization of aniline under acidic conditions. It
exhibits electrical conductivity and various colors in
different oxidation states, making it of interest for
use in tissue engineering for skin, nerve, and bone®,

Polyethylene dioxythiophene (PEDOT)

This polymer is one of the most successful derivatives
of thiophene, known for its high conductivity,
thermal stability, and superior electrochemical
properties. It has wide applications in electronic
devices, bio-transistors, and bio-scaffolds for
electrical stimulation.

Intrinsically conductive polymers

Carbon nanotubes

Due to their high electrical conductivity and stability,
carbon nanotubes have found extensive applications
in tissue engineering and nanotechnology. These
nanomaterials can be wused as substitutes or
complements to intrinsically conductive polymers*”),
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Newly Developed Scaffolds for Tissue
Engineering Applications

In recent years, various scaffolds have been
employed for engineering different tissues. Table 1
provides a summary of these scaffolds and the tissues
they are designed to repair.

Biodegradable aliphatic polyesters

Biodegradable @ and  biocompatible  aliphatic
polyesters with tunable physical, chemical, and
biological properties are among the best scaffolds
used in tissue engineering®.

Polylactic acid (PLA)

This polyester is based on hydroxyalkanoic acids and
derived from lactic acid monomers. Since it is
obtained through sugar fermentation, it is considered
environmentally friendly. Various methods are
available for synthesizing this polymer, with the most
important ones being ring-opening polymerization of
cyclic dilactide monomers with a metal catalyst, melt
deposition, and electrospinning.

Despite its favorable properties, PLA has some
drawbacks, such as slow degradation, high
crystallinity, and hydrophobicity, which can be
addressed by combining it with other compounds like
gelatin, graphene, and laponite(*?14:30)

Polyglycolic acid and poly lactic-co-glycolic acid

Polyglycolic acid (PLGA), being synthetic, has
controllable properties and is capable of molding and
tissue adaptability. Synthesis methods for this
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polymer include condensation and ring-opening
polymerization, with copolymerization being the
most common method for modifying its structure and
function®®. For example, Abutalebi and colleagues
enhanced the antibacterial properties of these
scaffolds by adding zinc oxide for use in bone tissue
engineering!*®,

Polycaprolactone

Polycaprolactone (PCL) is a biocompatible polymer
obtained through ring-opening polymerization of
caprolactone.

Adding other compounds to it can enhance
properties like cell viability, strength, and
elasticity®?. For instance, combining this scaffold
with keratin and carbon nanotubes increases
porosity, adhesion, and cell viability*®. Additionally,
crosslinking this polymer with polyethylene glycol
and combining it with apatite creates a scaffold with
suitable strength and mechanical properties for bone
tissue engineering”).

Polyhydroxyalkanoates

These polymers are produced and stored by many
microorganisms as energy and carbon granules®?.
For example, according to existing research, they can
even be derived using activated sludge from urban
wastewater treatment cultivated in reactors (with a
cell retention time of 5 days and a hydraulic retention
time of 10 hours). However, the internal conditions of
the reactor, such as pH, feed composition, and gas
ventilation, significantly impact the quality and
quantity of the resulting polymer®,

Table 1: Application of scaffolds from each material in the repair of various tissues.

Material Tissue
Poly lactic acid®? Bone
Poly lactic acid/gelatin/graphene!*? Bone
Poly lactic acid/ Laponitet*¥ Bone
Poly lactic co glycolic acid® Bone
Polycaprolactone/ Creatine /Carbon nano tube(!®) Bone
Poly ethylene glycol/Poly caprolactone/Apatite(*” Bone
Apatite Bone
Chitosan /Hyaluronic acid*® Wound
Poly caprolactone(*®-2%) Vein/ Cartilage/ Nerve/ Adipose
Nano colinopetilolite/Gelatine/ B-TCP?? Jaw
Polyurethane/ Polyethylene tereftalat /Poly caprolactone? Vein
Poly urethane!?42% Vein/Vagina
Collagen/Fibroine(?® Cornea
Fibroin/ Titanium/ Flour®”) .Bone
Katira®® Cartilage
Titanium/ Akremanit(?® Bone

—
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Scaffolds Applied in Tissue Engineering: A Review on Previous Gains and Challenges

(Review Article)

s

Abstract

conditions.

\_

Tissue engineering is a modern and interdisciplinary science that examines the methods used in the structural and
functional restoration of damaged tissues. One of the most important steps in tissue engineering is to prepare a
suitable scaffold with characteristics compatible with the target tissue. In recent years, many scaffolds have been
prepared, to repair different tissues. The present study examines recent research in the preparation of scaffolds in
various tissue engineering. Many scaffolds including composites, nanofibers, hydrogels, synthetic or semi-synthetic
polymers and ceramics have been prepared and used. Some scaffolds are also obtained during decellularization of
natural tissues. Various methods, like electrospinning or 3D printing, have been used to prepare synthetic scaffolds.
However, there is a need for more in-vivo studies to ensure the proper functioning of these scaffolds in in-body

Keywords: Tissue engineering, Regenerative medicine, Tissue scaffolds, Composite tissue allograft.
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Introduction

Tissue engineering is a multidisciplinary field that involves the development of
biomaterials and techniques to create functional biological tissues to replace
or repair damaged organs in the human body. The importance of tissue
engineering lies in its potential to revolutionize regenerative medicine by
providing alternatives to organ transplantation, promoting tissue repair and
regeneration, and advancing drug testing and development'¥.

Scaffold types in tissue engineering can be categorized into natural scaffolds
(derived from biological sources like collagen or fibrin) and synthetic scaffolds
(artificially created materials like polymeric nanofibers or hydrogels). These
structures provide support for cell growth and tissue regeneration in
biomedical applications'®.

However, this approach faces challenges such as providing suitable scaffolds.
The scaffolds must not only mimic the structural, mechanical, and chemical
properties of the tissue's natural extracellular matrix (ECM) but also possess
adequate strength, biodegradability, biocompatibility, and the ability to deliver
signals necessary for stem cell differentiation®®. In fact, the properties of the
scaffold used play a crucial role in the success or failure of tissue repair in tissue
engineering®®, a topic that has attracted considerable attention from
researchers in recent years. Recently, due to technological advancements, a
variety of scaffolds have been developed through different methods for use in
tissue engineering®®!), Although these developments have faced multiple
challenges, they have also achieved significant successes. However, further
studies are needed to address existing issues in previous research and achieve
the most effective scaffolds. This study aims to review current research to
highlight recent advancements in the design of tissue engineering scaffolds.
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were associated with a higher stage of medial
release. Similar studies have reported similar results,
although the order of release of medial elements has
not been the same in different studies.

Verdonk et al., as in our study, showed that the
amount of varus angle before surgery, was
significantly correlated with the medial release!?. In
the study of Sajjadi et al., Medial release had a
statistically significant association with increasing
knee varus and JLCA and decreasing MPTA as well®.
Martin et al. Reported similar results and showed
that the tibiofemoral varus deformity angle, tibial
articular surface angle, the medial tibial articular
surface angle, the size of lateral joint space and tibial
offset were higher in the osteotomy reduction group.
Among these cases, the angle of the medial proximal
tibia (MPTA) and the lateral joint space significantly
predict the need for reduction osteotomy. In the
present study it was found that the total amount of
varus correction is a significant predictor of the need
for third stage release which is consistent with the
results of the study of Sajjadi et al in which
femorotibial varus angle and MPTA were mentioned
as the predictor factors of the need for medial
release®.

In the Verdonak study, in the group with deep MCL
release of varus 6 degrees, in the group with crustal
foot MCL, the surface of varus was 8 degrees, and in
the group with MCL release, the surface of tibia varus
was 10.5 degrees. In the current study, these values
were 9 ° for the MCL release group, 12 ° in the
posterior capsule release group, and 16 ° in the
superficial MCL needling group.

In our study, the amount of varus correction (AMFT)
to determine severe medial release (stage 3) for
values equal and greater than 11.5 degrees had a
sensitivity of 78% and a specificity of 64%. The lateral
distal femoral angle LDFA had a sensitivity of 74% and
a specificity of 60% for values above 90 °. This value
was 70% and 60% for mFTA for values greater than
12.5, respectively. Valgus cut VCA for values above
6.5 degrees had 50% sensitivity and 88% specificity in
defining the higher stage of medial release. In the
study of Sajjadi et al., Varus more than 19 degrees,
more than 6 degrees, and less than 81 degrees MPTA
required 3™ and 4™ stage release®.

Non-considering the duration of genu varum
deformity, stress view radiography, checking the BMI
of patients, complications of TKA and patient
performance, are the limitations of the present study.

—
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We recommend the multicenter studies with higher
sample size.

Conclusion

In our study, all patients underwent TKA with PS
prosthesis. The lower MPTAand higher LDFA, mFTA,
VCA, and the degree of correction of mFTA were
associated with a higher degree of medial release.
The amount of correction of varus deformity predicts
more need for medial release and so the contrasted
prostheses may be needed.
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Figure 3: ROC curve of radiographic parameters for stage 3 medial release

A small number of studies have examined the
association between medial release and preoperative
radiographic parameters and also a difference in the
sequence of medial release®. An estimate of the
amount of release for correction of varus deformity

before surgery prevents insufficient or excessive
release during surgery. Although some studies have
used valgus/varus stress radiography for this

purpose®Y it is not possible to do it for all patients,
so bilateral full-length standing lower-limb
radiography (alignment view) seems more

appropriate. In the present study, it was found that
higher LDFA, mFTA, VCA, AmFTA and lower MPTA
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There was a statistically significant association
between VCA and stage of medial release and VCA
was higher in stage 3, but there was no significant
association between the amount of bone cuts and the
medial release stages (Table3).

The results of postoperative radiographic parameters
analysis were shown in (Table 4). There was a
statistically significant association between the total
amount of correction of the mechanical femorotibial

angle with the greater stage of medial
release(p<0.05).
Comparison of the median of radiographic

parameters before and after surgery with non-
parametric Wilcoxon signed-rank test showed that in
group one, JLCA and mFTA, in group two, MPTA, JLCA,
and mFTA, and group three, all 4 angles of MPTA,
JLCA, mFTA, and LDFA have been significantly
improved (P<0.05) (Figure 2).
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ROC curve analysis showed that the area under the
curve for varus correction (mFTA correction) was
0.768 (P = 0.0001), and had 78% sensitivity and 64%
specificity for values greater than and equal to 11.5
degrees correction. The area under the curve for the
LDFA variable was 0.671 (P = 0.002) and for above 90
degrees, it had 74% sensitivity and a 60% specificity.
The area under curve for mFTA variable was 0.720 (P
= 0.0001) and it had a sensitivity of 70% and
specificity of 60% for values above 12.5 degrees. The
area under curve for the VCA variable was 0.651 (P =
0.006) and for values above 6.5 degrees, it had a
sensitivity of 50% and a specificity of 88% (Figure3).
Logistic regression analysis including of all
radiographic parameters showed that the total
amount of correction of varus deformity significantly
predicts the need for third stage release (P=0.01,
OR=1.49, 95%CI (1.09-2.02)).

Table 3: Comparison of operative parameters between groups

Variable Groupl Group2 Group3 P-value
Mean (SD) 5.93(2.01) 5.93(1.13) 6.66(1.41)
VeA Median 6 6 7 0.01
. Mean (SD) 3(0) 3(0) 2.87(0.5)
External Rotation cut angle Median 3 3 3 0.219
Distal femur cut Mean (D) 9.43(0.96) 9.5(1.25) 9.43(1.27) 0.779
Median 9 9 9
Posterior femoral condyle cut Meanl(SD) 8.46(1.78) 9.09(1.45) 8.92(1.63) 0.709
Median 9 9 9
. " Mean (SD) 6(1.86) 6.64(1.81) 6.48(1.74)
Proximal tibia cut Median 5 7 6.5 0.343

Table 4 Comparison of post-operative radiographic parameters between groups

Variable Groupl Group2 Group3 P-value

LDFA Ml\jaer(;i(asrl])) 90.72;%1.71) 90.39;%1.70) 89.78?;(.15.81) 0.08
MPTA Ml\jaer(;i(asrl])) 88.6:(82.16) 90.19(;.98) 89.925)1.86) 0.052
mETA Ml\jaer(;i(asrl])) 1.28(12.24) 0.32(13.01) -0.07(()2.78) 0.271
ILCA Ml\jaer(;i(asrl])) 0.285)0.72) 0.285)0.71) 0.16(00.59) 0.366
Total correction Ml\jae:“(;?) 8.357(.4;.06) 11.5]i(14.93) 15.63(65.21) 0.0001
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All cases was operated by one surgeon under
tourniquet with medial parapatellar approach and
gap technique was used for balancing the valgus and
varus deformity on proximal tibial and distal femoral
cut, and double checked the flexion and extension
gap based on the stages of the medial release*®
recorded in the operation description, patients were
divided into groups: 1- MCL and medial capsule
release 2- Including the first stage and posterior
medial capsule and semimembranosus release3-
release same as the Second stage and superficial MCL
in the form of pie-crusting or Needling and4-Release
the elements of the previous step and Pes anserinus.
The same standard radiographs as pre-operative was
taken at the patients' first postoperative visit with the
same measurements (Figure 1).

The amount of correction of varus deformity (AmFTA)
was measured. The parameters of radiography
before and after surgery were compared in different
study groups based on stages of medial release:
Quantitative variables were assessed by Kolmogorov-
Smirnov test. One-way ANOVA test and Kruskal-
Wallis test was used to compare the quantitative
variables in the groups.

Paired t-test and Wilcoxon signed-rank test for
comparing the variables and the test of chi-square for
examination the association between qualitative
variables were used. Odds ratios (OR) and 95%

The Association between Preoperative Radiographic ...

confidence intervals (ClI) were determined using
multivariable logistic regression. All tests were
performed at a significance level of 0.05 using SPSS
version 21.

103 patients and 115 knees were included with mean
age of 64.35+7.57. 92 female (89.3%) and 11(10.7%)
male, while 58 (50.4%) were right and 57 (49.6%)
were left knee.

Based on the medial release stage, the patients were
divided to three groups (None of the patients
required stage IV release). No statistically significant
difference between three groups of medial release in
terms of sex and age was found (p>0.05).

All  patients underwent primary total knee
replacement by PCL substitute (PS) prosthesis. The
type of prosthesis used in different groups was not
statistically significant (Table 1).

The results of the analysis of preoperative
radiographic variables with the non-parametric test
of Kruskal Wallis showed that stage of medial release
was significantly associated with LDFA, MPTA, and
mFTA, But the JLCA had no statistically significant
association with the medial release (p=0.189)
(Table2).

Table 1: Comparison of age, sex, and prosthesis Manufacturer between groups

variable Group 1 Group 2 Group 3 P-value
(Release Stage 1) (Release Stage 2) (Release Stage 3)

age Mean(SD) 66.18(7) 64.37(6.96) 63.95(7.93) 0.57
Male 0(0%) 1(3.1%) 8(12.3%)

sex 0.13
Female 16(100%) 31(96.9%) 57(87.7%)
ZIMMER 6(37.5%) 9(28.1%) 28(43.8%)

prosthesis SMITH & NEPHEW 7(48.3%) 13(40.6%) 20(31.3%) 0.57

DEPUY SYNTHES 3(18.8%) 10(31.3%) 16(25%)

Table 2: Comparison of preoperative radiographic parameters between groups

Variable Group1 Group2 Group3 P-value

LDFA M'\;aeg i(asr?) 89.7:82.76) 90.4382.55) 91-92(22-19) 0.006

MPTA M'\(/elzr; i(asr:)) 87.22(73.30) 85.5223.18) 84-:3(3) 0.014

- M'\(/elzr; i(asr:)) 8.93(94.63) 12.31(25.64) 15-9105(5-6) 0.0001

LA M&aez i(asr?) 5.93(53.15) 5.67(62.41) 7.18(64-06) 0.189
[ 147 }
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Therefore, predicting the amount of medial release
based on kinematic alignment to correct varus before
surgery is very effective, especially in the absence of
a navigation system?,

So far, few papers have studied the relationship
between the parameters of radiography before
surgery and need for medial release. Some studies
have estimated the need for medial release using
varus-valgus stress view x-rays®%, It was found that
the total of valgus and varus stress mechanical
angles, as well as the varus of the mechanical axis of
the knee, are risk factors for more medial release and
the need for medial reduction osteotomy®. One
study also showed that lateral opening of the joint
space and the medial tibial articular surface angle
predict the need for a medial reduction osteotomy*?
Sajjadi et al. explained that increasing the varus
deformity on the radiographs before surgery will
need a more soft tissue release and Medial proximal
tibial angle (MPTA) and Mechanical Femur-Tibia
angle(mFTA) could predict the extend of medial soft
tissue release during TKA®.

—
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The aim of our study was to investigate the
radiographic parameters relationship before surgery
and the need and amount of medial release.

Materials & Methods

In this retrospective cohort study, cases with genu
varum deformity who had underwent primary TKA in
two hospitals in Sari city from 2018 to 2020 by a single
surgeon were included. Any previous history of knee
surgery and ligament laxity were the exclusion
criteria.

A pre-operative evaluation in x-rays was performed
utilizing standing antero-posterior radiographs of the
knee, lateral view, bilateral alignment and patella
axial view. The radiographs were evaluated for
measuring the mFTA, MPTA, Lateral Distal Femoral
Angle (LDFA), Valgus Cut Angle (VCA) and Joint Line
Convergence Angle (JLCA) (Figure 1).

All radiographic parameters were measured by two
blinded researchers to the groups in two times.

'88.23 94.2
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The Association between Preoperative Radiographic Parameters and Medial Soft
Tissue Release in Total Knee Arthroplasty

cbstract \

Introduction: Varus deformity is the most common deformity in patients undergoing knee replacement. Varus
correction is based on the release of the medial soft tissue of the knee. But there is no exact measure of its extent.
The present study aimed to investigate radiographic parameters that can predict the need for the release of medial
elements.

Materials & Methods: In this retrospective cohort study all patients who underwent primary knee replacement
surgery performed in a university hospital by a single surgeon during a 2-years period were included in the study.
Preoperative and post-operative knee radiographs were collected. Patients were divided into three groups based
on the stage of medial release. The radiographic criteria including Mechanical Femoro-tibial angle (mFTA), Lateral
distal femoral angle (LDFA), Proximal medial tibial angle (MPTA), valgus cut angle (VCA) and joint line convergence
angle (JLCA) before and after surgery were compared between the groups.

Results & Discussion: A total of 115 knee radiographs, related to 103 patients were examined. There was a
significant association between LDFA , MPTA , mFTA , VCA and degree of varus correction with the medial release.
The degree of varus correction significantly predicts the need for a high grade of medial release (OR=1.49, P=0.01)
Conclusion: higher LDFA, mFTA, VCA, and the degree of correction of the femoral and tibial mechanical angle and
lower MPTA were associated with a higher degree of medial release. And the amount of varus correction
significantly predicts the need for more medial release.

Keywords: Total knee arthroplasty, Genu varum, Radiography.

\ Accepted: 53 days before printing )

Salman Ghaffari, MD?, Masoud Shayesteh Azar, MD*, Mehran Razavipour, MD?, Shahin Talebi, MD?,
Shayan Amjadi, MD*

1. Department of Orthopedics,
Orthopedic Research Center,
Mazandaran University of Medical

;c'engizasri:]';;jn' of Orthopedics, Total knee arthroplasty (TKA) is one of the most common orthopedic surgeries.
U L i e e el [N 2017, about 990,000 knee replacement surgeries in the United States were
zﬂfel\(/jli:;?;'lSsrc‘iaehr:‘:eze?;ﬁ:‘:n}f:‘;‘r’]‘j’“ity performed®. The rate of knee arthroplasty in Organization for Co-operation
and Development (OECD) countries is 150 per 100,000 population and will
quadruple by 2030,
Genu varum is the most common deformity in patients with knee replacement.
The varus of the knee is defined based on the mechanical femorotibial angle
less than 180 degrees in the standing radiograph and narrowing of the medial
joint space!?. The goal of knee arthroplasty is to maintain medial and lateral
balance and knee function®.
Many techniques are used to correct varus with release of the medial soft
tissue of knee. Although many cases are corrected with the standard approach,
others require the extensive release of the medial so®. In severe cases of
varus, deep Medial collateral ligament (MCL) is released and osteophytes are
removed, then posterior medial capsule, superficial MCL, posterior oblique
ligament (POL), Semimembranosus tendon, and Pes anserinus are released,
respectively®. These extensive releases may lead to over-correction and even
the need to use constrain prostheses, increasing surgical complications and
costs®” Inadequate release on the other hand may result in pain, knee
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It should be noted that this investigation is the first
study of its kind conducted within the country;
therefore, comparison with domestic research is not
possible. Nonetheless, a study by Place and
colleagues in 2017 examined the constancy of Pl and
reported that Pl changed in 88% of participants when
shifting from a resting position to maximal anterior
pelvic rotation, and in 80% of participants when
shifting from a resting position to maximal posterior
pelvic rotation*”),

The variability of PI may partly be attributed to
measurement error, since Pl is assessed through
radiographic imaging. However, such error cannot
consistently account for repeated changes in the
same individual, and it is possible that only a portion
of Pl variation is due to calculation inaccuracies.
Ultimately, the observation that Pl is not fixed across
different positions represents an important finding
that cannot be overlooked. Given that Pl reflects the
relationship between the sacrum and the iliac wings,
or the sacroiliac joint, and that this joint is recognized
as a mobile articulation, this mobility may explain, at
least in part, the positional variability observed in PI.
The lack of consistency in Pl across the studied
positions under Full conditions can also be extended
to explain certain complications encountered in
spinal surgeries. In the past, surgical interventions for
spinal deformities were performed under the
assumption that Pl is a fixed value in every individual
regardless of posture. This assumption, however,
occasionally led to complications such as transitional
syndromes and junctional syndromes®. The present
study, by challenging this long-held belief, may
contribute to significant advances in spinal surgery,
improving  surgical efficiency and reducing
postoperative complications.

Our findings also showed that Pl in both Full Flexion
and Full Extension positions was higher in women
compared to men. Although this difference was not
statistically significant, the lack of significance may be
attributable to the relatively small sample size. With
a larger sample, the difference in Pl angle between
men and women may reach statistical significance. In
a study by Zhu and colleagues, sagittal parameters of
the cervical spine were compared between men and
women, and significant differences were reported in
C2-C7 Cobb angle and C7 slope™®. Although the
variables examined in their study differ from those in
the present investigation, the underlying hypothesis
generated here may serve as a foundation for future
studies.

——
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Conclusion

The results of this study demonstrated that pelvic
position has a measurable impact on pelvic incidence
(P1), and that Pl values are not identical across
different positions. Moreover, Pl was found to be
greater in the Full Flexion position compared to the
Full Extension position.
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As shown in Table 1, the mean Pl angle in the Full
Flexion and Full Extension positions was not equal,
and the angle demonstrated variation between the
two positions. Specifically, the mean Pl angle in Full
Flexion was greater than that in Full Extension. The
mean difference in Pl angle between the two
positions was calculated as 3.9 + 3.6 degrees. This
difference represents the change in Pl angle between
Full Flexion and Full Extension.

Mann-Whitney test

The mean Pl angle in Full Flexion among females was
55.83 + 11.23°, which was higher than that of males
at 53.22 + 7.62°, although the difference was not
statistically significant (P = 0.390). Similarly, in Full
Extension, the mean Pl angle in females was 51.87 +
9.87°, higher than that of males at 49.65 * 7.05°, yet
again, no statistically significant difference was
observed (P = 0.608) (Table 2).

Spearman’s correlation coefficient

The PI angle in Full Flexion showed a negative
correlation with age, though it was not statistically
significant (r = —0.044, P = 0.775). A negative
correlation indicates that as age increases, the Pl
angle in Full Flexion tends to decrease. Similarly, the
Pl angle in Full Extension demonstrated a negative
correlation with age, but again without statistical
significance (r =—0.102, P = 0.511). This suggests that
increasing age is associated with a decreasing Pl angle

The Effect of Pelvic Position ...

in Full Extension. By contrast, a significant positive
correlation was observed between Pl angle in Full
Flexion and Pl angle in Full Extension (r = 0.915, P <
0.001). This positive correlation indicates that an
increase in Pl angle in one position is accompanied by
an increase in Pl angle in the other position (Table 3).

Recent research has increasingly focused on
parameters that govern spinal and pelvic alighment,
collectively referred to as spinopelvic sagittal
balance. These parameters include pelvic incidence
(PI), sacral slope (SS), and pelvic tilt (PT). Normal
static sagittal balance is defined as the physiological
alignment of the spine in its most efficient posture.
During gait, sagittal balance is constantly maintained
through compensatory mechanisms of the lower
limbs®3),

Previous studies have consistently reported that Pl
remains a constant value for each individual, whereas
other parameters such as SS and PT vary according to
posture®®®  However, the present study
demonstrated that Pl values in each individual were
not identical between Full Flexion and Full Extension
positions. This finding has the potential to influence
approaches in the assessment of sagittal parameters
and the planning of spinal surgeries. Knowledge of Pl
variations across these positions may alter the extent
and type of correction required during surgery.

Table 1: Measurements of Pelvic Incidence Angle in the Two Positions of Full Flexion and Full Extension

Pelvic Incidence Angle Mean Standard Deviation Median Minimum Maximum
Full Flexion Position 54.76 9.90 52.25 38.7 85.7
Full Extension Position 50.81 8.79 48.20 36.5 77.2

Table 2: Measurements of Pelvic Incidence Angle in Full Flexion and Full Extension Positions by Sex

Pelvic Incidence Males Females P Pelvic Incidence Males
Angle (Mean + SD) (Mean  SD) value* Angle (Mean + SD)
Full Flexion 53.22+7.62 55.83+11.23 0.390 Full Flexion 53.22+7.62
Full Extension 49.65 + 7.05 51.87 +9.87 0.608 Full Extension 49.65 + 7.05

Table 3: Correlation Between Pl Angle in Full Flexion and Full Extension Positions with Age and with Each

Other

Variables

Age

Pl in Full Flexion

Pl in Full Extension

Age

r=1

Pl in Full Flexion

r=-0.044, P =0.775

r=1

Pl in Full Extension

r=-0.102, P =0.511

r=0.915, P<0.001

—
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Certain studies have reported that Pl increases with
age during the pre-pubertal period in individuals
without spinal deformity, but remains relatively
stable in the post-pubertal years’?. Other
investigations have indicated that the normal PI
range in individuals may vary between 45° and 65°,
yet in any given person, it remains constant across
different postures*),

Considering the clinical significance of the constancy
of Pl for spinal alignment assessment, and the
importance of accurate angular measurements for
proper fixation in spinal surgeries, this study was
designed to evaluate Pl and compare its values in the
specified positions. The choice of surgical
instrumentation and the ability to restore sagittal
balance depend directly on the Pl angle, thereby
influencing surgical outcomes?,

Materials & Methods

Students enrolled at Babol university of medical
Sciences during the period from August 2020 to
November 2021 volunteered to participate in this
study. To evaluate their vertebrae, dynamic
radiographs (dynamic views) were obtained. For each
participant included in the study, radiographs were
performed in two positions: (1) sitting and bending
forward to the maximal voluntary extent (Full
Flexion), and (2) lying supine with legs extended off
the bed to the maximal voluntary extent (Full
Extension). Pl was then measured using PACS
software. Inclusion criteria included age 2 20 years,
no history of back pain, no history of trauma to the
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lumbar spine. Moreover, exclusion criteria involved
congenital spinal deformities or disorders, vertebral
anomalies, history of spinal surgery, clinical evidence
of vertebral fracture, and pregnancy.

Sample size was calculated using G*Power software,
yielding 41 participants. Collected data were entered
into Microsoft Excel for preparation and statistical
analysis. For descriptive statistics, measures of
central tendency (mean, median, mode) and
measures of dispersion (variance, standard deviation,
range, coefficient of variation) were applied for
guantitative variables, while frequency, percentage,
and prevalence were used for qualitative variables.
Graphical representation (bar and pie charts) was
also performed. For inferential statistics, study
hypotheses were examined using parametric tests
(chi-square) and non-parametric tests (Mann—
Whitney), as well as Spearman correlation analysis
following normality testing of data. All statistical
analyses were conducted using SPSS software version
25, with a significance level set at p < 0.05.

In this cross-sectional study, 44 students volunteered
and underwent dynamic radiographs in two
positions: Full Flexion and Full Extension. Pl was
measured in both positions. The mean age of
participants was 23.25 + 1.31 years, with a median of
23.50 years, a minimum age of 21 years, and a
maximum of 25 years. Among the 44 students who
participated in the study, 18 (40.9%) were male and
26 (59.1%) were female (Figure 1).

=i 40.9
E‘-‘i‘;l - 3 %ﬁ.
R
e 7;;3":!1,”1 TN
T LS,
h r'LéF"L:jf.'-‘iﬁa

Male Students w Female Students

Figure 1: Distribution percentage of participants frequency based on gender
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The Effect of Pelvic Position on Pelvic Incidence

ﬁbstract \

Introduction: Given the importance of the stability of the pelvic incidence (Pl) angle in evaluating spinal alighment
and its significance in spinal fixation during surgical procedures, this study aims to investigate the Pl angle and
compare it in two positions: Full Flexion and Full Extension.

Materials & Methods: This cross-sectional study assessed 44 student volunteers using dynamic radiographic
evaluation in two positions: Full Flexion and Full Extension. Dynamic radiographs were taken in two conditions: (1)
seated with maximum forward bending (Full Flexion) and (2) lying supine with legs hanging off the edge of the bed
to their maximum extent (Full Extension). The Pl angle was measured using the PACS software.

Results & Discussion: The mean PI angles in the Full Flexion and Full Extension positions were not equal,
demonstrating positional changes. The mean Pl angle in Full Flexion was higher than in Full Extension. The mean
difference in Pl angle between the two positions was 3.6+3.9 degrees. In females, the mean Pl angle in Full Flexion
was 55.83+11.23 degrees, which was higher than in males (53.22+7.62 degrees), though this difference was not
statistically significant (P = 0.390). In Full Extension, the mean PI angle in females was 51.61+9.87 degrees, which
was again higher than in males (49.65+7.05 degrees), but the difference was not statistically significant (P = 0.608).
Conclusion: The study results indicate that pelvic positioning affects pelvic incidence, and Pl measurements are
not constant across different positions. Furthermore, Pl in the Full Flexion position was greater than in the Full
Extension position.

Keywords: Pelvis, Spine, Patient positioning.
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Introduction

From a biomechanical perspective, the spine is considered a single functional
unit, and when assessing spinal pathologies, careful attention to spinal
biomechanics is of great importance!?. Degenerative diseases, particularly at
advanced ages, induce significant alterations in the lumbar spine and pelvis,
which often necessitate correction of these deformities over the patient’s
lifetime®3), The lumbosacral spine and pelvis play a crucial role in maintaining
sagittal balance of the body!®. Evidence has shown that sagittal and coronal
balance, and their interrelationship with other segments of the spine and
pelvis, are critical; any disruption in lumbosacral sagittal balance can result in
pain and functional disability®. Comprehensive knowledge of sagittal
alignment is essential for achieving optimal clinical outcomes and minimizing
complications in surgical correction of lumbosacral deformities such as
degenerative disease, scoliosis, and spondylolisthesis!
The relationship between the sacrum and pelvis is defined by pelvic incidence
(P1), which describes the spatial orientation and positioning of the sacrum. PI
is measured as the angle between the perpendicular to the sacral plate passing
through its midpoint and the line connecting this midpoint to the femoral head
axis. Sacral slope (SS) is the angle between the sacral plate and the horizontal
axis, while pelvic tilt (PT) is the angle between the vertical axis and the line
drawn from the midpoint of the sacral plate to the femoral head axis®.

The sagittal morphology of the pelvis has a substantial impact on upright
posture, especially through its influence on lumbar lordosis.
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While this study is helpful, several caveats should be
mentioned. First, sample size (n = 30) may limit the
external validity of the findings. Second, the lack of a
control group makes it impossible to separate the
effect of surgery from natural increase or other
therapies. Larger control group and sample size
studies in the future would be needed to confirm
these findings. Follow-up periods longer than 12
months would also provide more data about the
durability of surgical outcomes.

Conclusion

This study demonstrates that orthopedic surgery
enhances gait kinematics, postural balance, and
walking speed in children with spastic CP
substantially. The findings demonstrate the potential
of surgical interventions to enhance functional
mobility and quality of life in this population. Future
research must address maximizing surgical
techniques, postoperative rehabilitation protocols,
and individualized treatment plans to further
optimize outcomes in children with spastic CP.
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Table 7: Comparison of Outcomes by Surgical Procedure

Outcome Measure Tendon Lengthening Muscle Releases p-value
Stride Length (cm) 87.5%+6.1 88.3+5.9 >0.05
PBS Score 48.5+3.7 489+3.6 >0.05
Comfortable Speed (m/s) 0.96 +0.13 0.98+0.12 >0.05

The impact of orthopedic surgery on the postural
balance, gait kinematics, and walking speed of
children with spastic cerebral palsy (CP) was assessed
in this study. The results demonstrate significant
gains in all outcome measures at 6 and 12 months
post-surgery, with the largest gains observed at the
12-month follow-up. These findings underscore the
potential of orthopedic interventions, such as tendon
lengthening and muscle releases, to enhance
functional mobility and quality of life in children with
spastic CP.

The gains noted in gait kinematics, including
increased stride length, reduced knee flexion, and
improved ankle dorsiflexion, align with previous
studies reporting favorable results following
orthopedic surgery in children with CP®3%  The
12.5% increase in stride length and 8.3% in cadence
reflect surgical management to overcome
musculoskeletal impairments leading to more
energy-conserving and economical gait patterns!*®,
These alterations are clinically relevant, as they
indicate increased mobility and decreased energy
cost of walking, which are essential for enhancing
participation in activities of daily living®..

The significant improvements in postural balance, as
measured by the Pediatric Balance Scale (PBS) and
Timed Up and Go (TUG) test, highlight the broader
functional benefits of orthopedic surgery. The
improvement in PBS scores from 42.3 to 48.7 points
indicates better static and dynamic balance, while the
reduction in TUG test time from 12.5 to 9.8 seconds
indicates better functional mobility. These findings
are consistent with studies citing the role of surgical
intervention in enhancing postural control and
reducing fall risk in children with CP®). The beneficial
effects on balance can be attributed to better joint
alignment and reduced spasticity, which facilitate
more coordinated and stable movement*),

The 18.6% improvement in comfortable walking
speed and 15.2% improvement in fast walking speed
at 12 months post-surgery are particularly

(
{
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noteworthy. Walking speed is a valuable indicator of
functional capacity and is strongly related to
participation in the community and quality of life!®.
The improvements observed demonstrate that
orthopedic surgery not only enhances gait mechanics
but leads to clinically significant mobility
improvements in the everyday world as well. These
findings are supported by previous research
demonstrating similar improvements in walking
speed following surgical interventions in children
with CP&7),

The subgroup analysis revealed that children with
GMFCS Level | improved more in walking speed and
balance compared to children with GMFCS Levels I
and lll. This finding is consistent with the literature,
which states that children with milder impairments
(GMFCS Level 1) have greater potential for functional
gain due to their higher baseline mobility and motor
control™®. However, it is remarkable that all
subgroups had significant improvements, underlining
the importance of surgery along the spectrum of
functional capacities.

No difference was detected between tendon
lengthening and releases of the muscle in terms of
outcomes. This means that the two operations have
the same ability to improve gait, balance, and speed
of walking among spastic CP children. The findings
agree with a systematic review by McGinley et al®,
who did not establish any definite advantage of one
procedure over the other. The choice of procedure
can therefore be determined by the specific
musculoskeletal impairments and clinical goals of
each patient.

The findings of this study have important clinical
implications. They first provide evidence that
orthopedic surgery is a useful treatment for
improving gait, balance, and walking speed in
children with spastic CP. Second, the long-term
benefits observed at 12 months post-surgery
highlight the importance of ongoing postoperative
rehabilitation to maximize the opportunity for
functional gain. Third, subgroup analysis identifies
the necessity for treatment protocols tailored to the
functional status and specific needs of each child.

]
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Postural Balance

Postural balance, measured through the Pediatric
Balance Scale (PBS) and Timed Up and Go (TUG) test,
improved notably over time (Table 3). Mean PBS
score increased from 42.3 + 4.1 at baseline to 48.7
3.8 at 12 months after surgery (p < 0.01). Time on
TUG test decreased from 12.5 + 2.3 seconds at
baseline to 9.8 * 1.9 seconds at 12 months after
surgery (p < 0.01).

Walking Speed

Walking speed, using the 10-Meter Walk Test
(10MWT), demonstrated significant postoperative
gains (Table 4). Fast comfortable walking speed
improved by 18.6% (p < 0.01) and fast walking speed
by 15.2% (p < 0.01) in comparison with preoperative
at 12 months of surgery.

Effect Sizes

Effect sizes (Cohen's d) for improvement in the
outcome measures were calculated to assess the
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magnitude of the improvements (Table 5). Large
effect sizes for the improvements were observed for
stride length (d = 1.2), PBS score (d = 1.5), and
comfortable walking speed (d = 1.3), indicating
clinically significant improvements.

Subgroup Analysis

Subgroup analysis at the levels of GMFCS showed
that the children in GMFCS Level | demonstrated
higher gains in gait speed and balance compared with
the children with GMFCS Levels Il and Ill (p < 0.05)
(Table 6). However, there was considerable gait
kinematic and functional improvement across all
subgroups.

Comparison between Surgical Procedures

Comparison of results between muscle releases and
tendon lengthening did not show differences (p >
0.05) (Table 7). There were no differences in outcome
between the two operations for the correction of
gait, balance, and walking speed.

Table 3: Changes in Postural Balance over Time

Measure Baseline 6 Months Post-op 12 Months Post-op p-value
PBS Score (0-56) 423+4.1 46.2 +3.9 48.7 +3.8 <0.01
TUG Test (seconds) 12.5+2.3 104+2.1 9.8+1.9 <0.01

Table 4: Changes in Walking Speed over Time

Parameter Baseline 6 Months Post-op 12 Months Post-op p-value
Comfortable Speed (m/s) 0.82 +0.15 0.94+0.14 0.97+0.13 <0.01
Fast Speed (m/s) 1.12+0.18 1.25+0.17 1.29+0.16 <0.01

Table 5: Effect Sizes for Outcome Measures

Outcome Measure Effect Size (Cohen’s d)
Stride Length 1.2
Cadence 0.8
Knee Flexion 1.1
Ankle Dorsiflexion 14
PBS Score 1.5
TUG Test 1.3
Comfortable Walking Speed 1.3
Fast Walking Speed 1.1

Table 6: Subgroup Analysis by GMFCS Level

Outcome Measure GMFCS Level | GMFCS Level Il GMFCS Level llI p-value
Stride Length (cm) 90.2+5.8 86.4+6.1 83.5+5.9 <0.05
PBS Score 50.1+3.5 47.8+3.7 452 +3.9 <0.05
Comfortable Speed (m/s) 1.02+0.12 0.95+0.14 0.89+0.15 <0.05
[ 137 )
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Data Collection Procedure

Preoperative or baseline gait, balance, and walking
speed measurements were taken 1-2 weeks before
surgery.

Follow-up assessments were conducted 6 months
and 12 months post-surgery.

All tests were administered by researchers and
trained physiotherapists for consistency and
reliability.

Data Analysis

Statistical Analysis

Descriptive statistics (mean, standard deviation)
were computed to describe the participants'
characteristics and outcome measures. Repeated-
measures ANOVA was performed to compare the
changes in gait parameters, balance, and walking
speed across the three time points. Post-hoc tests
with Bonferroni correction were conducted to
identify the time points' significant differences. a p-
value of <0.05 was considered statistically significant.

Effect Size Calculation

Effect sizes (Cohen's d) were calculated to determine
the outcome measure changes' size, providing an
understanding of the findings' clinical significance.

Ethical Considerations

Ethics Committee approval was obtained for the
study from Mazandaran University of Medical
Sciences’ Emam Khomeini Hospital (Ethics Code:
IR.MAZUMS.IMAMHOSPITAL.REC.1399.6937).
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Written informed consent was obtained from parents
or legal guardians, and assent was gained from
children where feasible. All data were anonymized
and stored securely to maintain participant
confidentiality.

Participant Characteristics

A total of 30 children with spastic cerebral palsy (CP)
(GMFCS Levels I-lIl) were included in the study. The
mean age of participants was 8.2 + 2.1 years, with 16
males (53.3%) and 14 females (46.7%). The
distribution of GMFCS levels was as follows: Level | (n
=12, 40%), Level Il (n = 10, 33.3%), and Level Il (n =
8, 26.7%). Diplegic, 22 patients (73.3%; 8 GMFCS |, 8
GMFCS Il, 6 GMFCS 1l1). Hemiplegic, 8 patients (26.7%;
4 GMFCS |, 2 GMFCS 1l, 2 GMFCS lil). All the patients
were treated with tendon lengthening (n = 18, 60%)
and muscle releases (n = 12, 40%). (Table 1). 12
patients had Achilles tendon lengthening and 4
patients had hamstring lengthening.

Gait Kinematics

Improvements in gait parameters early in the course
were observed postoperatively (Table 2). Stride
length at 12 months post-surgery was elevated by
12.5% (p < 0.01) and cadence by 8.3% (p < 0.05)
compared to baseline. All the joint angles, knee
flexion, and ankle dorsiflexion were significantly
improved (p < 0.01).

Table 1: Participant Demographics and Clinical Characteristics

Characteristic Value (n =30)
Age (years) 8.2+2.1
Gender (Male, Female) 16, 14
GMFCS Level | 12 (40%)
GMFCS Level Il 10 (33.3%)
GMFCS Level Il 8 (26.7%)
Surgical Procedure
- Tendon Lengthening 18 (60%)
- Muscle Releases 12 (40%)

Table 2: Changes in Gait Kinematics over Time

Parameter Baseline 6 Months Post-op 12 Months Post-op p-value
Stride Length (cm) 78.3+6.2 84.5+5.8 88.1+6.0 <0.01
Cadence (steps/min) 102.4+8.1 108.2+7.5 1109+7.2 <0.05
Knee Flexion 425+53 38.2+4.8 36.0+ 4.5 <0.01
Ankle Dorsiflexion 52+2.1 8.5+1.9 10.1+1.8 <0.01
( ]
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Walking speed, a functional measure of clinical
concern, is also reduced in these children, further
limiting engagement in activities of daily living!”.
Surgical interventions attempt to alleviate these
impairments by  correcting  musculoskeletal
alignment and reducing spasticity, but the extent to
which these alterations are manifested in enhanced
gait, balance, and walking speed is unclear®,

Later work has focused attention on the potential
benefits of orthopedic surgery to the correction of
gait parameters and functional outcomes in children
with spastic CP®). The data, though, are prone to be
heterogenic, and with some investigations
documenting large and meaningful gains in walking
speed and balance, whereas others observe few or
transitory changes'?. The heterogeneity suggests
that the analysis requires a multifaceted
methodology with biomechanical, clinical, and
functional evaluations in order to evaluate properly
the impact of the surgical treatment(*12),

This study seeks to fill the gap through examining the
effect of orthopedic surgery on walking kinematics,
balance posturing, and speed walking in spastic CP
children.

We seek to provide a comprehensive understanding
of how surgery influences these critical aspects. The
findings of this study will not only contribute to the
growing evidence base regarding the outcomes of
surgery but also inform clinical decision,
rehabilitation planning, and long-term care
management of children with spastic CP.

Materials & Method

Study Design

We employed a prospective, observational cohort
design to examine the effect of orthopedic surgery on
postural balance and walking speed in children with
spastic cerebral palsy (CP). The participants were
assessed at three time points: preoperatively
(baseline), 6 months post-surgery, and 12 months
post-surgery. The longitudinal design allowed for the
evaluation of both short- and long-term outcomes
following surgery.

Participants

Children aged 5-12 years with an established
diagnosis of spastic hemiplegic and diplegic CP
(GMFCS Levels I-11).

(
\
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Scheduled for orthopedic intervention (tendon
lengthening or muscle releases) as part of their
treatment strategy.

Able to comprehend instructions and comply with
them and willing to participate in gait and balance
testing. Written informed assent from parent(s) or
legal guardian(s).

Exclusion Criteria were included, profound cognitive
or sensory impairment compromising testing, pre-
existing orthopedic surgery during the previous 12
months, co-morbid conditions besides CP that could
affect mobility.

30 participants were recruited from a tertiary
pediatric rehabilitation clinic, and this gave a good
representation of children with spastic CP.

Surgical Procedures

Tendon Lengthening, to address contractures of the
Achilles tendon and hamstrings.

Muscle Releases (Fractional lengthening), to increase
joint range of motion and alignment.

The surgical plan integrated both gait
analysis (kinematic/kinetic parameters) and clinical
examination (Modified Tardieu Scale for spasticity,
passive range of motion). Achilles lengthening was
prioritized for patients with >10° equinus in gait.
Hamstring releases were performed if knee flexion
>45° persisted in mid-stance.

All procedures were performed by an orthopedic
surgeons and an occupational therapist specializing in
cerebral palsy, with standardized postoperative
protocols.

Outcome Measures

Gait Kinematics

Participants walked at a self-selected speed along a
10-meter walkway, with reflective markers placed
over the major anatomical landmarks. Stride length,
cadence, and joint angles were derived from the gait
parameters through the use of motion capture
technology.

Postural Balance

Assessed by standardized clinical tools, for example,
the Pediatric Balance Scale (PBS) and the Timed Up
and Go (TUG) test. The tools measured static and
dynamic balance, and functional mobility.

Walking Speed

Quantified using the 10-Meter Walk Test (10MWT),
where the subjects walked at their comfortable and
fast speeds. Time was recorded using a stopwatch,
and speed was calculated in meters per second (m/s).
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The Impact of Orthopedic Surgery on Gait Kinematics, Postural Balance, and Walking
Speed in Children with Spastic Cerebral Palsy: A Multidimensional Approach

Abstract

Introduction: Spastic cerebral palsy (CP) is the most prevalent motor disability in children, defined by chronic
spasticity, muscle stiffness, and motor control impairment, resulting in gait disturbances, postural instability, and
decreased walking speed. Orthopedic surgery, including tendon lengthening and muscle releases, is routinely
employed to rectify musculoskeletal deformities and enhance motor function. The extent to which these
surgeries affect gait kinematics, postural balance, and walking speed is uncertain. The purpose of the current
study was to assess the influence of orthopedic surgery on gait kinematics, postural balance, and gait speed in
children with spastic CP via a multi-dimensional approach.

Materials & Methods: A prospective observational cohort study was carried out in 30 children (5-12 years,
GMFCS Levels I-1l) who were scheduled for orthopedic surgery. Participants were evaluated preoperatively and
6 and 12 months after surgery. Outcomes were gait kinematics (stride length, cadence, joint angles), postural
balance (Pediatric Balance Scale [PBS], Timed Up and Go [TUG] test), and gait speed (10-Meter Walk Test
[10MWT]). Data were analyzed using repeated-measures ANOVA, and effect sizes (Cohen's d) were determined.
Results & Discussion: At 12 months after surgery, there were significant improvements in all outcome measures.
Stride length improved by 12.5% (p < 0.01), and cadence by 8.3% (p < 0.05). Knee flexion angle and ankle
dorsiflexion angle also improved significantly (p < 0.01). Postural balance was improved, with PBS scores rising
from 42.3 to 48.7 (p < 0.01) and TUG test times falling from 12.5 to 9.8 seconds (p < 0.01). Walking speed was
enhanced by 18.6% in comfortable speed and 15.2% in fast speed (p < 0.01). Subgroup analysis showed greater
improvement in children with GMFCS Level | compared to Levels Il and Ill (p < 0.05). No differences were noted
between tendon lengthening and muscle releases (p > 0.05).

Conclusion: Orthopedic surgery significantly improves gait kinematics, postural balance, and gait velocity in
children with spastic CP, with the effects being preserved 12 months post-surgery. The findings emphasize the
contribution of surgical interventions and personalized rehabilitation protocols in improving functional mobility
and quality of life in these patients.

Keywords: Cerebral palsy, Orthopedic surgery, Gait.
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efficient and energy-wasting gait patterns®. Postural balance, which is a
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appropriated to fracture type and clinical condition of
patent. Future studies should focus on key factors
such as surgical timing, fracture severity, and patient
condition to evaluate the effects of different surgical
approaches on mortality and subsequent
complications.

The present study also demonstrated that surgical
delay was significantly associated with increased
mortality. The mean interval in the deceased group
exceeded seven days, compared with approximately
four days in the surviving group. Similarly, Chang et
al. reported that surgery delayed beyond two days
increased mortality risk®), potentially due to
preoperative complications such as pressure ulcers,
respiratory infections, and venous
thromboembolism(?223),

Finally, in the present study, hypertension was
significantly associated with mortality, whereas
diabetes, alcohol consumption, smoking, and
corticosteroid use were not. Babagoli et al. similarly
reported that hypertension significantly increased
both in-hospital and long-term mortality, whereas
diabetes was only associated with long-term
mortality without a significant effect on in-hospital
mortality®¥.

The limitations of the present study are single-center,
retrospective and short-term study. Additionally,
certain clinical data, such as the severity of
comorbidities and nutritional indices, were not
available. Furthermore, the choice of surgical method
(DHS versus non-DHS) may have been influenced by
different factors like; fracture severity, surgeon
expertise, or hospital resources, which could not be
controlled due to the retrospective study design.

Conclusion

The findings of this study indicate that advanced age,
osteoporosis, a history of fractures, cognitive
disorders, surgical delay, and the type of surgical
procedure are independent risk factors for mortality
following intertrochanteric  fracture surgery.
Accordingly, the development of risk-based
treatment protocols for elderly patients—particularly
taking into account their cognitive and bone health
status—may help reduce mortality and improve
treatment outcomes. Additionally, ensuring timely
surgical intervention and selecting the appropriate
surgical technique play a key role in enhancing clinical
outcomes.
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Table 3: Logistic Regression for Predicting Mortality Following Intertrochanteric Fracture Surgery

Variable Beta p_value Odds Ratio 95% Confidence Interval
Coefficient (OR) (Lower — Upper)
Age (per year increase) 0.040 0.006 1.041 1.011-1.071
Sex (female vs. male) 0.447 0.334 1.563 0.631-3.869
History of fracture 1.329 0.007 3.779 1.436-9.944
Osteoporosis 1.724 0.001 5.606 1.994 -15.761
History of falls 0.562 0.521 1.754 0.315-9.759
Corticosteroid use 0.451 0.578 1.570 0.321-7.681
Hypertension 0.276 0.551 1.317 0.532-3.259
Cognitive disorders 1.511 0.019 4,529 1.279 -16.047
Type of Surgg:’s()Non'DHS Vs 1.680 0.002 5.367 1.882 - 15.308
Constant 0.000 0.001 -6.936 —

DHS = Dynamic Hip Screw.

The present study was conducted to examine the
mortality rate and associated factors in patients with
intertrochanteric fractures. In this short-term follow-
up, the mortality rate was 16.3%. The findings
indicated that advanced age, a history of prior
fractures, osteoporosis, the presence of cognitive
disorders, type of surgery, and delayed surgical
intervention were significantly associated with
patient mortality. The impact of each of these factors
is analyzed below based on the current study and
similar investigations.

The mean age of deceased patients in this study was
significantly higher than that of survivors. The same
results was reported by Kim et al., who documented
a two-year mortality rate of 40.6% in patients over 90
years of age”). This underscores the pivotal role of
age in prognosis following hip fracture. Numerous
studies have identified older age as an independent
risk factor for mortality, due to reduced physiological
reserve, multiple chronic comorbidities, and
diminished tissue repair capacity®?.

History of prior fractures were significantly more
represented in the deceased group, and regression
analysis revealed that this factor increased the risk of
mortality by 72%. Similarly, Barceld et al. reported
that multiple comorbidities, including previous
fractures, constitute significant mortality risk factors
in elderly patients®®. Recurrent fractures may
indicate advanced osteoporosis, poor balance, and
overall functional decline, all of which contribute to
worse outcomes12,

The role of osteoporosis in elevating mortality risk
was particularly notable in this study, increasing the

(
\
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risk by 75%. Okkaoglu et al. similarly identified
osteoporosis as one of the most important predictors
of mortality in intertrochanteric fractures3,
Additionally, the presence of cognitive disorders,
such as dementia, was associated with a 68% increase
in mortality risk. This aligns with findings from Ha YC
et al. and AbuAlrob et al., who reported higher post-
hip fracture surgical mortality among patients with
cognitive impairment**®, The elevated mortality
may result from reduced patient compliance in
rehabilitation, increased risk of immobility-related
pneumonia, and malnutrition*¢-8),

In the present study, the use of non-DHS surgical
methods was significantly associated with increased
mortality, and regression analysis indicated a nearly
seven-fold higher risk of death. This finding is
consistent with Olof et al.,, who evaluated 19,935
patients over 60 years old with intertrochanteric
fractures, showing that intramedullary nailing
compared to hip screw fixation was associated with a
significantly higher postoperative mortality in 30
days?,

However, Lopez-Hualda et al., who compared DHS
and trochanteric fixation nail advanced (TFNA) in 152
patients, reported that although mortality was higher
in the DHS group, this difference was not solely
attributable to implant type; rather, longer surgical
delays in this group likely played a key role in
increased mortality??.

These findings emphasize the importance of timely
surgery as a determinant of survival in patients with
intertrochanteric fractures. Variations among studies
may be attributable to differences in patient
characteristics, fracture severity, surgical method
selection, and  postoperative = management.
Therefore, the choice of surgical technique should be
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and 51.35% vs. 16.32%; p = 0.014 and p = 0.001,
respectively).

Furthermore, a history of cognitive disorders was
more prevalent among deceased patients compared
to survivors (18.92% vs. 4.21%; p < 0.001), and a
history of prior fracture was also significantly higher
in the deceased group (43.2% vs. 14.74%; p = 0.042).
No significant differences were observed between
the two groups with respect to smoking (p = 0.238),
alcohol consumption (p = 0.442), and diabetes (p =
0.780). Finally, Dynamic Hip Screw (DHS) fixation was
significantly more common in the surviving group
than in the deceased group (47.37% vs. 29.73%; p <
0.001), indicating that survivors were more
frequently treated with DHS, whereas non-DHS
surgical procedures were more common in the
deceased group.

The overall mean interval between admission and
surgery was 4.57 + 3.13 days; however, this interval
was significantly longer in the deceased group (7.41 +
4.17 days) compared with the surviving group (4.02 +
2.56 days; p < 0.001). The results of the logistic
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regression analysis for predicting mortality after
intertrochanteric fracture surgery are presented in
Table 3. Age was significantly associated with
mortality, with each additional year increasing the
odds of death by approximately 4% (OR = 1.04, p =
0.006). Sex (female vs. male) was not significantly
associated with mortality (OR = 1.56, p = 0.334). A
history of previous fracture significantly increased
the risk of mortality by about 3.8 times (OR =3.77, p
= 0.007), and osteoporosis was associated with more
than a fivefold increase in mortality risk (OR = 5.60, p
=0.001).

Cognitive disorders were also significantly associated
with a 4.5-fold higher risk of mortality (OR =4.53, p =
0.019). Although corticosteroid use (OR = 1.57, p =
0.578) and a history of falls (OR = 1.75, p = 0.521)
were associated with an increased risk of death,
these associations were not statistically significant.
Finally, undergoing a non-DHS surgical procedure was
significantly associated with a more than fivefold
increase in the odds of mortality compared with DHS
fixation (OR = 5.36, p = 0.002).

Table 2: Potential Mortality-Related Factors in Two Groups

Variable Survived (n = 190) Deceased (n = 37) P-value
Age (years) 63.03 +21.87 75.38 +14.00 <0.001
Male 118 (62.11%) 15 (40.54%) 0.015
Female 72 (37.89%) 22 (59.46%) '
. 49 (25.79%) Yes 17 (45.95%) Yes
Hypertension 141 (74.21%) No 20 (54.05%) No 0.014
. 62 (32.63%) Yes 13 (35.14%) Yes
Diabetes 128 (67.37%) No 24 (64.86%) No 0.780
. 31 (16.32%) Yes 19 (51.35%) Yes
Osteoporosis 159 (83.68%) No 18 (48.65%) No <0.001
. . 8 (4.21%) Yes 7 (18.92%) Yes
Cognitive disorders 182 (95.79%) No 30 (81.08%) No 0.001
. 28 (14.74%) Yes 16 (43.24%) Yes
History of fracture 162 (85.26%) No 21 (56.76%) No <0.001
. . 9 (4.74%) Yes 5(13.51%) Yes
Corticosteroid use 181 (95.26%) No 32 (86.49%) No 0.042
. 42 (22.11%) Yes 5(13.51%) Yes
Smoking 148 (77.89%) No 32 (86.49%) No 0.238
. 3(1.58%) Yes 0 (0.00%) Yes
Alcohol consumption 187 (98.42%) No 37 (100%) No 0.442
. 7 (3.68%) Yes 5 (13.51%) Yes
History of falls 183 (96.32%) No 32 (86.49%) No 0.015
90 (47.37%) DHS 11 (29.73%) DHS
Type of surgery 100 (52.63%) Non-DHS | 26 (70.27%) Non-DHs | 0-048
Interval between admission and surgery (days) 4.02+2.56 7.41+4.17 <0.001

DHS = Dynamic Hip Screw.
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Table 1: Demographic and Clinical Characteristics of Patients with Intertrochanteric Fracture (n = 227)

Sex* (No. of patients)

Male: 133 (58.59%)
Female: 94 (41.41%)

Hospital of admission* (No. of patients)

Bu-Ali: 101 (44.49%)
Imam Khomeini: 126 (55.51%)

Age (years)**

65.04 + 21.26

History of prior fracture* (No. of patients)

44 (19.38%)

Osteoporosis* (No. of patients)

50 (22.03%)

History of falls* (No. of patients)

12 (5.29%)

History of hypertension* (No. of patients)

66 (29.07%)

History of diabetes* (No. of patients)

75 (33.04%)

History of Parkinson’s disease* (No. of patients)

3(1.32%)

History of other cognitive disorders* (No. of patients)

15 (6.61%)

Corticosteroid use* (No. of patients)

14 (6.17%)

Smoking* (No. of patients)

47 (20.70%)

Alcohol consumption* (No. of patients)

3(1.32%)

Type of surgical device* (No. of patients)

DHS: 101 (44.49%)
Non-DHS: 126 (55.51%)

Interval between admission and surgery (days)**

4.57 +3.13

* Data reported as number (percentage). ** Data reported as mean * standard deviation. DHS = Dynamic Hip Screw.

Figure 1: Preoperative and postoperative radiographs of DHS fixation

Comparison of Potential Mortality-Related
Factors

The comparison of potential factors associated with
mortality between the two groups is presented in
Table 2. The overall mortality rate in this study was

L
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16.3% (37 patients). The mean age of the deceased
group was significantly higher compared to the
surviving group (75.38 years vs. 63.03 years; p <
0.001). A history of hypertension and osteoporosis
was also significantly more frequent in the deceased
group compared with survivors (45.95% vs. 25.79%
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Considering the high prevalence of these fractures,
their substantial clinical and economic burden on
healthcare systems, and the contradictory findings
reported in earlier research, the present study was
designed as a retrospective investigation to assess
the one-year mortality rate in patients undergoing
surgery for intertrochanteric femoral fractures and to
explore the factors associated with it.

Materials & Methods

This study was a retrospective descriptive-analytical
investigation conducted to assess the one-year
mortality rate and its associated factors among
patients with intertrochanteric femoral fractures who
underwent surgical intervention during the period
2017-2018 (1396-1397 in the Iranian calendar). The
study population included all patients admitted with
a diagnosis of intertrochanteric fracture to Imam
Khomeini and Bu-Ali Hospitals in Sari during this time
frame. Based on archived medical records, the initial
number of eligible patients was estimated to be
approximately 340.

Patients were included if they met the following
criteria:

1. Diagnosis of intertrochanteric femoral
fracture based on plain radiography and
confirmation by an orthopedic specialist;

2. Undergoing surgical intervention for fracture
management;

3. Availability of complete demographic and
clinical data in the medical record (including
history of prior fracture, osteoporosis, falls,
diabetes, Parkinson’s disease, cognitive
impairment, corticosteroid use, smoking, and
alcohol consumption);

4. Possibility of follow-up regarding survival or
death through telephone contact with the
patient or their family.

Exclusion criteria were as follows: patients who did
not undergo surgery, had incomplete medical
records, were not traceable for survival/death status,
or suffered from severe unrelated chronic illnesses
(e.g., metastatic cancer or advanced organ failure)
that could bias mortality outcomes.

After applying these criteria, 227 patients out of the
initial 340 were included in the final analysis.
Sampling was performed using a census approach,
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and data were extracted from archived patient
records. Demographic variables (age, sex) and clinical
data (history of prior fracture, osteoporosis, falls,
diabetes, Parkinson’s disease, cognitive impairment,
corticosteroid use, smoking, alcohol consumption,
time interval between fracture occurrence and
surgery, and type of surgical intervention) were
collected. Additionally, treatment-related
information (medical record number, contact
number, admission date, discharge date, and other
clinical characteristics) was documented.

To determine final outcomes, follow-up telephone
calls were conducted with the patients themselves or
their family members. In the case of survival, after
obtaining verbal informed consent, supplementary
data were gathered. In the case of death, the date
and probable cause of death (if available) were
recorded based on medical documentation or family
report.

Data were entered into STATA statistical software.
Continuous variables were described as mean +
standard deviation and analyzed using Student’s t-
test. Categorical variables were presented as
frequency (percentage) and analyzed using the Chi-
square test. Logistic regression modeling was
employed to identify independent predictors of
mortality.

This study adhered to ethical principles of research,
including confidentiality of patient information and
obtaining informed consent from participants (if
alive) or their family members. The study protocol
was also approved by the Ethics Committee of
Mazandaran University of Medical Sciences.

In this study, 227 eligible patients with
intertrochanteric fracture were included in the final
analysis. Demographic characteristics showed that
58.59% of the patients were male and 41.41% were
female. The mean age of patients was 65.04 years
(x21.26), reflecting a wide age range from 25 to 99
years.

The mean interval between fracture occurrence and
surgical intervention was 4.57 days (£3.13).
Furthermore, 6.17% of patients had a history of
corticosteroid use, 5.29% had a history of falls, and
19.38% reported a prior fracture (Table 1). In
addition, 55.1% of patients underwent a surgical
procedure other than DHS fixation (Figure 1).
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Mortality Rate Following Intertrochanteric Fracture Surgery in One Year:

A Retrospective Study

(Abstract

g

Introduction: Intertrochanteric femoral fractures are common and can be associated with significant
complications and mortality. This study aimed to assess the mortality rate and related factors in patients
undergoing surgical treatment for intertrochanteric fractures.

Materials & Methods: This retrospective descriptive-analytical study included patients with intertrochanteric hip
fracture who underwent surgery between 2017 and 2018 in a teaching hospital .The demographic data were
collected from patients’ records, with specific attention to age, osteoporosis, previous fracture history, cognitive
disorders, hypertension, delay in surgery, and the type of fixation implant. Mortality status was assessed through
follow-up phone calls. Data were analyzed using STATA software and logistic regression analysis.

Results & Discussion: 227 case within one year were studied. The overall mortality rate was 16.3%. In the deceased
(p<0.05). Logistic regression revealed that advanced age, osteoporosis, previous fracture history, cognitive
disorders, history of falling, surgical delay, and type of surgery were independent predictors of mortality (p<0.05).
Conclusion: Postoperative mortality following intertrochanteric fracture surgery is influenced by a range of clinical
and modifiable factors. Timely selection of an appropriate surgical method and identification of high-risk patients
can play a significant role in improving treatment outcomes.

Keywords: Intertrochanteric fractures, Mortality, Risk factors.
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Introduction

Intertrochanteric fractures of the femur are among the most common types of
hip fractures in the elderly, particularly in patients with osteoporosis, and are
associated with a considerable rate of mortality and functional disability!?.
These fractures involve the region between the greater trochanter (the
attachment site for muscles such as the gluteus medius, gluteus minimus, and
piriformis) and the lesser trochanter (the insertion site of the iliopsoas muscle,
the primary flexor of the hip joint)®3.

The clinical significance of these fractures lies in their postoperative
complications and their impact on patients’ quality of life, particularly among
older adults. Statistics indicate that the one-year mortality rate following
surgery for intertrochanteric fractures ranges between 20% and 30%, which is
higher compared to other types of hip fractures*®. Given the increasing trend
of population aging and the high prevalence of osteoporosis, early prediction
and timely intervention in the management of these fractures play a crucial
role in reducing mortality.

Previous studies have identified multiple independent predictors of mortality
following surgery for intertrochanteric fractures, including advanced age, pre-
and postoperative activity level, type of anesthesia, presence of comorbidities,
and the time interval between the occurrence of fracture and surgical
intervention®. However, many of these prior studies have been limited by
small sample sizes, inappropriate study designs, or inadequate control of
confounding variables.
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Although hemiarthroplasty has shown advantages in
previous studies, such as shorter surgical time and
less blood loss, it may have complications like
polyethylene liner dislocation and acetabular
erosion, which in the long term may necessitate
conversion to total hip arthroplasty®33%. Evaluating
hip function during follow-up after bipolar
hemiarthroplasty is an important aspect and requires
attention. Erosion of  acetabulum after
hemiarthroplasty could be a reason for poor long-
term functional outcomes in these patients?®).

Conclusion

In the present study, the majority of individuals over
60 years old with fractures were elderly women with
a prevalence of 55%. Based on the Harris Hip Score
classification, 55.6% of individuals over 60 years old

had poor function, 33.3% had relatively good
function, and 11.1% had good function. These ratios
were 85%, 7.5%, and 7.5%, respectively, in individuals
aged 60 years or younger. None of the patients were
able to achieve an excellent functional score.
Therefore, the present study could not observe a
satisfactory functional outcome after bipolar
hemiarthroplasty among the population under
investigation in the long term. Therefore, evaluating
hip function in patients undergoing bipolar
hemiarthroplasty in the long term is an important
issue that requires further investigation. Wear of the
acetabular component following hemiarthroplasty
may be a potential cause of relatively poor long-term
outcomes in patients undergoing hemiarthroplasty.
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The first reason for the difference between the two
studies was the variation in age, 72.42 years in our
study and 67.2 years in Chhabra et al. study?®. As
observed in the present study, the Harris Hip Score
has a significant negative correlation with age.
Therefore, one reason for the higher functional
scores in Chhabra et al.'s study may be related to the
younger age of their study population.

Another difference between the two studies was the
maximum follow-up duration: Chhabra et al. followed
patients for 6 months?*, while in the present study,
patients were followed for an average of
approximately 4 years (ranging from 9 to 93 months).
The Harris Hip Score is one of the most important
tools for assessing the quality of life after femoral
neck fracture surgery, but it changes over time.
Therefore, the timing of assessment is particularly
important, especially in hemiarthroplasty cases. For
example, Zhao et al, in their meta-analysis
comparing three independent studies, concluded
that hip function peaks about one year after
surgery®,

Cadossi et al. noted that between 3 months and 3
years postoperatively, the Harris Hip Score tends to
shift in favor of total hip arthroplasty compared to
hemiarthroplasty, and the dominance of total hip
arthroplasty becomes increasingly evident® Similar
results were reported by Hedbeck et al. with
comparable follow-up duration?®. The present study
had the same results of Cadossi et al. and Hedbeck et
al.,, confirming a decline in Harris Hip Scores in
patients undergoing bipolar hemiarthroplasty over
the long term.

Avery et al. also reported a decrease in hip functional
scores in both hemiarthroplasty and total hip
arthroplasty groups between 3 and 9 years after
surgery®).

Shukla et al. has compared the functional outcomes
of bipolar prosthesis versus total hip replacement in
the treatment of femoral neck fractures in elderly
patients, all participants were over 60 years old with
a mean age of 68.3 years. The modified Harris Hip
Score in the bipolar hemiarthroplasty group was
74.68, 78.24, and 81.40 at 6, 12, and 24 months
postoperatively, respectively!?®

In a study by Sharma et al. aimed at evaluating the
results of bipolar hemiarthroplasty and total hip
arthroplasty in femoral neck fracture in patients over
60 years old, 40 patients underwent bipolar
hemiarthroplasty and were followed for one year.
Similar to the present study, where the majority of
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fractures in the over-60 group were in elderly women
with a prevalence of 55%, Sharma et al. also reported
that 55% of femoral neck fractures occurred in elderly
women. The mean age was similar to ours at 73 years
and the Harris Hip Score was 80 (67—85) after one
year follow-up'®.

In a study by Sonaje et al. comparing bipolar
arthroplasty and total hip arthroplasty, after a 24-
month follow-up, the mean modified Harris Hip Score
in the bipolar hemiarthroplasty group was 83.85 +
6.62. In this group, 7 patients (35%) achieved scores
of 91 to 100 (excellent), 9 patients (45%) had scores
between 81 and 90 (fairly good), and 4 patients (20%)
had scores between 71 and 80 (good). No patient was
classified in the poor category®?.

Regarding the differences of results between this
study and those by Sharma et al.?® and Sonaje et
al.®9, apart from differences in follow-up duration,
the prevalence of comorbidities in the studied
populations can be considered another reason. In the
present study, 22.4% of patients had comorbid
conditions, whereas Sharma et al.*® and Sonaje et
al.®9did not evaluate this aspect.

The extent to which the presence of comorbidities
affects the success rate of arthroplasty surgery was
investigated by Macaulay et al., who found that for
each additional comorbidity, the risk of mortality
increased by 4.2 times®Y),

The nutritional status and mobility level of patients
before surgery are also important factors. In the
studies by Sharma et al.?®, Shukla et al.?®, and
Chhabra et al.®, all patients were in good
ambulatory condition and were independently
performing activities of daily living prior to trauma,
which by itself may lead to higher Harris Hip Scores
postoperatively.

The study by Shah Fahad et al. compared the
functional outcomes, dislocation rates,
complications, and mortality rate between bipolar
hemiarthroplasty and total hip arthroplasty with a
dual mobility cup for displaced femoral neck fractures
in patients over 60 years old during a one-year follow-
up, 77 patients underwent bipolar hemiarthroplasty.
The mean Harris Hip Score before surgery was 71.01
(poor), which improved to 68.82 after surgery'®?,
Therefore, factors to consider when selecting a
treatment method for femoral neck fracture in
elderly patient will be age, medical status and
comorbidities, nutritional and life status, ambulatory
and cognitive function, available surgical facilities,
and socio-economic condition!?,
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6 patients (66.7%) were men and 3 (33.3%) were
women in patients under 60 years while 18 patients
(45%) were men and 22 (55%) were women in over
60 vyears. There was no statistically significant
difference between the two groups in terms of
gender distribution (p = 0.289).

The average follow-up period was 48.66 + 22.18
months for the under-60 group and 46.60 + 26.08
months for over 60 years group. This difference was
not statistically significant (p = 0.827). The mean age
in the under-60 group was 52.33 + 6.08 years, and in
the 60-and-over group, it was 72.45 + 9.50 years.
The difference of the total Harris Hip Score between
the two age groups was marginally significant (P =
0.06). This was mainly related to the functional
subcomponents of the score, while no statistically
significant differences were observed between the
groups in terms of pain, range of motion, deformity
(Table 4). Table 5 shows the classification of Harris
Hip Scores in terms of functional outcome for
individuals under 60 years and those over 60 years.
Among those over 60 vyears, 44.4% achieved
moderate to good functional improvement, whereas
only 15% of individuals under 60 years reached this
level. The majority of patients over 60 years showed
poor functional improvement. Patients over 60 years
old were divided into five follow-up duration groups:
6—12 months, 12—24 months, 25-36 months, 37-48
months, and 49-60 months. According to ANOVA
statistical testing, the mean Harris Hip Score among
these five subgroups showed no statistically
significant difference (P = 0.612).

+
+
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The goal of surgical treatment of displaced femoral
neck fractures in elderly patients is to bring them
back to their pre-injury functional status as soon as
possible, while minimizing the risk of dislocation or
the need for revision surgery. Arthroplasty is widely
supported for treatment of hip fracture in elderly
patients; however, but choosing the
hemiarthroplasty or total hip arthroplasty, remains a
topic of debate(®,

In the present study, of the 49 participating, the
difference in Harris Hip Scores between the two
groups was marginally significant (P = 0.06). Based on
Harris Hip Score classifications, 55.6% of patients
under 60 had poor function, 33.3% had fair function,
and 11.1% had good function. These proportions in
the 60-and-over group were 85%, 7.5%, and 7.5%,
respectively. None of the patients achieved an
excellent functional outcome. Therefore, this study
couldn’t find any satisfactory functional outcome
following bipolar hemiarthroplasty in patients that
was studied. Chhabra et al. in 2020, followed 30
patients over 60 vyears old with bipolar
hemiarthroplasty after intracapsular femoral neck
fractures and used the modified Harris Hip Score over
6 months. Among these 30 patients, 14 had excellent
results, 12 had good results, 1 had fair results, and 1
had poor results?”. Several reasons may explain the
differences observed between the present study and
the study by Chhabra et al.

Table 5: Classification of Harris Hip Scores by Functional Outcome in Individuals Under 60 Years and Those

Over 60 Years

Performance Classification Under 60 years (n=9) 60 years and older (n=40) p-value
Poor 5 (55.6%) 34 (85%) 0.085
Fair 3 (33.3%) 3(7.5%)
Good 1(11.1%) 3 (7.5%)
Excellent 0 0

Table 6: Mean Harris Hip Score in Five Patient Groups with Different Follow-up Durations

Follow-up Duration Number of Patients Total Harris Hip Score 95% Confidence Interval p-
(months) (n) (mean + SD) (%) value
6-12 8 43.00 £ 10.13 32.05-53.96
12-24 1 315 -
25-36 5 51.45+20.38 26.13 -76.76 0.612
37-48 4 58.80 + 44.54 14.50-67.45
49-60 22 48.01£21.95 28.38 - 57.75
( 123 ]
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Table 3: Harris Hip Score and Its Subcomponents in the Study Population

Variable Mean + SD Minimum Maximum
Pain 22.53+10.06 10 44
Limping 6.32+£0.30 0 11
Need for Assistance 6.38 £2.02 11
Function:
— Walking Distance Capable 89.21+3.21 0 11
— Climbing Stairs 1.32+0.71 0
— Putting on Socks and Shoes 2.00+1.41 0
— Sitting 2.44+1.96 0
— Using Public Transport 0.30+0.46 0 1
Total Functional Score 6.08 + 3.87 0 12
Absence of Deformity 0.40+1.22 0 4
Range of Motion (ROM):
— Hip Flexion 41.24 +10.05 30 54
— Abduction 8.85 £ 2.85 4 12
— Adduction 2.44+£0.70 1 3
— External Rotation 5.02+1.42 2 6
Total ROM Score 2.87£0.48 2.05 3.75
Total Harris Hip Score 50.51 £ 18.95 11.45 87.55

Table 4: Comparison of Mean Total Harris Hip Score and Its Subcomponents Between the Two Age

Groups: Under 60 and 60 Years or Older

Variable Under 60 years (Mean + SD) 60 years and older (Mean + SD) p-value
Pain 26.66 + 8.66 21.10+10.22 0.147
Limping 8.34+2.33 5.98 +2.87 0.023*
Need for assistance 6.66 £ 0.77 6.22 +£3.30 0.301
Function:
— Walking distance capable 8.78 +3.33 5.07 +£5.35 0.016*
— Climbing stairs 1.66 £ 0.05 1.25+0.74 0.045*
— Putting on socks and shoes 2.00+0.01 1.45+1.85 0.118
— Sitting 3.12+4.44 1.88+2.22 0.071
— Use of public transport 0.55+0.52 0.25+0.43 0.075
Total functional score 8.42 £3.33 5.38£5.57 0.043*
Absence of deformity 0 1.33+0.50 0.268
Range of Motion:
— Hip Flexion 38.33+10.47 41.90 £9.97 0.614
— Abduction 9.84+2.11 8.89 £ 2.80 0.827
— Adduction 2.77£0.44 2.37+0.74 0.133
— External Rotation 5.55+0.88 490+1.49 0.251
Total ROM score 2.78 £ 0.05 4.19 £ 0.00 0.559
Total Harris Hip Score 61.23 £15.39 29.48 £20.89 0.06
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data collected in the specially designed Persian Harris
qguestionnaire forms. The data were analyzed using
SPSS software version 20. For data analysis, the
independent t-test statistical method was used and
evaluated accordingly.

The present study, conducted to evaluate the
outcomes of bipolar hip arthroplasty, included a total
of 50 patients. During the follow-up period, one
patient was lost, so the final analysis was performed
on 49 patients. Among them, 24 patients (49%) were
male and 25 (51%) were female. In 21 patients
(42.9%), the fracture occurred in the right hip, and in
28 patients (57.1%), the fracture was on the left side.
The mean age of patients was 68.73 + 11.88 years
(40- 98 years), and the average follow-up duration
was 46.97 = 21.25 months (9- 93 months). Patients
were categorized into four groups: under 60 years,
60-69 years, 70-79 years, and over 80 years. The
majority of fractures in this study were observed in
the 60-69 years and 70-79 years old groups (Table 1).
Table 2 shows a comparison of age, affected side, and
follow-up duration between the two sexes. Although
the incidence of fractures and the age at which they
occurred were higher in women, this difference was
not statistically significant. Eleven patients (22.45%)
had underlying medical conditions. One patient
(2.04%) had asthma; one patient (2.04%) had
hypertension (HTN) and rheumatoid arthritis (RA);
one patient (2.04%) had diabetes mellitus (DM) and
hypertension (HTN); two patients (4.08%) had
hypertension alone; one patient (2.04%) had DM

Outcome of Bipolar Hip Arthroplasty ...

alone; one patient (2.04%) had dyslipidemia (DLP)
and HTN; one patient had HTN, DM, DLP, and
ischemic heart disease (IHD); one patient (2.04%) had
only IHD; and two patients (4.08%) had HTN, DM, and
Sacrofemoral Distance (SFD).

No cases of mortality, deep surgical site infection, or
prosthetic dislocation were observed among the
participants in this study. There were two cases
(4.08%) of superficial surgical site infection, both of
which were successfully treated with timely antibiotic
therapy based on culture results and sensitivity
testing, along with repeated wound dressing
changes.

The mean Harris Hip Score (HHS) was 50.51 + 18.59
(range: 18.45-87.55). No patient demonstrated
excellent function according to the HHS evaluation.
Only 4 patients (8.2%) had good function (HHS score
80-90), 6 patients (12.2%) had fair function (HHS
score 70-80), and 39 patients (79.6%) showed poor
functional improvement (HHS score <70).

Tables 3 and 4 show the mean total Harris Hip Score
and its subcomponents in the study population.

A significant negative correlation based on Pearson’s
correlation test was observed between age and the
Harris Hip Score (r = -0.379, p = 0.007). In other
words, the younger the patient, the higher the Harris
Hip Score after surgery and the better the functional
recovery. This correlation remained significant even
after controlling for the effect of follow-up duration
in @ multivariable linear regression analysis (B = -
0.353, p = 0.015). For further analysis, patients were
categorized in two groups: under 60 years and over
60 years. Nine patients (18.4%) were under 60 years
old, and 40 (81.6%) were above 60 years.

Table 1: Frequency of Femoral Neck Fracture Across Different Age Groups

Age Group Frequency Percentage (%)
<60 9 18.4
60-69 17 34.7
70-80 17 34.7
>80 6 12.2

Table 2: Comparison of Age, Affected Side, and Follow-up Duration Between Males and Females

Parameter Unit Men (n=24) Women (n=25) Total (n=49) p-value
Affected Side
— Right (count, %) 13 (54.2%) 8 (32%) 21 (42.9%) 0.117
— Left (count, %) 11 (45.8%) 17 (68%) 28 (57.1%)
Age Year 66.4 +£12.06 71.32+11.35 68.73 +11.88 0.121
Follow-up Duration Month 49.87 +24.71 44.20 + 25.87 46.97 £ 25.21 0.437

—

121

'



Masoud Shayesteh Azar et al.

Arthroplasty is a standard treatment method for
femoral neck fractures in over 60 years old patients
for early mobilization and can reduce secondary
diseases after hospitalization®?. The successful long-
term results after total hip arthroplasty (THA) have
led to an increase in the number of THA procedures
over the past three decades™® Surgeons should
always consider THA for active, young patients, when
planning surgery. Many efforts have been made to
improve and facilitate THA®4),

Nevertheless, the choice of procedure as hip
arthroplasty remains unresolved and has specific
advantages and disadvantages in different clinical
trials®>2Y. The current generation of bipolar
arthroplasties has a lower incidence of protrusio
acetabuli compared to previous methods. However,
some researchers have found that the inner bearing
surface cannot be durable, and bipolar arthroplasties
finally functionally convert to unipolar types??.

The aim of this study was to investigate the clinical
effect of bipolar arthroplasty after fracture of femoral
neck on hip joint function and evaluated the effect of
this surgical method on pain relief and activity
improvement and daily quality of life. On the other
hand, it assessed postoperative complications and
follow-up over five years after surgery.

Materials & Metho

This study was a cohort study conducted to evaluate
the outcomes of bipolar hip arthroplasty surgeries.
This study was performed both retrospectively (by
collecting data from patient records) and
prospectively through assessing patient function and
arthroplasty results. All patients who had undergone
primary bipolar hip arthroplasty surgery from the
beginning of the year 1395 (March 2016) up to the
present, at the orthopedic departments of two
teaching hospitals affiliated with Babol and
Mazandaran Universities of Medical Sciences were
included in this study.

Thus, the sample size included all operated patients.
For patients from previous years, data were
necessarily obtained from their medical records. The
Harris Hip Score forms were completed for these
patients either during outpatient visits or after
contacting and inviting them back to the clinic for
evaluation. Due to concerns about prosthesis
subsidence, pelvic radiographs were performed, and
the results were compared with initial radiographs.
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The present study was conducted in accordance with
the Helsinki Declaration guidelines. The informed
consent was obtained from all patients. The study
protocol was approved by the Ethics Committee of
Mazandaran University of Medical Sciences with the
code 8749.1400.IR.MAZUMS.IMAMHOSPITAL.REC.
Individuals whose surgery had been performed at
least one year prior and exclusively at the two
aforementioned centers were included in the study.
Patients who underwent a second or multiple
surgeries for any reason, as well as those whose
evaluations were incomplete for any reason, were
excluded from the study.

Study Tool

In this study, the Harris Hip Score (HHS) system was
used as the study tool. The HHS is a measure for
assessing functional impairment and the higher score
shows the better outcome. The maximum score is
100. The results can be interpreted as follows:

<70 = poor result

e 70-80 = fair
e 80-90 = good
e 90-100 = excellent
In the Harris assessment method, several

components are evaluated, including:

1. Pain level after surgery
Degree of limping
Walking distance
Ability to climb stairs
Ability to put on socks and shoes
Amount and type of support or use of walking
aids
In addition, the range of hip motion was also
measured as part of the surgeon-focused section.
Each criterion is scored individually, and the total sum
is used as the Harris Hip Score in statistical analysis.
In this study, the Persian version of the Harris Hip
Score, adapted by the Iranian Orthopedic
Association, was used. The score of each question
was recorded and subjected to statistical analysis.

ok wN

Statistical Analysis

After extracting the necessary information from
patients’ medical records, demographic classification
was performed regarding age distribution, gender,
operated side, disease cause, and possible
complications during hospitalization and up to one-
year post-surgery. Ultimately, patient satisfaction
was measured using the Harris criteria, recorded via

]
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Outcome of Bipolar Hip Arthroplasty in Femoral-Neck Fracture
(Medium-Term Result)

Cbstract \

Introduction: Arthroplasty as a treatment option for femoral neck fracture in elderly people has been widely
supported although the type of arthroplasty is debatable. This study was conducted to evaluate the functional
outcome of bipolar hemiarthroplasty (BHA).

Materials & Methods: 49 patients with femoral neck fracture who were operated with BHA within 5 years were
included in the study. The clinical, radiographic, and functional results, using modified Harris-Hip score (HHS), were
evaluated with a follow-up of 47 months.

Results & Discussion: 49 patients, - 66.7% men and 33.3% women, with 9 patients (18.4%) below 60 and 40 (81.6%)
over 60 years old were studied. The average follow-up period was 48.66 months in people below 60 years and
46.60 months in over 60 years patients. The difference in the average HHS between the two groups was marginally
significant (p=0.06). In the performance section of HHS, 55.6% showed poor performance, 33.3% relatively good
performance and 11.1% good performance in people below 60- years group. These scores for over 60- years group
were 85%, 7.5% and 7.5% in respectively.

Conclusion: The present study could not observe a satisfactory functional outcome after BHA in below or over 60-
years population in this medium-term study. Therefore, evaluating the hip function after BHA in the long term and
the cause for poor function is needed to be investigated. Slow erosion of the acetabulum following BHA can be a
possible reason, lowering performance which requires in-depth investigation in long term studies.

Keywords: Femoral neck fractures, Hemiarthroplasty, Outcome assessment.
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Introduction
Iran.

2. Department of Social Medicine, Femoral neck fractures are disabling injuries that usually affect the elderly
T R L i e ul people due to poor bone quality®™) and this is considered a challenge for
:ﬂ;‘:}"'e“ity Sl [ calthcare systems and society . Effective treatment has led to increased life
expectancy, which has risen every decade!”). Osteoporosis is more common in
the elderly female. Despite the nature of these fractures, there remain
surprising differences in treatment outcomes for these patients. These
fractures have always posed major challenges for orthopedic surgeons.
These patients also commonly suffer from multiple comorbidities such as
hypertension, heart problems, diabetes, and dementia. Along with prolonged
immobility due to the fracture, this leads to increased complications and
mortality. Therefore, timely surgery for these fractures is essential®
Rehabilitation and returning the patient to normal life after surgery also
require a structured and targeted program. Hence, evaluating joint
replacement outcomes according to international standards is felt to be
necessary®.
The choice of type and size of implants may also be influenced by hereditary
and racial characteristics of bones and joints, which may subsequently affect
long-term joint replacement outcomes. On the other hand, better
understanding of strengths and weaknesses as well as the potential
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