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2010;187:295-8. doi: 10.1016/j.cbi.2010.01.005. PubMed PMID: 20060815; PubMed Central PMCID:
PMC2998607.
eJavan S, Tabesh M. Action of carbon dioxide on pulmonary vasoconstriction. J Appl Physiol. In press 2005
Complete Book:
¢ Guyton AC: Textbook of Medical Physiology. 8th ed. Philadelphia, PA, Saunders, 1996.
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e Young VR. The role of skeletal muscle in the regulation of protein metabolism. In Munro HN, editor:
Mammalian protein metabolism. Vol 4. San Diego; Academic; 1970. p. 585-674.
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biological augmentation for complex upper limb
reconstruction.
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Figure 3: Final Surgery a: X-ray (lateral view) b: X-ray

(AP view)

The biological strategy for radial reconstruction
leveraged the induced membrane technique,”” which
generated a vascularized environment conducive to
graft incorporation. Our use of tricortical iliac
autograft differs significantly from Davis et al.'s bulk
allograft method,® where 57% of patients required
secondary procedures for union. The autograft's
osteogenic properties likely contributed to our first-
attempt union, avoiding allograft incorporation
failures. Moreover, avoiding external fixation—as
used in Ebied et al.'s Ilizarov protocol®—precluded
pin-site  complications and enabled earlier
rehabilitation.

Comparative analysis reveals critical advantages over
alternative approaches. Regarding infection control,
our protocol achieved definitive eradication without
recurrence, mirroring Dhar et al's Masquelet
outcomes® but surpassing Prasarn et al's open
grafting technique,? which reported reinfection in
diaphyseal defects. Comparing functional outcomes,
our patient regained about 90% of range of motion,
exceeding the rotational recovery in Ilizarov cohorts®
and approaching the plating results in Regan et al.'s
non-infected  series.”)  Considering  technical
efficiency, the immediate ulnar fixation reduced total
treatment time compared to dual-bone staging,
aligning with Hoit et al's emphasis on early
mechanical stability in infected nonunions.!?)

Notably, the success in this diabetic patient—a
population at high risk for impaired healing!)—
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underscores the technique's biological efficacy.
However, limitations warrant acknowledgment. As
Steinmetz et al. emphasiz, !V

Figure 4: (a) functional outcome. (b) pronation

Infection management requires culture-directed
antibiotics, yet our interim regimen followed standard
protocols rather than pathogen-specific data.
Additionally, while tricortical grafting sufficed for
this defect, larger segmental losses might necessitate
vascularized grafts as in Davis et al.'s series.®

Conclusion

This case demonstrates that staged management of
infected both-bone forearm nonunion—combining
initial ulnar plating with delayed radial reconstruction
via the Masquelet technique and tricortical iliac
autograft—represents a viable alternative to
conventional methods. The protocol achieved
definitive infection eradication, radiographic union,
and restoration of approximately 90% of the
contralateral limb's functional range of motion. While
the approach proved successful in this diabetic patient
with prior failed surgeries, its efficacy warrants further
validation in larger cohorts. Nevertheless, it offers a
strategic balance of mechanical stabilization and
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Case Presentation

A 49-year-old woman with chronic diabetes presented
to our clinic with recurrent infection and persistent
wound drainage following two prior surgeries for an
open both-bone forearm fracture. Her initial injury
resulted in fractures of distal radius and ulna (figure
1), and after undergoing primary fixation elsewhere
(figure 2), she developed infectious nonunion
requiring revision surgery, which failed to resolve the
infection. Upon presentation, severe purulent
discharge was observed from the wound site, and
radiographic evaluation confirmed infected nonunion
with retained hardware involving both forearm bones.
Under the orthopedic team's care, the patient
underwent surgical debridement with removal of all
previous hardware, followed by extensive irrigation
and debridement. Forty-eight hours postoperatively,
repeat irrigation and debridement were performed,
after which antibiotic-impregnated bone cement was
placed in the radial defect while the ulna, which
demonstrated a clean wound bed, was stabilized with
plate fixation. The patient then received culture-
directed intravenous antibiotics for two weeks
followed by four weeks of oral antibiotics as
prescribed by the infectious disease specialist.

Figure 1: Pre- Operative Radiographic Findings

Demonstrate Fractures of The Distal Radius and Ulna

Two weeks after cement placement, the antibiotic
spacer was removed during the second-stage surgery,
and a tricortical bone graft was harvested from the
iliac crest and contoured to fit the radial defect. This
graft was secured with three screws, and the
surrounding defect was filled with autogenous

(
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cancellous bone harvested from the same iliac site
(figure 3). Postoperatively, a long arm cast was
maintained for eight weeks, after which supervised
physiotherapy was initiated to restore range of motion.

Figure 2: Images Demonstrating the Internal Plate and

Screws Placed During the Initial Surgery

At final follow-up, radiographic union was confirmed
(figure 4) and the patient achieved approximately 90%
range of motion compared to the contralateral forearm
(figure 4), with no complications reported at the iliac
graft donor site.

Infected nonunion of both forearm bones represents a
formidable clinical challenge, compounded by the
complex biomechanics of the forearm as an integrated
functional unit involving the elbow, wrist, and
interosseous membrane.® ” This case illustrates how
a staged protocol—combining immediate ulnar
plating with radial Masquelet reconstruction—can
simultaneously address infection eradication and
functional restoration. The rationale for differential
management of the two bones merits careful
consideration. By plating the ulna during initial
debridement, we achieved immediate stability in a
bone with viable soft tissue, while the radial defect
was contained within an antibiotic cement spacer. This
approach aligns with Richards' principle of treating
the forearm as a kinetic chain,V where stabilizing one
bone preserves functional anatomy during the
infection-control phase.

)
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Management of Infected Both-Bone Forearm Nonunion with Ulnar Plating and

Radial Onlay Bone Graft
(A Case Report)

(Abstract \

Infected nonunion of both forearm bones presents significant therapeutic challenges. Conventional methods often
involve prolonged stabilization or complex grafting techniques with variable functional outcomes. A 49-year-old
diabetic female presented with purulent drainage and failed union after two prior surgeries for open forearm fractures.
Radiographs confirmed infected nonunion with retained hardware. A staged protocol was performed as such: (1)
Radical debridement, ulnar plating, and antibiotic-cement spacer placement in the radial defect; (2) After interim
antibiotics, spacer wasremoved and radius reconstructed with tricortical iliac crest autograft, fixed with screws, and
augmented by cancellous grafting. At 24-week follow-up, radiographic union was achieved with no infection
recurrence. Approximately 90% of contralateral forearm range of motion was restored, with no donor site
complication. This approach—combining immediate ulnar stabilization with staged radial reconstruction using the
Masquelet technique—effectively resolved infection and restored function in complex both-bone nonunion. It
represents a strategic balance of mechanical and biological principles for challenging upper limb reconstruction.
Keywords: Ununited Fractures, Osteomyelitis, Radius Fractures, Ulna Fractures
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Introduction

Nonunion of the forearm presents a complex and debilitating challenge in
S RGBSR GBS oyl orthopedic trauma surgery, significantly impairing upper limb function. Infected

2. Department of Operating Room,

Shiraz  University of Medical

Sciences nonunion—yparticularly involving both bones radius and ulna—further

complicates management due to the dual burden of mechanical instability and
persistent infection.!)” This condition remains relatively rare yet impacts
patients' quality of life, occupational capacity, and healthcare resource
utilization.®

Current strategies often involve staged protocols. Prasarn et al. addressed
segmental defects with open iliac crest bone grafting and secondary wound
healing, requiring prolonged intravenous antibiotics.® Ebied et al. employed the
Ilizarov external fixator with bone grafting after initial debridement,® while
Dhar et al. utilized the Masquelet ("induced membrane") technique with
antibiotic cement spacers and delayed autografting. Although these methods
achieve union, limitations persist—including prolonged external fixation,
donor-site morbidity, inconsistent functional recovery, and the need for multiple
surgeries.

The forearm functions as a kinematic unit integrating the elbow, wrist, and
interosseous membrane.: > Successful reconstruction thus demands not only
eradication of infection and bone healing but also restoration of rotational
stability and adjacent joint mobility. No consensus exists on the optimal
approach for both-bone infected nonunions with segmental defects, where
simultaneous mechanical stability and biological reconstruction are critical.
We present a modification of the Masquelet technique for infected both-bone
Corresponding Author: nonunion: immediate ulnar plating combined with radius reconstruction using

Seiied H in Heidari, MD . . o . .
E‘:ll’ll:il: ossemn Heldart antibiotic cement spacer followed by later tricortical iliac onlay grafting. This

e ST ST YT eI Rl 2pproach aims to provide immediate stability to one bone while leveraging the
om induced membrane biology for the other bone, potentially optimizing functional

outcomes.
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biomechanical changes in the lower limbs and spine,
may be associated with increased intensity and
persistence of NSCLBP.?% 20 The major changes
include increased internal rotation of the knee and
pelvis, reduced shock-absorbing capacity in the foot,
and transmission of excess forces to the lumbar facet
joints.'® These findings align with studies such as
Farahpour et al. (2018), which demonstrated that
individuals with excessive pronation experience
significant kinematic changes in gait that are
associated with more severe low back pain.'?
Similarly, Sana et al. (2018) reported that in a large
sample (n=200), individuals with pes planus had
significantly higher scores on the VAS scale
(p<0.01).1»

From a biomechanical perspective, pes planus alters
lower limb movement patterns, which directly affect
spinal mechanics."'> Loss of the medial longitudinal
arch of the foot leads to increased pronation and
internal rotation of the knee, which may, in turn,
increase lumbar curvature.'® Dernival et al. (2013)
reported that such changes impose additional load on
the intervertebral discs, potentially resulting in pain
and functional disability.'® Similar findings were
reported by Hylton et al. (2013), who showed that
changes in foot function during walking could
increase spinal loading in women, although this
relationship was not clearly observed in men. This
raises the possibility that sex-based differences in
biomechanical structure may influence the
association.'¥

Despite strong evidence, some studies, such as James
et al. (2007) and Balasundaram et al. (2017), failed to
identify a significant relationship between pes planus
and low back pain severity. These inconsistencies may
be due to differences in assessment tools, sample
populations, or the presence of confounding variables
such as body mass index (BMI), age, and physical
activity level. For instance, studies examining
individuals with lower BMI or higher levels of
physical activity reported weaker associations.® ' In
contrast, a study by Almutairi et al. (2021) found that
individuals with pes planus engaged in standing
occupations or heavy physical work were more likely
to experience low back pain (OR=1.9, 95% CI: 1.3—
2.7). These findings underscore the importance of
controlling for confounding variables in study
design.(®

From a functional standpoint, pes planus can
negatively affect quality of life and daily activities.
Results from the Oswestry Disability Index (ODI)
questionnaire indicated that patients with pes planus
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experience higher levels of functional disability.
Specifically, a study by Amoozadeh et al. (2015)
reported that the mean ODI score in the pes planus
group was significantly higher than in the control
group (34.5£6.2 vs. 21.8£5.4; p<0.001). These
findings reflect the negative impact of pes planus on
activities such as walking, prolonged sitting, and
lifting objects.'” However, some studies, such as
Prakash et al. (2019), did not find significant
differences in functional disability severity, which
may be attributed to variations in assessment tools or
study populations.¥

Given the existing inconsistencies, future studies
should adopt longitudinal designs, use larger sample
sizes, and more rigorously control for confounding
variables. Employing advanced methods such as
three-dimensional motion analysis and plantar
pressure measurement could provide more accurate
insights into biomechanical mechanisms.
Furthermore, investigating sex-based differences and
the effect of age on biomechanical changes caused by
pes planus may help identify high-risk groups.?” The
limitations of this study include publication bias,
variations in the design of the reviewed studies, and a
lack of longitudinal data. Additionally, heterogeneity
in foot and back pain assessment tools makes direct
comparison of results difficult. To address these
limitations, the use of standardized tools and objective
evaluations is recommended for future research.

Conclusion

The findings of this study underscore the importance
of thorough assessment of foot posture in patients with
chronic low back pain. This review suggests that pes
planus may be associated with increased severity and
persistence of non-specific chronic low back pain,
although this relationship has not been consistently
confirmed across all studies. Conducting studies with
more rigorous designs and utilizing advanced
assessment methods may help clarify this association
and contribute to the development of effective
therapeutic and preventive strategies.
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Out of a total of 739 articles identified in the initial
search, after removing duplicates, screening titles and
abstracts, and reviewing full texts, 11 studies met the
inclusion and exclusion criteria for this systematic
review. These studies encompassed various research
designs, including randomized controlled trials
(RCTs), cohort studies, case-control studies, and
cross-sectional studies, and involved a total of 4,669
participants (2,406 men and 2,263 women), ranging in
age from 16 to 92 years. The methodological quality
of the studies was assessed using the PEDro and
Newecastle-Ottawa (NOS) scales and was found to be
high.@!-22)

Association Between Flat Feet and the Severity of
Non-Specific Chronic Low Back Pain

The analysis of data from the included studies
revealed that 7 studies (58.3%) reported a significant
association between flat feet and increased severity of
non-specific chronic low back pain.®¥

For instance, the study by Sana et al. (2018),
conducted on 200 participants, showed that
individuals with flat feet experienced significantly
more low back pain than the control group (p<0.01).
In this study, the mean VAS scores in the flat-footed
group were on average 2.5 units higher than those in
the group without this abnormality.?¥ Similarly,
Farahpour et al. (2018), in their study of 45 male
participants with excessive foot pronation, reported
that low back pain severity was significantly higher in
this group (p<0.05) and was associated with
biomechanical alterations in the lower limbs.'” The
study by Amoozadeh et al. (2015) also confirmed that
flat feet and reduced medial longitudinal arch height
are independent risk factors for chronic low back pain
in men.”

In contrast, 5 studies (41.7%), including those by
James et al. (2007) and Balasundaram et al. (2018), did
not report a significant association between flat feet
and low back pain severity.® !V James et al. noted that
flat feet alone were not a predictive factor for
mechanical low back pain (p=0.27) and suggested that
the relationship might be influenced by variables such
as age, body mass index (BMI), and physical activity
level.(!D

Biomechanical Changes Caused by Flat Feet and
Their Impact on the Spine

Several studies have suggested that flat feet lead to
alterations in the movement patterns of the lower
limbs and spine.">'® In 6 studies (50%), including the

§
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study by Dernival et al. (2013), it was found that the
loss of the medial longitudinal arch results in
increased internal rotation of the knee, internal
rotation of the pelvis, and an increase in lumbar
lordosis. These changes place additional stress on the
lumbar facet joints and intervertebral discs,
contributing to the development of chronic low back
pain.(®

The study by Farahpour et al. (2018) demonstrated that
individuals with excessive pronation experience reduced
strength in the knee extensors and increased activation of
the hamstring muscles (p<0.01). These biomechanical
changes reduce shock absorption in the foot and transfer
greater mechanical load to the spine.!?

Impact of Demographic and Lifestyle Factors on
the Flat Foot—Low Back Pain Relationship

Analysis of the studies identified variables such as
age, sex, BMI, and occupation type as moderators in
the relationship between flat feet and back pain. The
study by Sana et al. (2018) found that women and
individuals with higher BMI were more likely to
experience back pain in the presence of flat feet
(OR=1.9, 95% CI: 1.3-2.7).!"¥) Similarly, Almutairi et
al. (2021) in Saudi Arabia reported that people with
standing occupations or physically demanding work
were at higher risk for back pain if they had flat feet.
This study also emphasized the influence of age and
gender in increasing the likelihood of low back pain
among individuals with flat feet.(!>

Functional Outcomes and Quality of Life in
Patients with Flat Feet

Findings based on the Oswestry Disability Index
(ODI) and the Visual Analog Scale (VAS) suggest that
flat feet may affect physical functioning and quality of
life in affected individuals. Amoozadeh et al. (2015)
reported that individuals with flat feet had a higher
mean ODI score (mean: 34.5+6.2), indicating greater
functional disability compared to the control group
(21.8+5.4) (p<0.001)."” While some studies, such as
that by Prakash et al. (2019), did not find a statistically
significant difference in the severity of functional
disability (p=0.08), individuals with second-degree
pronation reported greater functional limitations in
daily activities.!¥

The present study was conducted with the aim of
systematically examining the relationship between pes
planus and non-specific chronic low back pain
(NSCLBP). The results of this systematic review
indicated that pes planus, through inducing
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Table 2: A summary of the study procedures (continuous)
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Table 1: Quality assessment of articles based on the Newcastle-Ottawa Scale (NOS)

Score Outcome evaluation Groups compared Participants Name-Year
Nader Farahpour et al., 2018 3 2 2 7
Arun Prasad Balasundaram et al., 2018 2 2 7
Amar Prakash et al., 2019 3 2 2 7
Barutcu et al., 2024 3 2 2 7
Sana Fatima et al., 2018 3 2 2 7
Dernival Bertoncello et al., 2013 3 2 2 7
Hylton B. Menz et al., 2013 3 2 2 7
Hossam El-Din et al., 2019 3 2 2 7
Adel F. Almutairi et al., 2021 3 2 2 7
Farzad Amoozadeh et al., 2015 3 2 2 7

Table 2: A summary of the study procedures

Author-Year Country Participants Objective Assessment Method Main Findings
(Sex, Age)
To examine the | Questionnaire, foot | High prevalence of
200 (Male: 70, . . .
Sana et al. . . relationship between pes | mechanics low back and knee
(13 Pakistan | Female: 130), . . .
(2018) Age: 22-36 planus, knee pain, and | assessment, statistical | pain among adults
¢ low back pain in adults | analysis with flat feet
To investigate whether Navicular drop. heel Flat feet do not appear
James et al UK 58, both sexes, | flat feet are a risk factor eversion I;; sical to be a risk factor for
(2007)11D Age: 16-70 for mechanical low back on, - phy MLBP in the studied
. examination .
pain (MLBP) population
To determine whether Hyperpronated feet do
hyperpronated feet | Oswestry .
Arun et al. 71, both sexes, Lo . . . not influence
) NA e affect disability severity | questionnaire, N I
(2018) Age: 20-30 . . . . disability severity in
in patients with | navicular drop test NSCLBP paticnts
NSCLBP P
To assess the association | Oswestry  Disability le(;ociation mgmﬁ;ﬁﬁ
Amar et al NA 50, both sexes, | between foot pronation | Index (ODI), between  deerce  of
(2019)19 Age: 20-50 and disability related to | navicular drop test . &
low back pain (NDT) prona'tl'on . and
disability severity
Adel et al. Flat feet significantly
(2021)15 To examine the link associated with both
Saudi NA, Female, | between flat feet and NA acute and chronic low
Arabia Age: NA low back pain in back pain, especially
different subgroups in women and older
participants
| To explore the o
Dernival et al. . 18, o Fer.nale. relationship among foot 'POdlatI’IC. [Finding not provided
(16) Brazil 100%, Age: 24— interventions and | . .
(2013) arch, lumbar curvature, ) in original text]
36 . orthotics
and back pain in women
To investigate  the
Amoozadeh ot al 100, Male: | relationship between flat Significant correlation
01 5)2(17) | NA 100%, Age: 18— | feet and chronic | Navicular drop test found between flat
60 mechanical low back feet and low back pain
pain
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Identification Records
identified through
database searching
(n=739):

e Google Scholar=238

e  PubMed=131

e  Scopus=59

e  Embase=167

e  Medline=144

Records removed
before screening:
Duplicates removed (n=615)

Automatically excluded by
quality (n=57)
e Other exclusions (n=28)

Screened records (n=39)

Reports  assessed  for
retrieval (n=16)

Reports  assessed  for
eligibility (n=11)

Included Studies included
in the review (n=11)

Records removed before screening:

e Duplicates removed (n=615)

e  Automatically excluded by
tools due to irrelevance or
quality (n=57)

e Other exclusions (n=28)

Reports excluded:

e (Case study (n=1)
e  Non-English language (n=1)
e  Review articles (n=3)

Figure 1: Identification of studies through databases and registered indices
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selected articles were manually reviewed to ensure the
identification of all relevant studies.

Inclusion and Exclusion Criteria
Inclusion Criteria:

- Studies examining the association between flat feet
or excessive pronation and NSCLBP.

Various study designs including randomized
controlled trials (RCTs), cohort studies, case-control
studies, and cross-sectional studies.

- Use of valid biomechanical assessment methods,
imaging techniques (such as MRI or X-ray), or
standard clinical tools to assess foot condition.

- Articles published in peer-reviewed scientific
journals.

Exclusion Criteria:

- Studies focusing on specific types of back pain (e.g.,
intervertebral disc herniation, spinal stenosis,
vertebral fractures).

- Studies lacking standardized criteria for assessing
foot condition or biomechanical alterations.

- Review articles, case reports, letters to the editor, and
conference abstracts.

- Studies with insufficient information on the sample
population or methodology.

Study Selection Process

Two independent researchers conducted the study
selection in two stages:

1. Title and Abstract Screening: Articles clearly
unrelated to the study topic were excluded.

2. Full-Text Review: Remaining articles were
thoroughly reviewed to ensure compliance with the
inclusion and exclusion criteria.

Discrepancies between the two researchers were
resolved through discussion or consultation with a
third researcher if necessary. The study selection

—
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process was documented using the PRISMA flow
diagram.

Quality Assessment of Studies

To evaluate the methodological quality of the studies
included in the review, validated tools were employed.
The PEDro scale (Physiotherapy Evidence Database)
was used to assess the quality of randomized
controlled trials (RCTs). This scale consists of 11
items that evaluate aspects such as randomization,
assessor blinding, data completeness, and statistical
analysis. For cohort and case-control studies, the
Newecastle-Ottawa Scale (NOS) was used. This tool
assesses three key domains: participant selection,
group comparability, and outcome assessment.
Studies that scored 6 or higher on the PEDro scale and
7 stars or more on the NOS were considered high-
quality studies.

Data Extraction

The data extraction process was conducted by two
independent researchers following a predefined
template. The following key information was
extracted from each study:

- Study characteristics: authors, year of publication,
country where the study was conducted.

- Sample population characteristics: sample size,
mean age, gender distribution, and body mass index
(BMD).

- Assessment methods: tools and techniques used to

evaluate flat feet (including biomechanical
instruments, imaging modalities, and clinical
assessments).

- Biomechanical outcomes: alterations in gait pattern,
degree of lumbar curvature.

- Clinical outcomes: severity of low back pain
(measured using scales such as the Visual Analog
Scale-VAS), functional limitations (assessed by
instruments such as the Oswestry Disability Index—
ODI), and navicular drop.

The extracted data were entered into standardized
tables and cross-checked by both researchers to ensure
consistency and accuracy.
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One of the most prominent biomechanical
abnormalities attracting considerable attention is flat
feet (Pes Planus) and excessive pronation.® The foot,
as the body’s foundational base, plays a key role in
maintaining balance, absorbing ground reaction
forces, and transmitting these forces upward to the
knee, hip, and spinal joints.® Normally, the medial
longitudinal arch functions as a shock absorber,
ensuring even distribution of mechanical forces.®
However, in individuals with flat feet, this mechanism
is significantly impaired. The loss of the foot's arch
can alter gait patterns, increase mechanical stress on
upper body structures—especially the lumbar spine—
and thereby heighten the risk of developing chronic
low back pain.”

Various studies have shown that reduced arch height
and increased pronation lead to excessive internal
rotation of the knee and hip. These changes in
movement patterns can disrupt spinal alignment and
increase localized pressure on vertebrac and
intervertebral discs. For instance, increased lumbar
lordosis and stress on the lumbar facet joints are
among the biomechanical outcomes implicated as
potential mechanisms in the development of chronic
low back pain.® ® In a study by Farahpour et al.
(2018), individuals with excessive pronation exhibited
significant changes in gait kinematics, increased
internal rotation of the knee and hip, and reduced
motor control. These changes were directly correlated
with the severity and persistence of low back pain.?

However, findings in this field have not always been
consistent. Some studies failed to identify a significant
association between flat feet and chronic low back
pain, suggesting that the relationship might be
influenced by other confounding variables such as
core muscle weakness, body mass index (BMI),
physical activity level, and even occupational type.
For example, individuals engaged in standing jobs or
heavy physical activities may be at greater risk of back
pain, even without having flat feet.!"> ' These
discrepancies highlight the complex relationship
between foot biomechanical abnormalities and
chronic low back pain and underscore the need for
more comprehensive and precise studies.

Given the high prevalence of NSCLBP and its
detrimental impact on daily life, identifying and
correcting relevant biomechanical factors could play a
crucial role in its prevention and management. The
present study aims to fill existing gaps in the scientific
literature by systematically examining the relationship
between flat feet and NSCLBP. The primary objective

\
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of this research is to provide a comprehensive analysis
of the contributing biomechanical mechanisms,
explore inconsistencies in previous studies, and
propose practical recommendations for improving
therapeutic and preventive strategies. By illuminating
the hidden aspects of this relationship, this study seeks
to enhance diagnostic and treatment approaches and
ultimately improve the quality of life for individuals
suffering from NSCLBP.

Research Method

This systematic review was conducted in accordance
with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines,
which aim to ensure transparency, precision, and
reproducibility of results. Prior to initiating the search
and analysis process, the study protocol was designed
and registered to avoid selection and analysis bias.
The PICO framework was employed in developing the
research question and determining inclusion and
exclusion criteria.

PICO Framework

Population: Adults (18 years and older) diagnosed
with Non-Specific Chronic Low Back Pain
(NSCLBP).

Intervention: Presence of flat feet (Pes Planus) or
excessive pronation.

Comparison: Individuals without structural foot
abnormalities (normal feet).

Outcome: Pain severity, biomechanical changes in
the spine, functional limitations, and impact on quality
of life.

Search Strategy

A comprehensive and systematic search was
conducted in the following databases: PubMed,
Scopus, Embase, Medline (via Ovid), and Google
Scholar (for identifying grey literature and lesser-
known studies). The search covered publications from
January 2004 to January 2025 and was limited to
English-language  articles. ~To enhance the
thoroughness of the search, standard subject terms
(MeSH Terms) and logical operators (AND, OR) were
used. The search query was structured as follows:
("Low Back Pain" OR "Chronic Low Back Pain" OR
"Non-Specific Low Back Pain") AND ("Flat Foot"
OR "Pes Planus" OR "Excessive Pronation" OR "Foot
Biomechanics") Additionally, the reference lists of
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Effect of Transcutaneous Electrical Nerve Stimulation on Knee Osteoarthritis
Symptoms
(A Systematic Review and Meta-analysis)

(Abstract \

Non-specific chronic low back pain (NSCLBP) is a leading cause of disability and reduced quality of life, with
multiple biomechanical factors contributing to its pathophysiology. Flatfoot (Pes Planus), as a structural
abnormality, may play a role in the onset or exacerbation of this condition by altering the distribution of mechanical
forces, increasing spinal stress, and inducing movement instability. This systematic review evaluates the existing
evidence regarding the relationship between flatfoot and NSCLBP. This study was conducted following the
PRISMA guidelines. Articles published between 2004 and 2025 were searched in PubMed, Scopus, Medline,
Embase, and Google Scholar using MeSH Terms. Studies were selected based on predefined inclusion and exclusion
criteria, and their methodological quality was assessed using the Newcastle-Ottawa Scale (NOS) for cohort and
case-control studies and the PEDro scale for randomized controlled trials (RCTs). A total of 11 eligible studies were
analyzed. Findings suggested that flatfoot may contribute to increased severity and persistence of chronic low back
pain by inducing kinematic alterations in the lower limb by increasing internal rotation of the knee and hip, and
affecting spinal biomechanics. However, some studies did not confirm this association definitively. Flatfoot may be
considered a potential risk factor for NSCLBP., by altered mechanical force distribution and movement patterns
leading to increased lumbar stress. Further studies employing advanced biomechanical assessment methods are
required to better understand this relationship and develop targeted interventions.

Keywords: Low Back Pain, Flatfoot, Biomechanics, Systematic Review
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Introduction

Non-Specific Chronic Low Back Pain (NSCLBP) refers to pain that persists for
more than 12 weeks, lacks a specific origin (such as disc herniation, spinal canal
stenosis, or infection), and cannot be attributed to any clear structural damage.
This type of low back pain is generally associated with biomechanical,
psychosocial, or lifestyle factors,) and is considered one of the most prevalent
and disabling musculoskeletal disorders, significantly affecting individuals'
quality of life and the socio-economic productivity of societies. Estimates
indicate that over 80% of people will experience this kind of back pain at least
once during their lifetime. This condition not only reduces physical and
functional capabilities but is also a leading cause of medical visits, work
absenteeism, and increasing healthcare costs globally. The World Health
Organization (WHO) recognizes low back pain as one of the major contributors
to disability and decreased productivity in both industrialized and developing
nations.:?

Unlike specific low back pain, which has identifiable causes such as
intervertebral disc herniation, spinal stenosis, or vertebral fractures, NSCLBP
lacks a clear anatomical or pathological basis, making its diagnosis and
treatment more challenging. Various factors—such as biomechanical
alterations, movement disorders, muscle imbalances, psychological conditions
like stress and anxiety, and sedentary lifestyles—can contribute to the onset and
persistence of this type of back pain. Among these, biomechanical factors,
particularly changes in lower limb structure, have been highlighted as influential
elements in several studies.®
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Complications following TKA with correction of
extra-articular deformities can be more frequent and
severe compared to standard TKA. These may
include:

- Infection: The risk of infection may be increased due
to longer operative times and more extensive soft
tissue dissection.®* 39

- Instability: Achieving proper soft tissue balance can
be challenging in the presence of extra-articular
deformities, potentially leading to instability.% %2

- Periprosthetic fracture: Patients with poor bone
quality or those undergoing simultaneous osteotomy
may be at increased risk of periprosthetic fracture.®
67)

- Neurovascular injuries: Correction of severe
deformities can put neurovascular structures at risk,
particularly in cases of long-standing valgus
deformities where the peroneal nerve may be
vulnerable. © 689

- Implant failure: Suboptimal implant positioning or
persistent abnormal biomechanical forces may lead to
early implant loosening or failure.® 4%

- Recurrence of deformity: In some cases, particularly
with incomplete correction or in patients with
underlying metabolic bone diseases, there may be a
risk of deformity recurrence over time.> 7%

Careful preoperative planning, meticulous surgical
technique, and vigilant postoperative management are
essential to minimize these risks and optimize
outcomes.

Future Directions in T

Articular Deformities

The field of TKA for extra-articular deformities is
evolving rapidly with advancements in surgical
techniques and technologies. One promising
development is the continued integration of kinematic
alignment approaches, which seek to restore the
patient’s native knee kinematics rather than simply
aiming for standard mechanical alignment. These
methods may improve functional outcomes,
particularly in patients with complex deformities.

Further research into the use of 3D modeling and
patient-specific instrumentation for preoperative
planning could lead to more personalized surgical
approaches, optimizing the alignment and reducing
complications. Additionally, the role of artificial
intelligence (AI) in surgery is expanding. Al
algorithms may assist in preoperative planning by
analyzing large datasets, predicting surgical
outcomes, and refining the accuracy of implant
positioning. 7Y These advances hold promise for
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reducing surgical errors and improving long-term
outcomes.

The management of extra-articular deformities in
TKA requires careful planning, advanced imaging,
and a multidisciplinary approach. Proper preoperative
evaluation using full-length radiographs and other
imaging techniques helps determine the appropriate
surgical approach. Surgeons must be prepared to
perform intra-articular corrections or extra-articular
osteotomies based on the severity and location of the
deformities. Advances in technology, such as
computer-assisted navigation and robotic systems,
have the potential to improve surgical precision and
outcomes, although their implementation is currently
limited by cost and training requirements.
Postoperative complications, including residual
malalignment, ligament imbalance, and nerve injury,
must be carefully managed. Preventive measures, such
as preoperative neurovascular assessments and
infection controls, are essential to minimize risks. As
the field continues to evolve, new innovations in
personalized implants and Al-driven preoperative
planning may further enhance the management of
extra-articular deformities in TKA, ultimately leading
to better patient outcomes.
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the more distal segments.“*”) However, the specific

approach should be tailored to each patient's unique
anatomy and functional needs.®”)

In cases of multi-planar deformities, the use of
hexapod external fixators for gradual correction prior
to TKA may be considered. This approach allows for
precise correction of complex deformities and can be
particularly useful in cases where acute correction
would put neurovascular structures at risk.*¥

Postoperative

Manag

Rehabilitation

Postoperative management of patients undergoing
TKA with correction of extra-articular deformities
follows many of the same principles as standard TKA,
with some important considerations.””)  Pain
management is crucial, and multimodal analgesia
protocols are typically employed to facilitate early
mobilization and rehabilitation. 3% 46)

Early mobilization is encouraged to prevent stiffness
and promote muscle strength and joint function.
However, in cases where osteotomies have been
performed, weight-bearing restrictions may be
necessary to allow for bone healing. The specific
rehabilitation protocol should be tailored to the
individual patient, taking into account the nature of the
deformity correction and any additional procedures
performed.

Physical therapy plays a vital role in the recovery
process. Initial focus is on regaining range of motion,
particularly in cases where significant soft tissue
releases or osteotomies have been performed. As
healing progresses, emphasis shifts to strengthening
exercises and gait training. Patients with long-
standing  deformities may require extended
rehabilitation to overcome ingrained movement
patterns and optimize their new biomechanical
alignment.®”)

Long-term follow-up is essential for patients who
have undergone TKA with correction of extra-
articular  deformities. = Regular  clinical and
radiographic assessments are necessary to monitor
implant position, bone healing (in cases of
osteotomy), and overall limb alignment.®” Any signs
of instability, malalignment, or implant loosening
should be promptly addressed to prevent more serious
complications.®®
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Outcomes and Complicatia

Outcomes of TKA in patients with extra-articular
deformities can be highly satisfactory when
appropriate surgical techniques are employed.®% 47
Many studies have reported significant improvements
in pain, function, and quality of life following these
procedures.“! 31 586D However, it's important to note
that outcomes may be more variable compared to
primary TKA in patients without extra-articular
deformities, and patient expectations should be
managed accordingly. > 61-62)

Functional outcomes, as measured by range of motion
and standardized knee scores, generally show
substantial  improvement postoperatively.®> 69
However, patients with severe preoperative
deformities or those requiring extensive soft tissue
releases may experience more limited gains in range
of motion.?% 3% %9 Patient-reported outcome measures
typically demonstrate high levels of satisfaction,
particularly in terms of pain relief and improved
mobility. (% 4869

\

Figure 3: Intra-Articular Correction of Extra-Articular Femoral
Deformity During Total Knee Arthroplasty

Radiographic outcomes focus on the achievement and
maintenance of proper limb alignment and implant
positioning. While perfect mechanical alignment may
not always be achievable or desirable in cases of
severe extra-articular deformity, the goal is to
optimize overall limb function and implant longevity.
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Management of Specific

Femoral Deformities

Femoral deformities can present in various planes and
often require a combination of techniques for
correction.?) Varus and valgus deformities in the
coronal plane may be addressed through careful intra-
articular bone resection and soft tissue balancing if
mild to moderate.’” More severe deformities may
require femoral osteotomy, either distal or proximal,
depending on the apex of the deformity. The
functional impact of a deformity on limb alignment is
determined more by its location than its angular
magnitude. Midshaft deformities, for instance, alter
the mechanical axis by approximately 50%,
highlighting the importance of both level and severity
in surgical planning (figure 3).%%

A 69-year-old man with a pronounced extra-articular
deformity of the right proximal femur underwent
TKA. (a through d) Preoperative imaging revealed
marked varus malalignment originating in the upper
femur, situated well above the knee joint. Given the
deformity's location, its influence on the overall
mechanical axis was diminishing distally, making it
amenable to intra-articular correction during TKA. (e
and f) Postoperative radiographs confirmed successful
realignment of the limb and secure placement of the
prosthetic components, all achieved in a single-stage
surgical intervention.

Rotational deformities of the femur can significantly
affect patellofemoral mechanics and overall knee
kinematics. Correction of these deformities often
requires a rotational osteotomy, which can be
performed at the distal femur or more proximally. The
amount of correction needed should be carefully
planned preoperatively using CT scans to assess
femoral anteversion.“®

Flexion or extension deformities in the sagittal plane
can be particularly challenging. Mild flexion
deformities can often be addressed through careful
soft tissue releases and appropriate bone resection.
However, severe Tibial deformities are commonly
encountered in the coronal plane as varus or valgus
angulation. Mild to moderate deformities can often be
corrected through intra-articular techniques, including
asymmetric bone resection and soft tissue
balancing. %5

More severe deformities may require a proximal tibial
osteotomy, which can be performed simultaneously

\
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with the TKA or as a staged procedure.> 3
Rotational deformities of the tibia can affect patellar
tracking and overall knee function. Correction of
significant tibial torsion typically requires a rotational
osteotomy, which is often performed at the
supramalleolar level to avoid compromising the
proximal tibia for implant fixation.*4

Anterior or posterior bowing of the tibia in the sagittal
plane can affect implant positioning and overall limb
alignment. In some cases, this may necessitate the use
of offset stem extensions or even tibial osteotomy to
achieve proper alignment and implant fit.*? fixed
flexion deformities may require more extensive soft
tissue releases or even femoral osteotomy to achieve
full extension.®®

Tibial Deformities

Tibial deformities are commonly encountered in the
coronal plane as varus or valgus angulation. Mild to
moderate deformities can often be corrected through
intra-articular techniques, including asymmetric bone
resection and soft tissue balancing.®*® 5! More severe
deformities may require a proximal tibial osteotomy,
which can be performed simultaneously with the TKA
or as a staged procedure. >33

Rotational deformities of the tibia can affect patellar
tracking and overall knee function. Correction of
significant tibial torsion typically requires a rotational
osteotomy, which is often performed at the
supramalleolar level to avoid compromising the
proximal tibia for implant fixation.>4

Anterior or posterior bowing of the tibia in the sagittal
plane can affect implant positioning and overall limb
alignment. In some cases, this may necessitate the use
of offset stem extensions or even tibial osteotomy to
achieve proper alignment and implant fit."?

Combined Deformities

Patients with combined femoral and tibial deformities
present the greatest challenge in TKA.?” These cases
require careful preoperative planning to determine the
optimal correction strategy.®® In some instances,
correction of one deformity (e.g., femoral) may
sufficiently improve overall limb alignment, obviating
the need for correction of the other (e.g., tibial).?”
However, in severe cases, both femoral and tibial
corrections may be necessary. > 3

The sequence of correction in combined deformities is
crucial. Generally, the more proximal deformity is
addressed first, as this can influence the alignment of

)
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Staged procedures allow for healing of the osteotomy
site before TKA but require two separate surgeries.3)
Simultaneous procedures can be more challenging but
offer the advantage of a single surgical intervention
and recovery period.®®

Advantages:©°

- Allows for true correction of severe deformities;

- Can reproduce native knee laxity and overall lower
limb axis;

- Suitable for deformities close to the joint.
Disadvantages: ¢

- More invasive procedure;

- Higher risk of complications;

- May require staged approach.

Implant Selection and Posi

Proper implant selection is crucial in TKA with extra-
articular deformities.®”> *!) While standard implants
may be sufficient in some cases, others may require
more constrained designs or the use of augments and
stem extensions.®> *!) The level of constraint should
be carefully considered, balancing the need for
stability with the preservation of bone stock and the
potential for future revisions. Implant positioning in
the presence of extra-articular deformities can be
challenging. The goal is to achieve overall limb
alignment while respecting the joint line and ensuring
proper patellofemoral tracking.®® This may involve
compromises between anatomical and mechanical
alignment principles, particularly in cases where full
correction of the extra-articular deformity is not
feasible or desirable.*!:+)

In cases of severe deformity or poor bone quality, the
use of stemmed implants and augments may be
necessary.?% ) Stems can provide additional stability
by extending the fixation into the diaphysis of the
bone. Augments, such as metal blocks or wedges, can
help address bone defects and achieve proper
alignment without excessive bone resection.!

Neurovascular Protection

When performing surgery on patients with extra-
articular deformities, especially those requiring
osteotomies, there is an increased risk of injury to
neurovascular structures.®% *) The peroneal nerve, in
particular, is vulnerable when significant bone cuts are
made in the tibia or femur. Preoperative assessment of
the neurovascular structures is crucial to mitigate risks
during surgery. Surgeons must be prepared for
potential complications such as nerve palsy,

[202]
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particularly if large or rapid deformity corrections are
required.®?

When correcting multi-planar deformities, external
fixators like hexapod frames are beneficial because
they allow for gradual correction, which helps avoid
acute soft tissue tension and reduces the risk of nerve
injury. Close postoperative monitoring is essential,
and patients should be thoroughly educated about the
risks of nerve damage and the signs of
complications.®¥

Infection Risk

Infection remains a major concern for patients
undergoing TKA, particularly in those who have had
previous surgical procedures such as osteotomies or
external fixators. The use of external fixators increases
the risk of infection at pin sites, which may extend to
the joint or underlying bone. Therefore, a meticulous
preoperative infection workup is essential, including
inflammatory markers and joint aspiration when
necessary. 3¢

In cases where a previous implant is present, surgeons
must carefully assess for any signs of deep infection
before proceeding with arthroplasty. Preventive
measures, such as antibiotics, should be used
appropriately.®)

Computer-assisted and

TKA

Advanced technologies such as computer navigation
and robotic-assisted surgery have shown promise in
improving accuracy and precision in TKA,
particularly in cases of extra-articular deformity.
These technologies can aid in achieving more precise
bone cuts, optimizing implant positioning, and
balancing soft tissues. Computer navigation systems
provide real-time feedback on limb alignment and
component positioning, allowing for intraoperative
adjustments.!* 30 35 4447 Robotic-assisted systems
offer the additional advantage of haptic feedback and
can execute precise bone cuts based on preoperative
planning.*®3%  While these technologies show
potential benefits, they also have limitations,
including increased operative time, learning curve,
and cost. Their role in TKA for extra-articular
deformities continues to evolve, and long-term
outcome studies are needed to fully establish their
efficacy.

J
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expected outcomes of the lengthening procedure. A
successful limb-lengthening procedure can greatly
improve patient outcomes by restoring functional limb
length and correcting the mechanical axis.??

Surgical Techniques and (

The surgical approach to TKA in patients with extra-
articular deformities depends on the nature and
severity of the deformity, as well as the surgeon's
experience and preference. The primary goal is to
achieve a stable, well-aligned knee with balanced soft
tissues and appropriate implant positioning. %37

Correction types

Intra-articular Correction

For mild to moderate extra-articular deformities or
when the deformity is distant from the joint, correction
can often be achieved through intra-articular

techniques alone.®® Indications for intra-articular
correction typically include:
a) Sagittal deformities up to 20°;

b) Femoral coronal deformities up to 15-20°;
Oo 6,36,38.

c) Tibial coronal deformities up to 3

Figure 2: Intra-Articular Correction of Moderate Extra-
Articular Deformity During Total Knee Arthroplasty

Total Knee Arthroplasty in...

This approach involves careful bone resection and soft
tissue balancing within the knee joint itself. The
principle is to create rectangular flexion and extension
gaps that are equal and symmetrical, which may
require asymmetric bone cuts and selective soft tissue
releases.®® In cases of varus deformity, for example,
this might involve a more conservative cut on the
medial tibial plateau combined with a lateral soft
tissue release (figure 2). Conversely, valgus
deformities may require lateral femoral condyle
under-resection and medial advanced soft tissue
releases.®” The key is to achieve a balance between
bony alignment and soft tissue tension.®)
Advantages of intra-articular correction include:'
- Being less invasive compared to osteotomy;

- Single-stage procedure;

- Avoids complications associated with osteotomies.
Limitations: 3¢ 3-40)

- Not suitable for severe deformities;

- May require extensive soft tissue releases;

Risk of ligament imbalance.

A 6l-year-old female with moderate left knee
deformity underwent TKA. (a through c¢) The
preoperative deformities were within thresholds
suitable for intra-articular correction (<20° sagittal,
<15-20° femoral coronal, or <30° tibial coronal). (d
and e) Postoperative images reveal successful
mechanical axis restoration using selective bone
resections and soft tissue balancing, with symmetrical
and rectangular flexion-extension gaps achieved,
eliminating the need for osteotomy.

36)

Extra-articular Correction

For more severe deformities, or when intra-articular
correction would compromise the collateral ligaments
or lead to excessive bone resection, extra-articular
correction may be necessary.®®3? This typically
involves an osteotomy of the femur or tibia to correct
the deformity before or during the TKA procedure.
Femoral osteotomies can be performed at various
levels, depending on the location and nature of the
deformity. Distal femoral osteotomies are common for
correcting varus or valgus deformities near the knee
joint, while more proximal osteotomies may be
required for deformities closer to the hip. Tibial
osteotomies are typically performed in the proximal
tibia and can address varus, valgus, or rotational
deformities.*® Osteotomies can be performed as a
staged procedure or simultaneously with the TKA.
The decision between staged and simultaneous
procedures depends on several factors, including the
severity of the deformity, the complexity of the
required correction, and the surgeon's experience. 3%
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Coronal Plane Deformitie

Preoperative planning for TKA in patients with extra-
articular deformities in the coronal plane begins by
determining the degree of deformity and its impact on
knee alignment. In cases where the deformity is mild
and the CORA (center of rotation of angulation) is
located farther from the joint, intra-articular
corrections can often be achieved.®3D If the
deformity is more severe or the CORA is closer to the
knee joint, osteotomy may be required to fully correct
the alignment before proceeding with TKA. 2% 2632
Additionally, surgeons must assess the involvement of
the collateral ligament insertions to ensure the cuts
made during TKA will not disrupt ligamentous
integrity. (%3132

Table 1: Correction of different extraarticular

deformities based on locations in TKA

Deformity | Deformit Acceptabl
eformity eformity cceptable Recommended
Location Type Angle for .
Intra- Correction
. Method for Larger
articular Ancles
Correction &
C | >20°: Extra-
orona .
Femur Up to 20° articular
plane
osteotomy
Sagittal >15°: Extra-
agitta .
Femur g Up to 15° articular
plane
osteotomy
Coronal >30°: Extra-
Tibia Up to 30° articular
plane
osteotomy
Savittal >10°: Extra-
Tibia £ Up to 10° articular
plane
osteotomy
Combined .
grlrllolrlz Coronal Up to 35° >35°: Consider
and tibial plane total staged correction
>15°: Extra-
Rotational Axial Up to 15° articular
. 0 .
deformity plane p derotational
osteotomy

For deformities that exceed 20 degrees in the femur or
30 degrees in the tibia, extra-articular osteotomy
should be considered (table 1). In these cases,
correction must be achieved before TKA, as intra-
articular adjustments alone will not restore proper
knee function. The magnitude of deformity and its
proximity to the joint must be carefully assessed using
preoperative templating and measurements from
radiographic images. % 26:29-32)
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Sagittal Plane Deformities

Sagittal plane deformities, such as flexion or extension
malalignments, tend to be more tolerable during TKA
than coronal plane deformities. Studies suggest that
intra-articular correction is feasible for sagittal plane
deformities up to 10 degrees of flexion (procurvatum)
or 20 degrees of extension (recurvatum). Larger
deformities, particularly those greater than 20 degrees,
typically require a corrective osteotomy prior to TKA
(table 1).G?

In cases of recurvatum, which involves
hyperextension of the knee, TKA can generally restore
alignment without risk of femoral notching. However,
procurvatum deformities, which cause excessive
flexion, pose a higher risk of femoral notching during
correction.®® For combined coronal and sagittal
deformities, more complex solutions such as hexapod
frames, which allow gradual correction in multiple
planes, can be employed.®¥

Rotational Deformities

Rotational deformities, often overlooked in TKA, can
significantly impact the alignment and function of the
knee joint. These deformities are often diagnosed
through clinical evaluation of gait and examination of
foot progression angles. Subtle rotational
abnormalities may also be indicated by patellar
subluxation on plain radiographs. When suspected,
cross-sectional imaging, typically a CT scan, is
essential for assessing femoral version and confirming
the degree of rotational deformity.®>

Correcting rotational deformities during TKA can be
challenging, as the procedure allows for only minimal
correction of axial malalignments. Therefore,
correction of significant rotational deformities is
generally best performed in a staged procedure before
TKA. This approach reduces complications, such as
excessive femoral notching or improper alignment
during surgery, and ensures optimal outcomes.®*

Limb-Length Discrepanc

Limb-length discrepancies (LLD) are common in
patients with extra-articular deformities. In these
cases, the affected limb is often shorter. Major LLD
(10 mm or more) must be addressed before or during
TKA. Surgical options include using intramedullary
lengthening nails (ILNs) to simultaneously correct
both deformity and limb-length discrepancies,
although these devices can cause varus or valgus
deformities depending on the nail's stiffness and the
patient’s bone structure. Preoperative planning should
carefully assess the required correction angles and the
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Etiology of Extra-articular

Extra-articular deformities of the femur and tibia can
result from several factors, including congenital
anomalies, metabolic bone diseases, posttraumatic
malunions, and previous surgeries.”> ¥ Among the
most common causes are malunions, leading to altered
alignment and abnormal mechanical stress across the
knee.® 19 These malunions can disrupt normal knee
function and increase the risk of developing knee
osteoarthritis.!’> 12 Although some studies have
questioned the direct link between femoral malunions
and knee osteoarthritis, it is generally accepted that the
severity of the deformity plays a significant role in the
progression of osteoarthritis.!>1®)

Figure 1: Different locations of deformities for considering
extra-articular osteotomy. Deformity in femur (A), deformity in|

tibia (B), combined femoral and tibial deformities (C).

Additionally, metabolic bone diseases such as
osteogenesis imperfecta, Paget’s disease, and rickets
can contribute to structural bone changes that lead to
deformities, often resulting in weakened bone quality
and joint instability.® ') When treating patients with
such conditions, of bone fragility, they may
complicate the surgical approach and require special
handling during the procedure.

Classification

The extra articular deformities can be classified based
on their anatomical location (femoral, tibial, or
combined), direction (varus, valgus, flexion,
extension, or rotational), and severity.!'” The severity
of the deformity is typically measured in degrees of

Total Knee Arthroplasty in...

angulation or millimeters of translation from the
normal anatomical axis. Femoral deformities are often
categorized as varus or valgus in the coronal plane,
and flexion or extension in the sagittal plane. Tibial
deformities may be described as varus, valgus, or
rotational. Combined deformities involving both the
femur and tibia present additional complexity and may
require more extensive surgical planning and
intervention (figure 1).¢-2%

Preoperative Evaluation an

Thorough preoperative evaluation is essential for
successful outcomes in TKA with extra-articular
deformities. This evaluation begins with a
comprehensive patient history, focusing on the
ctiology of the deformity, previous treatments or
surgeries, and the patient's functional limitations and

expectations,?!-2
Physical examination should assess the patient's gait,
range of motion, ligamentous stability, and

neurovascular status. The examiner should note any
leg length discrepancies, rotational abnormalities, or
fixed flexion deformities. A careful evaluation of the
soft tissues, including skin quality and previous
surgical scars, is crucial for surgical planning.(!4 1822
Imaging studies play a critical role in the assessment
of extra-articular deformities. Standard radiographs,
including weight-bearing lateral and coronal views of
the knee, provide initial information about joint space
narrowing, osteophyte formation, and bone quality.®-
2 However, for patients with extra-articular
deformities, full-length lower extremity radiographs
are essential. These images, often referred to as hip-
to-ankle or long-leg films, allow for accurate
measurement of the mechanical and anatomical axes
of the lower limb, as well as the assessment of the
overall limb alignment.(- 20-26)

Advanced imaging modalities such as computed
tomography (CT) and magnetic resonance imaging
(MRI) may be necessary in complex cases. CT scans
can provide detailed information about bone geometry
and rotational alignment, which is particularly useful
in cases of rotational deformities or when planning
corrective osteotomies. MRI can offer additional
information about soft tissue structures, including
ligaments and muscles, which may be affected by
long-standing deformities.®: 29

In some cases, three-dimensional printing technology
may be used to create patient-specific models or
cutting guides, enhancing the precision of the surgical
procedure.?” 29
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Total Knee Arthroplasty in Patients with Extra-articular Deformities

(Challenges, Techniques, and Outcomes)

Abstract

Performing total knee arthroplasty (TKA) in patients with extra-articular deformities presents complex and
significant surgical challenges that can have both direct and indirect impacts on treatment outcomes. These
deformities often require more meticulous planning and tailored surgical strategies to maintain biomechanical
alignment of the joint and ensure optimal patient function. Among these strategies are intra-articular corrections and
extra-articular osteotomies, with the choice depending on the specific characteristics of the patient and the severity
of the deformity. In this context, advanced technologies such as computer-assisted surgery and robotic systems have
emerged as innovative tools that enhance accuracy in surgical planning and execution, minimize the risk of surgical
errors, and facilitate improved clinical outcomes. This article provides a comprehensive review of current best
practices and emerging trends in managing TKA for patients with extra-articular deformities, while also emphasizing
the importance of multidisciplinary preoperative planning, advanced imaging assessment, and patient-specific risk
evaluation. It further discusses structured decision-making algorithms to guide the selection of appropriate corrective
techniques, with careful attention to soft-tissue balance, implant positioning, and long-term stability. Collectively,
these considerations aim to optimize functional outcomes, reduce complications, and improve implant longevity in
this challenging patient population.

Keywords: Total knee arthroplasty, Knee, Osteotomy, outcomes
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Total knee arthroplasty (TKA) is a widely practiced procedure that effectively
addresses end-stage knee osteoarthritis and similar debilitating conditions. The
main objectives of TKA are to alleviate pain, improve mobility, and restore
quality of life.(-? However, the procedure becomes significantly more complex
when patients present with extra-articular deformities.®) These deformities,
which occur outside the joint itself, can complicate knee alignment, soft tissue
balancing, and overall surgical planning, making standard techniques less
predictable. Such deformities may stem from trauma, congenital malformations,
previous fractures with malunion, metabolic bone diseases, or even long-
standing osteoarthritis leading to compensatory changes in the surrounding
structures.* > Correctly addressing these deformities is essential, as neglecting
them during TKA can lead to prolonged pain, impaired function, joint
instability, and increased stress on the prosthetic components. These factors may
compromise patient satisfaction, accelerate implant wear, and increase the risk
of early failure, potentially necessitating revision surgery.® Furthermore, the
presence of multiplanar deformities may alter the mechanical axis of the lower
limb, requiring precise preoperative assessment to determine whether intra-
articular correction alone is sufficient or if combined extra-articular procedures
are warranted. Careful evaluation of limb alignment, bone stock, and soft tissue
integrity is therefore critical to achieving balanced reconstruction and durable
implant fixation. This article reviews the current treatment algorithms and
approaches for managing extra-articular deformities, including radiographic
evaluation, surgical planning, implant selection, the role of computer-assisted
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outcomes and ensure long-term prosthetic survival.
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both sexes may aid in preventing such injuries in these
groups.

Arkader et al."¥ in 2007 have reported 83 children
with femoral epiphyseal fractures, 80% of fractures
occurred in boys and 20% in girls. The prevalence of
growth plate fractures in boys was reported to be four
times higher than in girls, which is consistent with our
study. In their study, most fractures occurred on the
right side (53%), whereas in our study, most fractures
were on the left. Regarding fracture types, 25% were
type I, 59% type 11, 5.5% type 111, 9.5% type 1V, and
1.5% type V. Like our study, type Il fractures were the
most common, although in our study, type II fractures
accounted for a higher percentage. Arkader et al.0¥
reported only two open fractures, while in our study,
eight fractures were open.

In a systematic review by Basener et al.!'> in 2009 that
examined the results of multiple studies, the frequency
of fractures was higher in boys (81%) than in girls
(19%), a finding consistent with our study and that of
Arkader. In that review, 70 children had type I
fractures, 276 type Il fr, 49 had type III fractures, 56
had type IV fractures, and 31 had type V fractures. As
in our study, type Il fractures were the most prevalent.
In a study by Leary et al. (16) in 2009 examining tibial
epiphyseal fractures, 67% of fractures were type II,
13% type 111, 13% type IV, and 7% other types. Again,
consistent with our findings, type II fractures were the
most frequent.

Conclusion

The growth plate fractures were most common in boys
and usually were Salter -Harris type II, closed, located
on the left side, and isolated. It is recommended that
this study be conducted on a larger scale and in more
cities to obtain more realistic and accurate data. By
collecting comprehensive information from various
regions of Iran, it may be possible to reduce the
prevalence of such injuries across all age groups,
particularly among children, who represent a
vulnerable segment of the population.
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Materials & Methods

This retrospective cross-sectional study was
performed using a census method on all children under
12 years of age diagnosed with a growth plate fracture
requiring surgical intervention at Shahid Bahonar
Hospital in Kerman in 2019. All patients under 12
years old with growth plate fractures requiring surgery
were included in the study. Patients diagnosed with
compartment syndrome or those with incomplete
demographic information were excluded.

The Frequency of Growth Plate...

fractures were closed (80.5%), and 85% of the
fractures were classified as Salter-Harris type IL
Fractures on the left side were slightly more common

than those on the right (59.5% vs. 40.5%). The

majority of fractures (70%) were isolated, and
neurovascular injury was present in 14.6% of the
patients.

Orthopedic injuries in children are very common, and
according to some reports, approximately 25% of
children experience such injuries annually. Most

research in this field comes from Scandinavian
Frequency of Fracture Sites countries, where the lifetime risk of happening of a
75 fracture from birth to age 16 has been reported as 42%
20 in boys and 27% in girls.!!D
ig Table 1: Studied variables
5 » W Frequency of Variable Frequency | Percentage
o Aunll I mmmmmla Fracture Sites Fracture Status (Open or Closed)
R Closed 33 80.5
0&\"’\@%&@*7’@00°6¢Q&\\5\°% Open 8 195
@ \@7’ N NP .\:,,’@ Fracture Type Based on the Salter—Harris Classification
¥ L&D Typel 1 2.4
Type Il 35 85.4
Type III 3 7.3
Figure 1: Frequency of Fracture Sites Type IV B 49
Type V 0 0
Initially, patient information was extracted from the Side of the Fracture in the Limb
orthopedic operating room records, and additional Right 17 40.5
demographic data like age, sex, type of Salter-Harris Left 24 59.5
fracture classification,'”? fracture site, whether the Fracture Multiplicity
fracture was open or closed, whether the fracture was Isolated 29 70.7
isolated or multiple, and the presence of associated Multiple 12 29.3
injuries—were collected from patient files. These data Neurovascular Injury
were then entered into the data collection form and Present 6 14.6
Absent 35 85.4

subsequently analyzed using SPSS software.

41 children with growth plate fractures were evaluated
in this study. The mean age of the children was
8.24+2.48. 32 years. Of the total sample, 32 were boys
and 9 were girls. Distal radius (26 patients) was the
most common fracture site, while the least frequent
sites were the medial malleolus and distal metatarsal
(1 patient each) (Figure 1).

Most fractures occurred on the left side (22 patients),
were closed (33 patients), and were isolated (29
patients). In terms of fracture type, the majority were
Salter-Harris type II fractures (35 patients). Most

(
L
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The causes of these injuries vary, the most common
being trauma to the bone, followed by other acquired
and congenital causes!? Epidemiological studies in
this specific area are quite limited. In a study
conducted by Aghakhani et al.'® aimed at examining
the epidemiology of orthopedic injuries in children
and adolescents, 1081 patients under 19 years of age
with orthopedic injuries were evaluated, the majority
of whom were boys (76%). This finding is consistent
with our study. The reason for this higher prevalence
remains unclear and is most likely related to biological
and social factors, as well as greater athletic activity
or higher risk-taking in males. Evaluating these
contributing factors and identifying at-risk children in
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The Frequency of Growth Plate Fractures Requiring Surgery in Children Under

12 Years of Age
(A retrospective study in a Tertiary Hospital)

(Abstract \

Introduction: Considering the importance of growth plate fractures in quality of life and the complications caused
by it and the lack of information about the prevalence of this type of fracture in the target society, this study was
conducted with the aim of evaluating the prevalence of this type of fracture in an Iranian society.

Materials & Methods: The information of 41 patients with fracture of growth plate including; age, gender, open
and closed fracture, single and multiple fractures, type of fracture, location of fracture and presence of fracture on
the right or left side of the limb were extracted from the operating room records, radiographs of the patients and their
files. After collecting the data, the data were subjected to statistical analysis.

Results & Discussion: 32 boys and 9 girls with an average age of 8.24+2.48. 32 years were included the distal radius
fracture was the most common (26 cases) and the medial malleolus and distal metatarsal (1 person) were the least
common sites of fracture. Most of the fractures were on the left side (22 people), closed (33 people) and single injury
(29 people) and Salter-Harris type 2 physeal fractures were the most common fracture patterns (35 people).
Conclusion: the growth plate fracture in children was more common in boys, left side, single fracture, and the
majority of those were Salter-Harris type 2 fractures.

Keywords: Growth Plate, Salter-Harris Fractures, Orthopedic Procedures
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ﬁeﬁfc‘;"i‘gilﬁgg‘j;%ﬁ}l}gl;f;ﬁvﬁgﬁaﬁf The growth plate is responsible for the longitudinal growth of long bones, which
Iran are unique for every bone, in terms of chondrocytes, cellular maturation, and
metabolic stage.("? 15-30 percent of fractures in children involve the growth
plate. The growth plate is cartilaginous in nature and weaker than bone.® In
fact, the growth plate is the weakest part of a bone; it is located at both ends of
long bones, near the joints. A severe joint injury in an adult more likely damages
the ligaments, but in children, due to the relative weakness of the growth plate,
injuries commonly involve the growth plate.®*

Clinical manifestations of ligament injuries and growth plate injuries are
generally similar. Therefore, many children who present with symptoms
resembling ligament sprain have growth plate injuries.® 7 Growth plate
fractures must be treated promptly and accurately, as they can lead to
complications such as impaired bone growth, shortening, or asymmetry in the
final shape of the bone. Treatment usually varies according to the fracture type
Corresponding Author: and displacement of the fragments, ranging from casting to surgical
g;;g{eza Mirzaei Soosfidi, MD intervention.®:*? Given the importance of growth plate fractures in individuals’
amirreza.mirzaei@live.com quality of life, the associated complications, in the target population, this study
was conducted to evaluate the prevalence of these fractures in Kerman region.
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test failed to demonstrate one-tailed significance
between the two groups. A comparison of
rehabilitation duration and time to return to work is
shown in Figure 5.

In this investigation, our primary objective was to
examine the clinical outcomes and distinctive
characteristics of patients afflicted by knee
dislocation, an infrequent musculoskeletal trauma.
The estimated incidence rate of this particular injury
is approximately 0.02%.%- 'Y Following reduction, two
principal modalities are employed to stabilize the
affected joint: namely, bracing and employment of
external fixators.!") The cardinal focal point of our
inquiry was centered upon the impact of bracing
interventions on mitigating the severity of pain scores
in individuals affected by knee dislocation.

Our study encountered various limitations, chief
among them the constraint imposed by a restricted
sample size. Furthermore, the absence of a control
group for comparative evaluation of the clinical
outcomes between the two treatment modalities
constituted another noteworthy drawback. An
additional constraint pertained to the dearth of
radiographic data, thereby precluding comprehensive
assessment of patient injuries; consequently, our data
acquisition was reliant solely upon clinical records.
Our study findings have brought to light several
noteworthy outcomes. Treatment administered via
external fixators demonstrated a propensity for
reduced incidence of dislocation and lower pain
scores. In contrast, the use of braces potentially made
abbreviated rehabilitation periods and quicker
resumption of occupational activities easier. As
alluded to in prior segments, the analysis of causative
factors contributing to knee dislocations was
undertaken, with motorcycle-related accidents
emerging as the most prevalent etiological factor,
thereby corroborating earlier investigations.!>1®
Additionally, our results revealed a heightened
prevalence of knee dislocation among males, with a
male-to-female ratio of 5:1 or greater,

The higher rate of 5:1 in males is consistent with prior
research.'"!”) The average age of participants was 42
years, surpassing the mean age observed in prior
investigations.!”"'” Moreover, a predilection for
closed traumas among the afflicted individuals, with
knee dislocation is similar to earlier studies.*-??

The concomitant injuries, most frequently
encountered were multi-ligamentous, neural, and
vascular injuries, in that order. It is worth noting that
in other studies, vascular injuries have exhibited an
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equivalent or greater prevalence relative to neural
injuries.* 24

Conclusion

Our findings advocate that braces and external fixators

each represent viable modalities for initial
management of knee dislocations, with distinct
benefits for the afflicted individuals. Notwithstanding,
the determination of the definitive standard for
treatment necessitates the undertaking of meticulously
controlled clinical trials.
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Among the participants, 11 were female and 51 were
male. The distribution of affected limbs was evenly
split, with 32 patients experiencing dislocation in the
right limb and 32 in the left limb with no instance of
bilateral dislocations various causes were identified
with the most frequent being respectively motor
vehicle accidents, car accidents, and falls. The
distribution of trauma mechanisms is shown in Figure
1.

Concomitant with knee dislocation, concurrent multi-
ligamentous, nervous, and vascular injuries were
observed. The predominant co-occurring injury in our
study was ligamentous in nature. The frequency of
concomitant injuries is illustrated in Figure 2.
Additionally, lower limb bone fractures were
documented as concurrent events. Tibia and femur
fractures were the most prevalent types of fractures
encountered in this study. Associated lower-limb
fractures are summarized in Figure 3.

Trauma was characterized as open in 50 and closed
traumatic injuries, 12 cases.

The two distinct initial treatment modalities included
35 bracing treatment, and 27 external fixators. In
terms of clinical efficacy re-dislocation occurred in 5
patients from the bracing group, and none in.
However, statistical analysis did not reveal a
significant difference between the two groups in this
regard. The pain severity scores at 1 month after
surgery, was 44.22 in the bracing group and 21.69 in
the external fixator group.

The application of Mann-Whitney U test
demonstrated a significant reduction in pain score
within the external fixator group.

Table 1: Contingency table of relapse according to

treatment type

Type of treatment
External Braces Total
fixator
Count 0 5 5
Yes Expected 29 23 50
Reflux Count
Count 27 30 57
RO | Expected 248 322 | 570
Count ’ ) )
Count 27 35 62
Tol Expected 27.0 350 | 62,0
Count ) ) )

At 3-months post-surgery, the pain severity score
remained lower in the external fixator group 43.17 in
the bracing group versus 22.5 in the external fixator
group. Statistical analysis once again confirmed the
significance of this finding (p<0.01). Pain severity
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trends over time for both treatment groups are
presented in Figure 4.

In terms of the time taken to resume work activities,
the mean duration was 12.6 months in the external
fixator group, and 6.8 months in brace group.
However, the one-tailed p-value analysis did not
establish statistical significance, although a significant
difference was observed using the two-tailed p-value.

Independent-Samples Mann-Whitney U Test
type of treatment

braces 2

N =27
Mean Rank = 44 .22

M =35
Mean Rank = 21 .63

pain severity as score in first month
after the surgery
AaBins ay} Jaye

YIuow sy Ul 2102s se Ajaass ued

15 10 B o B

Frequency Frequency

Figure 4: Comparison of pain severity scores between brace
and external fixator groups at 1 and 3 months post-treatment

Independent-Samples Mann-Whitney U Test
type of treatment

braces 2

N =27
Mean Rank = 4317

M =35
Mean Rank = 22.50

pain severity as score in third month
after the surgery

AabBins ayj Jaye
Lo pAiys ul aloas se Ajuanas ujed

Frequency Frequency

Figure 5: Comparison of rehabilitation duration and

time to return to work between treatment groups

In the context of rehabilitation duration, the bracing
group exhibited a mean duration of 3.2 weeks,
whereas the external fixator group required an average
of 9.5 weeks. Despite these differences, the analytical
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This method offers numerous benefits, including skin
examination and monitoring of compartment pressure
and neurovascular condition of the affected limb.
Braces are another therapeutic option that come in
different types.®

This study aims to examine the treatment outcome
associated with initial treatment of knee dislocation,
with brace and or external fixator. To the best of our
knowledge, there is currently no literature on this topic
available in medical resources.

Materials & Methods

This cross-sectional study included all patients
admitted to Alzahra and Kashani hospitals between
2016 and 2021. These hospitals are orthopedic hub
centers in Isfahan Province. The included patients
were followed up for 6 months after admission.

initial trauma type

Frequency

Carto
motor

Car
accident

Motor to
motor

Motor Direct

truama

Carto
person

motor to
person

falling

initial trauma type

Figure 1: Figure 1: Distribution of initial trauma

mechanisms leading to knee dislocation
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The inclusion criteria for this study were as follows:
all patients with knee dislocation due to any cause.
The exclusion criteria were: congenital knee
abnormalities, previous knee dislocation or
ligamentous injuries, knee surgeries, bone fractures in
the same limb, death of the patient within the first six
months after knee dislocation, lack of informed
consent to enter the study, and lack of access to the
patient. This research was conducted after obtaining
permission from the Bioethics Committee of Isfahan
University of Medical Science. A checklist was used
to gather data, which included items such as
demographics, BMI, initial treatment method, knee
dislocation correlated injuries, severity of pain,
mechanism of injury, incidence of recurrent
dislocation, and incidence of knee joint instability.
Demographics, BMI, initial treatment, and correlated
injuries were gathered from the patients' medical
records. The patients were then followed up for six
months, and their clinical conditions were examined
and recorded during follow-up visits.

concurrent injuries

Frequency

multi-ligamentous nervous vascular monoligamentous

concurrent injuries

Figure 2: Frequency of concomitant injuries associated with

knee dislocation

The severity of pain was examined using the Wong-
Baker FACES Pain Rating Scale, and patients rated
their pain from 1 to 10. Correlated knee dislocation
injuries included nervous, vascular, and ligamentous
injuries. Nervous injury was confirmed by examining
the tibial and peroneal nerves and the movement and
sensation of the distal part of the affected limb.
Vascular injury was confirmed by examining distal
pulses and the presence of distal perfusion disorders.
Knee instability was also examined by testing knee
flexion, extension, and rotation, as well as dorsiflexion
and plantar flexion of the ankle in a standing position.
After completing data gathering, the data were
analyzed using IBM SPSS v25. Descriptive data
analysis was performed for demographic and clinical
variables, including the average, standard deviation,
and mean. Chi-square was used to compare clinical
outcomes between the two groups of treatments.

A total of 62 patients were enrolled in our study,
selected based on predefined inclusion and exclusion
criteria from a pool of 257 patients with knee
dislocations during the specified period.

concurrent break

Frequency

femur fibula none of them tibia tibia, femur tibia, fibula

concurrent break

Figure 3: Distribution of associated lower-limb fractures in

patients with knee dislocation
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Initial Treatment of Knee Traumatic Dislocation
(A Cross-Sectional Study)

(Abstract \

Introduction: Knee dislocation has potential for complex injury to blood vessels nerves and ligaments. It requires
prompt diagnosis and treatment. Radiological assessments aid in guiding appropriate orthopedic and surgical
interventions. This study aims to assess the treatment outcomes of knee dislocations.

Materials & Methods: A cross-sectional study of patients admitted to an orthopedic center within 4 years with knee
dislocation was conducted. Demographic data, initial treatments, correlated injuries, pain severity, and post-surgery
outcomes were collected. The initial management which was with external fixation or bracing were conquered.
Statistical analysis was performed using SPSS v25.

Results & Discussion: Sixty-two patients (11 female, 51 male) were enrolled. Motor vehicle accident, car accident,
and falls were common causes. Co-occurring injuries included ligamentous, vascular, and nerve injuries, with the first
one being predominant. The initial treatments were by either bracing or external fixation. No re-dislocation was
reported in the external fixator group, while 5 occurred in the bracing group. Pain severity scores were lower in the
external fixator group at 1 and 3 months post-surgery. Time to return to work and duration of rehabilitation were, non-
significantly, shorter in brace treatment group.

Conclusion: Both brace and external fixator show promise as initial knee dislocation treatments, offering distinct
benefits. Definitive conclusions warrant comprehensive clinical trials.

Keywords: Knee Dislocation, Treatment outcome, Knee, Joint Dislocations
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High-energy trauma, such as that sustained in car accidents, falls, and sports-
related incidents, can cause knee dislocation, which is often associated with
multiple ligamentous injuries and may result in knee instability.® Vascular
injuries, including intimal injuries, blood clot formation, and thrombosis, as well
as partial or complete tearing of vessels, are also among the potential
complications of knee dislocation. The unique anatomy of the knee vessels
increases the risk of vascular injuries in such cases.®

Neurological injuries, such as peroneal nerve injury, are among the common
complications of knee dislocation, occurring in 25%-40% of cases. This type of
nerve injury typically has a poor prognosis, further explaining the importance
of prompt diagnosis and treatment.” Despite the critical nature of knee
dislocation, there remains some controversy over initial and definitive
treatments. A number of studies have explored the efficacy of surgical and non-

surgical treatments. Initial treatment may involve the use of braces and or
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and an inability to stabilize reduced knee dislocations.
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significantly, most notably in the first 6 months,
followed by relative stabilization.!” These findings
suggest that structured rehabilitation within the first
six months is critical to maximizing recovery, and that
patient follow-up should be prioritized during this
window. This trend was consistent with other
prospective studies that had used PROMIS or FFI for
post-operative assessment.?)

Strengths of our study are a fairly large sample size for
a single-center trial and prospective follow-up. Use of
a validated outcome measure (FFI) and representation
of a broad spectrum of fracture types (B and C)
enhances the external validity of our findings. We
present real-world complication rates, yielding
clinically useful information regarding surgical risk
stratification and planning. This research has a few
limitations. It was carried out at one tertiary center and
is therefore likely to be restricted in external validity
to other environments. Non-randomized design
imposes a risk of selection bias on the treatment
allocation. Radiologic outcomes were not measured,
although the functional outcome of recovery was
determined with a well-validated Foot Function Index
(FFI). Exclusion of patients with open fractures and
polytrauma limits applicability to more severe cases.
In addition, long-term post-12-month complications,
such as post-traumatic arthritis, were not possible to
evaluate. Adherence to postoperative rehabilitation
protocols, which was variable and not objectively
assessed, may also have had an effect on functional
outcomes.

This is the first Iranian study to evaluate pilon fracture
results against the Foot Function Index. Subsequent
studies should have longer follow-up and radiologic
examination in an attempt to better relate anatomical
healing to functional results.

Conclusion

This research illustrates that surgically managed intra-
articular pilon fractures with ORIF or MIPO methods
yield considerable functional recovery through 12
months of follow-up, supported by progressive
improvement in Foot Function Index (FFI) scores.
Most of the functional improvement happens within
six months postoperatively, followed by a plateau.
Despite these advances, the complication rate in the
form of nonunion, malunion, infection, and
reoperation is high, particularly with complex
fractures like AO/OTA type C3.
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Age was revealed to be an important prognostic factor,
with rapid recovery and fewer complications in young
patients. The findings highlight the need for age-
specific ~ surgical methods and postoperative
rehabilitation programs.

Finally, this study emphasizes the use of early
intervention, careful operative planning, and
systematic follow-up to achieve the best outcome for
patients with pilon fractures. Long-term follow-up,
multicenter, large-scale, randomized studies with
correlation of radiologic outcome are suggested to
confirm and extrapolate these results.
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mechanisms of trauma, most commonly associated
with pilon fractures, such as motor vehicle accidents
and falls from height. Better recovery rates also
existed in younger patients, presumably due to
increased healing capacity and lower comorbidities.!®-
23 This is in line with other studies that have suggested
that the rate of functional recovery reported by
patients with pilon fractures is greatest in the early
postoperative period, followed by a slower rate of
improvement over time. This has important
implications for the role of early postoperative
rehabilitation and patient compliance in the first
months after surgery in functional recovery.

Table 2: Postoperative Complications Observed

During the 12-Month Follow-up Period After

Surgical Treatment of Pilon Fractures
Variables Frequency
Complications Non-union 56(30.6%)
Malunion 42(23. %)
Loose devices 27(14.8%)
Revision surgery 67(36.6%)
Superficial 78(42.6%)
infection

29(15.8%)
62(33.9%)

Deep infection
Pin Site Infection

Osteoarthritis 35(19.1%)

Skin Necrosis 4(2.18%)

Amputation 1(0.54%)
Mean 25.63+7.48

Daily routine
recovery

The most common fracture pattern in our series was
AO/OTA C3, a multi-fragmentary, complex fracture
with the worst prognosis and complication rate. They
are most commonly treated by staged operations and
most commonly treated by ORIF, the most employed
technique in the world.?® But similar to earlier
research, ORIF has also been shown to be at increased
risk for complications like infection and nonunion,
particularly with high-energy fractures.?) The
severity of fracture, as per AO/OTA classification,
was identified as a significant predictive factor for
functional outcomes and complications in our patient
population. Patients with C3 fractures had worse
functional recovery and higher rates of complications
than those with lower complexities of fractures. This
finding is consistent with previous studies that had
found poor functional outcomes in highly comminuted
pilon fractures. The main benefits of minimally
invasive procedures are believed to be due to the less
disruption of soft tissues and maintenance of the
periosteal blood supply. However, sound patient
selection is important, especially in complex intra-
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articular fractures where direct visualization may be
necessary for achieving adequate reduction.

Postoperative complications in our series included
nonunion (30.6%), malunion (23%), and deep
infection (15.8%). These are comparable to those
found in high-resource nations. For instance, a
systematic review of 484 pilon fractures treated with
ORIF demonstrated deep infection rates of about
13.8%.% Our findings confirm that infection risk is
directly associated with fracture severity, timing of
operation, and soft tissue management. This similarity
may reflect the growing adherence to staged surgical
protocols and improved soft tissue handling, even in
resource-limited settings. The fairly high incidence of
staged management in our series is largely a reflection
of the predominantly high-energy injuries with severe
soft-tissue damage. Such a strategy is highly
recommended for its efficacy in lowering the
incidence of wound complications and deep
infections, especially in the setting of pilon fractures.

The study revealed that the most prevalent
complications  included  superficial infection,
nonunion, malunion, pin site infection, and the
necessity for a second surgery. Previous research also
highlighted superficial infection as a frequent
complication in this type of surgery.!® 2! Nonunion
and malalignment were also commonly reported
issues among patients with C3-type fractures and
those who underwent ORIF surgery, the most
common type of fracture and surgery, respectively.
Additionally, our results provide further evidence for
the importance of fracture severity, as described by the
AQO/OTA classification system, in terms of functional
outcome and the risk of complications. Those patients
who had highly comminuted fractures of the C3 type
had a consistently worse early functional outcome,
reflecting the difficulties of restoring articular surface
congruity. Soft tissue infections were common,
possibly due to impaired wound healing, diminished
perioperative care, and patient risk factors including
smoking, diabetes, and hygiene. These kinds of
infections can be related to the personal hygiene and
compliance of the patients. Previous studies reported
that the most influential variables in the outcome
prognosis of the surgery are fracture type and age,

which are also related to the current study.(> 1922 2426,
27)

Foot Function Index (FFI), the outcome measure that
we used for the measurement of functional outcomes,
was sensitive and valid in measuring post-operative
recovery among Iranian patients. All three aspects,
pain, disability, and activity limitation, improved
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months, and 51.10+2.73 at 1 year after surgery. The
activity subscale (45.96+1.72 to 39.11£2.09) and
disability subscale (74.80+2.81 to 54.88+2.93)
exhibited similar trends with respect to time,
indicating improvement in function. The composite
FFI score improved from 207.27+7.79 at 2 weeks to
145.09+£7.75 at 1 year, which indicates that major
function was regained (Figure 1). Generally, the FFI
scores showed a persistent downward trend in all
domains, reflecting sustained improvements in pain,
functional disability, and activity limitation during the
12-month follow-up. A similar trend was also seen in
functional outcomes. Patients with more severe
fractures (AO/OTA type C3) had higher scores on the
FFI scale in the early follow-up period, suggesting
higher pain and functional disability, while patients
with less severe fractures recovered functionally
faster. However, the statistical comparison was not
feasible due to the smaller subgroup size.

Postoperative Complications

Postoperative complications involved non-union in 56
patients (30.6%), malunion in 42 (23.0%), and
loosening of the implant in 27 (14.8%). Revision
surgery was also needed in 67 patients (36.6%).
Infection rates were superficial infection in 78 patients
(42.6%), deep infection in 29(15.8%), and pin site
infection in 62(33.9%). Within the first six months
after surgery, most functional improvement took
place, and scores subsequently stabilized, especially in
the pain and composite domains. Osteoarthritis
accounted for 35 patients (19.1%), whereas other rare
complications were skin necrosis (4 cases, 2.18%) and
one case of amputation of the limb (0.54%). Patients
who underwent MIPO demonstrated a lower incidence
of deep infection (9.1%) compared to those treated
with ORIF (17.3%), though this difference was not
statistically significant (P=0.082) (Table 2).

When outcomes were descriptively analyzed based on
the fracture type, patients with more complex fracture
patterns, specifically AO/OTA C3 fractures, were
found to have higher rates of postoperative
complications, such as nonunion, malunion, deep
infection, and the need for revision surgery, than those
with less complex fracture patterns (B and Cl1-2
fractures). As a result of the uneven distribution of
fracture types, statistical analysis was not conducted.

Statistical Analysis of Outcome Trends

Repeated measures ANOVA revealed statistically
significant changes across all the FFI subscales. Pain
scores fell significantly over time (P<0.001), with
further improvement up to 6 months after surgery.
Disability scores improved significantly between 6
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weeks and 6 months (P<0.001), but the changes
between 6 months and 1 year were not statistically
significant (P=1.00). Activity scores did not vary
much with non-significant differences between
intervals like 2 and 6 weeks (P=1.000) and 6 months
and 1 year (P=1.00). Composite FFI scores also
showed the same pattern with significant decline till 6
months (P<0.001) and no change thereafter.

Recovery Duration and Correlation with Age

The mean functional recovery time to normal daily
activity was 25.48+7.48 weeks. Missing data for FFI
scores at individual time points were handled using
pairwise deletion. No imputation methods were used.
There was significant variation in recovery time
among the patients, as indicated by the duration to the
return to the activities of daily life, which ranged from
14 to 41 weeks (interquartile range: 21-29 weeks).
Age was directly correlated with 6-week postoperative
FFI scores (r=0.208, P=0.005), indicating a more
sluggish early recovery in the older patient. Age was
also significantly correlated with increased numbers
of complications (r=0.585, P<0.001), indicating age-
specific surgical and rehabilitative care. In exploratory
analyses, other variables which may have also
influenced recovery time were considered, such as
fracture severity, timing of definitive surgery, type of
surgery (ORIF versus MIPO), and occurrence of
major complications. More complex fractures and the
development of complications were associated with
delayed recovery. However, age continued to be
associated with delayed early functional recovery.
Because of the observational nature of the study and
lack of sufficient statistical power to fully adjust for
variables in a comprehensive manner, it was not
possible to rule out the confounding effects of
variables under consideration in assessing the
association between age and recovery time.

Pilon fractures, although uncommon, still rank among
the most challenging orthopedic injuries because of
their common articular involvement, compromise of
soft tissues, and comminution of fracture patterns.
Successful operative management requires careful
planning, accurate anatomical reduction, and careful
fixation techniques to avoid complications and
optimize recovery.!®

Our study, with 183 patients and follow-up at 12
months, found demographic trends and outcomes
consistent with the literature. Most patients were
younger men, as expected in the high-energy
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Data Collection and Follow-up

The postoperative data collected were age, gender,
type of fracture, and type of surgical procedure. FFI
was employed to assess outcome, as well as symptom
reporting of complications including nonunion,
wound complication, infection, loosening of the
implant, and revision surgery. 2 weeks, 6 weeks, 3
months, 6 months, and 12 months postoperative
follow-up assessments were conducted using clinic
visits or structured telephone interviews. Patients with
incomplete follow-up or missing FFI data at more than
two time points were excluded from the final analysis
to preserve data integrity.

Foot Function Index (FFI) Assessment

The Persian version of the Foot Function Index (FFI)
was used as a validated instrument to measure pain,
disability, and activity limitation subscales.!'” The
items were completed on a 0 (no difficulty) to 10
(severe difficulty) scale, where a higher score reflects
more impairment. Pain and disability domains were
both given a score of 90, and activity limitation a score
of 50 at maximum. A measure of functional recovery
to pre-injury level was used in the form of returning to
daily and occupational activities. The FFI was chosen
because of its high validity in measuring foot pain and
disability in orthopedic trauma populations, and the
existence of a culturally adapted Persian form.

Statistical Analysis

Statistical comparison was performed using the SPSS
software (version 26.0, IBM Corp., Armonk, NY,
USA). Categorical data were expressed as frequencies
and percentages, whereas continuous data were
expressed as mean+SD. Repeated measures ANOVA
was used to compare differences in FFI scores over
follow-up periods. Pearson or Spearman correlation
coefficients were wused, depending wupon the
distribution of the variables, to measure association.
Two-tailed P-value <0.05 was used for statistical
significance.

Patient Demographics and Fracture Classification

The study included 183 patients, 146 men (79.8%) and
37 women (20.2%). The average age of the patients
was 37.47 years, with a range of 10.53 years.
According to the AO/OTA classification, 118 patients
(64.5%) had C3 fractures, 17 (9.3%) had C2 fractures,
32 (17.5%) had CI1 fractures, 8 (4.4%) had B2
fractures, and 8 (4.4%) had B1 fractures. Out of 190
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initially enrolled patients, 183 completed at least 80%
of follow-up assessments and were included in the
final analysis. The follow-up completion rate at 12
months was 96.3%. The number of patients who had
staged surgery was 118(64.5%), and 65(35.5%)
patients had primary surgery. Staged surgery was
mainly chosen for those patients who arrived with
extensive soft-tissue swelling, fracture blisters, or
high-energy comminuted fractures (especially
AO/OTA type C3). These patients underwent initial
temporary external fixation to regain alignment and
facilitate soft-tissue recovery before undergoing
definitive internal fixation once local soft-tissue
conditions were judged suitable. Temporary external
fixation was done solely in the patients who
underwent staged surgery, primarily for high-energy
fractures and associated soft tissue injuries. The
temporary external fixator allowed for the restoration
of limb alignment and associated soft tissue recovery
prior to definitive fixation. The mean time required for
external fixation was 1243 days (range: 7-21 days),
following which definitive ORIF or MIPO was carried
out once the soft tissues were amenable. Surgical
techniques included open reduction and internal
fixation (ORIF) in 139 patients (76.0%) and
minimally invasive plate osteosynthesis (MIPO) in 44
patients (24.0%) (Table 1).

Table 1: Baseline Demographic Characteristics,

Fracture Classification, and Surgical Procedures of
the Study Population

Variables Frequency
Sex Male 146(79.8%)
Female 37(20.2%)
Age Mean (year) 37.47+10.53
<20 4(2.2%)
20-30 55(30.1%)
30-40 53(29.0%)
40-50 48(26.2%)
50-60 18(9.8%)
>60 5(2.7%)
Bl 8(4.4%)
0,
Pilor}r Fracture g? 32?1‘74 ;2))
ype 2 17(9.3%)
C3 118(64.5%)
Surgery Primary 65(35.5%)
Staging Staged 118(64.5%)
Surgery External Fixation 63(34.42%)
Procedure ORIF 139(76. %)
MIPO 44(24.0%)

Functional Outcome Measures (FFI Scores)

The average scores on the Foot Function Index (FFI)
pain subscale were 86.51+3.25 at 2 weeks, 77.95+6.41
at 6 weeks, 64.44+4.58 at 3 months, 53.20+3.69 at 6
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Hospital, which are the principal referral centers for
orthopedic trauma in the region. A consecutive
sampling method was used to enroll all eligible
patients presenting with pilon fractures during the
study period. The needed sample size was 80
participants, using effect size information from prior
studies, with 80% power and an alpha of 0.05, to
provide adequate statistical power to detect clinically
significant differences in functional outcomes.
Ethical Considerations: Written informed consent for
surgery and inclusion in the study was obtained from
all the participants.
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Figure 2. Longitudinal Changes in Pain, Disability, and Activity
Limitation Domains of the Foot Function Index (FFI) at 2

Weeks, 6 Weeks, 3 Months, 6 Months, and 12 Months
Postoperatively

Patient Evaluation and Fracture Classification

All the patients were assessed pre-operatively by a
senior orthopedic surgeon on the basis of proper
history-taking, physical examination, and radiological
investigation. All surgeries were performed or
supervised by fellowship-trained orthopedic trauma
surgeons to ensure consistency in surgical technique
and clinical judgment. Fractures were classified
according to the AO/OTA (Arbeitsgemeinschaft fiir
Osteosynthesefragen/Orthopaedic Trauma
Association) system into types A (extra-articular), B
(partial articular), and C (complete articular)
fractures.1®
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Inclusion criteria

Patients could be included if they had the following:
age >16 years; confirmed diagnosis of a type B or C
pilon fracture (AO/OTA classification); surgical
indication; and <21 days' time lapse between injury
and operation. Only closed fractures were included.
Patients must also be capable of giving informed
consent and undergoing follow-up evaluation.

Exclusion criteria

Exclusion criteria included previous operation or
deformity of the affected ankle; open fracture;
polytrauma with ICU admission; pathological
fractures; and any medical condition making normal
follow-up unsuitable (e.g., dementia, relocation).
Patients withdrew consent, failed to attend more than
two scheduled follow-up visits, or had missing Foot
Function Index (FFI) data and were excluded from
final analysis.

All admission and exclusion criteria were met by the
admitting assessment orthopedic surgeon at admission
through a standardized checklist.

Surgical Procedures and Postoperative Protocol

The choice of surgical technique, open reduction and
internal fixation (ORIF), minimally invasive plate
osteosynthesis (MIPO), or primary ankle arthrodesis,
was determined by the treating orthopedic surgeon
based on fracture type and soft tissue condition. In
particular, ORIF was mostly chosen in cases that had
extensive articular comminution or displacement,
which necessitated direct visualization for anatomic
reduction of the joint surface. Conversely, MIPO was
preferred in cases with somewhat well-preserved joint
congruity, metaphyseal fractures with feasible indirect
reduction, or compromised soft tissue, with the aim of
avoiding additional injury to the soft tissues. The final
choice was made in the operating room. Post-
operatively, thromboprophylaxis with low-molecular-
weight heparin and peri-operative  antibiotic
prophylaxis was administered. On the first post-
operative day, an open-foot brace to keep the ankle in
the neutral (90°) position was applied. Active and
passive range of motion, along with strengthening of
the muscles, was encouraged to avoid such
complications as equinus contracture. Weight-bearing
was customarily deferred until roentgenographic
proof of union was established, and progressive
ambulation was managed by virtue of parametric
physiotherapy protocols on follow-up examinations.
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fractures have had high complication rates with attention
mainly centered around infection, nonunion, and malunion,
largely due to the severity of the original injury and
technical requirements of the surgical fixation. Other
complications of deep infection, implant failure, wound
dehiscence, and post-traumatic arthritis occur often and can
significantly reduce long-term function. Notably,
reoperation rates remain relatively high in some series,
especially with complex fracture patterns like the C3-
type.®® Definitive timing of surgical repair has also
been a point of concern; delayed fixation techniques
are being employed most commonly to facilitate
resolution of soft tissue swelling and prevent
infection.®

Before Surgery After Surgery

ORIF

MIPO

Figure 1 .Representative ankle radiographs
demonstrating a pilon fracture and two operative

treatment strategies.

Although conventional open reduction and internal
fixation (ORIF) can achieve anatomical alignment, it
is associated with increased soft tissue morbidity,
which in turn raises the risk of postoperative
complications.'? Present advances in the technique of

fixation, such as minimally invasive plate
osteosynthesis (MIPO) and external fixation, are
(

\
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oriented towards minimizing soft tissue disruption and
have been promising for enhancing patient
outcomes.') Although other outcome measures have
been employed in pilon fracture recovery assessment,
such as AOFAS score and SF-36, the Foot Function
Index (FFI) is a more specific measure of pain,
disability, and lower limb functional limitation and is
thus especially useful in postoperative foot and ankle
disease tracking.!? These surgical innovations have
been paralleled by a growing emphasis on early
intervention and structured postoperative
rehabilitation protocols, which are critical for optimal
functional recovery. But results after treatment are still
extremely variable and depend upon healthcare
facilities, surgical skill, and compliance with
rehabilitation guidelines. Therefore, context-specific
studies are needed to identify real-world outcomes and
inform practice in various clinical settings. Outcome
variability is also influenced by differences in
treatment protocols, patient comorbidities, and
socioeconomic factors, all of which may affect access
to rehabilitation services and adherence to
postoperative care.!319

In the face of global advances in surgical methods, few
data have been reported from low- and middle-income
nations like Iran on real-world results and
complication rates after pilon fracture surgery.
Variability in access to healthcare, surgeon expertise,
and rehabilitation protocols can result in intercountry
and intracountry variability in outcomes. There is also
an increasing requirement for the formulation of
evidence-based standardised treatment protocols to
inform decision-making in these injuries, particularly
within resource-constrained settings. This is the first
Iranian study to measure clinical outcome after pilon
fracture surgery in the context of the Foot Function
Index (FFI) and to evaluate postoperative
complications in all aspects under real-world
circumstances. Furthermore, there is no extensive
longitudinal study in Iran with patient-reported
outcomes measured with valid tools at various follow-
up periods following pilon surgery. In this study, the
said deficiency is to be addressed through the
establishment of robust clinical and functional
outcome data.

Materials & Methods

Study Design and Setting

This prospective observational study was performed
between August 2020 and March 2024 at two teaching
hospitals affiliated with Isfahan University of Medical
Sciences, namely Kashani Hospital and Alzahra

]
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Functional Recovery and Complication Patterns After Surgical Treatment of Pilon

Fractures
(A 12-Month Prospective Study)

ﬁbstract

Introduction: Intra-articular pilon fractures of the distal tibia are complicated fractures with far-reaching long-
term functional consequences. Despite improved surgical methods, the ideal management protocols and resulting
recuperation patterns continue to be topics of recent investigation. This study aims to compare functional outcome,
and rates of complications after surgical management of pilon fractures by open reduction and internal fixation
(ORIF) or minimally invasive plate osteosynthesis (MIPO) and also to compare the effect of age on recovery and
modes of complications.

Materials & Methods: This is a prospective observational cohort study of 183 type B or C pilon fracture patients
treated at a single trauma center. The level of functional recovery 2 weeks, 6 weeks, 3 months, 6 months, and 12
months post-injury was measured by the Foot Function Index (FFI). Postoperative complications were noted, and
the time to return to normal activities. Repeated-measures ANOVA was employed in the assessment of temporal
changes in FFI scores.

Results & Discussion: There was significant improvement on all subscales of FFI during 12 months of time
(P<0.001), with most improvement in the first 6 months. The mean duration of time to return to activity was
25.5+7.5 weeks. Complications were malunion (23.0%), nonunion (30.6%), deep infection (15.8%), loosening of
implant (14.8%), and reoperation (36.6%). Age was correlated with increased complications. Compared with ORIF,
MIPO achieved comparable 12-month functional recovery (FFI improvement) while demonstrating a lower, though
not statistically significant, rate of deep infection, suggesting similar efficacy with a potential advantage in soft-
tissue preservation.

Conclusion: Operative management of pilon fracture yields significant functional improvement, although
complications are common. Prognosis depends on age. Preoperative planning should be meticulous, close
observation necessary, and individualized rehabilitation in order to maximize outcome.

Keywords: Tibial fractures, Treatment outcomes, Fracture healing
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fractures are less than 10% of tibial fractures, they have exceedingly high
morbidity, enormous rehabilitation, and substantial socioeconomic expense due
to prolonged disability and lost productivity.”® They typically result from high-
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fractures is largely attributed to the comminuted nature of the fracture and the
concomitant soft tissue injury, which often involves muscles, ligaments,
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affect the articular surface, metaphysis, and sometimes diaphysis of the tibia and
are accompanied by a combination of axial compression, torsional force, and
shearing injuries. The resultant joint incongruity and limb deformity present a
significant challenge during surgical planning.

Corresponding Author:
1];4;1:31 Hadian, MD Optimal pilon fracture management needs advanced surgical skills to achieve precise
m_l;a(jian72,immaﬂ.com anatomical reduction and stable fixation, which are essential in restoring function and

minimizing long-term sequelae such as post-traumatic arthritis."- > Historically, these

[180}



mailto:m.hadian72@gmail.com

Iranian Journal of Orthopaedic Surgery
Vol. 23, No. 4 (Serial No. 91), Autumn 2025, p. 173-179

12.

13.

14.

15.

16.

17.

18.

19.

Durana AL, Merino-Fernandez M, da Costa Lima L,
Porto ES, de Souza DT, Cipolotti R. Outcomes of dual
mobility versus conventional total hip arthroplasty for
patients with femoral neck fractures: a systematic
review and meta-analysis including registry data. J
Orthop Surg Res. 2025 Apr 23; 20(1): 405. doi:
10.1186/s13018-025-05764-6. PMID:  40270012;
PMCID: PMCI12016175.

Batailler C, Fary C, Verdier R, Aslanian T, Caton J,
Lustig S. The evolution of outcomes and indications for
the dual-mobility cup: a systematic review. Int Orthop.
2017 Mar; 41(3): 645-659. doi: 10.1007/s00264-016-
3377-y. Epub 2016 Dec 21. PMID: 28004142.

Batailler C, Lustig S, Balot E, Farizon F, Fessy MH,
Philippot R. Ten to 15-Year Outcomes of Monoblock
Uncemented Dual Mobility Cups: Excellent Survival
Rate and Outcome in Primary Total Hip Arthroplasty.
JB JS Open Access. 2025 Feb 21; 10(1): €24.00074. doi:
10.2106/JBJS.0A.24.00074. PMID: 39991112,
PMCID: PMC11841846.

Blakeney WG, Epinette JA, Vendittoli PA. Dual
mobility total hip arthroplasty: should everyone get one?
EFORT Open Rev. 2019 Sep 3; 4(9): 541-547. doi:
10.1302/2058-5241.4.180045. PMID:  31598332;
PMCID: PMC6771074.

Heifner JJ, Keller LM, Fox YM, Sakalian PA, Corces A.
The Performance of Primary Dual-Mobility Total Hip
Arthroplasty in Patients Aged 55 Years and Younger: A
Systematic Review. Arthroplast Today. 2023 Nov 8; 24:
101241. doi: 10.1016/j.artd.2023.101241. PMID:
38023650; PMCID: PMC10661692.

Adam P, Philippe R, Ehlinger M, Roche O, Bonnomet
F, Molé D, Fessy MH; French Society of Orthopaedic
Surgery and Traumatology (SoFCOT). Dual mobility
cups hip arthroplasty as a treatment for displaced
fracture of the femoral neck in the elderly. A
prospective, systematic, multicenter study with specific
focus on postoperative dislocation. Orthop Traumatol
Surg Res. 2012 May; 98(3): 296-300. doi:
10.1016/j.0tsr.2012.01.005. Epub 2012 Mar 29. PMID:
22463868.

Zhu W, Feng B, Zhou T, Zhang J, Wang X, Jing Q,
Weng X. The advantages and drawbacks of dual
mobility acetabular cups and its clinical application.
Chinese Journal of Orthopaedics. 2021; (12): 1367-
1372.

Laura AD, Hothi H, Battisti C, Cerquiglini A, Henckel
J, Skinner J, Hart A. Wear of dual-mobility cups: a
review article. Int Orthop. 2017 Mar; 41(3): 625-633.
doi: 10.1007/s00264-016-3326-9. Epub 2016 Dec 9.
PMID: 27942888.

Assi C, El-Najjar E, Samaha C, Yammine K. Outcomes
of dual mobility cups in a young Middle Eastern
population and its influence on life style. Int Orthop.
2017 Mar; 41(3): 619-624. doi: 10.1007/s00264-016-
3390-1. Epub 2017 Jan 10. PMID: 28074257.

—

179

20.

21.

22.

23.

24.

25.

26.

27.

Outcome of Dual Mobility in...

Nilsdotter A, Bremander A. Measures of hip function
and symptoms: Harris Hip Score (HHS), Hip Disability
and Osteoarthritis Outcome Score (HOOS), Oxford Hip
Score (OHS), Lequesne Index of Severity for
Osteoarthritis of the Hip (LISOH), and American
Academy of Orthopedic Surgeons (AAOS) Hip and
Knee Questionnaire. Arthritis Care Res (Hoboken).
2011  Nov; 63  Suppl 11: S200-7. doi:
10.1002/acr.20549. PMID: 22588745.

Dargel J, Oppermann J, Briiggemann GP, Eysel P.
Dislocation following total hip replacement. Dtsch
Arztebl Int. 2014 Dec 22; 111(51-52): 884-90. doi:
10.3238/arztebl.2014.0884. PMID: 25597367; PMCID:
PMC4298240.

Fessy MH, Jacquot L, Rollier JC, Chouteau J, Ait-Si-
Selmi T, Bothorel H, Chatelet JC. Midterm Clinical and
Radiographic Outcomes of a Contemporary Monoblock
Dual-Mobility Cup in Uncemented Total Hip
Arthroplasty. J Arthroplasty. 2019 Dec; 34(12): 2983-
2991. doi: 10.1016/j.arth.2019.07.026. Epub 2019 Jul
26. PMID: 31444020.

Neri T, Philippot R, Klasan A, Putnis S, Leie M, Boyer
B, Farizon F. Dual mobility acetabular cups for total hip
arthroplasty: advantages and drawbacks. Expert Rev
Med Devices. 2018 Nov; 15(11): 835-845. doi:
10.1080/17434440.2018.1538781. Epub 2018 Oct 24.
PMID: 30345834.

Philippot R, Neri T, Boyer B, Viard B, Farizon F.
Bousquet dual mobility socket for patient under
fifty years old. More than twenty year follow-up of one
hundred and thirty one hips. Int Orthop. 2017 Mar;
41(3): 589-594. doi: 10.1007/s00264-016-3385-y. Epub
2017 Jan 16. PMID: 28091769.

Parhamfar M, Hosseini A, Khashei M, Motififard M,
Taravati A, Shirazinejad S, Afsharirad A, Sadeghian A,
Chaleshtori AS. Evaluating the Effectiveness of
Conventional Prostheses Against Dual-Mobility
Prostheses in the Treatment of Femoral Neck Fractures
in Two Separate Groups of Patients: A Clinical Trial
Study. Adv Biomed Res. 2023 Sep 27; 12: 228. doi:
10.4103/abr.abr_108_23. PMID: 38073750, PMCID:
PMC10699230.

Achudan S, Fang C, Xiang NW, Decruz J,
Kunnasegaran R. Comparing Outcomes of Total Hip
Arthroplasty for Displaced Neck of Femur Fractures in
Elderly Patients Utilizing Dual Mobility Cups and
Conventional Implants: A Single Center Retrospective
Study of 129 Patients. Indian J Orthop. 2022 Nov 27,
57(1): 62-70. doi: 10.1007/s43465-022-00759-5. PMID:
36660481; PMCID: PMC9789225.

Assi C, Barakat H, Mansour J, Samaha C, Yammine K.
Primary total hip arthroplasty: mid-term outcomes of
dual-mobility cups in patients at high risk of dislocation.
Hip Int. 2021 Mar; 31(2): 174-180. doi:
10.1177/1120700019889031. Epub 2019 Dec 26.
PMID: 31875722.

'


https://doi.org/10.1186/s13018-025-05764-6
https://doi.org/10.1007/s00264-016-3377-y
https://doi.org/10.1007/s00264-016-3377-y
https://doi.org/10.2106/jbjs.oa.24.00074
https://doi.org/10.1302/2058-5241.4.180045
https://doi.org/10.1016/j.artd.2023.101241
https://doi.org/10.1016/j.otsr.2012.01.005
https://doi.org/10.1007/s00264-016-3326-9
https://doi.org/10.1007/s00264-016-3390-1
https://doi.org/10.1007/s00264-016-3390-1
https://doi.org/10.1002/acr.20549
https://doi.org/10.3238/arztebl.2014.0884
https://doi.org/10.1016/j.arth.2019.07.026
https://doi.org/10.1080/17434440.2018.1538781
https://doi.org/10.1007/s00264-016-3385-y
https://doi.org/10.4103/abr.abr_108_23
https://doi.org/10.1007/s43465-022-00759-5
https://doi.org/10.1177/1120700019889031

Mehdi Hadian et al.

retrospective study, unmeasured confounders or
selection biases could have influenced outcomes.

Both DM and conventional THA resulted in
significant postoperative improvements in pain,
function, and quality of life. The DM group
demonstrated more favorable EQ-5D outcomes and
lower observed dislocation rates, although differences
in complications were not statistically significant.
These findings suggest that DM implants may provide
additional functional benefits without increasing
complication risk. However, further prospective
studies are warranted to assess long-term outcomes
and cost-effectiveness in broader patient populations.

Conclusion

In this retrospective comparative study of an Iranian
patient population, both dual mobility and
conventional total hip arthroplasty resulted in
substantial improvements in pain relief, hip function,
and health-related quality of life at one-year follow-
up. However, patients treated with dual mobility
implants demonstrated more favorable gains in
quality-of-life measures and slightly superior
functional outcomes, without an associated increase in
early  postoperative  complications.  Although
dislocation was observed only in the conventional
THA group, the overall incidence of instability was
low and did not reach statistical significance between
groups.

These findings suggest that dual mobility cups may offer
additional clinical benefits beyond stability alone, even in a
broader primary THA population not limited to traditional
high-risk categories. Importantly, this study adds evidence
from a Middle Eastern cohort, addressing a notable gap in
the literature and supporting the applicability of dual
mobility constructs in populations with distinct cultural and
functional demands

Given the retrospective design, limited sample size,
and short-term follow-up, conclusions regarding long-
term implant survivorship, polyethylene wear, and
cost-effectiveness cannot be drawn. Prospective,
randomized studies with extended follow-up are
warranted to further define the role of dual mobility
implants in primary total hip arthroplasty and to
determine whether their clinical advantages justify
broader routine use.
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reported no significant differences between dual
mobility and conventional THA in terms of functional
scores (Harris Hip Score and SF-36) and postoperative
infection in patients with femoral neck fractures.
However, unlike our findings, their study identified a
significantly higher rate of dislocation in the
conventional group.?® 1In our study, although
dislocation was only observed in the conventional
group, the difference was not statistically significant.
A recent systematic review and meta-analysis
incorporating three randomized controlled trials and
ten cohort studies—with a combined sample of 21,585
patients—found that DM implants were associated
with reduced rates of dislocation and revision.
However, the analysis also reported a inferior
functional outcomes at six to nine months
postoperatively in contrast to our findings.('"
Similarly, in a retrospective cohort study conducted at
a single tertiary care center between January 2015 and
May 2020, data from 129 patients revealed no
instances of dislocation in the DM group, whereas the
conventional THA group experienced four
dislocations (4.6%).%% In terms of postoperative
function, both cohorts demonstrated comparable
outcomes, with no statistically significant differences
observed in patient-reported measures, including the
Oxford Hip Score and SF-36, at both six-month and
one-year follow-ups.®

A notable strength of our study lies in its focus on
Iranian  patient population, which  remains
underrepresented in the current literature, particularly
when compared to Western cohorts. In one of the few
investigations centered on the Middle Eastern
population, Assi et al. reported no instances of
instability, intra-prosthetic dislocation, or mechanical
failure over a mean follow-up period of five years. The
only major postoperative complication was a single
case of infection, and the HHS achieved was 97.1.(19
More recently, Mozafari et al. documented a
significant improvement in functional outcomes
among high-risk patients—those with neuromuscular
disorders and intracapsular femoral neck fractures—
with mean HHS rising from 49 + 8.5 preoperatively to
89+2.4 at four-year follow-up.®) These findings
collectively suggest that DM implants confer
substantial benefits in both general and high-risk
populations, with consistently low dislocation rates
and favorable functional recovery. These promising
outcomes regarding implant stability and durability
have led to broader indications and DMs are no longer
limited to revision surgery or high risk patients.('* 2%
The Middle Eastern population presents unique
functional demands following total hip arthroplasty,

(
\
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particularly due to cultural and religious practices that
require deep hip flexion. Activities such as sitting
cross-legged, using squat-style toilets, and kneeling
during prayer are integral to daily life in this region
and place substantial biomechanical demands on the
hip joint.®- 27 In alignment with our findings, Assi et
al. reported that patients not only returned to
occupational activities but also resumed culturally
significant practices such as prayer and low sitting
postures, expressing high levels of postoperative
satisfaction.”

Table 1: Demographic and clinical characteristics of the

patients

Variable Dual Mobility | Conventional | P-value

THA THA

(n=42) (n=44)
Mean+SD/n(%) 63.084+2.8 64.1+2.8 0.072
Male/n(%) 22(52.4%) 20(45.5%) 0.666
(meantstd) BMI 25.81+3.74 27.1£2.5 0.061
Initial pain 33(78.6) 43(97.7%) 0.015
sympto | limping 9(21.4) 1(2.3%)
m
Intraoperative blood | 3(7.1) 6(13.6%) 0.485
transfusion
Postoperative 0(0) 0(0%) 1.000
infection
Prosthesis 0(0) 1(2.3%) 1.000
dislocation
Deep vein 1(2.3%) 0(0%) 0.488
thrombosis

177 ]

While the DM construct offers clear advantages in
terms of stability and range of motion, existing
literature also highlights potential drawbacks
associated with its use.”” These include concerns
regarding polyethylene liner wear, which may
contribute to aseptic loosening and, in rare cases,
intra-prosthetic dislocation.!”> 2 However, none of
these complications were observed in our study.
Nevertheless, extended follow-up is necessary to
determine the long-term safety and durability of DM
implants with greater certainty. Another potential
drawback of dual mobility implants is their higher cost
compared to conventional THA. It remains uncertain
whether the incremental clinical benefits they offer
justify the added expense from a health economics
perspective or translate into improved overall value
for healthcare systems.?>

This study has several strengths. This is one of the few
comparative studies on DM versus conventional THA
in a Middle Eastern population. Also, inclusion of
real-world clinical data enhances generalizability.
However, limitations must be acknowledged.
Retrospective design may introduce selection bias.
The follow-up was short (one year), so we cannot
comment on longer-term issues like late aseptic
loosening or intra prosthetic dislocation, which are
rare but important over many years. Finally, as a

)
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Table 3: EQ-5D dimension distribution before and after surgery (DM)

Before after
Mobility | Self- Usual Pain depressio | Mobility | Self-care Usual Pain depression
care activity n activity
2(4.8) 19(45.2) | 1(24) 0(0) 5(11.9) 36(85.7) | 42(100) 34(81) 29(69) 32(76.2)
34(81.0) | 10(23.8) | 23(54.8) | 20(47.6) | 30(71.4) 6(14.3) 0(0) 8(19) 13(31) 10(23.8)
6(14.3) 13(31.0) | 18(42.9) | 22(52.4) | 7(16.7) 0(0) 0(0) 0(0) 0(0) 0(0)
Mean+ SD=-8.3+1.69 Mean+SD=-4.11+1.94
Median, IQR=-.50(-2, 0) Median, IQR=4(3.75, 5)
Mean+SD=-1.18+0.38 Mean+SD=-0.82+0.18
Median, IQR=-0.1(-.60, 0) Median, IQR=0.8(0.75, 1.00)
Conventional
2(4.5) 3(6.8) 1(2.3) 0(0) 2(4.5) 22(50) 30(68.2) | 25(56.8) | 18(40.9) 19(38.6)
35(79.5) | 11(25) | 25(56.8) | 20(45.5) | 19(43.2) | 18(40.9) 12(27.3) | 15(34.1) | 20(45.5) 19(43.2)
7(15.9) | 30(68.2) | 18(40.9) | 24(54.5) | 23(53.2) 4(9.1) 2(4.5) 4(9.1) 6(13.6) 8(18.2)
Mean+SD=-9.5+2.1 Mean+SD=-5.9 +2.9
Median, IQR=8(5, 9) Median, IQR=2.5(0, 5)
Mean+SD=-1.74+0.22 Mean+SD=-0.3940.5
Median, IQR=-1.6(1.0, 1.8) Median, IQR=-0.5(0.0, 1.0)

issue by enhancing prosthetic stability.) DM

This retrospective comparative study demonstrated
that both dual mobility (DM) and conventional total
hip arthroplasty (THA) significantly improved
patients’ postoperative outcomes in terms of pain,
function, and health-related quality of life. Although
both groups benefited from surgery, the DM group
exhibited more favorable improvements across EQ-
5D dimensions and a greater reduction in mean pain
and disability scores. Notably, the dislocation rate was
low overall, and the difference between groups was
not statistically significant.

Our findings are consistent with existing literature
suggesting that DM implants provide superior joint
stability and are associated with lower dislocation risk.
While conventional THA remains a highly effective
intervention, dislocation remains a known
complication, with annual rates ranging from 0.2% to
10%.?YThe DM construct, through its dual
articulation mechanism, was designed to address this

(
{

176 )

prostheses are typically indicated in populations at
elevated risk for postoperative instability, including
elderly individuals, those with neuromuscular
disorders, a prior history of hip procedures, revision
arthroplasty, femoral neck fractures, or tumor
resections.!” ~ While previous research  has
predominantly concentrated on elderly patients!"*:
9 frequently those over 70 years of age—our study
intentionally broadened the inclusion criteria to
encompass patients across a wider age spectrum. This
approach aimed to provide a more comprehensive
assessment of DM and conventional THA outcomes
in a more heterogeneous population.

The positive outcomes observed in our study are in
line with previous research highlighting the enhanced
biomechanical stability and long-term reliability of
DM implants.(* 1% 2229 Nevertheless, our findings
also revealed similar rates of postoperative
complications—such as infections and
thromboembolic events—between the DM and
conventional THA groups. Parhamfar et al. similarly

J



Iranian Journal of Orthopaedic Surgery
Vol. 23, No. 4 (Serial No. 91), Autumn 2025, p. 173-179

sufficiently severe to presage the need for THA; the
specific ASI reasons for primary hip arthroplasties
(e.g., OA, avascular necrosis) were consistent with
typical hip arthroplasty indications.

Statistical Analysis

Following data collection, all statistical analyses were
performed using IBM SPSS Statistics version 25
(IBM Corp., Armonk, NY, USA). Descriptive
statistics for continuous variables were reported as
means, standard deviations, and medians, as
appropriate. Group comparisons for normally
distributed quantitative data were conducted using
independent-samples t-tests. Categorical variables,
expressed as frequencies and percentages, were
compared using the Chi-square test. To evaluate
differences between the dual mobility and
conventional THA groups, various statistical tests
were applied based on data distribution. These
included independent t-tests for continuous variables,
Wilcoxon signed-rank tests for paired data, and the
Mann—Whitney U test for non-normally distributed
outcomes such as dislocation rates and modified
Harris Hip Scores (HHS). A two-tailed p-value of
<0.05 was considered indicative of statistical
significance in all comparisons.

A total of 86 patients were analyzed, including 42 who
underwent dual mobility (DM) THA and 44 who
received conventional THA. (Figure 1, figure 2) The
groups were comparable in age (63.1+£2.8 vs.
64.1+2.8; p=0.072), BMI (25.8+£3.7 vs. 27.1+2.5;
p=0.061), and sex distribution (52.4% vs. 45.5% male;
p=0.666). Pain was more commonly reported as the
initial symptom in the conventional group (97.7% vs.
78.6%; p=0.015). Transfusion rates were similar
(13.6% vs. 7.1%; p=0.485). No postoperative
infections occurred (p=1.000), and prosthesis
dislocation was observed only in one conventional
case (p=1.000). One DVT occurred in the DM group
(p=0.488).

Table 2 presents the comparison of pain intensity and
Harris Hip Scores (HHS) between the two groups.
Pain scores decreased in both groups over time, with
the DM group consistently showing lower scores at
each timepoint. Immediately post-operation, the mean
pain score was 5.57+1.19 in the DM group versus

—
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5.9+ 1.3 in the conventional group (p=0.084). At six
months, scores declined to 1.43+0.91 and 2.1+ 1.0,
respectively (p=0.095), and at one year to 0.38 +£0.62
vs. 1.2+0.9 (p=0.108). Although none of these
differences reached statistical significance, a
consistent trend favored the DM group. Preoperative
HHS values were similar between groups

(67.67+£15.31 vs. 68.2+14.9; p=0.873). At one-year
post-op, the DM group achieved a higher mean HHS
(92.98 +£4.06) compared to the conventional group
(89.8+5.3; p=0.062),
functional outcomes.

suggesting slightly better

Table 2: Pain and Harris Hip Scores (HHS) before and
after surgery

Variable | Timepoint Dual Conventional | P-value
Mobility THA
THA
Pain Immediately | 5.57+1.19 5.9+1.3 0.084
Score post-
operation
6 months | 1.43+0.91 2.1+1.0 0.095
after
operation
1 year after | 0.38+0.62 1.2+0.9 0.108
operation
HHS Pre- 67.67£15.31 | 68.2+£14.9 0.873
operation
Post- 92.98+4.06 89.8+5.3 0.062
operation

Table 3 presents the distribution of EQ-5D dimension
scores before and after surgery in both groups. Prior to
surgery, most patients in both the DM and
conventional THA groups reported moderate to severe
limitations across the five dimensions. Following
surgery, a marked improvement was observed,
particularly in the DM group. In the DM group, the
total EQ-5D score improved from —8.3 £ 1.69 before
surgery to —4.11+1.94 after surgery, and the mean
score per dimension changed from —1.18 £0.38 to —
0.82+£0.18. The median (IQR) scores shifted from —
0.1 (-0.60, 0) to 0.8 (0.75, 1.00). In the conventional
THA group, the total score improved from —9.5+2.1
to —5.9+£2.9, and the mean score per dimension
improved from —1.7+0.22 to —0.39+£0.5. Median
(IQR) scores changed from —1.9 (1.6, 2.2) before
surgery to —0.5 (0.0, 1.0) after surgery. These findings
indicate greater improvement across EQ-5D
dimensions in the DM group compared to the
conventional group, although both groups experienced
substantial postoperative gains in health-related
quality of life.

'
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Furthermore, recent meta-analyses comparing DM
systems to conventional THA in the context of
femoral neck fractures have confirmed a significant
reduction in both dislocation and revision rates with
the use of DM designs.') In short, the literature
suggests that DM implants are an effective strategy to
enhance hip stability without compromising implant
survival.

Figure 1: THA in 49y/o femail with sever DJD due to hip

avascular necrosis

The use of DM is mostly used and studied on patients
with high risk factors for dislocation (e.g., older
patient age, spinopelvic  pathology, neuro
compromise, and revision cases) and its use as the
primary treatment in THA in general population is still
debated.!*'®  Also, although less common that
conventional method several complications were
reported in DM. including polyethylene wear, slightly
reduced range of motion and higher initial costs, and
more complex, revision surgery.!”- ¥ What is more,
dual mobility implants are not universally used. Data
on their use in non-Western populations are limited,
and the cost-effectiveness of DM THA can be
debated. To our knowledge, there are few published
studies of DM THA outcomes in Middle Eastern
patients.'” The patient demographics, activity levels,
and healthcare resources in Iran may differ from
Western cohorts, so it is important to evaluate the real-
world results of DM THA locally.® The present study
was undertaken to fill this gap. These results will help
assess whether the favorable findings reported
elsewhere hold true in Iranian community.

Materials & Methods
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We conducted a retrospective comparative study
(case-control design) of primary total hip arthroplasty
patients. The case group consisted of patients who
underwent THA with a dual mobility cup at two major
medical centers in Isfahan, Iran, between 2021 and
2022. The control group underwent conventional
THA in a similar timeframe. Ethical approval for the
original data collection was obtained locally; the
comparative analysis utilized published de-identified
data for controls. All patients had surgery under
general anesthesia using a direct lateral approach
while lying laterally. The implant used in all cases was
a first-generation dual mobility cup (SYMBOL, made
by DEDIENNE SANTE, Nimes, France). Clinical
information was collected from medical records and
follow-up records. Baseline demographics consisted
of age, sex, body mass index (BMI), and disease
duration. We recorded the primary presenting
symptom (pain or limp) and whether intraoperative
blood transfusion was required. Postoperative
complications (infection, prosthesis dislocation, DVT,
motion limitation) were noted through one year.

Figure 2: Dual Mobility arthroplasty in 61 y/o male with

sever DjD due to hip avascular necrosis

The outcome measures were pain, hip function and
quality of life. Pain was measured postoperatively
(day 1) and at 6 and 12 months using the numeric
rating scale (0=no pain and 10=worst pain). Hip
function was also reported using the Harris Hip Score
(HHS) pre-operatively and 1 year post-operatively; it
ranges from 0-100 points and is a clinically valid scale
measuring of pain and function.®” The health-related
quality of life was assessed using the Euroqol-5D.

We performed a retrospective analysis on all patients
who had undergone unilateral THAs with a DM
acetabular insert in major medical centers in Isfahan.
Inclusion criteria were adults with hip disease
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Outcome of Dual Mobility in Primary Total Hip Arthroplasty

(Abstract \

Introduction: Dual mobility (DM) implants have been increasingly adopted in total hip arthroplasty (THA) to
reduce the risk of postoperative instability. However, evidence comparing DM and conventional THA in Middle
Eastern populations remains limited.

Materials & Methods: In a retrospective case-control study the patients who had undergone primary unilateral
THA in one year at two major medical centers were evaluated. The case-group received DM implants, and the
control- group had conventional THA. Within a one-year follow-up, the pain (Numeric Rating Scale), hip function
(Harris Hip Score), and quality of life (EQ-5D), and Postoperative complications were compared.

Results & Discussion: The 86 patients studied included 42 DM and 44 conventional THA cases. Both groups
experienced significant improvement in pain, function, and quality of life at one-year follow-up. The DM group
demonstrated greater improvements in EQ-5D scores and higher postoperative HHS compared to the conventional
group. The only dislocation (4.6%) in the conventional-group had no statistically significance. Other postoperative
complications, including infection and DVT, were comparable between the groups.

Conclusion: DM hip arthroplasty was associated with more favorable postoperative functional recovery and quality
of life outcomes, without a significant increase in complications, in short-term follow-up. These findings support
the broader application of DM implants in primary THA, although further prospective studies are needed to assess
the long-term outcomes and also cost-effectiveness.

Keywords: Total Hip Arthroplasty, Hip Prosthesis, Treatment Outcome
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lzjn?ggéitsyCll?fl "&ﬁgﬁmegéfﬁ??;f Total hip arthroplasty (THA) is widely recognized as a highly effective and
Isfahan, Iran economically efficient intervention for managing advanced hip joint disorders,
offering substantial improvements in pain and mobility."":? Despite its success,
postoperative instability remains a significant complication, especially among
younger individuals or those at elevated risk, with reported dislocation rates
ranging from 1% to 6%." Dislocation is a leading contributor to early failure of
THA and often necessitates revision surgery.”® To address this issue, various
surgical approaches and implant designs have been developed.”) One such
innovation is the dual mobility (DM) prosthesis, first introduced in 1974, which
enhances stability by increasing the jump distance and minimizing
impingement.® This design has emerged as a key strategy for both preventing
and managing hip instability following arthroplasty.!:* ¢ Multiple studies and
reviews have confirmed the stability benefit of DM implants in primary and
revision THA.7'® Jones et al. reported that among 151 of their study patients
who were considered high risk for dislocation, only one of them sustained intra-
prosthetic dislocation.”” Darrith et al. demonstrated that THA utilizing DM
implants is associated with remarkably low rates of instability and outstanding
long-term durability, with prosthesis survivorship exceeding 98% over an 8 to
16-year follow-up period.'? In concordance with these findings, a recent
analysis reported implant survival rates ranging from 96% to 98% at 10 to 15
years postoperatively, with dislocation and intra prosthetic dislocation occurring
in only a negligible proportion of cases.!¥ Notably, outcomes in patients
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technique, and enhanced postoperative surveillance in
revision cases. Surgeons should be vigilant about stem
positioning to avoid creating stress risers and consider
strategies to preserve bone stock where possible.(!> 2
For patients with elevated BMI, our findings suggest
that weight management should be part of the
comprehensive care plan. Preoperative weight
optimization might reduce the risk of this serious
complication. Additionally, patients with high BMI
might benefit from more conservative postoperative
rehabilitation protocols and longer protected weight-
bearing periods.?” Although osteoporosis and
corticosteroid use showed only trends toward
significance, their relatively high odds ratios suggest
clinical relevance. Evaluation of bone health should be
considered in preoperative assessment for TKA,
especially in patients with other risk factors.
Pharmacological management of osteoporosis might
be beneficial in high-risk patients, though Forlenza et
al. (2024) suggest that bisphosphonate treatment alone
may not fully mitigate fracture risk.!%2? This study
has several strengths, including its case-control design
with matched controls, comprehensive risk factor
assessment, and multivariate analysis controlling for
potential confounders. However, several limitations
warrant consideration.

Limitations and Future Research

First, the relatively small sample size, particularly in
the fracture group (n=45), may have limited statistical
power to detect associations with osteoporosis and
corticosteroid use. Second, the retrospective nature
introduces potential for selection and information
bias. Third, we did not collect data on surgical
techniques, implant designs, or postoperative
rehabilitation protocols, which might influence
fracture risk. Additionally, we did not have data on
bone mineral density measurements for all patients,
potentially leading to underdiagnosis of osteoporosis.
Lastly, the single-center design may limit
generalizability to other populations with different
demographic characteristics or healthcare practices.

Future research should focus on prospective studies
with larger sample sizes to better characterize the
relationship between osteoporosis, corticosteroid use,
and periprosthetic fracture risk. Studies incorporating
routine bone mineral density measurements would
provide a more accurate assessment of bone quality.
Investigation into protective strategies for high-risk
patients, including modified surgical techniques,
implant selection considerations, and tailored
rehabilitation  protocols, would be valuable.
Additionally, research examining the role of bone-
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enhancing medications in preventing periprosthetic
fractures, specifically in joint arthroplasty patients,
would address an important knowledge gap.
Longitudinal studies assessing the impact of weight
management interventions on fracture risk in
overweight and obese patients would also provide
valuable insights for clinical practice.

Conclusion

Our study identifies elevated BMI and revision TKA

as significant independent risk factors for
periprosthetic fracture following TKA, with trends
toward increased risk with osteoporosis and
corticosteroid use. These findings highlight the
importance of considering modifiable risk factors in
preoperative planning and postoperative management.
Comprehensive risk assessment incorporating BMI,
revision status, bone health, and medication history
may help identify patients who would benefit from
enhanced surveillance and preventive strategies. A
multidisciplinary approach addressing these risk
factors may reduce the incidence of this challenging
complication.
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patients having 2.5 times higher odds and obese
patients having 3.8 times higher odds of periprosthetic
fracture compared to those with normal BMI. The
biomechanical explanation for this association likely
involves increased mechanical loading on the
prosthesis-bone interface in patients with higher body
weight. Additionally, operative challenges in patients
with obesity might contribute to suboptimal
component positioning, potentially creating stress
risers.”” Redondo-Trasobares et al. (2020) identified
obesity as an independent risk factor for periprosthetic
femoral fractures and suggested that the combination
of increased mechanical stress and technical
challenges during surgery may explain this
relationship.”” Our study identified revision TKA as
the strongest predictor of subsequent periprosthetic
fracture (aOR 15.00, p<0.001). This finding is
strongly supported by previous research. Meek et al.
(2011) reported that the risk of periprosthetic fracture
was substantially higher after revision TKA (2.2%)
compared to primary TKA (0.6%).? Meyer et al.
(2021) identified periprosthetic fracture as one of the
leading causes of failure after aseptic revision TKA.13
Several factors may explain this strong association.
Rodriguez-Merchan (2024) discussed how revision
TKA often requires more extensive bone resection,
potentially leaving less bone stock and creating
structural ~ weakness."'”>  Additionally, revision
components often feature longer stems that can create
stress risers at the stem tip. The altered biomechanics
following revision surgery, combined with potentially
compromised bone quality, create an environment
conducive to fracture development.!> 29 Although
osteoporosis showed a trend toward increased fracture
risk in our study (aOR 4.00, p=0.08), it did not reach
conventional statistical significance. This finding
contrasts with several recent studies that have
established stronger associations. Harris et al. (2024)
demonstrated that patients with osteoporosis
undergoing TKA had significantly higher 5-year
implant-related complications, including
periprosthetic fractures.!¥ Similarly, Park et al.
(2024) highlighted that a history of previous
osteoporotic fracture was a significant predictor of
subsequent periprosthetic distal femoral fracture
following TKA."» The borderline significance in our
study may be attributed to the relatively small sample
size and the low reported prevalence of diagnosed
osteoporosis (6.7% in the fracture group). It's possible
that undiagnosed osteoporosis or osteopenia was
present in additional patients. Agarwal et al. (2023)
demonstrated that prior fragility fractures, which often
indicate underlying bone quality issues, significantly
increased long-term periprosthetic fracture risk after
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TKA." Interestingly, Forlenza et al. (2024) found that
bisphosphonate  treatment in  patients  with
osteoporosis did not affect periprosthetic fracture risk
following TKA, suggesting that pharmacological
management of osteoporosis may not fully mitigate
the fracture risk in this population.!?

Table 2: Timing of Fractures After TKA

Timing Fracture Group (n=45)
>90 days 34(75.6%)
<90 days 11(24.4%)

This highlights the complexity of the relationship
between bone quality and periprosthetic fracture risk.
Our findings showed a trend toward increased fracture
risk with corticosteroid use (aOR 3.90, p=0.09),
though this did not reach statistical significance. This
trend is consistent with established literature on
corticosteroid-induced adverse effects on bone
metabolism. Buckley et al. (2017) outlined in the
American College of Rheumatology guideline that
glucocorticoid use is associated with rapid bone loss
and increased fracture risk, with effects beginning
within the first three months of treatment. The
mechanism involves multiple pathways, including
decreased bone formation, increased bone resorption,
and altered calcium metabolism.?® These changes can
compromise the structural integrity of bone around
prosthetic implants. While our study showed only a
trend, the relatively high odds ratio (3.90) suggests
potential clinical relevance despite not reaching
statistical significance at p<0.05. Interestingly, our
study did not identify age >60 years (aOR 1.02,
p=0.96) or female gender (aOR 1.08, p=0.84) as
significant risk factors for periprosthetic fracture. This
finding differs from some previous reports. King et al.
(2018) identified advanced age and female gender as
risk factors for periprosthetic fractures following total
joint arthroplasty.©®” Similarly, Singh and Lewallen
(2011) found that older age was associated with
increased periprosthetic fracture risk after TKA.GV
The lack of association in our study may be due to
several factors. First, our matching process for age and
gender between case and control groups might have
diminished the ability to detect these as independent
risk factors. Second, the influence of age and gender
might be mediated through other factors such as bone
quality and comorbidities. Finally, our regional
population might have unique characteristics that
modify the typical risk profile seen in other studies.

Clinical Implications and Recommendations

The strong association between revision TKA and
subsequent periprosthetic fracture highlights the need
for careful patient selection, meticulous surgical
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follow-up periods. Pearson or Spearman correlation
coefficients were wused, depending upon the
distribution of the variables, to measure association.
Two-tailed P-value <0.05 was used for statistical
significance.

Demographic and Clinical Characteristics

The study included 45 patients in the fracture group
and 90 patients in the control group. Table 1 illustrates
the demographic and clinical characteristics of both
groups. The distribution of gender and age was similar
between the two groups, with 94 (69.62%) female
patients and two-thirds of patients aged 60 years or
older in both groups. However, significant differences
were observed in BMI classification, with the fracture
group having a higher proportion of overweight (22
vs. 40) (48.9% vs. 44.4%) and obese (18 vs. 20)
(40.0% vs. 22.2%) patients compared to the control
group (p=0.01 for both categories).

Table 3: Multivariate Logistic Regression Analysis of Risk

Factors for Periprosthetic Fracture

. Reference (if o
Predictor applicable) aOR(95% CI) p-value
Age (>60 vs <60) <60 1.02(0.48-2.10) 0.96
Sex (Female vs
Male) Male 1.08(0.52-2.24) 0.84
BMI (Overweight) Normal 2.50(1.10-5.70) 0.03
BMI (Obese) Normal 3.80(1.40-8.80) 0.01
Revision TKA (Yes No 15.0(4.00—0) <0.001
vs No)
Osteoporosis (Yes vs No 4.00(0.85-16.0) 008
No)
Corticosteroid Use
(Yes vs No) No 3.90(0.80-15.0) 0.09

Fracture Patterns and Distribution

The characteristics of the fractures presented in Table
3 indicate that femoral fractures are the most common,
accounting for 75.6% of cases. This is followed by
tibial fractures at 22.2%, with patellar fractures being
quite rare at only 2.2% (Table 2).

Risk Factor Analysis

Notably, 7 (15.6%) of patients in the fracture group
had undergone revision TKA, while none in the
control group had a history of revision surgery
(p<0.001). Although not reaching conventional
statistical significance, there were trends toward
higher prevalence of osteoporosis and corticosteroid
use in the fracture group (both 6.7% vs. 1.1%, p=0.07-
0.08). After adjusting for potential confounders,
overweight and obesity emerged as significant risk
factors for periprosthetic fracture, with adjusted odds
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ratios of 2.50 (95% CI: 1.10-5.70, p=0.03) and 3.80
(95% CI: 1.40-8.80, p=0.01), respectively, compared
to normal BMI. Revision TKA was associated with
the highest risk, with an adjusted odds ratio of 15.00
(95% CI. 4.00—0, p<0.001), indicating a strong
relationship between prior revision surgery and
subsequent periprosthetic fracture. Although not
reaching statistical significance at the conventional
p<0.05 level, osteoporosis and corticosteroid use
showed trends toward increased risk with adjusted
odds ratios of 4.00 (95% CI: 0.85-16.00, p=0.08) and
3.90 (95% CI: 0.80-15.00, p=0.09), respectively.
These findings suggest potential clinical relevance
despite the borderline statistical significance, possibly
due to the relatively small sample size. Age and sex
were not found to be significantly associated with risk
of periprosthetic fracture in this study population, with
adjusted odds ratios close to 1.0 and p-values >0.80
(Table 3).

The timing of fractures following total knee
arthroplasty (TKA) reveals that a significant majority
(75.6%) of fractures occur 90 days or more after
surgery. This finding suggests that these fractures are
more likely related to ongoing issues with implant
stability rather than to acute surgical trauma. In
contrast, 24.4% of fractures occur within the first 90
days post-surgery, which may be associated with the
surgical procedure itself (Table 4).

Summary of Key Finding

Revision TKA was the most powerful independent
risk factor for periprosthetic bone fracture with an
odds ratio of 15.0, which represents a strongly raised
risk compared with primary TKA. Elevated BMI was
also a powerful risk with a greater risk in obesity
compared with being overweight. Osteoporosis had a
trend towards raised fracture risk that was not
significant. These results create a delineated risk
hierarchy, clarifying and putting into context debates
in the literature concerning the prominence of each
factor.

Comparison with Previous Studies

The significant association between elevated BMI and
periprosthetic fractures in our study is consistent with
recent literature. Puga et al. (2024) conducted a
systematic review specifically examining BMI's
impact on periprosthetic fracture risk after TKA and
found that higher BMI categories were associated with
increased fracture risk.?” Our findings demonstrated
a clear dose-response relationship, with overweight
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history-taking, physical examination, and radiological
investigation. All surgeries were performed or
supervised by fellowship-trained orthopedic trauma
surgeons to ensure consistency in surgical technique
and clinical judgment. Fractures were classified
according to the AO/OTA (Arbeitsgemeinschaft fiir
Osteosynthesefragen/Orthopaedic Trauma
Association) system into types A (extra-articular), B
(partial articular), and C (complete articular)
fractures.!®

Inclusion criteria

Patients could be included if they had the following:
age >16 years; confirmed diagnosis of a type B or C
pilon fracture (AO/OTA classification); surgical
indication; and <21 days' time lapse between injury
and operation. Only closed fractures were included.
Patients must also be capable of giving informed
consent and undergoing follow-up evaluation.

Exclusion criteria

Exclusion criteria included previous operation or
deformity of the affected ankle; open fracture;
polytrauma with ICU admission; pathological
fractures; and any medical condition making normal
follow-up unsuitable (e.g., dementia, relocation).
Patients withdrew consent, failed to attend more than
two scheduled follow-up visits, or had missing Foot
Function Index (FFI) data and were excluded from
final analysis.

All admission and exclusion criteria were met by the
admitting assessment orthopedic surgeon at admission
through a standardized checklist.

Surgical Procedures and Postoperative Protocol

The choice of surgical technique, open reduction and
internal fixation (ORIF), minimally invasive plate
osteosynthesis (MIPO), or primary ankle arthrodesis,
was determined by the treating orthopedic surgeon
based on fracture type and soft tissue condition. In
particular, ORIF was mostly chosen in cases that had
extensive articular comminution or displacement,
which necessitated direct visualization for anatomic
reduction of the joint surface. Conversely, MIPO was
preferred in cases with somewhat well-preserved joint
congruity, metaphyseal fractures with feasible indirect
reduction, or compromised soft tissue, with the aim of
avoiding additional injury to the soft tissues. The final
choice was made in the operating room. Post-
operatively, thromboprophylaxis with low-molecular-
weight heparin and peri-operative antibiotic
prophylaxis was administered. On the first post-
operative day, an open-foot brace to keep the ankle in
the neutral (90°) position was applied. Active and
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passive range of motion, along with strengthening of
the muscles, was encouraged to avoid such
complications as equinus contracture. Weight-bearing
was customarily deferred until roentgenographic
proof of union was established, and progressive
ambulation was managed by virtue of parametric
physiotherapy protocols on follow-up examinations.

Table 2: Fracture Characteristics

Fracture Type Fracture Group (n=45)
Femur 34(75.6%)
Tibia 10(22.2%)
Patella 1(2.2%)
Rorabeck and Lewis | Type 1 (Femur) 15(44.1%)
Classification Type 2 (Femur) 19(55.9%)
Type 3 (Femur) 0
Felix Classification Type 1 (Tibia) 6(60.0%)
Type 2 (Tibia) 3(30.0%)
Type 3 (Tibia) 1(10.0%)
Type 4 (Tibia) 0

Data Collection and Follow-up

The postoperative data collected were age, gender,
type of fracture, and type of surgical procedure. FFI
was employed to assess outcome, as well as symptom
reporting of complications including nonunion,
wound complication, infection, loosening of the
implant, and revision surgery. 2 weeks, 6 weeks, 3
months, 6 months, and 12 months postoperative
follow-up assessments were conducted using clinic
visits or structured telephone interviews. Patients with
incomplete follow-up or missing FFI data at more than
two time points were excluded from the final analysis
to preserve data integrity.

Foot Function Index (FFI) Assessment

The Persian version of the Foot Function Index (FFI)
was used as a validated instrument to measure pain,
disability, and activity limitation subscales.!'” The
items were completed on a 0 (no difficulty) to 10
(severe difficulty) scale, where a higher score reflects
more impairment. Pain and disability domains were
both given a score of 90, and activity limitation a score
of 50 at maximum. A measure of functional recovery
to pre-injury level was used in the form of returning to
daily and occupational activities. The FFI was chosen
because of its high validity in measuring foot pain and
disability in orthopedic trauma populations, and the
existence of a culturally adapted Persian form.

Statistical Analysis

Statistical comparison was performed using the SPSS
software (version 26.0, IBM Corp., Armonk, NY,
USA). Categorical data were expressed as frequencies
and percentages, whereas continuous data were
expressed as mean+SD. Repeated measures ANOVA
was used to compare differences in FFI scores over
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fractures have had high complication rates with attention
mainly centered around infection, nonunion, and malunion,
largely due to the severity of the original injury and
technical requirements of the surgical fixation. Other
complications of deep infection, implant failure, wound
dehiscence, and post-traumatic arthritis occur often and can
significantly reduce long-term function. Notably,
reoperation rates remain relatively high in some series,
especially with complex fracture patterns like the C3-
type.®® Definitive timing of surgical repair has also
been a point of concern; delayed fixation techniques
are being employed most commonly to facilitate
resolution of soft tissue swelling and prevent
infection.®

Table 1: Demographic and Clinical Characteristics of the Study

. Fracture  |Control Group
Variable Category Group (n=45) (n=90) p-value
Femal 31(68.99 63(70.09
Sex cemae (68.9%) (70.0%) | g9
Male 14(31.1%) 27(30.0%)
>60 years 30(66.7%) 60(66.7%)
Age 1.00
<60 years 15(33.3%) 30(33.3%)
BMI Normal 5(11.1%) 30(33.3%)
1 0, 0,
Classification Overweight | 22(48.9%) 40(44.4%) 0.01
Obese 18(40.0%) 20(22.2%)
Within | 1533 304) -
Fracture prosthesis
- At the edge of N - -
Location the prosthesis 20(44.4%)
Above the tip | 10(22.2%) -
Revision TKA Yes 7(15.6%) 0 (0%) <0.001
Osteoporosis Yes 3(6.7%) 1(1.1%) [0.07-0.08
C"m%"ssf“"d Yes 3(6.7%) 1(1.1%)  0.07-0.08

Although conventional open reduction and internal
fixation (ORIF) can achieve anatomical alignment, it
is associated with increased soft tissue morbidity,
which in turn raises the risk of postoperative
complications.!'” Present advances in the technique of
fixation, such as minimally invasive plate
osteosynthesis (MIPO) and external fixation, are
oriented towards minimizing soft tissue disruption and
have been promising for enhancing patient
outcomes.!) Although other outcome measures have
been employed in pilon fracture recovery assessment,
such as AOFAS score and SF-36, the Foot Function
Index (FFI) is a more specific measure of pain,
disability, and lower limb functional limitation and is
thus especially useful in postoperative foot and ankle
disease tracking."' These surgical innovations have
been paralleled by a growing emphasis on early
intervention and structured postoperative
rehabilitation protocols, which are critical for optimal
functional recovery. But results after treatment are still
extremely variable and depend upon healthcare
facilities, surgical skill, and compliance with
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rehabilitation guidelines. Therefore, context-specific
studies are needed to identify real-world outcomes and
inform practice in various clinical settings. Outcome
variability is also influenced by differences in
treatment protocols, patient comorbidities, and
socioeconomic factors, all of which may affect access
to rehabilitation services and adherence to
postoperative care.>19

In the face of global advances in surgical methods, few
data have been reported from low- and middle-income
nations like Iran on real-world results and
complication rates after pilon fracture surgery.
Variability in access to healthcare, surgeon expertise,
and rehabilitation protocols can result in intercountry
and intracountry variability in outcomes. There is also
an increasing requirement for the formulation of
evidence-based standardised treatment protocols to
inform decision-making in these injuries, particularly
within resource-constrained settings. This is the first
Iranian study to measure clinical outcome after pilon
fracture surgery in the context of the Foot Function
Index (FFI) and to evaluate postoperative
complications in all aspects under real-world
circumstances. Furthermore, there is no extensive
longitudinal study in Iran with patient-reported
outcomes measured with valid tools at various follow-
up periods following pilon surgery. In this study, the
said deficiency is to be addressed through the
establishment of robust clinical and functional
outcome data.

Materials & Methods

Study Design and Setting

This prospective observational study was performed
between August 2020 and March 2024 at two teaching
hospitals affiliated with Isfahan University of Medical
Sciences, namely Kashani Hospital and Alzahra
Hospital, which are the principal referral centers for
orthopedic trauma in the region. A consecutive
sampling method was used to enroll all eligible
patients presenting with pilon fractures during the
study period. The needed sample size was 80
participants, using effect size information from prior
studies, with 80% power and an alpha of 0.05, to
provide adequate statistical power to detect clinically
significant differences in functional outcomes.
Ethical Considerations: Written informed consent for
surgery and inclusion in the study was obtained from
all the participants.

Patient Evaluation and Fracture Classification

All the patients were assessed pre-operatively by a
senior orthopedic surgeon on the basis of proper
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Risk factors for Periprosthetic Fracture After Total Knee Arthroplasty

6bstract

Introduction: Intra-articular pilon fractures of the distal tibia are complicated fractures with far-reaching long-
term functional consequences. Despite improved surgical methods, the ideal management protocols and resulting
recuperation patterns continue to be topics of recent investigation. This study aims to compare functional outcome,
and rates of complications after surgical management of pilon fractures by open reduction and internal fixation
(ORIF) or minimally invasive plate osteosynthesis (MIPO) and also to compare the effect of age on recovery and
modes of complications.

Materials & Methods: This is a prospective observational cohort study of 183 type B or C pilon fracture patients
treated at a single trauma center. The level of functional recovery 2 weeks, 6 weeks, 3 months, 6 months, and 12
months post-injury was measured by the Foot Function Index (FFI). Postoperative complications were noted, and
the time to return to normal activities. Repeated-measures ANOVA was employed in the assessment of temporal
changes in FFI scores.

Results & Discussion: There was significant improvement on all subscales of FFI during 12 months of time
(P<0.001), with most improvement in the first 6 months. The mean duration of time to return to activity was
25.5+7.5 weeks. Complications were malunion (23.0%), nonunion (30.6%), deep infection (15.8%), loosening of
implant (14.8%), and reoperation (36.6%). Age was correlated with increased complications. Compared with ORIF,
MIPO achieved comparable 12-month functional recovery (FFI improvement) while demonstrating a lower, though
not statistically significant, rate of deep infection, suggesting similar efficacy with a potential advantage in soft-
tissue preservation.

Conclusion: Operative management of pilon fracture yields significant functional improvement, although
complications are common. Prognosis depends on age. Preoperative planning should be meticulous, close
observation necessary, and individualized rehabilitation in order to maximize outcome.

Keywords: Tibial fractures, Treatment outcomes, Fracture healing
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Total knee arthroplasty (TKA) has emerged as a prevalent and effective surgical
I VIR WY RUBVENGRER BEIELIN intervention for patients suffering from advanced knee osteoarthritis, addressing
E?;Kg;s‘lgfan(’t LR C R dcbilitating pain and improving mobility.( 2 The rising life expectancy and
aging population have contributed significantly to the increase in TKA
procedures worldwide, which are projected to continue on this upward
trajectory. While TKA is associated with favorable long-term outcomes for
many patients, complications such as periprosthetic fractures present daunting
challenges, particularly for elderly and osteoporotic individuals®#
Periprosthetic fractures, defined as those occurring around or adjacent to the
implanted knee prosthesis, predominantly affect the distal femur, tibia, or
patella.> ¥ The incidence of these fractures varies widely among different
populations and clinical scenarios, with rates between 0.3% and 2.5% after
primary TKA and escalating dramatically to 38% after revision procedures. This
trend aligns with the growing number of TKA surgeries performed globally,
raising concerns that the burden of periprosthetic fractures will increase
Corresponding Author: concomitantly.(®®
Mehdi Hadian, MD Several risk factors contribute to the likelihood of sustaining periprosthetic
il.lli:zili:ann @itilesn fractures, including advanced age, osteoporosis, prior fractures, rheumatoid
arthritis, and chronic corticosteroid use.®!'V Osteoporosis is particularly
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Brief reports: Should contain a non-structured abstract, 3-5 keywords, introduction, materials (patients) and
methods, results, discussion, conclusion, acknowledgement (if applicable), and references sections, and maximum?2
tables and figures. However, the word count should not exceed 2000 words. 10-15 references should be stated. Case
reports: Should contain a non-structured abstract, 3-5 keywords, introduction, case presentation, discussion,
conclusion, acknowledgement (if applicable), and references sections, and maximum 1 table and maximum 3
figures. 5-10 references should be stated. Case reports should optimally be accompanied by relevant figures to
document findings. Informed consent should be obtained from patients to report their cases. This Journal keeps
the right to ask for the original signed informed consents.

Review articles: -Narrative reviews- Should contain at least 60 references. Abstract should be non-structured. The
word count should not exceed 4500 words. Narrative reviews should critically assess the current knowledge of the
field.

-Systematic reviews- Systematic reviews of RCTs or Observational Studies will be accepted by the Journal. The
protocol of the study should adhere to PRISMA or MOOSE guidelines for systematic reviews of RCTs or
Observational Studies, respectively. Up to 40 references can be stated. Abstracts should be structured.

Letters to the Editor: Letters should be less than 750 words. Letters discussing articles published in the 1JOS should
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Photoclinics: Figures that contain a significant medical point can also be accepted. Photoclinics should contain one
or two high quality figures and a description of the figures no more than 500 words. Up to 5 references should be
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Authorship: According to the Recommendations for the Conduct, Reporting, Editing and Publication of
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Data Fabrication/Falsification: Falsification is the practice of omitting or altering research materials, data, or
processes so that the results of the research are no longer accurately reflected. Fabrication is the practice of
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falsified or fabricated data is strongly prohibited. COPE’s flowcharts and guidelines are approached in cases in
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(RCTs) are advised to keep their original data at hand. The Journal keeps the right to ask for raw data even after
publication.

Image Manipulation: The 1JOS encourages authors to send their original images. All digital images in
manuscripts accepted for publication will be checked for inappropriate manipulation. No specific feature within an
image may be enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, contrast, or color
balance are acceptable as long as they are applied to the entire image and do not misrepresent any information
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obtain authorization from copyright holders. The author is required to obtain and submit the written original
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Retraction Policy: The 1JOS uses the COPE flowchart for retraction of a published article to determine whether a
published article should be retracted.

Requirements for Different Types of Articles

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

Instructions to Authors

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

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

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

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

Submission Process:

Manuscripts should be sent through the online submission system:
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Scientific and Initial Screening: 1JOS staff would check the structure and content of manuscripts to ensure
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novelty, and adherence to ethical issues. In this step, articles would be screened in the shortest possible time. This
step helps the Editorial Board and the Editor to make fair final decisions, and improves the final quality of
published articles.

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

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

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

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

Human and Animal Rights:

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

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