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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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1 Autogenous Cancellous Bone.
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that individuals might have had early signs of flexor
tendon narrowing before CTS surgery, and the
inflammation and edema following surgery could
have triggered the symptoms, indicating that CTS
surgery and the release of the retinaculum did not
necessarily cause TF*?,

In 2019, Dezhang et al. conducted a retrospective
study on 1,386 CTS patients. They found that 147
patients developed TF in the year before surgery, and
81 patients developed TF a year after surgery. They
identified several factors that positively influenced
the likelihood of developing TF after CTS surgery,
including older age, high BMI, diabetes, and higher
education levels. The most commonly affected digit
was the middle finger, followed by the thumb. This
study contradicted Dr. Gashtasbi’s findings, where
the thumb was the most commonly affected digit,
and questioned the theory that flexor tendon glide in
the thumb was most affected post-surgery!*3.

LEE et al., in 2014, showed that by performing
ultrasound on patients who had undergone CTS
surgery, they could confirm changes in the
prominence and glide of the flexor tendons post-
surgery. They concluded that these factors could
predispose individuals to TF4),

In 2017, Jansen et al. conducted a case-control study
comparing TF incidence in individuals who
underwent CTS surgery and those without CTS. They
found that individuals with CTS surgery were 3.6
times more likely to develop TF than the control
group*®). Similar to most studies, the thumb was the
most commonly affected digit*°).

In 2020, Le Doigt et al. conducted a study on 467 CTS
patients who had undergone surgery and found that
13.5% of them developed TF, with the earliest onset
being 2 weeks post-surgery. The most commonly
affected digit was the thumb, and none of the RFs
examined, including age, occupation, BMI, and
diabetes, showed a positive effect on TF incidence!*®,
In 2022, the most recent article by Zouren E et al.
reported on a large-scale retrospective study of 22
million CTS patients. They found no significant
difference in TF incidence between those who
underwent surgery and those who did not, with a
higher incidence of TF in individuals who had not
undergone surgery. Similar findings were confirmed
by Wessel LE et al.*”*®), The middle finger was the
most commonly affected digit in this study, followed
by the thumb®®?. Most articles have reported
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diabetes as an independent factor in TF development
after CTS.

Conclusion

Our findings in this review revealed that the incidence
of TF after CTS surgery is significantly higher than in

individuals without CTS; however, it does not
conclusively prove that this increase in incidence is
directly related to the surgery itself. In most of the
studies, the thumb was the most commonly affected
digit in conjunction with carpal tunnel syndrome.
However, in some cases, the third finger was more
frequently involved. In all cases, unlike isolated
occurrences, TF usually manifests with the fourth
finger being the most commonly affected digit in
conjunction with carpal tunnel syndrome.

Although some experts emphasize the superiority of
endoscopic surgery for CTS over open surgery, there
are studies highlighting significant disadvantages in
using the endoscope, which must always be taken
into consideration. Our review also revealed that
there is still no definitive opinion on the optimal type
of dressing following CTS surgery. While the authors
of this paper have found, based on their experience,
that splinting or immobilization post-surgery has no
positive effects, they consistently use non-
immobilizing dressings.

Overall, a key takeaway from our review is that in all
patients presenting with CTS or TF, secondary
disorders and systemic diseases must be carefully
considered.
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All available articles published between 2000 and
2023 were reviewed from databases including Google
Scholar, PubMed, and ResearchGate using the
keywords "CTS and TF," "TF After CTS," and
"Concomitant CTS & TF." In total, 19,700 articles were
reviewed. Exclusion criteria included studies that
explored underlying conditions such as diabetes,
thyroid disorders, and rheumatologic diseases, as
well as case reports that focused on the concurrent
occurrence of these conditions. After applying these
exclusion criteria, approximately 190 articles
remained for review. Among these, 18 articles
specifically analyzing the incidence of TF after CTS
surgery were selected for further analysis.

Results and Discussio

In 1957, Jacobs et al. first introduced the topic by
presenting a patient who, after undergoing CTS
surgery, developed symptoms of TF. They raised the
guestion of whether the surgery led to the onset of
TF.

Later, in 1970, Hombol and Owen conducted a study
on 124 CTS patients undergoing surgery and found
that 21.9% of them (equivalent to 29 patients)
developed TF symptoms post-surgery. In this study,
they concluded that most of these patients were
female (with a ratio of 27:2), and TF symptoms
typically appeared 4 to 6 weeks after CTS surgery. In
these individuals, the dominant hand was more
frequently affected than the non-dominant hand,
with the thumb being the most commonly affected
digit, followed by fingers 4 and 3. The authors
believed that the release of the transverse
retinaculum and the subsequent exposure of the
flexor tendons increased friction between the
tendons, leading to a higher incidence of TF®®4),

This theory later gained considerable attention, and
some surgeons believe that increased swelling after
CTS surgery may trigger an inflammatory process and
lead to TF>678),

In 2017, Lir demonstrated that the risk of developing
TF after CTS peaked in the first six months post-
surgery®. This supported the theory that when
edema and inflammation are at their highest after
surgery, TF incidence increases. In 2000, AssnqusS and
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colleagues, while examining TF patients, found that
many of them had a history of CTS and its surgery'®.
In 2010, Dr. Gashtasbi et al. at the New York Hand
Surgery Center conducted a large-scale study on
1,097 patients who had undergone CTS surgery. They
found, in this retrospective study, that 50 patients
©3%) developed TF after CTS surgery. Although this
percentage was lower compared to other concurrent
studies, it was justifiable since the study excluded
individuals who had pre-existing symptoms
suggestive of TF before surgery!”.

Dr. Gashtasbi’s study also explored the risk factors
(RFs) for developing TF after CTS surgery and
identified four main risk factors: osteoarthritis,
thyroid diseases, endoscopic surgery, and the use of
soft bandages (without casts or splints) after CTS
surgery.

They also found that other factors, including
diabetes, CTS severity (based on nerve conduction
studies), age, gender, occupation, tobacco use, and
cardiovascular diseases, did not show a significant
role in the development of TF post-CTS surgery.
Among the related RFs, osteoarthritis had the most
established impact. They proposed that the presence
of osteoarthritis, due to its inflammatory nature,
predisposes individuals to both CTS and TF. In cases
where CTS symptoms develop first and the person
undergoes surgery, the inflammation and edema
caused by the surgery can interfere with tendon glide
and lead to TF symptoms.

Moreover, subsequent studies suggested that
endoscopic surgery for CTS increases the risk of TF
development after surgery. The proposed theory is
that using the endoscopic portal traumatizes the
tendon path, causing friction and ultimately leading
to TF®0), This study also indicated that using light
bandages, as opposed to casts or splints, could
increase the risk of TF after surgery, although later
studies have refuted this claim.

In Hayashi’s 2001 study, their confirmed theory
showed that 113 CTS hands were surgically treated,
and 80 hands were treated conservatively. They
found that TF occurrence was significantly higher in
the surgically treated group compared to the other
group),

In 2005, Harada and colleagues, during a study to
evaluate RFs for TF, found that 101 patients who
developed TF within a year of CTS surgery had been
operated on for CTS. In this study, the thumb was the
most commonly affected digit. The authors believed
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Trigger Finger after Carpal Tunnel Syndrome Release

(Review Article)

Abstract

\_

Carpal Tunnel Syndrome (CTS) is the most common idiopathic neuropathic compression syndrome in the upper
extremity, with a reported prevalence of 2.7% in the general population. Trigger Finger (TF) is a common upper limb
disorder characterized by the painful locking of one or more fingers. A review of the literature, and personal
experiences of the authors indicates that the occurrence of Trigger Finger after Carpal Tunnel Syndrome surgery is
significantly higher in patients with CTS compared to those without CTS, though this increase in incidence has not
definitively been linked to the surgery. In most studies, thumb has been the most commonly involved finger in
association with CTS; however, in some cases, the third finger was more common. In contrast, when TF occurs
alone, the fourth finger is typically the most frequently affected finger with triggering in the fourth one.
Keywords: Trigger finger disorder, Carpal tunnel syndrome, Tenosynovitis.
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Introduction

Carpal Tunnel Syndrome (CTS) is the most common idiopathic neuropathic
compression disorder of the upper extremity, with an incidence of 2.7% in the
general population®. In this condition, the median nerve is compressed as it
passes beneath the flexor retinaculum of the wrist, leading to symptoms
associated with this compression. The most common symptom of CTS, as
observed in multiple studies, is numbness and tingling along the path of the
median nerve, primarily occurring at night and progressively worsening. In
more advanced stages, patients may present with atrophy of the thenar
muscles and hand weakness?. Trigger Finger (TF) is a common disorder of the
upper limb, characterized by the painful locking of one or more fingers. It
occurs when the deep flexor tendon becomes trapped between the Al and A2
pulleys, leading to an inability to extend the finger. The most common
presentation of TF is tenderness along the Al pulley, although more severe
forms can occur. The condition starts with localized pain and tenderness at the
Al pulley near the proximal metacarpophalangeal joint, eventually leading to
a finger locking in a flexed position, unable to be straightened®. Both CTS and
TF are among the most common reasons for seeking hand surgery, with CTS
surgeries representing some of the most frequently performed procedures.
However, the etiology of both conditions remains largely unknown and is
considered multifactorial. The concurrence of CTS and TF is well-documented,
with studies reporting this rate to be ranging from 11% to 40%. The relationship
between CTS and TF, however, is not fully understood. It remains unclear
whether the concurrent occurrence is due to a common underlying cause or
whether one condition predisposes the individual to the development of the
other. Recent studies have shown a significant association between the
development of TF following CTS surgery, but it is still uncertain whether this
association is coincidental, arises from a shared etiology, or whether the
surgical intervention itself contributes to the onset of TF. This paper aims to
review the existing literature concerning the occurrence of TF after CTS
treatment and to provide an overview of the various perspectives on the
relationship between CTS surgery and TF.
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using the axillary block alone, offering a simple,
effective, and safe method to prevent tourniquet pain
in the upper arm®4,

Conclusion

In summary, while the brachial plexus block is
effective for upper extremity anesthesia and is
generally safe, it also carries certain complications
that should be discussed with patients before the
procedure. Understanding these potential side
effects can help make an informed decision about the
choice of anesthesia technique for upper extremity
surgeries. Regional anesthesia for upper extremity
surgeries is, in some cases, a preferred method and,
when combined with mild to moderate sedatives, can
be considered a good anesthesia technique. The
brachial plexus block is a valuable technique in
regional anesthesia, improving surgical outcomes
while minimizing the risks associated with general
anesthesia. Its various approaches allow
anesthesiologists to tailor pain management
strategies based on the patient’s needs and surgical
requirements.
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fracture stabilization. When administered by a
dedicated and skilled anesthesiologist, the success
rate is very high, with relatively low complication
rates’®?, Results from a study by Beaudet and
colleagues indicated that immediate postoperative
pain reduction and decreased opioid consumption
favored interscalene anesthesia compared to intra-
articular anesthesia®®¥. Studies have also shown that
interscalene blocks, compared to general anesthesia
or other pain control methods, result in less pain,
reduced opioid consumption, faster recovery, and
lower costs in patients undergoing shoulder
surgeries!3>42),

Palhais and colleagues conducted a randomized
controlled study and concluded that ultrasound-
guided interscalene brachial plexus block with
additional facial nerve injection reduces the
frequency of hemidiaphragm paralysis and its effect
on respiratory function while providing similar
anesthesia compared to standard injections®?,
Additionally, a study by Auyong and colleagues
showed that when maintaining lung function post
shoulder arthroplasty is prioritized, suprascapular
blocks may offer a useful alternative to interscalene
or supraclavicular approaches¥. In a study by
Mosaffa and colleagues, the efficiency of interscalene
blocks with and without combination with SCPB was
found to be identical. The interscalene block is an
alternative local anesthesia method for clavicle
fractures. Therefore, the interscalene block alone is
as effective as when combined with SCPB“. In
another study by Mosaffa and colleagues, it was
shown that the modified interscalene block is a
suitable technique for forearm and wrist surgeries,
and unlike conventional methods, it does not carry
the risk of pneumothorax®).

Supraclavicular Block

The supraclavicular block is a highly effective regional
anesthesia technique for upper extremity orthopedic
surgeries. Its advantages include a high success rate,
reduced risk  of  complications, effective
postoperative pain management, and avoidance of
complications related to general anesthesia. As
ultrasound technology continues to advance, its
application is likely to improve further, enhancing its
beneficial outcomes for patients undergoing
orthopedic surgeries®®*”). A meta-analysis by Muir
and colleagues showed that infraclavicular blocks had
a higher success rate than supraclavicular blocks in
orthopedic surgeries??),
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Meanwhile, another meta-analysis by Sun and
colleagues demonstrated that the supraclavicular
block is an effective and safe pain control technique,
offering an alternative to interscalene blocks with
similar pain control, less morphine use, and fewer
complications  during  shoulder  arthroscopy,
especially for patients with severe chronic
obstructive pulmonary disease, obstructive sleep
apnea, and obesity. Given the potential biases in
meta-analysis studies, clinical trials with adequate
power and better design, including long-term follow-
up, are required to reach a firmer conclusion®®. In a
study by Auyong and colleagues, it was shown that
the anterior suprascapular block, but not the
supraclavicular block, did not offer superior
anesthesia compared to the interscalene approach
for large shoulder arthroscopy surgeries, while
preserving lung function best with the anterior
suprascapular block®. A study by Karaman and
colleagues reported that the supraclavicular block
was as effective as the interscalene block in reducing
postoperative pain and quality of recovery for
shoulder arthroscopy surgeries®.

Infraclavicular Block

In a study by Sarkar and colleagues, it was
demonstrated that the infraclavicular block provides
a similar level of surgical anesthesia compared to the
supraclavicular block, but with fewer complications
and performed in a shorter time®?. Another study by
Zhang and colleagues showed that the infraclavicular
block may be superior to the supraclavicular block for

controlling  anesthesia in  upper extremity
surgeries'®,
Axillary Plexus Block

The axillary plexus block is a reliable and effective
technique for upper extremity anesthesia. It carries a
lower risk of complications compared to other
brachial plexus methods (e.g., lower risk of
pneumothorax), and is suitable for both inpatient and
outpatient procedures. Its success rate increases
when guided by ultrasound?52),

A study by Badiger and colleagues reported that
different techniques of axillary block have increased
success rates and better block quality®®. A study by
Dabir and colleagues showed that the occurrence and
intensity of tourniquet pain were significantly lower
when combining the axillary brachial plexus block
with subcutaneous lidocaine injection compared to
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Figure 5: Location of the Axillary Block (Right image: Radial nerve block and left image: Median nerve

block)??: {From top to bottom: Brachial bypass muscle; Coracobrachialis muscle; Brachial artery; Triceps
brachii muscle}.

Discussion and Results

However, these blocks can carry potential risks and
complications. A direct injury to the brachial plexus
can occur while inserting the needle, leading to
temporary or permanent nerve damage, which may
result in sensory disturbances or varying degrees of
motor loss?®). In brachial plexus blocks with
interscalene or supraclavicular approaches, there is a
risk of puncturing the pleura, which could lead to
pneumothorax (lung collapse), with the incidence of
this complication estimated to range from 1 to 4%.
Accidental injection of local anesthetic into blood
vessels can cause systemic toxicity, which may
manifest as central nervous system symptoms (such
as seizures, speech disturbances) or cardiovascular
complications®. Bleeding at the injection site can
lead to hematoma formation, which may compress
adjacent nerves and cause ischemic damage'®®.
Transient diaphragm paralysis, a common side effect
of interscalene blocks due to the proximity to the
phrenic nerve, can potentially lead to respiratory
complications, especially in patients with underlying
lung diseases. Nevertheless, regional blocks have
several advantages over general anesthesia,
including superior pain control: providing targeted
pain relief during and after surgery, reducing
systemic effects: minimizing systemic drug exposure,
which results in fewer side effects like nausea and
vomiting, shorter recovery times: patients often
experience faster recovery with less pain post-
surgery, and cost efficiency: they may reduce hospital
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stay durations and associated costs®?. The brachial
plexus block is an effective regional anesthesia
technique that offers significant advantages over
general anesthesia for upper extremity surgeries. Its
various approaches allow for anesthesia tailored to
the patient’s needs and surgical requirements,
making it a valuable tool in modern anesthetic
practice. Some contraindications exist, such as active
infections at the injection site or known allergies to
local anesthetics. Additionally, patients with severe
pulmonary or cardiac conditions should be carefully
evaluated before undergoing certain types of
blocks™¥. A study’s results showed that all three
blocks—supraclavicular, infraclavicular, and
axillary—can be used for upper extremity surgeries
with similar anesthesia quality®.

Interscalene Block

Despite the tendency to use regional anesthesia for
orthopedic procedures, there is resistance to the use
of interscalene regional blocks for shoulder surgeries
due to concerns about block failures and potential
complications®?. However, the interscalene block is
effectively used for intraoperative and postoperative
pain management in shoulder surgery. A study by
Takayama and colleagues showed that interscalene
blocks guided by ultrasound performed by specialists
for shoulder surgeries are effective and safe,
requiring less time and having a high patient
acceptance rate®®. Another study by Bishop and
colleagues demonstrated that the interscalene block
provides effective anesthesia for most types of
shoulder surgeries, including arthroplasty and
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Figure 2: Needle Insertion Site ("X") for Interscalene Block!?: {Sternocleidomastoid Clavicular Bead;
Sternal Head; Needle Insertion Point; External Jugular Vein.}

SNMACHIIT AT ™

Arteoor scalene m

Figure 3: Supraclavicular Block Site!*®): {Right to left, top to bottom: Subclavian Vein (Subclavian v.);
External Jugular Vein (External jugular v.); Subclavian Artery (Subclavian a.); Brachial Plexus; Needle Entry
Site; Clavicle; Medial Scalene Muscle; Anterior Scalene Muscle.}

Figure 4. Infraclavicular Block Site®": (Vertical approach: Needle insertion and orientation) The
infraclavicular block is performed in the subclavian fossa, which is surrounded by the pectoralis major and
minor muscles, the clavicle, and the humerus. This technique typically requires 30-40 mL of local
anesthetic for effective anesthesia
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pulmonary capacity, as the pneumothorax that may
result can significantly worsen their respiratory
status. An example of such a relative contraindication
is known pneumonia on the opposite side'®.

Infraclavicular Block

This block provides surgical anesthesia or numbness
from the middle of the humerus to the fingertips®.
Performed beneath the clavicle, this block is
particularly beneficial for surgeries on the distal arm
and forearm, offering a broader coverage of the distal
brachial plexus compared to supraclavicular blocks.
For performing an infraclavicular block, the patient is
positioned supine, and after ensuring the proper
positioning, the needle insertion point is located by
palpating the clavicle. The needle is then advanced
into the tissue, and once the needle tip's position is
confirmed, the injection is performed®?®?!) (Figure 4).
This technique is also useful for the placement of a
continuous catheter and long-term infusion. Apart
from absolute contraindications such as infection at

Upper Limb Nerve and Regional Blocks ...

or near the insertion site or coagulopathy, there are
no specific contraindications for this block.
Coagulopathy is a relative contraindication and
should be evaluated based on the risk-to-benefit
ratio??. The risk of pneumothorax exists due to the
needle's direction toward the apex of the lung,
especially with medial approaches to the block?3.

Axillary Plexus Block

The Axillary Plexus Block is a regional anesthesia
technique primarily used for distal upper limb
surgeries, including those of the forearm, wrist, and
hand. It is favored for its simplicity and effectiveness
in  providing  anesthesia  while  minimizing
complications compared to other methods®?%. This
block provides analgesia or surgical anesthesia from
the mid-humerus to the fingertips?>%?). However,
axillary blocks should not be performed if the needle
pathway cannot be visualized among vascular
structures?*?”) (Figure 5).

Trunks Roots
Supraclavicular Interscalene block
block

Divisions
Supraclavicular
block

Cords
Infraclavicular
block

nerve

Lateral

Terminal pectoral nerve

branches
Axillary
block

Musculocutaneous

nerve \

Axillary nerve :
Radial nerve — &

Median nerve _—7’
Ulnar nerve

Medial cutaneous

nerve of the forearm

Medial cutaneous

Interscalene block

Suprascapular

Long

Dorsal
thoracic nerve
scapular

nerve

Subclavian
nerve

T

Upper subscapular nerve
Medial pectoral nerve

Thoracodorsal nerve

Figure 1: Anatomy of the Brachial Plexus"’?: {Roots of the Interscalene Block; Long Thoracic Nerve; Dorsal
Scapular Nerve; Upper Subscapular Nerve; Medial Pectoral Nerve; Thoracodorsal Nerve. Trunks of the
Supraclavicular-Interscalene Block; Subclavian Nerve; Divisions of the Supraclavicular Block;
Suprascapular Nerve; Cords of the Infraclavicular Block; Lateral Pectoral Nerve; Terminal Branches of the

Axillary Block; Musculocutaneous Nerve; Axillary Nerve; Radial Nerve; Median Nerve; Ulnar Nerve;
Medial Cutaneous Nerve of the Forearm; Cutaneous Nerve.}
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RA can generally be divided into two categories:
neuroaxial anesthesia (spinal, epidural, and
combined spinal-epidural (CSE)) and peripheral nerve
blocks (upper and lower limb blocks)®. Among
brachial plexus blocks, the intrascalene block is the
most commonly used for shoulder surgery. Other
brachial plexus nerve blocks used for upper limb
orthopedic surgeries include the supraclavicular
block, infraclavicular block, and axillary plexus block.
Several practical and theoretical aspects of regional
nerve blocks need to be considered to optimize their
beneficial effects and minimize the risk of
complications!”). This review article aims to address
the types of regional blocks and their indications
based on previous studies. In this narrative review,
articles that included keywords such as brachial
plexus nerve blocks, hand and shoulder surgeries,
upper limb  surgeries, intrascalene  block,
supraclavicular block, infraclavicular block, and
axillary block in their titles or abstracts were
reviewed. The articles were in English and were not
restricted by publication date, resulting in 54 articles
being included for review.

Brachial Plexus Anatc

A thorough understanding of brachial plexus
anatomy is essential for effective peripheral nerve
blocks in the upper limb. The primary neural and
cutaneous innervation of the upper limb originates
from the brachial plexus. This plexus is formed by the
ventral rami of five spinal nerves (C5-T1), which
merge to create trunks, divisions, cords, and terminal
branches. The nerve roots combine to form the upper
(C5—-C6), middle (C7), and lower (C8-T1) trunks.
These trunks divide into six divisions, which further
merge into three cords: lateral, posterior, and medial.
The major nerves supplying the upper limb arise from
these cords, including the musculocutaneous,
axillary, median, ulnar, and radial nerves. Some
sensory nerves of the shoulder and upper arm
originate outside the brachial plexus®. The brachial
plexus is typically divided into roots, trunks, divisions,
cords, and terminal branches, which include:

e Roots: C5,C6,C7,C8,T1

o Trunks: Upper (C5-C6), Middle (C7), Lower
(C8-T1)

e Cords: Lateral, Posterior, Medial
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e Terminal Branches: Musculocutaneous,
Axillary, Median, Ulnar, Radial

Understanding this anatomy is crucial for performing
effective nerve blocks® (Figure 1).

Types of Brachial Ple

The four types of brachial plexus blocks include the
Interscalene Block, used for shoulder and proximal
humerus surgeries; the Supraclavicular Block,
Infraclavicular Block, and Axillary Plexus Block, which
are used for procedures involving the distal to mid-
arm region®1Y),

Interscalene Block

This block targets the roots of the brachial plexus in
the intrascalene groove and is particularly effective
for shoulder surgeries. The needle is inserted
between the anterior and middle scalene muscles
with 20-30 milliliters of local anesthetic ®*? (Figure
2). The intrascalene block provides surgical
anesthesia or numbness for the upper limb from the
outer clavicle to the shoulder joint and proximal
humerus*3,  Potential complications include
Horner's syndrome and diaphragm paralysis due to
the proximity to the phrenic nerve®. Intrascalene
blocks are contraindicated in some pulmonary and
cardiac diseases. Obesity may be a relative
contraindication, as respiratory failure could result
from diaphragm paralysis**?). Therefore, absolute
contraindications include local infection, severe
coagulopathy, allergy to local anesthetics, paralysis of
the contralateral phrenic nerve, and relative
contraindications include COPD and patient refusal.

Supraclavicular Block

The supraclavicular block provides surgical
anesthesia or numbness from the middle of the
humerus to the fingertips"*®”). For performing the
supraclavicular block, the needle is directed from
above the clavicle toward the brachial plexus. The
patient is positioned supine, and the head is turned
toward the opposite side to elevate the affected side.
Once the patient is properly positioned, the needle
insertion point is identified by palpating the neck
muscles and the clavicle. The needle is then advanced
into the tissue, and after confirming the proper
position of the needle tip, the injection is
performed*2!® (Figure 3). Supraclavicular blocks
should be used with caution in patients with impaired
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Upper Limb Nerve and Regional Blocks in Hand and Shoulder Surgeries
(Narrative Review Article)

(Abstract \

The brachial plexus block is a regional anesthesia technique primarily used for upper limb surgeries. This method
involves injecting local anesthetics near the brachial plexus, a network of nerves that innervate the arm,
temporarily blocking sensation and motor function in the affected area. It serves as an alternative or adjunct to
general anesthesia, particularly benefiting patients with significant comorbidities or those at risk of complications
associated with general anesthesia. Regional anesthesia plays a crucial role in orthopedic and outpatient anesthesia
advancements by providing both intraoperative anesthesia and postoperative analgesia. Furthermore, with the
advent of ultrasound technology, newer upper limb block techniques have been introduced for targeted
anesthesia. These various approaches allow anesthesiologists to tailor pain management strategies based on the
individual needs of patients and surgical requirements. Continuous improvements in ultrasound technology have
enhanced the safety and efficacy of these blocks, making regional anesthesia a standard technique for pain
management in upper limb surgeries.

Keywords: Nerve block, Regional block, Upper limb, Hand and shoulder surgeries.
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USRI Annually, over 22 million orthopedic surgeries are performed worldwide.
of Medicine, University of Medical

Sciences, Urmia, Iran. Upper limb orthopedic surgeries account for more than half of the total
surgeries performed each year and are associated with severe postoperative
pain that requires multifaceted anesthesia”). Postoperative inflammation and
pain in upper limb surgeries lead to reduced range of motion in the affected
joint, increased mechanical pain, and delayed recovery. Interestingly, around
15 to 20 percent of patients report lower functional levels in daily activities
after upper limb orthopedic surgery compared to their preoperative state(>3,
Over the past twenty-five years, peripheral nerve blocks have become
increasingly common for managing intraoperative pain in upper limb surgeries.
Several factors have contributed to the growing acceptance and use of these
peripheral nerve blocks, including increased awareness, pain measurement in
patients, and greater emphasis on reducing hospital stay durations and
associated costs!*®). Regional anesthesia (RA) for the upper limb has become a
crucial componentin pain management for hand and shoulder surgeries. These
techniques are fundamentally based on brachial plexus blocks and their
terminal branches, providing effective anesthesia while minimizing the risks
associated with general anesthesia'®. For over a century, brachial plexus blocks
have been an essential tool in regional anesthesia. Providing anesthesia for
surgery and postoperative analgesia for the entire upper limb is closely linked
to advancements in orthopedic and outpatient anesthesia. Moreover, with the
advent of ultrasound, new methods for anesthesia of various upper limb
regions have been reported®.

The advantages of RA, such as improved postoperative pain management,
reduced opioid usage post-surgery, and faster recovery time, have led to
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Table 1: Reports on the treatment of avascular necrosis of the capitate bone

Number of Patients

follow-up; complete recovery

Treatment Type and Patient Follow-up and Year of | Authors
Publication

Free vascularized bone graft from the medial femoral condyle using | 1 male, 23 years old - | Shtarbanov et

microsurgery; 9-month follow-up; complete recovery 2023 al.”)

Vascularized bone graft from compartments 3 and 4 of the extensors; 5-year | 5 patients, aged 30— . 8

Athlani et al.
follow-up; complete recovery 37 years - 2019
Vascularized bone graft from the base of the second metacarpal; 14-month | 1 female, 45 years old Usami et al.©)

- 2019

in pain intensity but poor function

Hemiressection of the capitate and fusion to lunate with tendon interposition
(Mid-Carpal Joint Sparing Procedure); 1-year follow-up; partial improvement

1 male, 21 years old - .
y Ansari et al.119

month follow-up; complete recovery

Vascularized bone graft from compartments 4 and 5 of the extensors; 12-

2020
2 females, 29 and 32 | Quintero et
years old - 2022 al.ty

9-year follow-up; partial improvement in pain intensity

Scaphocapitolunate arthrodesis in 5 patients and 4-corner fusion in 1 patient;

6 patients, aged 20—

(12)
30 years - 2013 Peters et al.

Vascularized bone graft from the distal radius, compartments 4 and 5 of the | 1 male, 15 years old - | Hattori et
extensors; 1-year follow-up; complete recovery 2009 al.13)
Free vascularized bone graft from the medial femoral condyle as | 1female, 16 yearsold | Kazmers et
corticocancellous bone; 18-month follow-up; complete recovery after trauma - 2017 al.t4

Vascularized bone grafts, whether local or free, have
been associated with successful outcomes in the
early stages of the disease. Given the higher
prevalence in younger, more active individuals, the
choice of treatment becomes crucial. The number of
patients with avascular necrosis of the capitate bone
is very small, and there is limited therapeutic
experience in this area. In cases where arthritis
changes are present in the carpal bones, the
recommended treatment is intercarpal arthrodesis,
which has been effective in controlling pain intensity
in patients(4),

The use of non-vascularized bone grafts has not
yielded favorable results. However, vascularized
grafts from the intercarpal 2 and 3 superretinacular
compartments, as well as from the 4 and 5 extensor
compartments, have shown promising clinical
outcomes according to reports. What is important is
that a vascularized graft, by enhancing blood supply,
can play a critical role in improving avascular necrosis
of the capitate bone.

Conclusion

In conclusion, THA is frequently performed in SCD
patients due to the high prevalence of femoral head
osteonecrosis. Research has shown that individuals
with SCD face an elevated risk of postoperative
medical and surgical complications compared to non-
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SCD patients. As a result, comprehensive care is
essential, necessitating thorough preoperative
evaluation and coordinated communication among
the surgical, anesthetic, hematologic, hospitalist,
infectious disease, and cardiology teams to optimize
outcomes for this high-risk patient population.
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Avascular necrosis (AVN) of the capitate bone occurs
due to impaired blood supply. Various etiologies have
been associated with AVN, including trauma (such as
wrist fractures and dislocations), surgery, diabetes,
tumors, radiation, injections into the wrist bones, and
alcoholism®. In most cases, it is caused by direct
trauma to the wrist, particularly when a simultaneous
fracture of the capitate and scaphoid occurs, leading
to a condition known as naviculocapitate
syndrome®, Reports of AVN of the capitate often lack
any prior trauma history. Cases have been observed
in individuals such as technical workers, gymnasts,
and carpenters. Additionally, AVN can occur in
instances of repeated trauma to the capitate bone
due to disruption of its blood supply*®).

The blood supply to the hand occurs via two primary
routes. The extrinsic blood flow is provided through
the ulnar and radial arteries, whose common
branches form the palmar branches, which supply the
capitate bone. The secondary blood flow comes from
the interosseous artery associated with the anterior
interosseous artery®®. Both routes feed the capitate
bone from the palmar aspect. Therefore, any stress
or pressure on the palmar side can disrupt blood flow.
Additionally, the extrinsic blood flow is related to the
capsule and ligamentous structures of the wrist,
including the flexor pollicis longus and the flexor
retinaculum®®. Damage to these structures,
particularly if located in the palmar region, can
impede blood flow to the capitate bone®. According

(
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compartments 4 and 5 of the extensors. Bone density in the capitate bone has returned to normal

to the theories presented, repeated small traumas
and continuous pressure on the palmar side of the
hand can disrupt the blood supply to the capitate. The
head of the capitate bone lacks lateral blood supply®,
making it more susceptible to AVN. All of the
aforementioned blood supply patterns are linked to
the proximal segment, forming a blood supply
"bridge." Currently, there is no standardized
treatment for avascular necrosis of the wrist bones.
Due to the limited number of patients, there is little
experience regarding the treatment approach. There
is very little knowledge in this field, and the primary
goal of treatment is to prevent morphological
changes to the bone and its collapse. Additionally,
maintaining the longitudinal alignment of the carpal
bones can reduce the risk of degenerative changes'”.
In the early stages, conservative treatment is often
recommended, which includes the use of non-
steroidal  anti-inflammatory  drugs  (NSAIDs),
corticosteroid injections, and wrist immobilization
with splints®®. However, these treatments may not be
effective for some patients, leading to the indication
for surgical interventions. In recent vyears,
vascularized bone grafts have gained attention®. This
surgical intervention is recommended when collapse
of the carpal bone has not occurred. However, there
is no available information regarding the long-term
outcomes of these treatments. In patients with
collapse and degenerative changes in the carpal
bone, wrist arthrodesis or arthroplasty may be
performed®. The treatment methods for AVN of the
capitate bone are summarized in Table 1.
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metacarpal with a longitudinal incision in the space
between the fourth and fifth compartments. A

vascularized bone graft was placed in the
extracompartimental space.
The fifth extracompartimental artery and its

accompanying vein were identified. The artery is
typically located at the floor of the compartment,
adhering to the wall between the fourth and fifth
compartments. A radial-based flap was raised from
the extensor retinaculum, spanning the third to fifth
compartments. A graft measuring 1 x 0.5 cm was
prepared and placed vertically into the prepared
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cavity of the same size. No fixation device was
required, and the graft remained stable. The joint
capsule was then repaired, and a volar splint was
placed in a neutral position.

Two weeks after surgery, the sutures were removed,
and wrist immobilization continued with a splint for
one month. After one month, the patient began
physical therapy. At the one-year follow-up, the
patient reported complete resolution of pain and
symptoms (Figure 3). The range of motion in the wrist
joint was normal, and the patient was pain-free.

Figure 1: In the plain radiograph, there is a decrease in density across the entire head of the bone without
any evidence of collapse or sclerosis




Iranian Journal of Orthopaedic Surgery
Vol. 22, No. 1 (Serial No. 84), Winter 2023, p. 48-52

Treatment of Avascular Necrosis of the Capitate ...

Treatment of Avascular Necrosis of the Capitate with Vascularized Graft
(Case Report)

Abstract

been no progression of capitate necrosis.

Avascular necrosis (AVN) of the capitate is extremely rare and leads to chronic wrist pain. Currently, there is no
standard treatment protocol for AVN of this wrist bone. Due to the rarity of these cases, limited experience exists
regarding treatment methods. This report presents a 30-year-old male patient with AVN of the capitate. The patient
was treated with a vascularized bone graft. After one year of follow-up, the symptoms have resolved, and there has

Keywords: Avascular necrosis of bone, Carpal bones, Vascular grafting.
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Case Description

A 30-year-old male patient presented with chronic
left wrist pain for the past six months. Pain was more
pronounced during wrist dorsiflexion. The patient
had no history of systemic disease or specific
medication use. His occupation involved road
construction, and he worked with drilling machines.
Radiographic findings showed slight sclerosis in the
distal capitate, but there were no signs of
osteoarthritis, fragmentation, or collapse. The
lengths of the carpal bones were normal, and no
evidence of instability was observed (Figure 1).
Further evaluation with MRI revealed involvement of
the entire capitate. On the T1-weighted images
without contrast, the capitate appeared as a low-
density area (Figure 2).

Avascular necrosis (AVN) of the carpal bones, with the exception of the lunate,
is extremely rare. AVN of the capitate was first reported by Jonsson in 1942,
There is limited information regarding the etiology and clinical course of AVN
of the capitate compared to the lunate!”. While extensive studies exist on
Kienbock's disease (AVN of the lunate), few reports on AVN of the capitate
suggest no significant correlation between severe trauma and its onset. Most
cases reported involve young, active individuals with no history of trauma®?2.
There is no standard treatment for AVN of the capitate and other carpal bones.
However, in the early stages of the disease, conservative treatments are
generally attempted. These include changes in the work environment, the use
of non-steroidal anti-inflammatory drugs (NSAIDs), local corticosteroid
injections, and wrist immobilization with a splint®.

This report presents a case of AVN of the capitate treated with a vascularized
bone graft, and it also reviews the treatments reported in other cases.

The laboratory tests showed the following results:

e Blood cell count: 8.8 x 10"4/mm?3

e Rheumatoid factor (RF): Negative

e Uric acid: 3.9 mg/dL

e Erythrocyte sedimentation rate (ESR): 10

mm/h

e C-reactive protein (CRP): 4.5 mg/dL
The patient was initially treated with conservative
methods, including a wrist splint and non-steroidal
anti-inflammatory drugs (NSAIDs) over a six-month
period. Despite these measures, the patient
continued to experience pain. A single corticosteroid
injection in the dorsal region provided relief for two
months, but the pain returned with increased
intensity after this period.
Due to the persistence of symptoms, a surgical
intervention was planned. The procedure was
performed through a dorsal approach along the third
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the loss of valuable time needed to start appropriate
treatments.

Stevens et al. examined undiagnosed injuries in
polytrauma patients and the role of orthopedic
surgeons in secondary assessments. They found that
up to 81% of missed injuries in the initial evaluation
of trauma patients were orthopedic in nature, and
35% of these injuries required surgical
intervention!?¥,

Metak et al. studied undiagnosed musculoskeletal
injuries in polytrauma patients and identified several
reasons for missed diagnoses: inadequate or missed
radiographs, incomplete or ongoing diagnostic
procedures, incorrect or insufficient clinical
examinations, and external injuries in polytrauma
patients'®®. Matuszak et al. explored undiagnosed
periarticular injuries and diagnostic delays, showing a
moderate correlation between the patient’s age at
the time of injury and the time to diagnosis.
Specifically, as the patient’s age increased, the time
to diagnosis decreased?®.

Nearly all previous studies have found that hidden
injuries are more common in male patients than in
females, and our study confirmed this finding. Given
the higher incidence of polytrauma in males, it is
expected that undiagnosed injuries would also be
more frequent in this group. The primary reason for
diagnosing many of these hidden injuries is the
patient’s complaints (such as pain, deformity, etc.),
which are often detected during hospitalization. This
suggests a gap in secondary and tertiary evaluations,
further highlighting the importance of repeated
physical examinations during hospitalization. Studies
show that missed injuries can occur at any stage of
managing major trauma patients. Frequent
evaluations, both clinical and radiological, are
essential to reduce this issue.

Conclusion

The results of the study indicated that the highest
incidence of undiagnosed injuries in polytrauma
patients occurred in the 40 to 60 age group, with the
clavicle being the most common site of undiagnosed
injuries. Therefore, based on the findings of this
study, it appears that re-evaluation of polytrauma
patients plays a crucial role in reducing undiagnosed
injuries, particularly orthopedic injuries, which may
require changes to the treatment plan.
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Table 3: Frequency of Previously Diagnosed Injuries in Polytrauma Patients

Number of Injuries Frequency Percentage (%)
2 Injuries 5 23.8

3 Injuries 11 52.4

4 |njuries 3 14.3

5 Injuries 2 9.5

Total 21 100

Table 4: Distribution of Undiagnosed Fractures and Soft Tissue Injuries in Polytrauma Patients

Frequency Percentage (%)

Clavicle 8 22.2
Metacarpals 6 16.7
Scaphoid 5 13.9
Acetabulum 4 11.1
Femoral Neck 6 16.7
Intertrochanteric 4 11.1
Lateral Malleolus 3 8.3

Total 36 100

Undiagnosed injuries and delayed diagnoses remain
significant challenges in the treatment of polytrauma
patients. Understanding the causes of undiagnosed
injuries is crucial in minimizing their occurrence(?-29),
A study similar to ours reported that 64 out of 786
patients (incidence of 1.8%) had 86 missed injuries,
with an average of 1.3 injuries per patient. Among
these, 45 were male and 19 were female, with an
average age of 33 years (ranging from 12 to 81
years)?”).  Multiple factors, such as clinical
inexperience and assessment errors, contribute to
undiagnosed injuries, which could be improved in
trauma centers.

Houshian et al. reported a 12.8% rate of missed
fractures of the foot and ankle®?”, while Guly et al.
found a rate of 25.8%1?®. With improvements in
standards and protocols in emergency departments,
the incidence of undiagnosed injuries has decreased
over the past decades. In the present study, the rate
of undiagnosed injuries was 2.6%, although in other
studies, the incidence of undiagnosed injuries ranged
from 6% to 12.4%>2%30 Detecting hidden injuries is
vital, as failure to do so can lead to functional
impairments, cosmetic issues, and in severe cases,
such as liver lacerations, it can even result in death®Y.
Shaeze Azar et al. in their study on the prevalence of
undiagnosed orthopedic injuries in polytrauma

(
\

patients found that 82% of the patients were male,
and their ages ranged from 7 to 28 years. The
frequency of missed injuries was 5.8%. These
included fractures of the clavicle, metacarpals,
scaphoid, acetabulum, femoral neck,
intertrochanteric, heel, lateral malleolus, Lisfranc
joint, and hip dislocations®?.

Fitschen-Oestern et al. emphasized that special
attention should be given to patients involved in
traffic accidents or those who have fallen from great
heights. Suicide victims also require close monitoring.
Patients undergoing early surgery also need thorough
examination, and secondary assessments are highly
recommended®”. Another study showed that
complete and accurate physical examinations, along
with selective radiographs according to standard
diagnostic protocols, can prevent many injuries from
going undiagnosed. Serial physical examinations
during hospitalization and after discharge were also
found to be helpful in detecting hidden injuries®?.
Some studies have reported injuries to the ears, nose,
and throat in polytrauma patients. Among 54 cases,
12 %) had nasal fractures, and 4 had septal
hematomas that led to infections and severe
deformities®®. The researchers recommended that
complete physical examinations be conducted after
stabilizing polytrauma patients. These examinations
require precise training of medical staff and timely
consultations. Many trauma patients in the
emergency department are unconscious, which can
cause other problems to go undiagnosed, resulting in

]
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Ethical Considerations

The study commenced after receiving approval from
the university's ethics committee. It was conducted
prospectively, and all patient data were extracted
from archived records without including any
identifiable information. Ethical considerations
regarding patient rights and confidentiality were
strictly observed. Patients were entered into the
software using identification codes. Given the
prospective nature of the study, no additional costs
were imposed on the patients. Ethically, any missed
injuries were addressed with appropriate treatment
to ensure patient recovery, including surgical
interventions if necessary.

In this study, all undiagnosed fractures and injuries in
polytrauma patients admitted to Imam Khomeini
Hospital from December 21, 2021, to June 21, 2022,
were investigated. Among a total of 339 polytrauma
patients, 21 cases (approximately 6.2%) had
undiagnosed fractures or soft tissue injuries.

Gender Distribution

The frequency distribution of undiagnosed fractures
and soft tissue injuries shows that 71.4% of cases
were male, and 28.6% were female.

Age Distribution:

The mean age of patients with undiagnosed fractures
and soft tissue injuries was 39.3 + 8.5 years. The
frequency distribution of age groups revealed that:

e 9.5% were under 20 years old,

e 38.1% were between 20 and 40 years old,

Evaluation of Missed Cases of Fractures ...

o 42.9% were between 40 and 60 years old,
and
e 9.5% were over 60 years old.

Residence Distribution:

The analysis of residence distribution indicated that
42.9% of cases lived in urban areas, while 57.1%
resided in rural areas. The analysis of the number of
examinations conducted indicates that 80.9% of
undiagnosed fractures and soft tissue injuries in
polytrauma patients were identified after only one
examination, while 19.1% required two examinations
(Table 1). The frequency distribution of missed
injuries indicates that 38.1% of undiagnosed fractures
and soft tissue injuries involved one injury, 52.4%
involved two injuries, and 9.5% involved three
injuries (Table 2). On average, there were 1.7 missed
injuries per patient in these polytrauma cases. The
distribution of previously diagnosed injuries shows
that 23.8% had two injuries, 52.4% had three injuries,
14.3% had four injuries, and 9.5% had five injuries
(Table 3).
On average, there were 3.1 previously diagnosed
injuries per patient. The average duration of
hospitalization for undiagnosed fractures and soft
tissue injuries in polytrauma patients was 4.4 + 2.3
days.
e Clavicle: 22.2% of the undiagnosed injuries
were located in the clavicle.
e Metacarpals and Femoral Neck: Each
accounted for 16.7% of undiagnosed injuries.
e Scaphoid: Represented 13.9% of cases.
e Acetabulum and Intertrochanteric Region:
Each contributed 11.1% of injuries.
e Lateral Malleolus: Accounted for 8.3% of
undiagnosed injuries (Table 4).

Table 1: Frequency of Examinations for Undiagnosed Fractures and Soft Tissue Injuries in Polytrauma Patients

Number of Examinations Frequency Percentage (%)
1 Examination 17 80.9
2 Examinations 4 19.1
Total 21 100

Table 2: Frequency of Missed Injuries Among Undiagnosed Fractures and Soft Tissue Injuries in Polytrauma

Patients

Number of Injuries Frequency Percentage (%)
1 Injury 8 38.1

2 Injuries 11 52.4

3 Injuries 2 9.5

Total 21 100
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Unfortunately, in Iran, there is no specific
organization responsible for recording the short- and
long-term medical outcomes of road accidents. Such
information is sporadically documented by the
Ministry of Health, Ministry of Labor, and other
agencies®.

In hospital emergency departments, the primary
focus is on addressing acute, life-threatening
conditions in trauma patients. Many other injuries
may be overlooked and diagnosed later, with delayed
diagnoses potentially leading to irreversible
complications.  Certain  injuries, particularly
orthopedic injuries, are often missed during initial
evaluations*>*®, Undiagnosed injuries are described
as negligence on the part of the trauma surgeon,
potentially resulting in a negative experience for
polytrauma patients, overshadowing the surgeon's
efforts, and sometimes leading to litigation*24),

Few authors in orthopedic literature have discussed
commonly undiagnosed injuries or suggested ways to
reduce their incidence. Initial evaluations are usually
conducted by the emergency department or trauma
surgery physician. Nowadays, formal secondary
assessments have become a standard part of
examining polytrauma patients. These assessments
typically involve a comprehensive physical
examination of the patient approximately 24 hours
after admission, a review of all prior imaging studies,
and, if necessary, additional blood tests and
radiographic studies. These evaluations should be
repeated once the patient regains consciousness and
can cooperate(1¢18),

The secondary assessment was first recommended
by Anderson et al. to identify injuries missed during
earlier examinations!*?, Limited studies in Iran and
globally have investigated undiagnosed fractures in
polytrauma patients!**2?%, Since no prior research has
addressed undiagnosed soft tissue injuries in Iran,
particularly in Urmia, this study aims to examine
undiagnosed fractures and soft tissue injuries in
polytrauma patients presenting to Imam Khomeini
Hospital from December 21, 2021, to June 21, 2022.
In a study conducted by Sadeghpour et al. in 2007,
undiagnosed injuries in polytrauma patients in Tabriz
were examined. This research, involving 487 patients,
reported an overall prevalence of polytrauma at
18.51%. Among the patients, 28 individuals (7.6%)
had hidden injuries that were discovered during the
study. In total, 32 undiagnosed injuries were
identified in these 28 patients, most of which
involved muscular and skeletal damage. The most
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common sites of these injuries were the ankle and
foot, as well as the wrist and hand®?.

Similarly, in a study conducted by Sarafraz et al. in
2015, associated ear, nose, and throat (ENT) injuries
in polytrauma patients were investigated at Shahid
Rahnemoun Hospital in Yazd during 2012 and 2013.
Among 54 cases, 12 (22%) had nasal fractures, and
four presented with septal hematomas, which led to
severe infections and significant deformities?3.

Materials & Method

This descriptive, cross-sectional prospective study
was conducted from December 21, 2021, to June 21,
2022, on all undiagnosed fractures or injuries in
polytrauma patients admitted to Imam Khomeini
Hospital. The initial examination was performed by
an orthopedic specialist or resident. Cases of
undiagnosed injuries (secondary assessment) were
reviewed by orthopedic faculty members whom
patients visited after discharge. Patients admitted to
the ICU and those who underwent surgery and were
subsequently transferred to the ward or ICU were
also followed up and examined.

For patients where suspected but undetected injuries
arose during examinations, radiographic imaging was
performed. Additionally, with the cooperation of
ward officials, any potentially overlooked injuries
during treatment were identified through
radiographs, surgeries, or examinations by other
specialists and were documented. After completing
initial evaluations and treatments and stabilizing the
general condition of the patients, a comprehensive
examination was conducted at the bedside by a single
orthopedic specialist to identify any overlooked
musculoskeletal injuries, which were then recorded.
Demographic data, including patients' age, gender,
occupation, and place of residence, were collected
alongside information about the mechanism and
timing of injury, the number of examinations
performed, the number of undiagnosed injuries,
previously identified injuries, the duration of
hospitalization, and the admission timing of trauma
patients at the treatment center.

Data Analysis Method

Descriptive statistics, including mean #* standard
deviation, were used to analyze the data. The analysis
was performed using SPSS version 16 for Windows.
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Evaluation of Missed Cases of Fractures and Soft Tissue Injuries in Patients with
Multiple Trauma in a Teaching Trauma Centre within 6 Months

(Abstract \

Introduction: Delays in diagnosing musculoskeletal injuries in patients who have suffered polytraumas can lead to
long-term functional and aesthetic disorders. This study investigates the undiagnosed cases of fractures and soft
tissue damage in multiple trauma patients in a teaching trauma centre within 6 months.

Materials & Methods: This cross-sectional descriptive study was conducted on polytraumas patients referred to a
teaching trauma centre within 6 months.

Results & Discussion: In 339 polytrauma patients, 21(6.2%) had undiagnosed injuries: 15 (71.4%) men and 6
(28.6%) women with mean age of 39.3 + 8.5 years (11 to 82 years) were studied. The average duration of
hospitalization for undiagnosed fractures and soft tissue injuries in polytraumas patients was 4.4 + 2.3 days. The
most common sites of undiagnosed injuries were the clavicle (22.2%), followed by metacarpal and femoral neck
(16.7%), acetabulum and intertrochanteric (11.1%), and distal fibular fractures (8.3%).

Conclusion: Late diagnosis of fractures in trauma hospitals is not uncommon, Middle age of 40-60 years and
clavicular and femoral neck fractures are important and common ones to remember.

Keywords: Delayed diagnosis, Bone fractures, Soft tissue injuries, Polytrauma.
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Introduction

Trauma is a significant public health concern and a leading cause of death and
permanent disability among adults, children, and young people (ages 1-44). It
is also the third leading cause of death across all age groups™?. One of the
primary barriers to accurately diagnosing injuries and evaluating their potential
is the lack of standardized reporting criteria in articles®*. Furthermore, the
prevalence of bone fractures caused by road accidents is exceptionally high,
ranking among the top three most common injuries resulting from such
incidents®.
In recent years, advancements in technology and healthcare have improved
people's quality of life. Despite this, events such as accidents, conflicts,
violence, and other traumatic phenomena, including vehicle collisions,
occupational accidents, and injuries sustained during contact sports, have
significantly exacerbated the physical harm individuals endure®. The causes
and mechanisms of trauma vary, and their impact depends on factors such as
the location of the injury on the body, the victim's age, and gender"=9),
Globally, the most common causes of such injuries among adults are road
accidents, violence, falls, and sports injuries®. The most frequent soft tissue
injuries include lacerations, hematomas, contusions, and abrasions, with
lacerations being the most common type of trauma-induced soft tissue injury
(38%). The age group most affected by soft tissue injuries is 0—30 years
(61.5%)*112),
Corresponding Author: In developing countries like Iran, road accidents are the leading cause of
DMir Bahram Safari, MD injuries. However, in developed countries, the use of seat belts and strict
Email address: . - . L
B o AL e penalties for driving under the influence of alcohol have significantly reduced
traffic-related injuries, making violence the most common cause of trauma®*%),
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Key risk factors for this condition include a history of
trauma, advanced age, female gender, dyslipidemia,
hypertension, thyroid dysfunction, and diabetes®.
Diabetes, a condition associated with increased
inflammatory factors, plays a significant role in
painful shoulder movement restrictions.

This study aimed to investigate the risk factors
associated with adhesive capsulitis by examining 53
patients referred to the Imam Khomeini Shoulder
Clinic in Urmia. Among the patients, 47.2% had
diabetes. While 56% of the diabetic patients were
male, no significant association was found between
gender and diabetes in this study.

No significant relationship was observed between the
type of diabetes treatment (oral medication or insulin
therapy) and the presence of adhesive capsulitis.
These findings align with the study by Zreik et al.l?,
which also found no significant association between
oral or insulin treatment and adhesive capsulitis.

In this study, a significant association was found
between laboratory findings of hyperlipidemia
(p=0.04) and hypercholesterolemia (p=0.03) with
adhesive capsulitis. Similarly, in a study by Huang et
al. in Taiwan (2013), involving 946 diabetic patients
over three vyears, the annual risk of adhesive
capsulitis was 1.2% among diabetic individuals
compared to 0.9% in the general population. The
relative risk was 1.3 times higher in diabetic patients,
and significant associations were found with factors
such as advanced age, female gender, and
dyslipidemia”.

Unlike the findings of Kiani et al.®), who reported a
significant association between the duration of
diabetes and adhesive capsulitis, no such relationship
was observed in this study. Additionally, while Kiani
et al. identified female gender as a risk factor for
adhesive capsulitis, no such link was found here.

The results of this study indicate no association
between the duration of diabetes and adhesive
capsulitis, aligning with findings from Zamani et al. ®
and other studies, suggested that complications like
adhesive capsulitis, sclerodactyly, and osteoarthritis
are more likely to occur in older individuals and
increase with the progression of diabetes!**-13),

A significant association was found between HbAlc
levels and adhesive capsulitis in this study. Patients
on oral treatment had a mean HbAlc of 7.72 £ 1.01,
while those on insulin had 6.71 + 0.48 (p=0.01). This
finding corresponds with studies by Seneseker and
Gautieri®, who demonstrated that increased
connective tissue stiffness in diabetic patients might
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result from non-enzymatic oxidative reactions
between glucose and collagen, leading to the
formation of advanced glycation end products
(AGEs)®19), Furthermore, Oliva et al.*? highlighted
how AGEs alter collagen fiber structure, potentially
impacting the biomechanical properties of tendons.

Conclusion

Based on the findings of this study, hyperlipidemia
and hypercholesterolemia in conjunction with
diabetes play a significant role in the development of
adhesive capsulitis.
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Ali Tabrizi et al.

In Iran, a 2009 study in Kashan reported an 11.9%
prevalence of adhesive capsulitis among patients
attending a diabetes clinic®. The aim of this study is
to investigate potential risk factors for the
development of adhesive capsulitis in diabetic
patients.

Materials & Methods

A descriptive-analytical study was conducted
between 2020 and 2023 at Urmia University of
Medical Sciences in collaboration with the Islamic
Azad University of Medical Sciences, Tabriz. All
patients diagnosed with adhesive capsulitis who
attended the shoulder clinic were examined. A total
of 53 patients were included, comprising 24 males
(45.3%) and 29 females (54.7%). The mean age was
54.83 + 8.98 years, with a median age of 55 years
(range: 35—70 years).

Among the 53 patients, 25 (47.2%) had confirmed
diabetes, while 28 (52.8%) did not. The patients were
divided into two groups for comparison. Those with a
confirmed diagnosis of diabetes undergoing
treatment were identified and included in the study.
A pre-designed questionnaire was used to collect
demographic data, diabetes duration, treatment
type, and laboratory findings. These variables were
assessed for associations with adhesive capsulitis.
Patients with a history of prior shoulder surgery,
fractures, or major trauma were excluded from the
study.

The study was conducted under the supervision of
the ethics committee at the Islamic Azad University of
Medical Sciences, Tabriz, adhering to all ethical
guidelines. In this study, hyperlipidemia was defined
as triglyceride levels above 150 mg/dl and HDL
cholesterol below 60 mg/dl. Hypercholesterolemia
was defined as total cholesterol levels exceeding 200
mg/dl.
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Statistical analysis was performed using descriptive
statistics, including frequency, percentage, and mean
+ standard deviation. The Chi-square test was used
for qualitative data comparisons, while the
independent T-test was employed for quantitative
data after confirming the normality of distributions
between the two treatment groups. Statistical
analyses were conducted using SPSS version 17, and
a p-value of less than 0.05 was considered statistically
significant.

In this study, 53 patients with adhesive capsulitis
were evaluated. The demographic characteristics of
the two groups (diabetic and non-diabetic patients)
are presented in Table 1. The co-occurrence rate of
diabetes with adhesive capsulitis was 47%. Significant
statistical differences between the two groups are
indicated by an asterisk (*).

Among diabetic patients, the mean age of those
receiving oral treatment was 57.12 + 8.80 years, while
those on insulin therapy had a mean age of 55.55 +
8.07 years (p=0.66). The mean duration of diabetes in
patients receiving oral treatment was 3.43 + 2.22
years, compared to 4.55 + 2.60 years for those
receiving insulin (p=0.26). The mean HbAlc levels
were significantly different between the two groups.
Patients on oral treatment had a mean HbAlc of 7.72
*+ 1.01, while those on insulin had a mean HbA1lc of
6.71 = 0.48 (p=0.01).

Adhesive capsulitis, commonly referred to as frozen
shoulder, is a prevalent and painful condition that
limits shoulder movement.

Table 1: Comparison of Characteristics Between Diabetic and Non-Diabetic Patients

Characteristic Total Patients Diabetic Patients Non-Diabetic Patients p-
(n=53) (n=25) (n=28) value
Gender
Male 14 (56%) 10 (35.7%) 18 (64.3%) 0.2
Female 11 (44%)
Age (years) 52.6 £10.2 53.2+9.2 0.3
Hyperlipidemia 16 (64%) 10 (35.7%) *0.03
Hypercholesterolemia 17 (68%) 11 (39.3%) *0.02
( ]
L *° )
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Investigation of Risk Factors Involved in Adhesive Capsulitis in Diabetic Patients

Cbstract \

Introduction: Adhesive capsulitis, commonly known as frozen shoulder, is a prevalent and painful condition that
limits shoulder mobility. A strong association exists between diabetes and this condition. This study aims to
investigate the inflammatory risk factors involved in the development of adhesive capsulitis in diabetic patients.
Materials & Methods: In a descriptive-analytical study, individuals diagnosed with adhesive capsulitis were
evaluated over three years. Among these patients, those with a confirmed diagnosis of diabetes who were
undergoing treatment were identified and included in the study. They were compared to non-diabetic individuals.
A pre-defined questionnaire was used to collect demographic data, diabetes duration, treatment type, and
laboratory findings, which were then analyzed for associations with this condition.

Results & Discussion: A total of 53 patients were examined, with the prevalence of concurrent diabetes and
adhesive capsulitis being 47%. Hyperlipidemia and hypercholesterolemia showed a significant association with the
co-occurrence of diabetes and adhesive capsulitis. The mean duration of diabetes was 4.43 + 2.22 years in patients
receiving oral medication and 4.55 * 2.60 years in those on insulin therapy (P = 0.26). The mean HbA1C level was
7.72 £ 1.01 in the oral medication group and 6.71 + 0.48 in the insulin therapy group, indicating a significant
association between treatment type, diabetes duration, and the development of adhesive capsulitis.

Conclusion: Based on the findings of this study, the coexistence of hyperlipidemia and hypercholesterolemia with
diabetes plays a significant role in the development of adhesive capsulitis.

Keywords: Adhesive capsulitis, Diabetes Mellitus, Frozen shoulder.

\ Accepted: 43 days before printing J

Ali Tabrizi, MD?, Seyed Mehdi Mousavi Zadeh, MD?, Noushin Milanchian, MD?, Khatereh Ahmadi, MD3

Introduction
Medical Sciences, Tehran, Iran.

Adhesive capsulitis, also known as frozen shoulder, is a common and painful
3. Azad University of Medical Sciences, . L. . . . L.
Teorn condition that limits shoulder movement!®. This condition is often self-limiting,
and most patients do not report any history of trauma. It is characterized by a
progressive painful course with restricted shoulder mobility, particularly in
external rotation, more than abduction. This leads to severe functional
disability in affected individuals. In 1934, Codman outlined diagnostic criteria,
including restricted shoulder movement in the glenohumeral joint, with a
greater limitation in flexion and external rotation, and normal radiographic
findings*3),
Adhesive capsulitis is most common among women, peaking at around 50
years of age. Its exact etiology remains unclear, but multiple risk factors have
been identified. Key risk factors include prior trauma, advanced age, female
sex, dyslipidemia, hypertension, thyroid dysfunction, and diabetes®. In 2014,
Sung et al. reported a significant association between hypercholesterolemia,
lipoproteinemia, and adhesive capsulitis, highlighting the role of inflammatory
factors in the development of this condition®.
Diabetes, which increases inflammatory factors, is a major contributor to
painful restrictions in shoulder mobility. The prevalence of adhesive capsulitis
in the general population is approximately 2%. Among diabetic patients, the

1. University of Medical Sciences,
Urmia, Iran.

2. Shahid Beheshti University of

Corresponding Author:
Ali Tabrizi, MD. reported prevalence varies widely, ranging from 4.4% to 22% in the literature.
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apoptosis (programmed cell death), which negatively
affects muscle mass and function in various clinical
conditions?*?), It is worth noting that regular
exercise has been consistently shown to reduce blood
pressure and improve blood sugar control®*?%,
potentially enhancing metabolic performance and
preventing sarcopenia by improving mitochondrial
function and reducing inflammation, oxidative
damage, and muscle myocyte apoptosis.
Furthermore, reduced grip strength among diabetics
may be attributed to peripheral neuropathy or
diabetic hand syndrome!?®,

Our study found that 36 out of 45 diabetic patients
(80%) received oral medication and 9 (20%) were
treated with insulin injections. Carpal tunnel
neuropathy symptoms were present in 19 patients
(42%) according to clinical examination and history,
while no signs of peripheral neuropathy or carpal
tunnel syndrome were observed in 26 diabetic
patients  (58%). Diabetic hand syndrome,
characterized by limited joint mobility or diabetic
arthropathy, flexor tenosynovitis, and Dupuytren's
disease, can cause significant complications and
negatively affect grip strength?”. Grip strength has
been shown to be an indicator of autonomic damage
in individuals with diabetes?®.

Conclusion

The results of the study indicate that healthy
individuals demonstrated higher grip strength and
pinch strength compared to the diabetic group.
Additionally, there was no statistically significant
difference in hand functional ability (grip strength
and pinch strength) between the two treatment
groups, suggesting that hyperglycemia has an impact
independent of the type of treatment.
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With the increasing prevalence of chronic and
debilitating diabetes, we will undoubtedly encounter
more complications related to this disease.
Musculoskeletal disorders in diabetic patients are
often overlooked, but these complications can lead to
significant pain, morbidity, and disability. Upper limb
complications, commonly referred to as "diabetic
hand," include not only diabetes-specific conditions
like limited joint mobility (LJM), but also non-diabetic
conditions like trigger finger, Dupuytren's disease,
and carpal tunnel syndrome (CTS) (39,40). The impact
of diabetic hand complications on hand functional
disability, defined as difficulty in performing activities
of daily living, in Type 2 diabetes remains unclear*,
The effects of soft tissue problems in the hand
associated with diabetes, such as joint mobility
limitation, Dupuytren's disease, and trigger finger, on
hand functional disability are largely unknown. Grip
strength and pinch strength in diabetic Type 2
patients are lower compared to non-diabetic
individuals, and the effect of reduced hand strength
on functional disability has not been clearly
demonstrated before*3),  According to results
obtained from a dynamometer device, there was a
significant statistical difference between the two
groups of diabetic patients and healthy individuals in
terms of grip strength and key and pulp pinch
strength, with healthy individuals recording higher
strength levels. Previous studies have established a
link between diabetes and decreased muscle
strength and quality. Grip strength serves as an
indicator of nutritional status, with positive
correlations to bone mineral density in
postmenopausal women and negative correlations to
physical weakness, as well as predicting
cardiovascular and cancer-related mortality in men
(55,56). Diabetic individuals in the present study
demonstrated significantly lower grip strength
(p<0.001) compared to non-diabetic individuals,
which alighs with numerous studies showing
consistently lower grip strength in diabetic groups
compared to non-diabetic individuals**.

Cetinus et al. conducted a study on 76 diabetic
patients and 47 healthy controls and found that
diabetic individuals had an average grip strength of
31.53+11.82 kg comparedto 36.34+11.01 kg in non-
diabetic individuals (58-63). These findings aligh with
our study, as the average grip strength in diabetic
patients was 20.14 + 4.4 kg in the left hand and 27.44
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1 5.4 kg in the right hand, while healthy individuals
had an average of 29.4 + 3.5 kg and 37.18 + 4.8 kg
respectively, showing a significant difference
between the two groups™®.

Savas et al. evaluated 44 Type 2 diabetic patients and
60 age- and sex-matched controls and found that grip
and pinch strength in diabetic patients (27.48 + 9.26
kg) were significantly lower than in the non-diabetic
control group (31.72 + 9.86 kg) (61). Similarly, Sayer
et al. reported lower grip strength in diabetic men
(41.8 kg) compared to those with impaired glucose
tolerance (IGT) (44.1 kg) and normal glucose
tolerance (44.7 kg) (60). In an Indian population
study, diabetic men and women had lower grip
strength compared to non-diabetic individuals (men:
diabetic 20.76 £ 3.55 kg vs. control 32.90 + 7.60 kg;
women: diabetic 18.36 £ 3.50 kg vs. control 25.16 +
4.45 kg)1),

Cetinus and colleagues attributed lower grip strength
to the muscular weakness of the upper limb flexors,
potentially due to the severity of neuropathy®. In
the present study, the average grip strength in
insulin-treated diabetic patients was 19.4 + 4.6 kg in
the left hand and 28.5 + 5.1 kg in the right hand, while
patients treated with oral medication had an average
grip strength of 22.3 + 3.7 kg in the left hand and 27.1
+ 5.2 kg in the right hand, with no significant
differences observed between the two treatment
groups. Furthermore, HbA1C and FBS levels did not
show significant statistical differences between the
two treatment groups.

Therefore, weaker muscles resulting from immobility
may decrease the potential for glucose absorption,
leading to hyperglycemia. Chronic diseases along
with  comorbidities can  negatively  affect
cardiovascular function. The heart may compensate
for the underlying pathological burdens, resulting in
less efficient blood distribution to body tissues*”.
Wander et al. reported that hand grip strength,
considered an overall body strength indicator, is
significantly related to physical performance!*®,
Although multiple factors such as age, mood, time of
day, and anthropometric characteristics have been
reported as potential influences on hand grip
strength (HGS)™, progressive muscle weakness, joint
immobility, and other pathological manifestations
may contribute to poor HGS. However, resistance
exercises have been shown to improve muscle
strength in T2D patients®?%?Y),

Studies have shown that activation of specific
inflammatory signaling pathways can lead to

]
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Table 1. Comparison of Functional Ability of Right and Left Hands Between Diabetic and Healthy

Individuals

variable Diabetic patients N=45 Healthy N=45 P value

Age 58.4+6 57.6+5.2 0.06
Grip left (kg) 20.1+4.4 29.4+3.5 <0.001
Grip right (kg) 27.415.4 37.1+4.8 <0.001
Key pinch right(kg) 610.8 6.710.5 <0.001
Key pinch left(kg) 4.1+0.6 4.8+0.5 <0.001
Pulp pinch Right(kg) 5.3+0.5 6.310.4 <0.001
Pulp pinch left(kg) 4.1+ 5.5+0.6 <0.001
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Figure 1: Left-Hand Grip Strength in Diabetic and Healthy Individuals
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Figure 2: Comparison of Right-Hand Grip Strength Between Diabetic and Healthy Individuals.

Table 2: Comparison Between Two Groups of Diabetic Patients Under Oral and Insulin Treatment

variable Oral drug patients N=36 Insulin injection N=9 P value
Age 57.716.2 61.5+3.8 0.08
Grip left (kg) 22.3+2.7 19.4+4.6 0.1
Grip right (kg) 27.145.2 28.5+5.1 0.4
Key pinch right(kg) 6.02+0.8 5.91+0.9 0.7
Key pinch left(kg) 4.07+0.6 4.3+0.5 0.05
Pulp pinch Right(kg) 5.7+0.5 5.2+0.5 0.5
Pulp pinch left(kg) 4.09+0.7 4.03+0.6 0.3
HbA1C(%) 7.610.4 7.8+0.5 0.1
FBS(mg/dL) 153.3+24 149.7+37 0.7
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Hand performance, a crucial indicator of fine motor
function, is often used clinically as a predictor of hand
precision. Poor motor skills result in diminished
functional efficiency, which can reduce quality of
life®. However, limited information exists regarding
the role of hands in the health-related quality of life
of diabetic patients. Therefore, this study aimed to
compare the functional capacity of hands between
healthy individuals and diabetic patients, evaluating
the factors influencing hand functionality.

Materials & Methods

This descriptive-analytical study involved two groups:
diabetic patients and healthy individuals (control
group). Diabetic patients were further categorized
into  insulin-treated and  non-insulin-treated
subgroups. Plasma glucose levels in the control group
were measured during hand function evaluation at
the Imam Khomeini Hospital clinic, affiliated with
Urmia University of Medical Sciences.

Exclusion Criteria
e Gestational diabetes
e Pediatric diabetic patients
e |CU inpatients
e Patients on regular hemodialysis
e Individuals with severe psychiatric disorders

e Patients with a history of upper limb
amputation, injury, or deformity affecting
motor function

e Patients with neurological disorders

Collected Data

Demographic data such as age, gender, smoking
status, duration of diabetes, treatment type (insulin
or oral medication), hemoglobin Alc levels, and
concurrent hand diseases were recorded.
Anthropometric measurements, including weight,
height, and BMI, were performed. Weight was
measured using a SECA 803 digital scale, and height
was measured using a portable SECA 206 stadiometer
with 0.1 cm precision. BMI was calculated as weight
(kg) divided by height squared (m?).

—
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Hand Grip Strength (HGS) Measurement

HGS was measured using a hydraulic hand
dynamometer at the hospital. Participants were
seated with their elbows bent at 90 degrees,
forearms in a neutral position, and wrists dorsiflexed
between 0° to 30°.

The dynamometer handle was set to the second
position for standardization. Participants, regardless
of hand dominance, were instructed to squeeze the
dynamometer handle as firmly as possible, first with
the dominant hand and then with the non-dominant
hand. Two HGS measurements were taken for each
hand with a 20-second rest interval to reduce fatigue.

Data Analysis
Data were analyzed using SPSS software. An
independent t-test was employed to assess

differences in means, and Spearman’s correlation
was used to analyze relationships between variables.
The study was conducted at Urmia University of
Medical Sciences following ethical committee
approval.

This study included 90 participants: 45 diabetic
patients and 45 healthy individuals. The sample
consisted of 21 men (23.3%) and 69 women (76.7%),
with a mean age of 57.2 + 5.6 years. According to
dynamometer results, a statistically significant
difference in grip strength and pinch strength (key
and pulp) was observed between the diabetic and

healthy  groups, with  healthy individuals
demonstrating higher strength levels (Table 1, Figure
1).

Out of the 45 diabetic patients, 36 (80%) were treated
with oral medication and 9 (20%) with insulin
injections. Based on clinical examination and history,
carpal tunnel neuropathy symptoms were present in
19 patients (42%).

In 26 diabetic patients (58%), no signs of peripheral
neuropathy or carpal tunnel syndrome were
observed.

There was no statistically significant difference in
hand functional ability, grip strength, or pinch
strength between the two groups of patients
receiving oral medication and insulin injections (Table
2, Figure 2).

'
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Functional Hand Performance Evaluation in Diabetic and Non-Diabetic Patients

Gstract

Introduction: Diabetes, as a chronic internal disease, also manifests musculoskeletal complications. In addition to
causing comorbidities in the muscular-skeletal system, it can significantly impact the functional capacity of the
muscular system. In this study, we assessed the strength and functional capacity of diabetic individuals compared
to age-matched healthy individuals.

Materials & Methods: In a descriptive-analytical study, two groups were compared: diabetic patients—
subdivided into two groups based on oral medication treatment and insulin injection—and healthy individuals.
Grip strength and pinch strength (key and pulp pinch) were measured in all participants using a dynamometer.
Disease-related variables were also recorded in the diabetic group to evaluate their potential impact on functional
hand performance.

Results & Discussion: This study included 90 participants—45 diabetic patients and 45 healthy individuals—
comprising 21 men (23.3%) and 69 women (76.7%). According to the dynamometer results, there was a
statistically significant difference in grip strength and pinch strength (key and pulp) between diabetic patients and
healthy individuals, with higher strength recorded in the healthy group. However, no statistically significant
difference was observed in grip strength and pinch strength between diabetic patients treated with oral
medications and those treated with insulin injections.

Conclusion: The study results indicated that healthy individuals had greater grip strength and pinch strength (key
and pulp) compared to diabetic patients. Additionally, there was no statistically significant difference in hand
functional capacity between diabetic patients treated with oral medications and those treated with insulin
injections, suggesting that hyperglycemia's impact on functional performance may be independent of treatment
type.

Keywords: Diabetes mellitus, Grip strength, Hand, Muscle weakness.
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Introduction

Diabetes, over time, can negatively impact patients' daily quality of life. Its
complications and related disorders, including cardiovascular diseases, vision
problems, hypertension, obesity, and depression, lead to various structural
and functional changes in the body, such as neuropathy, retinopathy,
nephropathy, cardiovascular diseases, and musculoskeletal issues™.
Neuropathy is a particularly troubling complication and is highly prevalent
among diabetic patients'?. While many studies have focused on pathologies
and functional impairments related to diabetic foot, relatively few have
examined the effects on diabetic hands®>®),

Diabetic hand syndrome encompasses a range of symptoms, including
numbness, chronic pain, stiffness, tingling, reduced strength, abnormal
sensory functioning, or fatigue®®). These symptoms can result in deficits in
sensory-motor control and functional efficiency of the hands. Hands are vital
limbs with complex anatomical structures and precise motor functions,
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2. Shahid Beheshti University of
Medical Sciences, Tehran, Iran.
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Emailltaress: enabling various daily and occupational tasks. Diabetes may lead to progressive
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32

—
| —



Iranian Journal of Orthopaedic Surgery
Vol. 22, No. 1 (Serial No. 84), Winter 2023, p. 27-31

In fact, the force is equally distributed in the upper
and lower surfaces. More over in the usual
techniques, the sutures of the upper surface are not
exactly parallel to the lower sutures, and as a result,
these sutures apply force at different points. In our
technique, the upper and lower sutures apply force
at the same point, and the force is applied more
effectively.

We should be mention it here that as this is a vertical
mattress sutures, and due to its compressive nature,
it may lead to a higher risk of meniscal over
compression and extrusion in some cases and over
tension should be avoided*®.

Conclusion

Ultimately, the choice of suture technique should be
tailored to the individual patient, taking into account
the tear pattern, location, and the surgeon's
expertise. Further studies comparing long-term
outcomes of these techniques, particularly in terms
of functional recovery and osteoarthritis prevention,
are needed to refine the indications for this
technique.
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Figure 5: Both ends of suture thread tie together on the capsule while a hook is stabilizing the meniscus

Over a period of 4 years, we performed this
technique on 34 cases of longitudinal and bucket
handle meniscal tears. All the tears were associated
with ACL tears and ACL reconstructions were
performed in all of them. Six patients missed the final
follow up. Meniscectomy following initial meniscal
repair was performed for 3 patients (10.7%) due to
persistent knee pain and locking. The other 23
patients had full range of knee motion with no
complains of pain, tenderness, swelling and locking in
their final follow up visit. McMurray test was negative
in these patients. The outcome of the Lysholm score
was excellent and good in 21 (75%) patients and fair
in 7 (25%). No neurovascular injury, synovitis and
other knot-related complications were documented.
The procedure displayed 89.3% clinical success rate.

suture

Figure 6: Suture at upper surface rotates tear
configuration

Different techniques are mentioned for suturing the
torn meniscus in the inside-out method. The choice
between them largely depends on the tear type, the
vascularity of the tear site, and the surgeon's
experience. The vertical mattress suture provides
excellent compression and is particularly effective for
longitudinal tears, offering good fixation and
promoting tissue healing. Vertical sutures are usually
applied in such a way that one end of the thread
passes through the meniscus and the other end
passes through the capsule to stabilize the tear. As
the strength and durability of the meniscus and the
capsule are different, applying force to the knot may
causes the meniscus to rotate up or down (Figure 6).
In the technique presented by us, both ends of the
thread pass through the meniscus and then through
the capsule. concomitant tension on both ends while
fixation causes the meniscus to be compressed
uniformly at the site of the tear (Figure 7).

capsule
=

Figure 7: One tie suture give a global tension to
tear pattern
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Figure 2: Meniscus repair needle with its guide is inserted into the knee through the same portal where
the scorpion entered.

Figure 3: Needle guide is placed on the upper surface of tear.

Figure 4: The upper end of suture thread is loaded to needle and needle is pulled out of the
posteromedial incision.
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In addition, due to the non-uniformity of the length
of the anchor discharge path Fast Fix has a technical
weakness in creating a vertical mattress suture %7,
Fastfix is relatively expensive and sometimes several
sutures are needed to repair a bucket handle tear.
Various suture techniques are employed in meniscal
repair, including vertical mattress and horizontal
sutures, each with unique biomechanical properties
and clinical outcomes.

Vertical mattress is characterized by two passes
through the tissue: one pass through the anterior
aspect of the tear and another deeper pass through
the posterior aspect.

We present here a technique for creating a vertical
mattress suture that we believe provides the most
reliable and solid fixation due to the creation of
vertical fixations at both the superior and inferior
levels of the meniscus.

Materials & Methods

In this technique, the patient's leg is positioned
hanging from the side of the bed. A posteromedial
incision is made along the medial aspect of the knee,
and the sartorius fascia is released while preserving
the saphenous nerve. Dissection is then performed
with the finger between the medial head of the
gastrocnemius muscle and the joint capsule.
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Subsequently, an anterolateral portal is created for
the arthroscope, and an anteromedial portal is
established for the insertion of instruments.

A two-zero fiber wire is loaded into a scorpion device,
which is then introduced into the knee. At a distance
of 3 to 4 mm from the tear, a suture is inserted into
the meniscus from the inferior surface, and the
scorpion is withdrawn (Figure 1).

Through the same anteromedial portal, a meniscus
repair needle, along with its corresponding guide, is
inserted into the knee (Figure 2). The needle is
positioned on the capsule on the superior side of the
tear, and is subsequently removed through the
posteromedial incision (Figure 3). The guide is then
removed, and the thread on the superior side of the
tearis passed through the needle's end hole, allowing
the repair to be completed by pulling the needle
(Figure 4). Through the posteromedial incision, the
fiber wire is retrieved. The needle, along with the
guide, is reintroduced into the knee through the same
anteromedial portal. This time, it is positioned on the
inferior side of the tear on the capsule. The needle is
again removed through the posteromedial incision,
and after removing the guide, the thread is passed
through the needle's hole. Once both threads are
retrieved, the knot is tightened on the capsule (Figure
5). This procedure is repeated for several sutures,
spaced approximately 5 to 6 mm apart, resulting in a
complete and reliable meniscal repair.

Figure 1: Fiberwire loaded scorpion is inserted in to the meniscus
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Inside-Out Meniscal Repair: A Modified Vertical Suture Technique

(Abstract \

Introduction: Meniscal tears are one of the most common knee injuries, and effective repair techniques are crucial
for maintaining long-term knee function and preventing degenerative changes. Among various repair methods,
the vertical mattress sutures are frequently utilized. we present a technique that we believe provides the strongest
fixation for longitudinal meniscal tears.

Materials & Methods: Over a period of 4 years, modified vertical mattress suture technique was performed on 34
cases of longitudinal and bucket handle meniscal tears. All the tears were aassociated with ACL tears and ACL
reconstructions were performed in all of them. final results were evaluated by Lysholm score, clinical examination
and need for menisectomy.

Results & Discussion: Meniscectomy following initial meniscal repair was performed for 3 patients (10.7%) due to
persistent knee pain and locking. The other 23 patients had full range of knee motion with no complaint of pain,
tenderness, swelling and locking in their final follow up visit. McMurray test was negative in these patients. The
outcome of the Lysholm score was excellent and good in 21 (75%) patients and fair in 7 (25%).

Conclusion: The modified vertical suture technique is a reliable, rapid and cheap technique for longitudinal
meniscal tears repair.

Keywords: Meniscus, Tibial Meniscus Injuries, Suture Technics.
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Introduction

LI LTl Vienisci play the role of load transfer and stability in the knee, and also play a
University of Medical Sciences, Tabriz,

Iran. role in joint lubrication. This ability of menisci to transmit and distribute force

depends on their unique shape and texture!*?. Due to the role and function of
the menisci, they are always exposed to mechanical damage®*. There are two
basic treatments for torn meniscus, menisectomy and meniscal repair.

Meniscal repair has become a preferred treatment approach, as it preserves
the tissue and restores normal knee function (Lynch et al., 2019). Although the
short-term clinical results of Partial meniscectomy and meniscus repair are the
same, in the long term, there are better clinical results for meniscus repair®®.
Unfortunately, meniscus repair overally has a 10-15% chance of success?®. The
geometry and location and time of the tear are the determining factors in the
success rate of meniscus tear repair.

In order to achieve better clinical results, meniscus repair must follow specific
technical principles. The most important principle in this regard is that the
fixation must be solid™. In addition, the sutures used must be non-absorbable
or with delayed absorption*Y), In the past, other materials and devices such as
arrows and anchors made of UMH were used, which were abandoned due to
their fragility and complications'*?*3), Currently, the all-inside technique along
with ablation and debridement of the meniscus tear site is the gold standard
for meniscus repair in posterior horn longitudinal tears of the meniscus. It is
widely done with the Fast Fix device, but it has own complications. The most
Corresponding Author: important complications are anchorage slippage on the capsule, when
Fardin Mirzatolooei, MD tightening or pulling the thread, as well as interference in inserting the anchor

Email address: . . .
T G RERE into the meniscus*?. Also, the delayed loosening of the anchor has been
~ reported by Ryan®®).
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A Very Important Point in Post-Surgical
Radiography

A very important issue is follow-up and radiography
of the volar plate. Volar plates should be checked
through the facet view (Figure 17), not with the
routine lateral or posterior-anterior views (Figure 18).
Routine views show a high error rate in the
positioning of locking plate screws. Figure 18 shows a
lateral radiograph of a locking plate where screws are
inside the joint, while in Figure 17, taken with the
facet view, no such error is observed. It is important
to remind radiology technicians to use the facet view.
Adequate tilt can be achieved by placing a 2-inch roll
bandage (Vibril) under the cast, directly beneath the
wrist.

Figure 18: Patient with lateral view
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this study, no significant changes in grip strength,
wrist motion, or DASH score 3 were observed after 48
weeks post-surgery. The use of arthroscopy depends
on the equipment available at the center, such as
having a dry arthroscope, etc. Many surgeons believe
that with traction and using the proximal row surface,
good reduction of fragments can be achieved.

Surgical Pain Management

The most significant change in the treatment of distal
radius fractures since 2010 has been the
transformation in postoperative pain management.
The primary catalyst for this transformation was the
opioid epidemic in the United States “*® and its
subsequent spread globally “°). The reluctance to use
opioids in other countries has also been noteworthy.
The trend is now moving toward reducing opioid use
and adopting multimodal pain management
approaches. Successful postoperative pain
management begins at the time of surgery. If pain
management begins after surgery, it will be too late
(9 There are numerous modalities available for
managing surgical pain. Although some of these may
not be suitable for pain management in distal radius
fractures, a fully successful treatment has been
achieved using simple over-the-counter medications
(51)

Vitamin C supplements, with claims of beneficial
effects in preventing CRPS (complex regional pain
syndrome), which occurs in about 10% of patients
after distal radius fractures, have gained attention.
Vitamin C inhibits the local inflammatory cascade via
antioxidant mechanisms, including free oxygen
radicals ®?. Medications alone are not the solution
53) The International Association for the Study of Pain
has promoted the multimodal pain management
strategy over the years, which has been effective in
many cases ¥,

Multimodal Approaches:

e Preoperative counseling (including verbal
guidance, educational materials, and online
publications)

e Acetaminophen (650 mg) every eight hours,
in addition to Naproxen

e Pre-incision anesthesia with Lidocaine and
Epinephrine

e Postoperative anesthesia before suturing the
wound with Bupivacaine and Epinephrine

—
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e Postoperative use of Acetaminophen and
Naproxen, twice daily for several days
e Elevation
e |Ice pack
e Psychological Support (Hand therapist,
telephone communication with the doctor,
written materials, and online publications)
Opioids are part of the multimodal approach but lose
their significance. Minimal or opioid-free methods
have not only been effective in pain reduction but
have also avoided issues such as constipation or
excessive drug use.

Postoperative Care

Postoperative care varies, and there is limited
evidence supporting each method. Surgeons who
treat distal radius fractures with volar plates, dorsal
plates, or external fixators do not use casts or splints.
This approach requires good pain management
techniques. In this method, movements begin on the
third day after surgery. Some surgeons use splints,
and rarely casts, believing they help prevent pain.
There is no consensus on the duration of
postoperative care, but many surgeons schedule
follow-up visits within 2 to 4 weeks. External fixators
are typically maintained for 6 weeks, and sometimes
even up to 8 weeks. Some fractures that do not
achieve bone union may remain in a cast for up to
three months. Cover plates are removed after three
months.

The functional hand movements in patients treated
with cover plates who were immobilized for three
months were no different from those in patients
treated with volar plates who began hand
movements after three days. These observations
challenge the traditional AO recommendations of
early postoperative mobilization.

Postoperative Physiotherapy

Postoperative physiotherapy after surgery or casting
is a topic of debate. A systematic study has examined
the differences between formal and home
physiotherapy; both methods were equally
beneficial. It would be wise to allow patients to
manage their rehabilitation with therapist guidance
and medical handouts, and keep supervised therapy
for patients who need encouragement or are
suffering from joint stiffness.

'
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Instability of the Distal Radioulnar Joint (DRUIJ)

@1 the distal radioulnar joint (DRUJ)?
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- TFCC repair

Stabilize the radioulnar joint by:

- Fixation of the ulnar styloid

No

Figure 16: Algorithm for ulnar column treatment

If the joint irregularity exceeds 2 millimeters or if
there is severe metaphyseal comminution or an
unstable DUC fragment, an external fixator, with or
without pins, or covering plates can be combined
with a dorsal approach to facilitate the reduction of
intra-articular fragments, bone grafting, and fixation
using fragment-specific fixation and pinning.

In patients with distal radius comminuted fractures,
covering plates and external fixators (with or without
pins) have shown good clinical outcomes when
compared to other types of fixation “*. However,
attention to detail is essential to ensure that
distraction is limited to less than 5 millimeters to
avoid extensor tendon stiffness 64,

After fixation with covering plates or an external
fixator, with or without pins, daily activities can begin
with a weight-bearing load of up to 1.8 kilograms. If
an external fixator is used, it is removed after 6 to 8
weeks. Covering plates are removed after 3 to 4
months.

of Pedestal

Bone Deficiency the

(Metaphyseal)

The most suitable type of fixation for metaphyseal
fractures with bone deficiency depends on the ability
to fix the intermediate and radial columns with
locking plates. In this case, a long plate is used that
spans the bone deficiency site and can fix the
columns and pedestal. If the locking plate is not able

(
\
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to fix the distal fragments, an external fixator, with or
without pins, or covering plates are used. The
advantage of covering plates is the absence of
subcutaneous pins that can remain beneath the skin
for an extended period.

Bone deficiency of the pedestal is treated either
acutely or in stages. In the acute phase, autogenous
cancellous bone or corticocancellous bone is used for
open or closed fractures. In cases of infected wounds,
bone grafting is done in stages. In the first stage, a
cement spacer saturated with antibiotics is used to
create a membrane. This membrane is particularly
effective in cases where the bone has been exposed
to soft tissue. In the second stage, the cement spacer
is removed, and the site is filled with autogenous
bone. Autogenous bone is preferred over other
grafts.

Role of Arthroscopy

The role of arthroscopy in managing intra-articular
fractures is a subject of discussion and debate.
Although cases of scaphoid Ilunate instability,
lunotriquetral tears, and TFCC ruptures have been
reported in over 60%, there is a lack of reports
showing superior outcomes, leading to disagreement
regarding the role of arthroscopy.

Yamazaki and colleagues compared the radiological
and clinical outcomes of intra-articular fragment
reduction using fluoroscopy and arthroscopy “”. In

]
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Radial Column

The radial column is reconstructed on the pedestal
and forms a support structure for the intermediate
column. The styloid fragment is reduced using
traction and ulnar deviation. The brachioradialis is
released without concern for its clinical effects.
Management of the radial column depends on how
the intermediate fragment has been fixed. If the volar
rim is fixed with a plate “?, the last screw of the radial
locking plate secures the styloid. The radial column's
stability is tested under fluoroscopy with traction and
pressure applied to the styloid (Figure 15). If
instability is noted, fragment-specific fixation or a pin
can be used for additional stability.

Ulna Column

After reconstructing the intermediate and radial
columns, we assess the stability of the DRUJ (Distal
Radioulnar Joint) to determine if the ulna column has
any defects (Figure 16). Many patients with fractures
involving the ulnar styloid do not have unstable DRUJ
after anatomical reduction and fracture fixation 3,
Therefore, fractures and non-unions that are not
displaced do not impact treatment outcomes 4,

Persistent instabilities of the DRUJ may result from
instability of the intermediate column, insufficient
repair of the sigmoidal cavity, or damage to the TFCC
(Triangular Fibrocartilage Complex) ©. If, despite
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prior fixation, instability (DUC) and the volar rim
fragment persist, these issues should be addressed
first. Otherwise, the ulnar styloid base fracture is
fixed and the TFCC is repaired.

However, several authors have reported satisfactory
outcomes using a splint, casting, and external fixator
in supination or temporary stabilization of the DRUJ
with Kirschner wires for 6 weeks. If Kirschner wires
are used, it is essential to ensure that the wires are
positioned outside the far and near cortices to
facilitate their easy removal in case of wire failure.

Special Notes

Shear Fractures (Joint Shear) with Extensive Intra-
articular Comminution:

High-energy distal radius fractures in young
individuals with strong bones result in subchondral
fractures accompanied by varying degrees of intra-
articular comminution. These fractures cannot be
fixed with locking plates or fragment-specific fixation
alone. If the joint irregularity is less than 2
millimeters, an external fixator, with or without pins,
or covering plates, can provide adequate traction and
reduction for the volar rim, dorsal wall, and radial
column fragments, allowing the fracture to heal with
minimal displacement. Since the DUC fragment does
not have ligamentous attachment to the carpal
bones, ligamentotaxis is not effective for its
reduction.

Has a locking plate been placed?

@

A4

Monitor the radial column
fragment using pin or
fragment-specific fixaton

Proceed with ulna
column treatment

(
\

Fix the radial column fra-
gment using screws thro-
ugh the remaining holes
in the definitive plate

Yes

v

Still not sulfficie-
ntly stabilized?

[ |

\ 4

| No |
Figure 15: Fixation of the radial column
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If the locking plate fails to adequately capture the
volar rim fragment, there are three surgical options
available, prioritized as follows:

Priority One (1): Use of fragment-specific fixation
that can secure the small volar rim fragments. If the
flexor carpi radialis (FCR) approach does not provide
sufficient exposure, the volar ulnar approach—
through the interval between the flexor tendon and
the ulnar neurovascular bundle—can be utilized 9.
Priority Two (2): Use of Kirschner wires (K-wires).
These are inserted from the volar rim of the ulnar
fossa toward the opposite cortex. The ends of the
wires should be kept long enough to allow them to be
bent and buried under the plate (Figure 13).

Option Three (3): Use of a locking plate, but
positioned more distally so that it acts as a buttress
for the volar rim fragment and allows placement of at
least one distal screw. Positioning the plate in this
location may irritate the flexor tendons 9, After the
operation, the patient should be informed that the

Stabilize the posterior wall fragment
using pin and‘or fix it

Continue racial column treatment
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plate must be removed after the bone has healed.
The need for a dorsal approach depends on the
presence of a comminuted fragment, an intra-
articular loose fragment, and an unstable DUC
fragment (Figure 14). In the dorsal approach, the
third extensor compartment is divided. A flap with an
ulnar base is elevated from the fourth extensor
compartment. A dorsal radiocarpal arthrotomy, while
preserving the ligament, allows direct visualization of
the articular surface “Y. Typically, the fracture line
between the distal ulna corner (DUC) and the dorsal
wall provides access to explore the intra-articular
loose fragment. The fragment can be isolated,
reduced, and fixed using bone grafting or bone
substitutes. If the dorsal wall fragment is large
enough to allow carpal translation, it can be fixed
with Kirschner wires (K-wires) or fragment-specific
fixation. The unstable DUC fragment is also fixed in a
similar manner.

Posterior approach and treeing the
intra-articular tragment

Figure 14: Use of Kirschner wires (K-wires) to stabilize the volar rim fragment

——
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The volar rim fragment is evaluated to determine
whether a locking plate can be placed proximal to the
watershed line, in the area typically covered by the
pronator quadratus muscle (Figure 12). If stable
fixation can be achieved in this position, the fragment
is reduced and the plate is fixed accordingly. The
distal screws should be placed approximately 3 mm
proximal to the subchondral cortex ©%. Using
excessively long screws may interfere with the

Fracture of the Distal End of the Radius

reduction of other fragments and pose a risk of
tendon injury.

Ideally, screw length should be 75% of the distance
between the volar and dorsal cortices of the distal
radius, or end approximately 3 mm short of the
subchondral surface. Overly long screws can prevent
proper fragment reduction and may lead to tendon
rupture. It is important to note that after the
reduction of fracture fragments, screw repositioning
may be necessary.

Dorsal ulnar
"; rner

Figure 11: Intermediate Column

be fixed?

[ Can the VR fragment ]

Yes

Does the internal VR
fragment gain stabilit
with a locking plate
and volar plate?

Place volar plate

|
Treat the

comminuted
fragment with

1. Fragment-specific fixation (S-F)

2. Locking plate + fixation with
Kirschner wire

3. Very distal lockang volar plate
(VLP placed far distal)

J

one of of the

following methods

-External fixation
(EF £ PP)
subcutaneous
wire

M

1. Fragment-specific fixation
(S-F)

2. Locking plate + fixation
with Kirschner wire

(VLP + VR Kirschner-wre)

Proceed to manage fragments
DUC, DW, and FIA

H

!

Figure 12: Algorithm for fixation of the VR fragment
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Orbay and Nelson described an approach known as
the pronator quadratus technique for this purpose. In
this technique, the muscle, along with strips of
fibrous tissue, is cut from the origin along the lateral
septum to the proximal wrist capsule. This technique
ensures that at the end of the procedure, the muscle
is well sutured in place and provides protection to the
tendons.

Locking Plates and Their Role

Locking plates have become so popular in many
countries—due to the specific preferences of
surgeons—that they have significantly changed
surgical perspectives in various directions 3¢, These
plates have shown superiority over percutaneous
pinning and external fixators in elderly patients 7,

The development of variable-angle locking screws
and the ability to position screws and plates to
capture fragments—alongside growing familiarity
with surgical approaches—have established locking
plates as a cornerstone in the fixation of distal radius
fractures. Locking plates stabilize the complex
fragments of distal radius fractures both directly and
indirectly. Additional fixation may be required for
small volar rim fragments, radial column
comminution, and dorsal ulnar angulated fragments.

Complications of Volar Plates

The complications of these plates are classified into
two categories: dorsal and volar complications.
Dorsal complications are related to the screws
penetrating the dorsal cortex of the bone. Orthopedic
screws are designed with a cutting flute at the tip to
ensure secure anchorage in both cortices. Ideally,
screws should extend just slightly beyond the far
cortex—approximately the diameter of the screw.
The design of locking plates ensures that the screws
lock into the plate, as the dorsal cortex does not
provide much stabilization. In fact, the dorsal cortex
is typically thin and often comminuted. Thus, firm
fixation is achieved through the plate and the
subchondral bone. Any screw protrusion through the
dorsal cortex can endanger the extensor tendons.
Volar complications of the plates occur due to contact
between the tendons and the plate. These
complications can result from poor plate design or
improper placement—both of which have been
discussed in detail in the preceding sections.

—
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Surgical Technique

The skin incision is made directly over the Flexor Carpi
Radialis (FCR) tendon. The incision is approximately
10 cm in length and should not extend beyond the
wrist crease.

The FCR tendon is retracted radially, and the floor of
the tendon sheath is incised. It is important to note
that a branch of the radial artery, heading toward the
superficial palmar arch, passes beneath this incision.
The septum between the FCR tendon and the Flexor
Pollicis Longus (FPL) tendon is then released down to
the wrist crease. If the distal surgical field is not
adequately exposed, this septum should be extended
further.

Muscle fibers of the FPL, which originate from the
ulnar shaft or the interosseous wall between the
radius and the first compartment, are released. The
Pronator Quadratus (PQ) muscle is now visible; this
muscle is often torn due to fracture fragments.

The PQ muscle is incised 1 to 2 mm distal to its muscle
fibers and proximal to the fibrous tissue that forms
the wrist joint capsule. On the radial side, the muscle
is similarly incised 1 to 2 mm medial to the fibrous
edge, close to the muscle fibers. These distal and
radial fibrous flaps allow the muscle to be
reapproximated over the plate at the end of the
procedure, thereby protecting the tendons. At this
point, the PQ muscle is retracted and the
Brachioradialis is released. The joint capsule is
cleared of surrounding fatty tissue.

To proceed with the operation, one of the following
two methods may be used:

1. The fracture is reduced first, followed by
placement of the plate.

2. Apreliminary reductionis achieved, the distal
screws are inserted, and the plate is then
used to gain a few degrees of volar tilt.

In the case of a comminuted fracture, the fragment
reconstruction algorithm should be applied in the
following order.

Wrist Reconstruction Sequence Based on
the Column Model

The reconstruction of comminuted distal radius
fractures begins with the anatomical fixation of the
intermediate column (Figure 11). This column is
addressed step by step, in the following order: volar
rim, dorsal ulnar corner (DUC), free intra-articular
fragment, and dorsal wall fragment.

'
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The advantage of variable-angle locking plates is their
flexibility in plate and screw placement, as they adapt
to various fracture patterns and reduce the risk of
screw penetration. The freedom of screw movement
allows them to align with fracture fragments (Figure
9). In addition to all these benefits, they also preserve
angular stability %2,

Figure 9: Range of motion of screws in variable-
angle locking plates

Volar plates are widely accepted in most advanced
countries, although they are significantly more
expensive compared to closed reduction or pin
fixation. Many local designers have created plates of
similar quality to the Orbay plates and their
successors, but at a much lower cost. The
complications associated with volar plates, especially
tendon rupture, are increasingly recognized. Initially,
this complication seemed rare, but widespread use,
without paying attention to design details and angles,
has led to an increase in complications.

The complications of fixed-angle locking plates are
not yet well understood. Most tendon ruptures and
injuries have been caused by failure to follow proper
technique. One important aspect of this technique is
to avoid gaps and screw penetration, and preferably
position the screws 2 to 4 millimeters from the dorsal
cortex. Another important consideration is to use a
plate that does not extend below the wrist capsule.
Additionally, attention should be paid to the critical
Orbay line, which the plate should not cross (Figure
10).

(
L
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Anatomical Landmarks for Volar Approach

Anatomical landmarks for the volar approach are
crucial. The area marked "Pronator fossa" in Figure 10
is covered by the pronator quadratus (PQ) muscle,
which extends toward the "Critical PQ Line" (the
second line from the top in Figure 10). The highest
line in Figure 10, the "Water Line" (ws), shows the
highest crest of the radius. The "X" symbol marks the
radial volar tuberosity. VR indicates the radial volar
edge.

The issue of plate prominence has been discussed in
the literature. Soong et al. studied the relationship
between the plate and the volar rim of the radius.
Plates that do not cross the volar critical line (the line
tangent to the volar rim of the fossa lunate) are
classified as grade 0. Plates that are located
proximally to the critical line, volar rim, and volar
radius are classified as grade 1, while those located
distal to the volar rim are classified as grade 2. In
grade 2 patients, plate prominence has been
observed, and tendon ruptures have been significant.
In summary, plates should be placed proximally to
the water line and dorsally to the critical Orbay line.

PQ

Pronator fossa

Figure 10: Important anatomical landmarks for
the volar approach

Pronator Quadratus Technique

Many surgeons believe that tendons are better
protected when covered by the pronator quadratus.

)|
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Spanning Internal Fixation Plates

The use of spanning internal fixation plates was first
introduced by Becton and later developed by Ruch
(28) These plates act similarly to internal equivalents
of spanning external fixators. When prolonged
immobilization is required, this method is preferred
over external fixation. The screws are anchored in the
metacarpal and the radial shaft, and the plate is
typically removed after 3 months (Figure 6).

Figure 6: Spanning internal fixation plates

This method is used in the following cases:
e Multiple trauma, where general anesthesia
does not allow for the placement of a locking

plate.

e Severe comminution that cannot be
managed with the subchondral volar fixation
method.

Plates:
Dorsal Plate

In 1990, dedicated dorsal plates (Figure 7) were
developed for the radius, gaining wide acceptance.
However, due to the damage they caused to tendons,
their significance diminished.

Figure 7: Dorsal plate

(
L
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Complications of the Dorsal Plate

The complications of dorsal plates arise from the
proximity of extensor tendons ©® to the bone. Even
thin, 2 mm plates are still too large for a 1 mm space
and can irritate the tendons.

Volar Plate

The volar plate, especially the type designed for
unstable dorsal fractures, was independently
developed by three surgeons: Orbay, Jennings, and
Drobetz. Orbay successfully introduced the device to
the world and was the first to publish data on it. He is

rightfully considered the godfather of this technique
(29)

Locking Plates

There are two main types of locking plates available
for distal radius fractures: fixed-angle and variable-
angle, depending on the freedom of screw direction
(Figure 8).

Figure 8: Variable-angle locking plate (Zimmer
Biomet) - Fixed-angle locking plate (Medtronic)

Locking plates bridge the fracture and act as load-
bearing internal fixators, transferring forces from the
distal fragment to the volar cortex without altering
them (9,

The placement of distal screws in the subchondral
bone provides a base to maintain the joint surface
and prevent displacement of the fracture.
Traditionally, volar locking plates were designed with
fixed-angle locking screws. The fixed screw angle
made these plates prone to errors such as screw
penetration, and the screws were sometimes unable
to capture or hold certain fragments 3.

)|
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The radial-side device is a radial pin plate, which helps
hold the fragment in place. The pins provide initial
fixation, and the pin plate adds further stability. On
the ulnar side, the ulnar pin plate is used to maintain
the dorsal ulnar corner (DUC) in its correct position.
Fragment-specific fixation instruments include
plates, pin plates, hook plates, screws, and tension
bands. These devices create a multidirectional load-
sharing construct, which allows for anatomical
restoration of the articular surface and provides
enough stability to permit early mobilization of the
joint.

Each individual device is used to stabilize the volar
rim, dorsal wall, radial column, and dorsal ulnar
corner. Fragment-specific fixation is particularly
useful for small, unstable fragments that cannot be
adequately stabilized with a volar plate. However,
osteoporotic fractures and those with bone loss in
the metaphysis are not well suited for this method.

External Fixators

There are two types of external fixators:
1. Nonspanning External Fixator
2. Spanning External Fixator

Nonspanning External Fixator

The nonspanning external fixator was developed by
McQueen, and its design is based on the strength of
the subchondral bone and the volar cortex.
Although advocates of this method promoted early
mobilization, others found that the range of motion
achieved was not satisfactory. Despite being used for
years by some surgeons, this method never gained
widespread acceptance.

Spanning External Fixator

The spanning external fixator maintains length,
alignment, and rotation of the bone Vvia
ligamentotaxis. After the invention of the radius-
specific fixator by Roger Anderson in 1944, this
method became a widely used treatment tool
worldwide. Its technique was further standardized by
W. Seitz in 1990. To prevent injury to the radial
sensory nerve branch and ensure proper positioning
over the second metacarpal and the shaft of the
radius, a small open incision is used. This technique
remains one of the most commonly used methods
globally (Figure 4, 5).

—
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Complications of Distal Radius Fractures

A study compared the complications of distal radius
fractures in patients treated with external fixators
versus volar plating. Although the volar plate group
showed higher rates of tendon and nerve injuries,
overall, the external fixator group had a higher
complication rate.

As the complication rate of volar plates continues to
decline, many surgeons now prefer volar plating over
external fixation.

Figure 4: Spanning
Ex Fix

Figure 5. Nonspanning Ex Fix

External Fixator Use

External fixators are used in comminuted distal radius
fractures where locking plates and fragment-specific
fixation are not sufficient 2, They are also applied in
contaminated open fractures and in patients unable
to tolerate prolonged surgery 27,

Complications of External Fixators

¢ Injury to the radial sensory nerve and
tendons
e Infection
Injury to the radial sensory nerve and tendons is
among the possible complications of using
external fixators. Infection is another potential
issue. As with pinning, making small skin

incisions, caring for pin entry sites, and
administering  antibiotics  are  effective
countermeasures.
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Clancey Technique

This method utilizes 1.5 mm pins. After preparing the
skin and administering the necessary anesthesia,
fracture reduction is performed using a C-arm.
Positioning the fingers in a finger trap (as illustrated
in the first part of this article) assists in the reduction.
Another supportive approach involves the assistant
applying traction to maintain reduction, while the
surgeon inserts the first pin through the radial styloid.
The pin is advanced across the fracture site and into
the opposite cortex—but not through it—to prevent
pin migration. The second pin is inserted from the
dorsoulnar angle, passed across the fracture, and
advanced to reach the opposite cortex. Additional
pins may be used to enhance stability.

Kapandji Technique

Following anesthesia and patient preparation (similar
to the percutaneous pinning technique), the pins are
inserted dorsally. By using the pins as levers, the
distal fragment is repositioned, and the pins are then
advanced across the fracture site ?®. Typically, more
than one pin is used (Figure 1). To facilitate this
technique, Kapandji designed pins shaped like the
flag of the Arum lily and named them Arum, after the
scientific name of the flower (Figure 2).

Complications of Pinning

Injury to the radial sensory nerve: This complication
can be minimized by making a small incision, using a
guide, and avoiding repeated repositioning of the
pins.

Figure 1: Clancey Pinning Technique

——
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Figure 2: Arum Lily Flag Pin Inspired by the shape
of the Arum lily's spathe, Kapandji designed a
special type of pin or wire, which he named after

the flower’s scientific name, Arum

Pin tract infection: Proper care and maintenance of
the pin sites reduce the risk of infection. The area
should be kept clean; showers and washing are
effective. Antibiotics help relieve symptoms and
support recovery. If necessary, removal of the pins
resolves the issue.

Fragment-Specific Fixation

This technique was pioneered by Fernandez, who
originally described it as a “limited open approach.”
Along with his colleague Medoff, he expanded and
formally introduced it under the term fragment-
specific fixation. This approach utilizes very small,
low-profile plates, such as those developed by
Medoff and shown in Figure 3.

NV

Figure 3: Medoff Fragment-Specific Fixation
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Fracture of the Distal End of the Radius
(Part Two)

(Abstract \

This article is the second part of a comprehensive review focusing on the anatomy, physiology, and treatment of
distal radius fractures. This injury is among the most common skeletal traumas. The first part provided a historical
overview of the condition and outlined the advancements in its recognition and management. It was noted that
the treatment of this fracture requires a precise understanding of the anatomy of the radius and the wrist joint.
The importance of standard imaging modalities such as radiography and CT scan for fracture evaluation and
surgical planning was emphasized, and various classification systems used in managing this fracture were also
discussed. Since the primary goal of treatment is to restore wrist function to its pre-injury level, the first part
highlighted the critical role of key parameters such as articular step-off, dorsal tilt, and radial length in clinical
decision-making. Now, in the second part, surgical methods including pin and plaster, percutaneous pinning, the
Kapandji technique, fragment-specific fixation, external fixators (both bridging and non-bridging types), locking
plates (fixed-angle and variable-angle), and spanning plates are examined. The complications associated with each
method, such as infection, radial nerve injury, and tendon-related problems, are also discussed. Postoperative pain
management, follow-up care, and the importance of precise imaging—particularly the facet view—are among
other key topics addressed in this section. Ultimately, it is emphasized that the choice of surgical method should
be based on the characteristics of the fracture, the patient’s condition, and the surgeon’s experience.
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e Ll Surgical Treatment of Distal Radius Fractures
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T e AR C U E e s el Surgery is indicated for displaced fractures, irreducible fractures, reducible but

eSSt unstable fractures 2, fractures with radial shortening greater than 3
millimeters, dorsal tilt exceeding 10 degrees, and intra-articular step-off
greater than 2 millimeters.

Another increasingly accepted indication involves patients who, due to the
nature of their daily activities, occupation, or recreational habits, are unwilling
to tolerate the limitations imposed by cast immobilization. There are several
surgical techniques available, each with its own specific characteristics.

Pin and Plaster Technique

This technique was widely adopted starting in the 1970s. Although it is still
occasionally observed in practice, it has lost its global acceptance, and no
recent reports document its current use. Major reasons for the decline in its
popularity include the risk of infection, joint stiffness, and patient discomfort.

Percutaneous Pinning

Subcutaneous pinning has been practiced for many years. While it remains a
common and standard technique in many parts of the world due to its
affordability, simplicity, accessibility, and effectiveness, the widespread use of

Corresponding Author: . L L. . L.
Aziz Ahmadi, MD volar locking plates has significantly limited its application. Percutaneous

Email address: pinning can be performed using various methods, which are discussed in the
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following sections.
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and females, will enable the generalization of the
selected cutoff point to differentiate by genderin TKR
patients. Moreover, the retrospective nature of our
study presents limitations, which are inherent in all
similar studies®).

Another important point that must be considered
alongside the aforementioned characteristics is that
the best cutoff point is not always the one with the
highest sensitivity and specificity. For example, in our
study, if the doctor wants to select the optimal cutoff
point using preoperative anemia to avoid missing any
high-risk patients, it may lead to delayed treatments
and potential complications. By lowering the cutoff
point, false negatives are reduced, but this increases
false positives. Therefore, in such situations, the
optimal point should first be identified, and then the
positivity threshold can be slightly lowered. However,
caution is needed to ensure that increasing sensitivity
does not excessively decrease specificity>*3),

Recommendations

Based on the search of accessible databases, no
similar studies have been conducted on the use of
preoperative anemia in predicting postoperative
anemia in lranian patients. Therefore, it seems
necessary to conduct further studies aimed at
improving the sensitivity and specificity for Iranian
patients, making it possible to generalize the findings
to this population. Future research should investigate
specific subgroups, such as those with various
underlying conditions, to identify any changes in
diagnostic accuracy.

Conclusion

As seen in our study and similar studies conducted in
other countries, prediction models based on
preoperative anemia for evaluating postoperative
anemia and the need for blood transfusions have
shown high accuracy. Additionally, the suggested
cutoff values in our study were similar to those found
in other studies, indicating that preoperative
hemoglobin levels can serve as a reliable predictor for
the development of anemia after surgery in TKR
patients. In most of these studies, the area under the
curve was above 75% and even above 80%, which is
considered both clinically acceptable and statistically
significant. Therefore, preoperative evaluation and
the presence of anemia in TKR patients can be useful
for identifying high-risk patients and making clinical
decisions.
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On the other hand, identifying a cutoff point to
distinguish high-risk and low-risk patients for
postoperative anemia based on preoperative
hemoglobin levels could provide surgeons with
opportunities to treat anemia before surgery. Early
interventions, such as erythropoietin and iron
supplementation, can reduce the risk of
postoperative anemia and prevent complications’.
This study aimed to determine the relationship
between preoperative hemoglobin and moderate to
severe anemia in total knee replacement (TKR)
patients at Imam Khomeini Hospital, Urmia. Based on
moderate to severe postoperative anemia and the
absence of anemia after surgery as the gold standard,
the diagnostic value of preoperative hemoglobin for
detecting anemia and the best cutoff point for
identifying high-risk TKR patients for anemia were
determined.

On the first day after surgery, 48.3% of the patients
had moderate to severe anemia, and the diagnostic
accuracy of preoperative hemoglobin for detecting
anemia on the first postoperative day was acceptable
(area under the curve = 0.82). The best cutoff point
for identifying high-risk patients based on
preoperative hemoglobin was 13.85 mg/dL. In our
study population, hemoglobin levels below 13.85
mg/dL are associated with a higher risk of
postoperative anemia.

On the second day after surgery, 53.3% of the
patients had moderate to severe anemia, and the
diagnostic accuracy of preoperative hemoglobin for
detecting anemia on the second postoperative day
was also acceptable (area under the curve = 0.83).
The best cutoff point for identifying high-risk patients
based on preoperative hemoglobin was 13.15 mg/dL.
In our study population, hemoglobin levels below
13.15 mg/dL indicate a higher risk of postoperative
anemia. Furthermore, the preoperative hemoglobin
level had higher sensitivity and specificity in
distinguishing patients based on anemia on the
second day after surgery compared to the first day.
It is important to note that no other studies within
the country were found in the databases for
comparison with our findings, and the results were
compared with those from studies conducted in
other countries.

The lowest hemoglobin level on the second day after
surgery in our study was observed in a 40-year-old
female patient with a preoperative hemoglobin of
11.2 g/dL, which decreased to 6.2 g/dL on the second
day. This drop could be due to the prolonged duration

(
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of her surgery and the significant amount of
intravenous fluids administered during and on the
first postoperative day (progressive anemia).

In the study by Kolin DA and colleagues, the area
under the curve for preoperative hemoglobin in
detecting postoperative anemia was 0.88, and the
area under the curve for predicting the need for
blood transfusion postoperatively was 0.9, indicating
a strong diagnostic value for preoperative
hemoglobin*®, Similarly, in the study by Cao G and
colleagues in China, which was conducted on TKR
patients similar to ours, 53.2% of patients developed
moderate to severe anemia, and the area under the
ROC curve was reported as similar to our findings. The
predictive cutoff values for postoperative anemia
were 138.5 g/L for men and 131.5 g/L for women,
which were statistically significant and supported
their clinical application®.

In the study by Valbuena | and colleagues in Spain, a
preoperative hemoglobin level below 13 g/dL
significantly increased the likelihood of requiring
allogenic blood transfusion (ABT) and prolonged
hospital stays®. This finding emphasizes the need for
preoperative screening and anemia management
before surgery, particularly for patients at risk for
anemia. These patients often do not exhibit clinical
symptoms of anemia or bleeding, which should be
considered preoperatively. As Harris AB and
colleagues demonstrated in their study in Canada,
TKR patients with preoperative anemia who did not
receive supportive blood transfusions had higher
rates of complications, such as prolonged hospital
stays, mortality, hospital infections, and other
adverse outcomes. This highlights the importance of
preoperative anemia management in identifying TKR
patients at high risk for postoperative anemia‘?.

It is important to note that preoperative hemoglobin
cutoff values for predicting acute events, such as
levels below 13 g/dL, have been reported. In a study
conducted in China, for patients aged over 80 with
pelvic fractures, preoperative hemoglobin levels
below 10 g/dL were associated with increased
postoperative cardiac complications®.

In our study, the majority of patients were female,
which aligns with the findings of Cao G and colleagues
in China. This could contribute to a reduction in the
accuracy of identifying risk factors and predicting the
preoperative cutoff value for anemia in the general
patient population, including both males and
females. It is suggested that future studies with larger
sample sizes, including an equal proportion of males

]
)




Mir Bahram Safari et al.

On the second day after surgery, of the 242 patients,
129 had anemia (moderate and severe) and 113 had
mild anemia (53.3% and 46.7%, respectively). Based
on this, the diagnostic value (accuracy) of
preoperative hemoglobin in detecting anemia on the
second day after surgery was calculated. Figure 3
shows the ROC curve for preoperative hemoglobin,
along with the reference line, in detecting anemia on
the second day after surgery in the patients under
study. The area under the ROC curve for detecting
anemia (moderate and severe) on the second day
after surgery was 0.83. It appears that preoperative
hemoglobin levels are acceptable for detecting
anemia on the second day after surgery in the
patients studied, and this interpretation s
statistically significant (P < 0.001).

Considering the diagnosis of anemia on the second
day (gold standard) after surgery, the best cutoff
point for identifying high-risk patients based on
preoperative  hemoglobin was 13.15 mg/dL
(sensitivity and specificity of 73.6% and 72.6%,
respectively). Hemoglobin levels below 13.15 mg/dL
in the patients under study are associated with a
higher risk of postoperative anemia. It appears that
preoperative hemoglobin has higher sensitivity and
specificity in differentiating patients based on the
presence of anemia on the second day after surgery
compared to the first day after surgery.

1.0

0.8

0.6
sensitivity

0.4

00l

0.0 0.2

Iranian Journal of Orthopaedic Surgery
Vol. 22, No. 1 (Serial No. 84), Winter 2023, p. 1-13

Anemia remains a major public health issue in many
Asian countries, and targeted interventions for at-risk
populations are recommended®. Moderate to
severe anemia after orthopedic surgeries significantly
affects a considerable proportion of Total Knee
Replacement (TKR) patients, and a notable decrease
in hemoglobin levels following hip arthroscopy has
also been reported®. The prevalence of anemia in
Iranian patients undergoing orthopedic surgeries has
been reported to be as high as 53.2%, and low
preoperative hemoglobin levels can be an important
risk factor for this anemia, often requiring blood
transfusion®®.  Orthopedic  surgery patients,
including those undergoing total hip and knee
replacement, are generally older than 50 years, with
most patients suffering from underlying conditions
such as hypertension, diabetes, and heart disease.
Additionally, women are more likely to experience
anemia, and these pre-existing conditions place
orthopedic surgery patients at higher risk for
developing anemia®. In such cases, routine control
and necessary preventive measures are essential to
prevent postoperative anemia and its associated
complications, such as major cardiac events®.

ROC curve

0.4

0.6 0.8 1.0

specificity

P value 95% Confidence Interval

Area under the ROC curve

<0.001 0.782-0.883

0.83

Figure 3: ROC curve for preoperative hemoglobin in detecting anemia on the second day after surgery in

the patients under study.
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Table 8 compares the frequency of moderate to
severe anemia on the second day after surgery based
on underlying diseases. No severe anemia was
reported in patients with cardiovascular, metabolic,
or inflammatory diseases. More than half of the
patients in all three underlying disease categories had
moderate anemia on the second day post-surgery,
and there was no statistically significant difference in
anemia severity among patients with different
underlying diseases (P = 0.54). On the first day after
surgery, out of 242 patients, 117 had moderate to
severe anemia (48.3%), and 125 had mild anemia
(51.7%). Based on this, the diagnostic value
(accuracy) of preoperative hemoglobin in detecting
anemia on the first day after surgery was calculated.
Figure 2 shows the ROC curve for preoperative
hemoglobin along with the reference line in detecting
anemia on the first day after surgery in the patients

Association between Preoperative Hemoglobin ...

under study. The area under the ROC curve based on
the presence of anemia (moderate and severe) on the
second day after surgery was 0.82. It appears that the
preoperative hemoglobin level in detecting anemia
on the first day after surgery is acceptable for the
patients studied, and this interpretation was
statistically significant (P < 0.001).

Considering the diagnosis of anemia on the first day
after surgery (Gold Standard), the best cutoff point
for identifying high-risk patients for anemia based on
preoperative hemoglobin was 13.85 mg/dL (with
sensitivity and specificity of 53.6% and 46.4%,
respectively). Hemoglobin levels below 13.85 mg/dL
indicate that the patients are at lower risk for
postoperative anemia. However, the sensitivity and
specificity are lower when determining anemia on
the second day after surgery.

Table 8: Frequency distribution of anemia severity on the second day after surgery based on underlying

diseases
Unc;lerlymg Anenva Cardiovascular | Metabolic | Inflammatory No Ur\derlylng P "
Disease Severity Disease value
Severe 0 0 0 4 (2.2%)
Moderate 8 (53.3%) 24 (66.7%) 4 (57.1%) 89 (48.4%) 0.54
Mild 7 (46.7%) 12 (33.3%) 3(42.9%) 91 (49.5%)
*Fisher's Exact Test
ROC curve
1.0
0.8
0.6
sensitivity
0.4
0.2
0.0.
0.0 0.2 0.4 0.6 0.8 1.0
specificity
P value 95% Confidence Interval Area under the ROC curve
<0.001 0.769 -0.872 0.82

Figure 2: ROC Curve of Preoperative Hemoglobin in Diagnosing Postoperative Day 1 Anemia in the Studied

Patients
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Table 2: Age, body mass index, and laboratory findings of the patients under study

Variable Minimum Maximum Standard Deviation Mean

Body mass index (kg/m?) 20 44 5.12 29.03
Age (years) 37 84 7.16 66.69
Preoperative hemoglobin 9.3 16.9 1.45 13.05
Day 1 postoperative hemoglobin 6.8 15.8 1.49 11.25
Day 2 postoperative hemoglobin 7.4 15.2 2.62 11.2
Day 1 postoperative hematocrit 19.71 44.9 5.25 35.17
Day 2 postoperative hematocrit 23.2 45.2 7.63 32.93

Table 3: Frequency distribution of anemia severity on the first day after surgery by gender

Anemia Severity Male (n=38) Female (n=204) P value*
Severe 0 3(1.5%)
Moderate 9 (23.7%) 105 (51.5%) 0.004
Mild 29 (76.3%) 96 (47.1%)

*Fisher's Exact Test

Table 4: Frequency distribution of anemia severity on the second day after surgery by gender

Anemia Severity Male (n=38) Female (n=204) P value*
Severe 0 2 (4%)
Moderate 11 (28.9%) 114 (55.9%) 0.004
Mild 27 (71.1%) 86 (42.2%)

*Fisher's Exact Test

Table 5: Age distribution based on anemia severity on the first day after surgery

Age Anemia Severity Mean Age Standard Deviation Min Age | Max Age | Pvalue*
Severe 67.62 5.8 53 69
Moderate 67.51 6.06 49 82 0.18
Mild 66.04 7.98 37 84

*Kruskal-Wallis Test

Table 6: Age distribution based on anemia severity on the second day after surgery

Age Anemia Severity Mean Age Standard Deviation Min Age | Max Age | Pvalue*
Severe 65 8.34 53 72
Moderate 67.41 6.24 49 83 0.31
Mild 65.69 8.03 37 84

*Kruskal-Wallis Test

Table 7: Frequency distribution of anemia severity on the first day after surgery based on underlying

diseases

Unt#erlymg Anemp Cardiovascular | Metabolic | Inflammatory No U.nderlylng P
Disease Severity Disease value*
Severe 0 0 0 3(6.1%)

Moderate 7 (46.7%) 23 (63.9%) 4 (57.1%) 80 (43.5%) 0.38

Mild 8 (53.3%) 13 (36.1%) 3(42.9%) | 101 (54.9%)
*Fisher's Exact Test
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considered as severe anemia, 8 to 11 g/dL as
moderate anemia, and above 11 g/dL as mild anemia.
In determining the diagnostic value (accuracy) of
preoperative hemoglobin in predicting postoperative
anemia in the present study, the optimal threshold
was identified using the ROC curve. Given the low
number of severe anemia cases, moderate and
severe anemia cases were categorized based on
postoperative Hb levels, with those above 11 g/dL
considered mild. The ROC curve for preoperative
hemoglobin, along with the reference line, was
plotted to assess its accuracy in diagnosing anemia on
the first and second day after surgery in the patients
under study. The area under the ROC curve
represents the test's accuracy (in this study,
preoperative hemoglobin), and a value above 50% is
considered acceptable. Data analysis was conducted
using SPSS version 26, and a p-value of less than 5%
was considered statistically significant.

Table 1 shows the gender distribution of the patients
under study. Among the patients who underwent
surgery during the study period, 204 were female
(84.3%) and 38 were male (15.7%).

Table 2 presents the age distribution, body mass
index (BMI), and laboratory findings of the patients
under study. The mean age of the patients was 66.69
years (range 37 to 84 years), and the mean BMI was
29.03 kg/m? (BMI range 20 to 44 kg/m?).

Table 3 compares the frequency of moderate to
severe anemia on the first day post-surgery in
relation to the gender distribution. Among the 38
male patients, 76.3% (29 patients) had mild anemia
postoperatively, whereas the same proportion was
47.1% (96 patients) among the 204 female patients.
The frequency of moderate anemia, based on
hemoglobin levels, was higher in women (112
patients, 51.5%) than in men (9 patients, 23.7%). The
correlation between the severity of anemia and
gender distribution was statistically significant (P =
0.004). Table 4 compares the frequency of moderate
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to severe anemia on the second day post-surgery in
relation to the gender distribution. Among the 38
male patients, 71.1% (27 patients) had mild anemia
postoperatively, whereas 42.2% (96 patients) of the
204 female patients had mild anemia. The frequency
of moderate anemia was higher in women (114
patients, 55.9%) compared to men (11 patients,
28.9%). Severe anemia was observed in 2 patients on
the second day post-surgery. The correlation
between the severity of anemia and gender
distribution was statistically significant (P = 0.004).
Table 5 compares the frequency of moderate to
severe anemia on the first day post-surgery based on
age distribution. The mean age of patients with
moderate and mild anemia was similar, while
patients with severe anemia were younger. However,
there was no statistically significant difference
between the patients based on the severity of anemia
(P = 0.18). Table 6 compares the frequency of
moderate to severe anemia on the second day after
surgery based on age distribution. The mean age of
patients with moderate anemia was higher than that
of other patients, while the age of those with severe
and mild anemia was similar. However, there was no
statistically significant difference between the
patients based on the severity of anemia (P = 0.31).
Among the 242 patients under study, 184 had no
underlying diseases (76%), 7 had a history of
inflammation (2.9%), 36 had metabolic diseases
(14.9%), and 15 had cardiovascular diseases (6.2%).
Table 7 compares the frequency of moderate to
severe anemia on the first day post-surgery based on
underlying diseases. None of the patients with
cardiovascular, metabolic, or inflammatory diseases
had severe anemia, and more than half of the
patients with cardiovascular diseases and no
underlying conditions had mild anemia on the first
day post-surgery. Most patients with metabolic and
inflammatory diseases had moderate anemia on the
first day post-surgery. However, there was no
statistically significant difference between the
patients with different underlying diseases in terms
of anemia severity (P = 0.38).

Table 1: Gender distribution of the patients under study

Gender Frequency Percentage (%)
Female 204 84.3
Male 38 15.7

—
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anesthesiologists, particularly for patients at risk of
significant bleeding!?.

Ryan SP et al. (2019) aimed to identify risk factors
associated with postoperative blood transfusion and
establish a preoperative HB threshold in total knee
replacement (TKR) surgery to identify patients who
could benefit from blood conservation programs.
Patient demographics and preoperative hemoglobin
levels, along with intraoperative and postoperative
variables such as transfusion rates, were determined.
Patients were classified based on whether they
received a transfusion after surgery, and risk factors
were identified through univariate and multivariate
analyses. Optimal cut-off values for HB were
determined by simultaneously maximizing sensitivity
and specificity for predicting the risk of a
postoperative transfusion event. Men and women
were analyzed independently. A total of 532 patients
undergoing TKR were analyzed, with 33 patients
(6.2%) requiring blood transfusion. Older age
(p=0.019), lower preoperative HB levels (p<0.001),
and not receiving tranexamic acid (p<0.001) were
associated with an increased risk of postoperative
transfusion. A preoperative HB level of 12.5 g/dl, with
a sensitivity of 84.8% and specificity of 76.4%, was
identified as the optimal cut-off for predicting
postoperative transfusion needs in all patients.
Preoperative anemia, despite current antifibrinolytic
treatments, remains a predictor of transfusion
following TKR. Patients with preoperative HB levels
below 12.5 g/dl who do not receive intravenous
tranexamic acid are particularly at risk and should be
considered for blood conservation programs®©?.
Mathew KK et al. (2020) investigated whether iron
deficiency anemia (IDA) is a risk factor for poorer
outcomes in total knee replacement (TKR) surgery.
They examined its effect on (1) hospital length of
stay, (2) 90-day readmissions, (3) healthcare costs, (4)
medical complications, and (5) implant-related
complications. The study identified and matched
patients with and without IDA undergoing TKR using
a nationwide administrative database, which
included 94,053 patients with IDA and 470,264
patients without IDA. Primary outcomes, statistically
analyzed, included hospital length of stay,
readmission rates, care costs, medical complications,
and implant-related complications. Patients with IDA
had significantly longer hospital stays (4 days vs. 3
days; p < 0.0001), higher 90-day readmission rates
(25.8% vs. 16.3%; OR = 1.77; p < 0.0001), higher
surgical costs (513,079.42 vs. $11,758.25; p < 0.0001),
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and higher total 90-day global care costs ($17,635.13
vs. $14,439.06; p < 0.0001) compared to patients
without IDA. Moreover, patients with IDA showed
significantly higher rates and odds of medical
complications (3.53% vs. 1.33%; OR = 2.71; p <
0.0001) and implant-related complications (3.80% vs.
2.68%; OR = 1.43; p < 0.0001) resulting from TKR. In
their final conclusions, the authors stated that
patients with IDA had poorer outcomes across all
measured parameters®®Y,

Methodology

This study is a cross-sectional analytical investigation
aimed at examining the relationship between
preoperative hemoglobin levels and moderate to
severe anemia in patients undergoing total knee
arthroplasty (TKA). After obtaining patient consent
for participation, all patients undergoing TKA,
confirmed through medical documentation, who
referred to the orthopedic department of Imam
Khomeini Educational and Medical Center, were
included in the study. Blood samples were collected
from patients, and serological tests were performed.
Hemoglobin levels between 8-11 g/dL were classified
as moderate anemia, and levels below 8 g/dL were
classified as severe anemia.

The surgical approach for all patients involved medial
parapatellar arthrotomy with the use of a pneumatic
tourniquet. No intravenous or local tranexamic acid
was administered to any of the patients.

Descriptive characteristics of the patients were
presented using frequency tables, charts, and
descriptive statistics, including mean and standard
deviation. The McNemar test was used to compare
the frequency of moderate to severe anemia before
and after surgery, considering age and sex
distribution. The optimal threshold for diagnosing
postoperative anemia was determined using the ROC
curve, and data analysis was conducted using SPSS
version 27. This study commenced following ethical
approval from the university's ethics committee
under the code IR.UMSU.HIMAM.REC.1402.059. Only
the information necessary for conducting the study
was collected, and no additional data were extracted.
No costs were imposed on the patients, and results
were recorded in group format, without individual or
identifiable patient information being registered.
Descriptive characteristics of the patients were
presented in the form of frequency tables and charts,
along with descriptive statistics (mean and standard
deviation). Hemoglobin levels below 8 g/dL were
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involving 474 TKR cases, the incidence of PMSA in
primary TKR was 53.2%. Lower preoperative HB levels
were significantly associated with PMSA, with an
odds ratio (OR) of 1.138 (95% CI: 1.107-1.170, p <
0.001). Additionally, greater intraoperative blood loss
was identified as a risk factor, with OR = 1.022 (95%
Cl: 1.484-4.598, p < 0.001). The optimal preoperative
HB thresholds maximizing the area under the curve
(AUC) were identified as 138.5 g/L for men
(sensitivity: 79.4%, specificity: 75.0%) and 131.5 g/L
for women (sensitivity: 74.7%, specificity: 80.5%)%°).

In 2022, Dhiman et al. conducted a study aimed at
evaluating the prognostic value of preoperative
hemoglobin (HB) concentrations in identifying
patients at risk for severe postoperative anemia or
requiring blood transfusions following total knee
replacement (TKR). The study analyzed the
application of preoperative HB levels to guide
postoperative blood tests in TKR patients using
decision curve analysis. Data from 2011 to 2018 on
2,363 TKR cases were examined.

The findings indicated that the likelihood of patients
experiencing postoperative HB levels below 7-8 g/dL
or requiring allogeneic blood transfusions decreases
with each unit increase in preoperative HB.
Specifically, for every one-unit increase in
preoperative HB, the odds of requiring allogeneic
transfusions were reduced by 8% (OR = 0.92, 95% Cl:
0.90-0.94)127,

In 2022, Yash Chaudhri et al. investigated predictors
of postoperative hemoglobin (HB) levels below 8 g/dL
and the associated outcomes with and without blood
transfusion in total knee replacement (TKR) surgeries
performed under a multi-faceted blood management
protocol from 2017 to 2018. They analyzed 1,583 TKR
cases and compared pre- and postoperative variables
between patients with postoperative HB below and
above 8 g/dL.

Logistic regression and receiver operating
characteristic (ROC) curves were employed to assess
predictors of postoperative HB below 8 g/dL. Key
findings include:

Positive predictors of postoperative HB below 8
g/dL:

e Lower preoperative HB levels: A 1 g/dL
reduction in preoperative HB increased the
odds by 2.1 (OR =2.1, 95% Cl: 1.3-3.4).

e Longer operative times: For every 30-minute
increase in operative duration, the odds
increased by 2.0 (OR = 2.0, 95% Cl: 1.6-2.6).

—
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Negative predictors of postoperative HB below 8
g/dL:
e Use of tranexamic acid (OR = 0.42, 95% Cl:
0.20-0.85).
e Higher body mass index (BMI): For every 1
kg/m? increase, the odds decreased by 0.90
(OR =0.90, 95% Cl: 0.86-0.94).
The best thresholds for predicting postoperative HB
below 8 g/dL were:
e HBbelow 12.4 g/dL in women.
e HBbelow 13.4 g/dL in men.
Overall, 5.2% of patients with postoperative HB levels
between 7-8 g/dL and 95% of those with HB below 7
g/dL received blood transfusions. Patients with
postoperative HB below 8 g/dL had longer hospital
stays (p < 0.001), higher rates of emergency
department visits or readmissions (p = 0.001), and
greater incidence of acute kidney injury (p < 0.001).
Among patients with HB below 8 g/dL, those who
received blood transfusions had significantly lower
HB levels (p < 0.001) and longer hospital stays (p =
0.035) than those who did not receive
transfusions'?®),
Wu EB et al. (2022) aimed to identify risk factors
associated with significant bleeding in TKR and
determine whether these risk factors are modifiable.
They conducted a retrospective cohort study from
January 2009 to December 2015, dividing patients
into two groups: Group A included patients with an
HB drop of <2 g/dl, and Group B included patients
with an HB drop of more than 2 g/dl. The analyzed
factors included gender, age, body mass index (BMI),
American Society of Anesthesiologists (ASA)
classification, comorbidities, preoperative platelet
count, use of tranexamic acid (TXA), operation time,
and type of anesthesia. In total, 3,350 patients met
the analysis criteria, with 1,782 in Group A and 1,568
in Group B. Five independent risk factors for
significant bleeding were identified: male gender
(OR=1.29, 95% CI=1.08-1.53, p=0.005), age (OR=1.02,
95% Cl=1.01-1.03, p=0.001), use of TXA (OR=0.39,
95% Cl=0.34-0.45, p<0.001), spinal anesthesia
compared to general anesthesia (OR=0.71, 95%
Cl=0.56-0.90, p=0.004), and preoperative platelet
count (OR=0.96, 95% CI=0.93-0.98, p=0.001). Among
these identified risk factors, preoperative platelet
count, use of TXA, and spinal anesthesia were
modifiable. These potentially adjustable risk factors
should be considered during intraoperative care and
anesthetic planning by surgeons and

'
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2. Reducing Bleeding and Coagulation Disorders
Around Surgery

a. Preoperative Hemostasis Assessment and
Management Around Surgery

Assessment of bleeding tendencies, bleeding-prone
diseases, and  history of medication use
(anticoagulants), as well as family history of bleeding,
should be prioritized over routine coagulation profile
tests like Prothrombin Time (PT) and Partial
Prothrombin Time (PTT). Recommendations include
laboratory evaluations such as fibrinogen, PT, and
PTT if anticoagulant drugs are used, and Platelet
Function Analyzer (PFA-100) for suspected platelet
disorders in surgeries with a high bleeding risk.
Proper hemostatic drug management for patients on
anticoagulants or for Venous Thromboembolism
(VTE) prophylaxis has been shown to reduce
perioperative bleeding. For instance, a study
comparing the effects of three drugs - dalteparin
(2500 IU), aspirin (100 mg), and rivaroxaban (10 mg)
- administered from 12 hours post-TKR surgery up to
30 days, all groups received IV tranexamic acid (TXA).
The study showed higher transfusion rates with
dalteparin (20%) compared to aspirin (6.7%) and
rivaroxaban (5%), with less blood drainage observed
with aspirin (205.2 + 69.0 mL) than rivaroxaban
(243.4 + 72.5 mL) and dalteparin (295.4 + 72.5 mL)®?,

b. Surgical Techniques and Methods

In one study, the use of robotic-assisted TKR
compared to conventional surgery did not
significantly differ in postoperative hemoglobin
levels®®. Another study found that using cemented
versus uncemented implants in TKR showed a
significant  difference  (favoring  uncemented
implants) in outcomes and hemoglobin levels®??).

c. Use of Drugs to Reduce Bleeding

Medications like desmopressin and antifibrinolytics
such as aprotinin, aminocaproic acid, and Tranexamic
Acid (TXA) are used to reduce bleeding. Techniques
to lower blood pressure either through anesthesia or
regional hypotension at the surgical site are also
employed. For example, intravenous and topical TXA
has been associated with reduced bleeding and
transfusion requirements without increasing the risk
of DVT or Pulmonary Embolism (PE).

d. Real-Time Assessments During Surgery

Rapid, cost-effective assessments during surgery can
lead to reduced blood transfusions and blood
products, improving prognosis and reducing
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mortality up to 6 months post-surgery.
Thromboelastography (TEG) is an example of such
assessment tools.

e. Blood Transfusion Techniques

Techniques like cell salvage and Acute Normovolemic
Hemodilution (ANH) are part of this strategy. The use
of ANH has been shown to reduce allogeneic blood
transfusion rates by up to 38%.

3. Suppression and Optimization of Physiological
Tolerance to Anemia

The treatment of anemia through intravenous iron
therapy, blood transfusion, and adjustment of the
transfusion threshold—originally set at 10 g/dL and
reduced to approximately 8 g/dL in non-cardiac
patients—represents critical advancements in this
field(16-1820.2125) " An extensive evaluation of Patient
Blood Management (PBM) implementation on more
than 600,000 cases across four major hospitals in
Australia demonstrated remarkable outcomes: a 28%
reduction in mortality, a 21% reduction in infections,
a 31% reduction in cardiovascular events (such as
stroke and myocardial infarction), a 15% reduction in
hospital stay duration, a decrease in the prevalence
of preoperative anemia from 21% to 14%, a reduction
in preoperative transfusion thresholds from 7.9 g/dL
to 7.3 g/dL, an increase in single-unit blood
transfusion rates from 33% to 64%, a 41% reduction
in overall blood transfusions, a 47% reduction in
plasma transfusions, and a 27% reduction in platelet
transfusions?®,

Given the high prevalence of total knee replacement
(TKR) surgeries and the critical role of perioperative
anemia, as well as the absence of similar studies in
Urmia or other regions of Iran despite the widespread
nature of this procedure in the province, the present
study aimed to examine the relationship between
preoperative hemoglobin (HB) levels and moderate
to severe anemia in patients undergoing total knee
arthroplasty.

In 2021, Cao G et al. conducted a study to identify risk
factors associated with postoperative moderate to
severe anemia (PMSA) and to determine the
predictive value of preoperative hemoglobin (HB)
levels for increased PMSA risk in total knee
replacement (TKR) surgeries. Their investigation
focused on the relationship between preoperative HB
levels and PMSA in patients undergoing TKR. Their
final conclusions highlighted that lower preoperative
HB levels and greater intraoperative blood loss are
independent risk factors for PMSA. In a study
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is essential for blood clotting). Among these, low
preoperative hemoglobin, perioperative bleeding,
and inadequate erythropoiesis due to increased
inflammatory markers post-surgery are the primary
independent causes of postoperative anemia®*’29,
About 1/3 of patients undergoing elective major
surgery are anemic, with a linear relationship
between  hemoglobin levels and  surgical
complications; each unit decrease in hemoglobin
increases the risk of surgical complications. The
etiology of preoperative anemia can be
multifactorial, but iron deficiency is the cause in 1/3
to 2/3 of these patients. Even among non-anemic
patients, 1/3 might have iron deficiency, with causes
varying by age and gender, but primarily due to
nutritional deficiencies and chronic inflammation. In
individuals over 65, UAA (Unexplained Anemia of
Aging) is also significant, compounded by hormonal
changes like decreased estrogen, TSH, IGF-1, etc.
New oral drugs (HIF-PHIs) are approved in several
countries for treating UAA and CKD*Y),
Preoperative anemia is associated with increased
blood transfusions, perioperative  bleeding,
morbidity, and mortality, leading to the development
of a comprehensive, multidisciplinary strategy called
Patient Blood Management (PBM), based on three
pillars: 1) Identifying and treating preoperative
anemia, 2) Reducing perioperative bleeding and
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coagulopathy, 3) Optimizing physiological tolerance
to anemia.

Materials & Methods

1. Identification and Treatment of Anemia Before
Surgery
Accurate etiological assessment to provide an

appropriate therapeutic response is strongly
recommended at this stage. Therefore, it is advised
to evaluate Complete Blood Count (CBC) and an iron
profile at least 4 weeks before surgery, or ideally 3 to
6 months in advance, to employ safer and more cost-
effective methods (oral iron, erythropoietin-
stimulating agents, either alone or in combination),
and to identify cases requiring intravenous iron.
However, due to patient pressure and insistence on
expediting the surgical process, this has not always
been implemented. Given the significance and
sensitivity of this issue, it is recommended to assess
CBC and iron profile up to 24 hours post-surgery (the
time frame necessary for the increase in surgery-
related inflammatory markers).

The Global Anemia Management Committee
recommends that, as far as possible, a high-dose
preparation for replacing iron stores should be
prescribed.

*Screening and correction of anaemia and/or iron deficiency
eDiscontinuation of anti thrombotic medications

eCardiopulmonary bypass under nomothermia

*Hb transfusion threshold between 6 to 8g/dL during CBP

eIndividualization of heparine and protamine dose

*Routine use of cell salvage device

e Antifibrinolytic therapy (tranexamic acid or aprotinin) b,

7 4

*Bedside viscoelastic testing for postoperative hemorrage
*Resctrictive RBC transfusion threshold <7.5g/dL
*Single unit RBC transfusion policy

Figure 1: PBM Constituents

——
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Anemia, particularly perioperative anemia, is a
critical issue influenced over time by cultural norms,
religious institutions, scientific advancements, and
technological progress. Efforts to optimize outcomes
have led to continuous evolution in its management.
The first protocol for managing perioperative anemia,
Patient Blood Management (PBM), was introduced in
1988 by Dr. James Isbister and later refined into
WHOQ’s Best Practice guidelines in 2014. These
developments have influenced surgical practices,
including the adoption of laparoscopic surgery,
robotic-assisted surgery, and hospital- and lab-based
digital algorithms supported by artificial intelligence
and pre-existing datasets®.

Postoperative anemia is a common occurrence in
major surgeries, with a prevalence of 80—-90%. It is
often overlooked unless it necessitates blood
transfusion. Understanding the factors contributing
to postoperative anemia is key to its effective
management. Perioperative anemia can impair
oxygen transport, leading to tissue hypoxia and poor
outcomes, with varying severity of complications.
These include stroke, sepsis, infection, venous
thromboembolism, impaired wound healing,
prolonged hospitalization, reoperation, extended
recovery time, myocardial infarction, and even
cardiac arrest(®,

Given the high frequency of total knee arthroplasty
surgeries, the lack of similar studies in Urmia and Iran,
and the significance of this issue in improving patient
outcomes, this study aimed to examine the
relationship between preoperative hemoglobin
levels and moderate to severe postoperative anemia
in total knee arthroplasty patients.

The knee is the largest joint in the body, classified as
a hinge joint, reliant on soft tissues for stability, and
composed of two joints: the tibiofemoral and
patellofemoral. It is also the most vulnerable joint,
often requiring total knee replacement (TKR) surgery
in cases of end-stage osteoarthritis, restricted
movements, severe pain relief needs, significant
mobility deficits, patellofemoral arthritis,
malignancies, dislocations, fractures, etc. However,
infections in the knee or other body parts, a non-
functional extensor mechanism, and poor blood
supply are contraindications for TKR surgery!1®-12),
TKR is a major elective surgery with a high risk of
bleeding, typically = between  300-500 mL,
necessitating a robust cardiovascular system to
compensate for and tolerate blood loss up to 1000-
1500 mL®*3), Introduced in the early 1970s, its use
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has increased with the rising prevalence of knee
disorders. From 2008 to 2014, approximately 935,000
TKR surgeries were performed, and according to the
American Joint Replacement Registry in 2022,
194,700 were primary cases, with projections for the
U.S. reaching 1,230,000 annually by 20301315,
Anemia is common around major surgery, with a
prevalence of 30-40% preoperatively and 80-90%
postoperatively®17),

Given these statistics, the importance of
understanding the risk factors and causes of anemia
is highlighted. Anemia post-surgery can be
categorized into three groups based on timing: pre-
operative, intra-operative, and post-operative.

Pre-operative factors

include gender (53% in women vs. 23% in men), age
(increases with age), underlying diseases and
coagulopathy, body mass index, medications (PPIs,
metformin, anticoagulants, antiplatelet agents, etc.),
natural anticoagulants (garlic, ginseng, etc.), drug
interactions (rifampin, amiodarone, fluconazole,
etc.), nutritional deficiencies, and the type and
volume of intravenous fluids used (aiming to
maintain normal blood volume to prevent excessive
dilution, with colloids generally having more effect
than crystalloids), weight, Body Surface Area (lower
values correlate with higher anemia prevalence),
preoperative hemoglobin (HB), and the American
Society of Anesthesiologists (ASA) score (lower scores
correlate with less bleeding).

Intra-operative factors

involve surgical duration, blood transfusion volume,
surgical technique, use of drainage systems (which
reduce intra-articular hematoma), blood loss
amount, anesthesia method (neuraxial anesthesia
can reduce peripheral blood flow and bleeding,
improving the surgical field and reducing
postoperative CRP), medications used (tranexamic
acid, etc.), use of tourniquets (reducing surgery time
and enhancing visibility), and blood management
techniques (autologous blood donation, acute
normovolemic hemodilution).

Post-operative factors

include drainage use, joint positioning (optimal
flexion at 45 degrees for 48-72 hours), anticoagulant
management, phlebotomy (which reduces
hematocrit by 1.9% per 100 mlL), and blood
transfusions. Additionally, three factors are relevant
across all phases: low body temperature (optimal
range 33-37°C), acidosis, and hypocalcemia (calcium
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Association between Preoperative Hemoglobin and Postoperative Moderate and
Severe Anemia among Patients undergoing Total Knee Arthroplasty

Gbstract \

Introduction: Anemia is a critical concern in both internal medicine and surgery, with significant effects on overall
health and surgical outcomes. The relationship between preoperative hemoglobin levels and moderate to severe
postoperative anemia in patients undergoing total knee replacement (TKR) surgery was investigated at a teaching
hospital. The goal was to identify factors influencing the occurrence of anemia in order to reduce its severity and
frequency in the surgical candidates.

Materials & Methods: This cross-sectional analytical study aimed to explore the relationship between
preoperative hemoglobin levels and the occurrence of moderate to severe postoperative anemia in TKR patients.
The medical records of 242 TKA patients were reviewed. Demographic information, including age, gender,
underlying conditions, and postoperative anemia status, was extracted and recorded in a checklist. Data were then
entered into SPSS 27 for analysis.

Results & Discussion: The 242 patients included 204 (84.3%) women and 38 (15.7%) men, with mean age of 66.69
years (range: 37-84 years), and mean body mass index of 29.03 (20-44) kg/m?2. The anemia was based on second
post-operative hemoglobin level. A pre-operative hemoglobin level of 13.15 mg/dl was identified as the best
threshold to predict the high-risk patients, with a sensitivity of 73.6% and specificity of 72.6%.

Conclusion: Pre-operative hemoglobin level correlates with post-operative anemia in TKR surgery. A pre-operative
hemoglobin below 75% is correlated with post-operative anemia.

Keywords: Total Knee Replacement, Anemia, Hemoglobins.
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Introduction

Hemoglobin (Hb) is a four-stranded iron-containing protein essential for
oxygen (0,) transport in mammals'Y. Any condition that reduces the capacity
or ability to transport O, results in anemia®. Therefore, Hb serves as a critical
parameter for diagnosing and evaluating anemia. The term "anemia," derived
from the Ancient Greek word anaimia, meaning "lack of blood," broadly refers
to a condition characterized by Hb levels below the normal range. The World
Health Organization (WHO) has defined specific Hb thresholds for assessing
anemia severity based on factors such as age, gender, ethnicity, altitude,
smoking status, and pregnancy stages. Anemia is generally classified into three
categories: mild (11-12.9 g/dL in men and 11-11.9 g/dL in women), moderate
(8-10.9 g/dL), and severe (<8 g/dL). The most common cause of anemia is iron
deficiency, often associated with poor nutrition, pregnancy, and menstruation
in women. Vulnerable populations include children under five years of age,
women of childbearing age, the elderly, and pregnant women. According to
WHO studies, the prevalence of anemia in Iran is moderate (10-30%). A 2022
Corresponding Author: study by Dr. Zamani and colleagues, conducted on 161,686 individuals across
Mir Bahram Safari, MD 16 provinces, revealed the highest prevalence in Hormozgan Province (37.41%)
Email address: and the lowest in Kurdistan Province (4.57%), with a prevalence rate of 21.5%
mirbahramsafari@yahoo.com . .. .
in West Azerbaijan Province®?,
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Results should be presented in chronological sequence in the text, table, and illustration. Organize the results
according to their importance. They should be based on your own findings.

Tables and illustrations must be cited in order which they appear in the text using Arabic numerals. Tables should
be simple and should not duplicate information in the text of the paper. Figures should be provided only if they
add further information. For radiographic films, scans, and other diagnostic images, as well as pictures of
pathology specimens or photomicrographs, send high resolution figures in JPEG or Bitmap format. Type legends for
illustrations on a separate page, and explain the internal scale and identify the method of staining in
photomicrographs. Arrows should be placed for specific sections of pathology figures and radiographs.

Discussion should challenge the findings of the study with other available evidence in the form of arguments and
counterarguments. It should also emphasize the new and important aspects of the study and the conclusions that
follow them. Possible mechanisms or explanations for these findings should be explored. The limitations of the
study and the implications of the findings for future research or clinical practice should be explored.

Conclusion should state the final result and recommendations that the author(s) has (have) reached. Such results
and recommendations should be derived from the existed study and the results of other studies should not be
stated in this section.

Supplementary Materials such as movie clips, questionnaires, etc., may be published on the online version of the
journal.

Any technical, general, financial, and material support or contributions that need acknowledging but do not justify
authorship, can be cited at the end of the text as Acknowledgments.

References should be complied numerically according to the order of citation in the text in Vancouver style. The
numbers of references should preferably not exceed 40 for original articles, 15 for brief, and 10 for case reports.

For the references credited to more than 6 authors please provide the name of the first six authors and represent
the remaining authors by the phrase “et al.”

For various references please refer to “the NLM style guide for authors, editors, and publishers”.
(http://www.ncbi.nlm.nih.gov/books/NBK7256/)

Listed below are sample references.
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e Gaydess A, Duysen E, Li Y, Gilman V, Kabanov A, Lockridge O, et al. Visualization of exogenous delivery of
nanoformulated butyrylcholinesterase to the central nervous system. Chem Biol Interact. 2010;187:295-8. doi:
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eJavan S, Tabesh M. Action of carbon dioxide on pulmonary vasoconstriction. J Appl Physiol. In press 2005

Complete Book:

¢ Guyton AC: Textbook of Medical Physiology. 8th ed. Philadelphia, PA, Saunders, 1996.

Chapter in Book:

* 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.

Language and Style:

Contributions should be in either American or British English. The text must be clear and concise, conforming to
accepted standards of English style and usage. Non-native English speakers are advised to seek professional help
with the language. However, the Journal is ready to collaborate to translate accepted Persian articles to English for
a limited time.

All materials should be double-spaced and pages should be numbered. Abbreviations should be standard and used
just in necessary cases, after complete explanations in the first usage. The editorial office reserves the right to edit
the submitted manuscripts in order to comply with the journal’s style. In any case, the authors are responsible for
the published material.

Correction of Errata: The journal will publish an erratum when a factual error in a published item has been
documented.

For further information please contact the Editorial Office:

Address: 94, 6™ Floor, Keshavarz Blvd., Tehran, 14166, Iran
Tel: +98 21 88966583— +98 21 88983609
Fax: +98 21 88983610
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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
be submitted at most within 6 months after the publication of the main article. Letter will undergo peer review
and will be edited for clarity. Up to 5 references should be stated.

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
stated.

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

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

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

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

When abstracting a review article, a concise summary of the salient points should be addressed.

Preferably, abbreviations should not be mentioned in the abstract.

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

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

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

For reports of randomized controlled trials, authors should refer to the CONSORT statement (http://www.consort-
statement .org/). RCTs should be registered at any RCT registeries approved by the WHO and their registration
number should be mentioned in the title page. RCTs done in Iran must be registered at www.irct.ir.

Reporting guidelines such as STROBE, STARD, and PRISMA would help report high quality research and to provide
all required information and evidence for related methodology. EQUATOR Network website would help you in
using these guidelines.

The software used for statistical analyses and description of the actual method should be mentioned.
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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.

e Authorship: According to the Recommendations for the Conduct, Reporting, Editing and Publication of
Scholarly Work in Medical Journals, released by the ICMIJE, an “Author” is generally considered to be someone who
simultaneously meets the following conditions 1, 2, 3, and 4.

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

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

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

4-Agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and resolved.

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

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

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

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

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

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

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

Requirements for Different Types of Articles

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

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

Instructions to Authors

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

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

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

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

Submission Process:

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

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

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

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

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

Human and Animal Rights:

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

e 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
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