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Abstract

Triggering, locking, clicking, and crepitus of the fingers are common symptoms
patients present with. Even though crepitus and triggering can occur as part of the
same underlying diagnosis, it is important to differentiate between them, as they
usually indicate different possible diagnoses. The differential diagnoses that
should be considered include trigger finger, metacarpophalangeal joint (MCPYJ)
arthritis, fractures or dislocations, extensor digitorum communis subluxation or
dislocation, locked MCPJ, avascular necrosis of the metacarpal head, and
Dupuytren’s disease. A thorough clinical examination with appropriate special
investigations can permit the clinician to make the correct diagnosis. Appropriate
management of a confirmed diagnosis is successful in providing symptomatic
improvement.

Key Words: Trigger finger; Locking; Crepitus; Metacarpophalangeal joint; Dislocation;
Differential diagnosis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Despite trigger fingers being one of the most common causes of hand pain and
disability, there are other possible causes of triggering, locking, clicking, and crepitus of
the fingers. Failure to recognize and diagnose these other causes can lead to treatment
errors and inappropriate management of patients.
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INTRODUCTION

Trigger fingers are one of the most common causes of pain and disability of the adult hand[1,2]. Even though a trigger
finger is commonly associated with locking of the finger in flexion and a painful snapping (clicking) during extension|[3,
4], a mild trigger finger (Green 1)[5] may present with only pain, swelling and stiffness in the morning[6,7], whereas a
severe one (Green 4)[5], may have a locked digit[7], presenting like a flexion contracture[7] which has to be distinguished
from a Dupuytren’s contracture.

When associated with severe flexor synovitis, patients with trigger fingers may even have crepitus in the palm[7], but
when crepitus is present, a clinician will tend to consider metacarpophalangeal joint (MCPJ) arthritis as a diagnosis. A
well-known medical cliché is: “common things occur commonly.” This is important to remember, but at the same time, as
clinicians, we have to keep in mind that “not all that glitters is gold.”

In this minireview, we provide a short summary of the broad differential diagnosis for triggering and crepitus of the
finger and briefly discuss the clinical presentation, workup, and treatment of these different conditions.

PRESENTING SYMPTOMS

In this modern day and age, many patients, after extensive internet research, will present to their doctor with a diagnosis.
The majority of patients will still present with troublesome symptoms, which include the following.

Pain is probably the most common symptom. It is important to differentiate between pain in the mornings (inflam-
matory) and pain with motion (mechanical). A trigger finger will often be more painful in the mornings or evenings and
will also experience pain with extension when triggering. Arthritis will generally cause pain with all motion of the joint
and less pain when resting, except in cases of inflammatory arthritis, which can also present with morning and evening
pain.

Stiffness is often associated with many conditions affecting the hand. It is important to determine whether there is a
fixed decreased range of motion or just temporary stiffness or uneven motion.

Triggering can be reported in some individuals. Most patients will describe it as clicking or locking, depending on the
severity of the disease.

Crepitus is a symptom that patients tend not to complain about; however, patients commonly describe it as grinding or
they say it feels as though they have sand or gravel around the tendon when they try and move. In the case of a fracture,
they may even describe a feeling of cracking.

The history is important as acute onset following trauma would guide the diagnosis more towards a fracture or sagittal
band injury.

DIFFERENTIAL DIAGNOSIS

Several conditions need to be considered in the differential diagnosis of these symptoms. The most common conditions
are listed below and reported in Table 1.

Trigger finger

Trigger finger remains the most common diagnosis[1]. It is caused by a discrepancy in the size of the flexor tendon and
the A1 pulley[8], but in 1% of cases, the triggering can occur at the A2 pulley[5]. There is a bimodal distribution with
pediatric trigger fingers presenting before the age of 8 and adult cases presenting in the 5* and 6" decade[1,3]. It is more
common in females[3] and tends to affect the ring and middle fingers more commonly[1]. Many conditions are associated
with trigger fingers including diabetes, inflammatory conditions, carpal tunnel syndrome, hypothyroidism, gout, storage
diseases, De Quervain’s tenosynovitis, and Dupuytren’s contracture[7,8].

MCPJ arthritis[9]

Arthritis causes pain, swelling, and a limited range of motion. Rheumatoid and other inflammatory arthritis used to be
the most common causes of MCP]J arthritis. With improved medical control, this is seen less than it used to be.
Osteoarthritis, posttraumatic arthritis, and crystalline deposition disorders should be included in the differential
diagnosis.

Fractures and dislocations
This seems like an obvious diagnosis, but can be missed if not considered. There should be a clear trauma history with a
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Table 1 Differential diagnosis of triggering, clicking, and locking of the finger

Differential diagnoses

Trigger finger

Metacarpophalangeal joint arthritis

Fractures and dislocations

Extensor digitorum communis subluxation/dislocation
Locked metacarpophalangeal joint

Avascular necrosis of the metacarpal head

Dupuytren’s contracture

painful, swollen, and bruised finger and crepitus and pain with motion. Consider metacarpal head and neck fractures
and fractures at the base of the proximal phalanx as well as MCPJ dislocations.

Extensor digitorum communis subluxation/dislocation

In acute traumatic injury, Boxer’s Knuckle, there is a rupture of the sagittal band (most commonly the radial sagittal
band), causing subluxation or dislocation of the extensor digitorum communis (EDC) tendon[10,11]. It can also occur due
to attrition as seen in Rheumatoid Arthritis patients or occasionally in osteoarthritis[10]. The middle finger is most
affected in a Boxer’s Knuckle[10-12]. The MCP]J is swollen and tender[11] and patients can complain of clicking with
crepitus found during examination, which is called pseudo triggering[10]. In mild cases (Rayan and Murray grade 1)[13]
the MCP]J is just swollen and tender, but in cases of complete EDC dislocation (Rayan and Murray grade 3)[13] active
extension may not be possible[10,11] and can create the impression of a locked MCP]J or even an extensor tendon rupture.

Locked MCPJ

A patient can present with a loss of active and passive MCPJ extension, without affecting interphalangeal joint motion
and while maintaining full flexion[14,15]. This is caused by entrapment of the collateral ligament (usually the radial
collateral ligament)[15] behind an osteophyte of the metacarpal head in flexion, which prevents extension. In certain
cases, the ligament does not get stuck but just causes snapping as it passes over the osteophyte[16]. It can be caused by
any condition that causes an abnormal shape of the metacarpal head, such as acromegaly or achondroplasia[15].
Impingement of a torn palmar plate can cause locking of the MCPJ[15,16], but in these cases, flexion can often be limited
rather than extension[15].

Avascular necrosis of the metacarpal head (Dietrich’s/Mauclaire’s disease)

Avascular necrosis (AVN) of the metacarpal head is very rare. It occurs more commonly in young men and more
commonly in the middle finger[17,18]. Patients can present with pain and crepitus, very similar to arthritis, and it is
associated with anatomical variations in blood flow, trauma, steroid use, systemic lupus erythematosus (SLE), hyperco-
agulability, alcoholism or it can be idiopathic[17,18].

Dupuytren’s disease

Dupuytren’s disease is an idiopathic fibrosis of the palmar aponeurosis leading to contractures of the fingers[19]. It can be
associated with trigger fingers, but should also be considered as a differential diagnosis for a locked finger. Even though
the diagnosis may seem obvious, some patients can have subtle cords, making it less obvious. It should also be
remembered that Dupuytren’s can be associated with trigger fingers and both diagnoses can co-exist on the same finger.

DIAGNOSIS

Clinical

In many cases, the diagnosis can be made through history and clinical examination. In the case of a trigger finger, the
patient will present with a typical history of temporary locking of the finger in flexion and painful snapping during
extension[4]. Triggering may not be elicited in all cases, but there is generally mild swelling of the finger and tenderness
over the A1 pulley[1,3].

In MCPJ arthritis, the patient will complain of pain with motion and a decreased range of motion. On examination, the
joint will be swollen and tender, with a decreased range of active and passive motion[9] and a positive grind test.
Crepitus may be felt.

Fractures and dislocations around the MCPJ should present with a typical trauma history with a painful swollen and
bruised finger and hand. There can be a deformity and any motion will be extremely painful and may even produce
crepitus. With a dislocation, the joint may seem locked in a certain position.
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Figure 1 X-ray of a hand with crepitus. Osteoarthritis of the middle finger metacarpophalangeal joint.

EDC subluxation may present with a trauma history[20] in cases of sagittal band rupture, but may also have a
spontaneous onset[20] in cases of sagittal band attrition[10]. The MCPJ will generally be swollen and tender dorsally with
clicking (pseudo triggering)[10] noted during motion[11]. In Rayan and Murray[13] grade 3 cases, there may be an
extensive deficit during active motion, with normal passive extension. During full active MCP] flexion, the EDC can be
observed to sublux/dislocate out of its central position over the MCPJ.

A patient who presents with a locked MCP] may suggest a trivial traumatic event as a cause of their condition. There
may be signs of osteoarthritis of the other small joints in the hand and the MCP] is often not swollen and non-tender.
There will be decreased active and passive extension with normal interphalangeal joint motion and full active flexion of
the finger[14,15].

AVN of the metacarpal head is a rare condition[17,18] and a diagnosis of exclusion[18]. There will be pain and possibly
crepitus[17,18] and a decreased range of motion in a patient who is younger than would be normally expected to be seen
in an arthritic joint. Conditions associated with AVN such as steroid use, alcoholism, SLE, and hypercoagulability[17,18]
may be present.

In a patient with Dupuytren’s contracture, there will be a fixed contracture limiting full extension and there should be a
visible and palpable cord and possible family history. A careful examination is mandatory as some patients can have very
subtle cords and be aware that there may be a co-existing grade 1 trigger finger with a tender A1 pulley.

X-ray

Where the diagnosis is not obvious on clinical examination, radiographs should be the first special investigation and will
assist with the diagnosis of a fracture, dislocation, and arthritis (Figure 1). In sagittal band attrition, there may be signs of
underlying arthritis and in a locked MCPJ an osteophyte may be visible (Figure 2). X-rays may be normal in early cases of
AVN, but in more advanced cases collapse will be present.

Ultrasound

Ultrasound can be used to confirm the diagnosis of a trigger finger if there is any doubt, and it will show a thickening of
the A1l pulley and possibly the flexor tendon with or without signs of flexor synovitis. Dynamic scanning is possible for
cases of suspected EDC subluxation/dislocation to assist with the diagnosis. Ultrasound can also be used in cases of a
locked MCP]J to diagnose an entrapped collateral ligament or torn palmar plate. Even Dupuytren’s nodules and cords can
be confirmed with ultrasound[21].

Laboratory investigations
Blood tests will not help to differentiate between the diagnosis discussed here, but where a possible inflammatory or
crystalline arthropathy is suspected or in cases of AVN it may be useful to determine the underlying cause.

Magnetic resonance imaging

The main purpose of magnetic resonance imaging (MRI) is in the detection of early AVN[17] (Figure 3) where the x-ray is
still normal and other diagnoses have been excluded and it can assist in the diagnosis of a locked MCPJ[15]. Even though
MRI will pick up trigger fingers, arthritis, sagittal band attrition/rupture, fractures, and Dupuytren’s cords/nodules, it is
not recommended as first-line investigation for any of these conditions.
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Figure 2 X-ray of a hand with locking. A: X-rays of locked metacarpophalangeal joint (MCPJ); B: X-rays with ulnar osteophyte marked; C: Oblique view of
locked MCPJ.

TREATMENT

An in-depth discussion of the treatment of all these conditions is outside the scope of this article, but we will discuss some
general treatment principles and in brief discuss specific treatments for each condition.

General measures

Lifestyle modification and diet change is the simplest early treatment. As long as lifestyle modification does not affect
quality of life, it can be very effective. Therapy with or without the use of splints is the next line of non-invasive therapy.
A Prospective, Randomized, Double-Blind, Placebo-Controlled, Multicenter Clinical Trial showed that avocado/soybean
unsaponifiables are more effective than placebo in providing symptomatic relief in hip and knee osteoarthritis[22]. Other
medications such as non-steroidal anti-inflammatory medication can also be very effective in providing symptomatic
relief. Cortisone injections, which in some cases only provide temporary symptomatic relief, can potentially be curable in
for instance trigger fingers. Surgery is generally the last line of treatment, but in most cases is the most reliable solution
for providing long-term relief.

Trigger fingers

It is important to remember that 52% of trigger fingers will resolve spontaneously without any intervention within 8 mo
of the onset of symptoms[23]. Splints can be effective in up to 55% of cases in 1 year, but it is uncertain how many of these
would have resolved spontaneously[1]. A single cortisone injection can be curative in 45%-80% of cases with repeat
injections being effective in 30%-40% of cases[1]. There seems to be no difference between an injection into the flexor
sheath vs an injection outside the flexor sheath[24]. Surgery can be performed as either open or percutaneous[7] and
provides the best chance of a long-term symptom-free result.

MCPJ arthritis

When conservative management fails (see under general measures), arthroplasty is usually the surgical option of choice
[9]. In cases of inflammatory or crystalline arthropathy, it is important to refer the patient to a Rheumatologist to
adequately manage the underlying cause. It is worth remembering that hemochromatosis can cause arthritis of the index
and middle finger MCPJs[25] and the patient should be worked up for this and referred for treatment if indicated.

Fractures and dislocations
Fractures should be managed according to the fracture type, displacement, angulation, rotation, and shortening. Most
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Figure 3 Magnetic resonance imaging of a hand with pain and symptoms. A: Edema in the third metacarpal head (orange arrow) shown on magnetic
resonance imaging (MRI) coronal view T2; B: Edema in the third metacarpal head (orange arrow) and flexor tendons with minimal effusion (white arrow) shown on
magnetic resonance imaging transverse view; C: Edema in the third metacarpal head with effusion and joint surface involvement (orange arrow) shown on MRI
sagittal view T2.

fractures can be managed conservatively in a splint, but if the position is not acceptable, may require a closed reduction
with or without k-wires or an open reduction and internal fixation. Dislocations require reduction and this can mostly be
achieved by closed means. In case of failed closed reduction or incongruent reduction, open surgery must be performed.

Extensor tendon subluxation/dislocation

The majority of cases can be managed in a splint[10,12], especially within 3 wk of the injury[11,20]. Surgery is reserved for
the professional athlete, chronic cases, or those who failed conservative treatment and can be either a direct repair or
sagittal band reconstruction[10,11].

Locked MCPJ

Closed reduction can be attempted by injecting local anesthetic into the joint and then applying gentle traction and
rotation, but this does carry the risk of a potential fracture. Most cases are managed surgically by open reduction and
excision of the osteophyte[14,15].

AVN of the metacarpal head
The first line of treatment should be rest and medication, but if this fails, then the surgical options are curettage and bone
graft, osteotomy, osteochondral grafts, denervation, arthrodesis, or arthroplasty[17].

Dupuytren’s contracture
Once there is the progression of the contracture and it becomes functionally debilitating, surgery, either percutaneous
needle aponeurotomy or fasciectomy (partial or segmental), becomes the treatment of choice[19].

PROGNOSIS

The success of cortisone injections in trigger fingers has already been discussed. Surgery, whether open or percutaneous
can have success rates of 90%-100%[1]. Arthroplasty for MCPJ arthritis is successful in improving pain and function and
has patient satisfaction rates of up to 90% in certain studies, especially in osteoarthritis[9]. Conservative and surgical
management, when indicated, is very effective in the treatment of EDC subluxation/dislocation in terms of symptom
improvement[10]. In a case series of locked MCP]Js, 13 of 14 patients (1 was lost to follow-up) had an excellent outcome
with no pain and a normal range of motion[15]. AVN of the metacarpal head is rare and therefore little is known about
the long-term prognosis[17]. Fractures, dislocations, and Dupuytren’s contractures have so many treatment options and
are such vast topics in themselves, that the discussion of treatment specifics and prognosis falls outside the scope of this
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article.

SUMMARY

With regards to what we currently know about this condition, triggering, clicking, locking, and crepitus of the finger are
symptoms typically associated with a condition known as “trigger finger” or stenosing tenosynovitis. This condition
primarily affects the flexor tendons of the fingers and is characterized by certain signs and symptoms. Triggering is a
sensation where the finger gets stuck in a bent position and then suddenly releases with a “click” or “pop.” Clicking can
be defined as an audible or palpable clicks or snaps during finger movement. Locking occurs when the finger becomes
locked in a flexed position, requiring manual assistance to extend it. Crepitus can be described as the sensation or sound
of grinding, popping, or crackling within the affected finger during movement.

Current knowledge suggests that these symptoms arise due to inflammation or thickening of the tendon sheath,
obstructing the smooth gliding of the flexor tendon. The exact causes of the trigger finger are multifactorial, with risk
factors including repetitive gripping activities, underlying medical conditions, and genetic predisposition.

The current theories that drive the clinical applications in the management include the inflammation within the tendon
sheath plays a key role in trigger finger symptoms. Treatments often involve anti-inflammatory medications, corticos-
teroid injections, or physical therapy. The Structural Theory is thought that structural changes in the tendon, such as
nodules or thickening, are responsible for the condition. Surgical interventions, such as tenosynovectomy or release, aim
to address these structural issues. The Biomechanical Theory includes mechanical factors, like repetitive strain or
improper hand ergonomics, which are thought to contribute to the development of trigger fingers. Occupational therapy
and ergonomic modifications are employed to alleviate symptoms.

Further research on the trigger finger is essential for several reasons. Trigger finger is a common hand condition, and
its prevalence is increasing, possibly due to changes in lifestyles and work habits. Understanding it better can help
address this growing health concern. The condition can significantly impact an individual's quality of life, affecting their
ability to perform daily activities and work. Improved management strategies can enhance patients' well-being. Trigger
finger is associated with healthcare costs, including treatments, lost workdays, and rehabilitation. Better management
approaches could reduce the economic burden.

Advancements in treatment are fundamental. As our understanding of the condition deepens, more targeted and
effective treatment options can be developed, potentially reducing the need for surgery and minimizing recurrence rates.
Research should focus on the long-term outcomes of different treatment modalities, including surgery, corticosteroid
injections, and conservative therapies, to determine which provides the best-sustained relief.

Understanding the underlying pathophysiological mechanisms of the trigger finger can lead to more precise diagnostic
tools and therapeutic targets. Identifying additional risk factors beyond those currently recognized can help with early
detection and preventive measures. The efficacy of non-surgical treatments, such as physical therapy, occupational
therapy, and ergonomic modifications, needs more extensive study to establish their role in managing the trigger finger.

Studies investigating the long-term outcomes of various treatment approaches, elucidating the precise patho-
physiological mechanisms, identifying novel risk factors, and assessing the effectiveness of non-surgical interventions,
can provide a more comprehensive understanding of this condition. Clinicians must seek to improve patient care and
quality of life by guiding the development of more effective and evidence-based management strategies for trigger finger.

CONCLUSION

Triggering (locking, clicking) and crepitus of the fingers are symptoms that commonly occur. It can co-exist as part of the
same pathology, but more often occur separately and point towards different pathologies. Even though trigger fingers are
the most common cause of pain and disability in the hand, it is important to consider the other possible diagnoses. A
thorough history and clinical examination with appropriate special investigations will aid in making the correct
diagnosis. Adequate treatment has a high success rate in terms of resolution of symptoms and good functional recovery.
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Abstract

BACKGROUND

Geriatric hip fractures are one of the most common fractures in elderly
individuals, and prolonged hospital stays increase the risk of death and complic-
ations. Machine learning (ML) has become prevalent in clinical data processing
and predictive models. This study aims to develop ML models for predicting
extended length of stay (eLOS) among geriatric patients with hip fractures and to
identify the associated risk factors.

AIM

To develop ML models for predicting the eLOS among geriatric patients with hip
fractures, identify associated risk factors, and compare the performance of each
model.

METHODS

A retrospective study was conducted at a single orthopaedic trauma centre,
enrolling all patients who underwent hip fracture surgery between January 2018
and December 2022. The study collected various patient characteristics, encom-
passing demographic data, general health status, injury-related data, laboratory
examinations, surgery-related data, and length of stay. Features that exhibited
significant differences in univariate analysis were integrated into the ML model
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establishment and subsequently cross-verified. The study compared the performance of the ML models and
determined the risk factors for eLOS.

RESULTS

The study included 763 patients, with 380 experiencing eLOS. Among the models, the decision tree, random forest,
and extreme Gradient Boosting models demonstrated the most robust performance. Notably, the artificial neural
network model also exhibited impressive results. After cross-validation, the support vector machine and logistic
regression models demonstrated superior performance. Predictors for eLOS included delayed surgery, D-dimer
level, American Society of Anaesthesiologists (ASA) classification, type of surgery, and sex.

CONCLUSION

ML proved to be highly accurate in predicting the eLOS for geriatric patients with hip fractures. The identified key
risk factors were delayed surgery, D-dimer level, ASA classification, type of surgery, and sex. This valuable
information can aid clinicians in allocating resources more efficiently to meet patient demand effectively.

Key Words: Machine learning; Extended length of stay; Hip fracture; Enhanced recovery after surgery; Risk factors

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Traditional models have been built to identify risk factors for extended length of stay (¢LOS), offering new insights
for optimizing treatment for hip fracture patients under the enhanced recovery after surgery concept. However, these
traditional statistical methods suffer from poor performance and lack of features. Machine learning (ML) is a scientific
discipline focused on teaching computers to learn from data, showing superior predictive performance compared to
traditional methods. This study aims to develop ML models for predicting eLOS among geriatric patients with hip fractures,
identify associated risk factors, and compare the performance of each model.

Citation: Tian CW, Chen XX, Shi L, Zhu HY, Dai GC, Chen H, Rui YF. Machine learning applications for the prediction of extended
length of stay in geriatric hip fracture patients. World J Orthop 2023; 14(10): 741-754
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INTRODUCTION

Hip fractures have become more prevalent as the global geriatric population increases[1]. They are associated with higher
incidence, mortality, and disability, significantly impacting the quality of life of affected individuals[2,3]. Prolonged
length of stay (LOS) not only places a financial burden on patients but also elevates the risk of mortality and complic-
ations[4]. Enhanced recovery after surgery (ERAS) refers to the integration of perioperative concepts using evidence-
based medicine tools to reduce surgical stress and complications, shorten hospital stays, lower financial costs, and hasten
postoperative recovery[5-7]. Based on this concept, Andrew et al[8] developed a logistic regression (LR) model to identify
risk factors for extended length of stay (eLOS), offering new insights for optimizing treatment for hip fracture patients.
However, traditional statistical methods suffer from poor performance and lack of features.

Machine learning (ML) is a scientific discipline focused on teaching computers to learn from data[9]. In recent times,
ML has shown superior predictive performance compared to traditional methods and has found extensive application in
clinical data processing and predictive modelling[10,11]. Mijwil and Aggarwal[12] enhanced the ML based estimation
method for detecting acute appendicitis in individuals, achieving high accuracy. In the context of hip fractures among
geriatric individuals, Oosterhoff et al[13] and Shtar et al[14] established ML models to predict prognosis and mortality,
enhancing clinician decision-making ability. With the establishment of a clinical database for elderly hip fracture patients
and advancements in ML algorithms, predicting the eLOS for this patient group through ML has become feasible.

This study aims to develop ML models for predicting the eLOS among geriatric patients with hip fractures, identify
associated risk factors, and compare the performance of each model.

MATERIALS AND METHODS
Study design, setting and population

A retrospective study was conducted at a single orthopaedic trauma centre between January 2018 and December 2022.
The study employed specific inclusion and exclusion criteria as follows inclusion criteria: (1) Age older than 60 years at
the time of injury; (2) confirmed diagnosis of hip fracture; and (3) hospitalization at our centre. The study employed
specific inclusion and exclusion criteria as follows exclusion criteria: (1) Admission with multiple fractures, pathological
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fractures, or fractures around the prosthesis; (2) receipt of conservative treatment due to severe comorbidities; and (3)
presence of missing data.

The enrolled patients had a median hospital stay of 9.5 d. Based on this median LOS, the patients were retrospectively
divided into two groups: None LOS (LOS 9.5 d, n = 383, 50.2%) and eLOS (LOS > 9.5 d, n = 380, 49.8%).

Perioperative treatment and surgical procedure

All patients underwent comprehensive perioperative assessments to ensure standardized diagnosis and treatment. Our
centre boasts a multidisciplinary team comprising geriatricians, anaesthetists, and intensive care unit (ICU) doctors who
collaborate to review the perioperative care of patients with comorbidities[15]. Upon admission, a rapid preoperative risk
assessment is performed, considering the patient’s physical condition and specific needs. Subsequently, an individualized
treatment plan is promptly devised. For patients requiring surgical intervention, a consistent surgical team oversees all
procedures. Patients with femoral neck fractures receive surgical treatments such as total hip arthroplasty (THA),
hemiarthroplasty of the hip, or internal fixation. Those with intertrochanteric fractures undergo surgical treatment, such
as internal fixation. Throughout the surgery, the patient's temperature, blood volume, and haemodynamics are meticu-
lously managed with the collaborative efforts of anaesthesia and surgical nurses.

Data collection

Data for the study were retrospectively gathered from electronic patient records at the institution. Demographic data
encompassed sex, age, body mass index, general health status categorized by the American Society of Anaesthesiologists
(ASA) classification, history of smoking, oral anticoagulant use, and comorbidities[16]. Injury-related data included
fracture type, time from injury to admission, and the day of admission. Surgery-related data consisted of the type of
surgery, anaesthesia used, ICU transfer, time to surgery, duration of surgery, intraoperative blood loss, and transfusion.
Laboratory examinations conducted at admission and after surgery were also collected. Age was stratified into 60-85 and
> 85 age groups; ASA classification was grouped as I-II and III-IV; admission day was grouped into Monday to Thursday
and Friday to Sunday; injury time was stratified into < 24 and > 24 h; and delayed surgery was defined as an operation
performed more than 48 h after admission. Laboratory examinations were stratified according to normal values.

ML and statistical analysis

In the study, normally distributed data are presented as the means and standard deviations. Nonnormally distributed
variables were expressed as medians along with their interquartile ranges. Categorical variables are represented as counts
and percentages. To analyse the overall data, continuous variables were subjected to Student’s t test or the
Mann-Whitney U test, depending on their distribution. Categorical variables were analysed using the chi-square test, as
appropriate. Variables showing significant differences in the univariate analysis were selected and included in the
establishment of the ML model.

The predictive eLOS ML model was established according to the selected features, including basic algorithms for LR,
decision tree (DT), random forest (RF), support vector machine (SVM), naive Bayes, K-nearest neighbour, eXtreme
Gradient Boosting (XGBoost) and artificial neural network (ANN) models. Next, we used a Shapley Additive
Interpretation (SHAP) summary plot to determine the relationship between the eLOS and its main predictors in each
model. Each ML model was integrated to ascertain feature importance. Then, the original data were split into a training
set and a test set (training: test = 7:3), and 10-fold cross-validation was carried out. The accuracy score, precision score,
recall score, F1 score, receiver operating characteristic (ROC) curve and area under the ROC curve (AUC) were used to
evaluate the performance of the ML model of the original data and cross-validation. All statistical analyses were
conducted using Python (version 3.8.2, Python Software Foundation, https://www.python.org) and the sklearn package

(version 0.24.1). A 2-sided P value < 0.05 was considered significant. The flow diagram of the research process is shown in
Figure 1.

RESULTS

Population and patient characteristics

Overall, 763 patients were enrolled in the final analysis; patients were divided into none LOS (n = 383) and eLOS (1 = 380)
groups based on LOS. The characteristics of the two groups are compared in Table 1. Univariate analysis showed that
there were significant differences in sex, fracture type, ASA classification, admission day, injury to admission time,
hypertension, diabetes, cerebral infarction, deep venous thrombosis (DVT), delayed surgery, THA, reduction and
fixation, aspartate aminotransferase and D-dimer levels and aortic velocity at admission between the two groups (P <
0.05).

Establishment and evaluation of the ML model in the original data

We used 8 ML models to evaluate the predictors of LOS in the original data. Figure 2 shows the ROC curve, and Table 2
shows the performance indicators of each model. The tree models, including the DT (accuracy = 0.924, AUC = 0.988), RF
(accuracy = 0.924, AUC = 0.985) and XGBoost (accuracy = 0.912, AUC = 0.976) models, showed stronger performance
among the models. In addition, the performance of the ANN (accuracy = 0.886, AUC = 0.963) model was impressive.
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Table 1 Baseline data comparison. Counts (%) unless otherwise specified

Features Non-eLOS (n = 383) eLOS (n = 380) Statistic (t/x?) P value

Sex 5.418 0.020

Male 107 (27.9) 136 (35.8)

Female 276 (72.1) 244 (64.2)

Age (yr) 0.096 0.757

60-85 255 (66.6) 257 (67.6)

>85 128 (33.4) 123 (32.4)

BMI (kg/m?) 2.578 0.461

<185 48 (12.5) 44 (11.6)

18.5-24.9 220 (57.4) 239 (62.9)

25.0-29.9 99 (25.8) 82 (21.6)

>30.0 16 (4.2) 15 (3.9)

Fracture type 20.516 P <0.001

Femoral neck fracture 165 (43.1) 226 (59.5)

Intertrochanteric fracture 218 (56.9) 154 (40.5)

ASA classification 20.313 P <0.001

I-1I 197 (51.4) 134 (35.3)

-1V 186 (48.6) 246 (64.7)

Admission time 5.340 0.021

Monday to Thursday 248 (64.8) 215 (56.6)

Friday to Sunday 135 (35.2) 165 (43.2)

Time from injury to admission 5.513 0.019

<24h 322 (84.1) 294 (77.4)

>24h 61 (15.9) 86 (22.6)

Comorbidities 3.99 222 419 2.25 1.221 0.223

Hypertension 207 (54.0) 245 (64.5) 8.588 0.003

Diabetes 85(22.2) 112 (29.5) 5.279 0.022

ACS 59 (15.4) 66 (17.4) 0.537 0.464

Cerebral infarction 120 (31.3) 150 (39.5) 51581l 0.019

AKI 8(2.1) 17 (4.5) 3.423 0.064

DVT 66 (17.2) 91 (23.9) 5.263 0.022

History of smoking 14 (3.4) 17 (4.5) 0.328 0.567

Oral anticoagulant use 71 (18.5) 71 (18.7) 0.003 0.959

History of fracture 77 (20.1) 83 (21.8) 0.348 0.556

Hip fracture 21 (5.5) 29 (7.6) 1.438 0.230

Lumbar fracture 25 (6.5) 24 (6.3) 0.014 0.905

Delayed surgery 153 (39.9) 267 (70.3) 70.842 P <0.001

Type of surgery

THA 52 (13.6) 95 (25.0) 16.002 P <0.001

HHA 106 (27.7) 127 (33.4) 2.968 0.085

Reduction and fixation 225 (58.7) 158 (41.6) 22.488 P <0.001

Duration of surgery 96.62 £ 27.83 118.43 +24.32 1.743 0.082
WJO | https://www.wjgnet.com 744 October 18,2023 | Volume14 | Issuel0 |

JBaishideng®



Intraoperative blood loss
Blood transfusion

ICU transfer

Type of anaesthesia
General

Regional

Heart rate at admission (60-100)

Laboratory examination at admission

RBC (=4.3)
WBC (3.5-9.5)
Hb (= 110)

PLT (125-350)

N (40-75)

HCT (= 40)

K (3.5-5.1)
Ca(221)

Na (137-145)
ALB (30-40)
ALT (9-50)

AST (15-40)
LDH (120-246)
BUN (3.6-9.5)
Cr (58-110)

PT (9.4-12.5)
APTT (25.1-36.5)
INR (0.8-1.2)
FIB (2.38-4.98)
D-dimer (< 6500)

Cardiac colour ultrasound at
admission

AV (2 1.0)

EF (= 70)

Laboratory examination after surgery

Hb (> 110)
ALB (30-40)

Cr (58-110)

164.54 + 85.26
127 (33.2)

103 (26.9)

336 (87.7)
47 (12.3)

339 (88.5)

86 (22.5)
208 (54.3)
251 (65.5)
321 (83.8)
65 (17.0)

82 (21.4)

260 (67.9)
257 (67.1)
248 (64.8)
233 (60.8)
347 (90.5)
338 (88.3)
188 (49.1)
304 (79.4)
205 (53.5)
77 (20.1)

326 (85.1)
311 (81.2)
344 (89.8)

218 (56.9)

367 (95.8)

208 (54.3)

87 (22.7)
310 (80.9)
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0.748

0.645

0.476

0.380

0.553

0.884

0.437

0.139

0.236

0.127

0.132

0.581

0.697

0.200

0.375

0.779

0.044

0.584

0.973

0.198

0.147

0.427

0.675

0.742

P <0.001

0.011

0.437

0.626

0.676

0.385

BMI: Body mass index; ASA: American society of anaesthesiologists; ACS: Acute coronary syndromes; AKI: Acute kidneyinjury; DVT: Deep venous
thrombosis; THA: Total hip arthroplasty; HHA: Hip hemiarthroplasty; ICU: Intensive care unit; RBC: Red blood cell; WBC: White blood cell; Hb:
Hemoglobin; PLT: Platelets; N: Neutrophile granulocyte; HCT: Hematocrit; K: Kalium; Ca: Calcium; Na: Natrium; ALB: Albumin; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; LDH: Lactate dehydrogenase; BUN: Blood urea nitrogen; Cr: Creatinine; PT: Prothrombin time; APTT:

Activated partial thromboplastin time; INR: International normalized ratio; FIB: Fibrinogen; AV: Aortic velocity; EF: Ejection fraction.
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Table 2 Evaluation of machine learning models in the original data

Model name Accuracy Precision Recall F1 score AUC
LR 0.680 0.680 0.676 0.678 0.747
DT 0.924 0.994 0.853 0918 0.988
RF 0.924 0.940 0.905 0.922 0.985
SVM 0.651 0.636 0.703 0.667 0.739
NB 0.657 0.676 0.598 0.634 0.709
KNN 0.747 0.748 0.742 0.745 0.828
XGB 0.912 0.941 0.879 0.901 0.976
ANN 0.886 0.899 0.868 0.883 0.963

AUC: Area under curve; LR: Logistic regression; DT: Decision tree; RF: Random forest; SVM: Support vector machine; NB: Naive bayes; KNN: K-nearest
Neighbour; XGB: eXtreme Gradient Boosting; ANN: Artificial neural network.

Patients assessed for eligibility (77 = 909)

‘ Not eligible for inclusion (7= 146) :

* With multiple fractures, pathological

fracture or fractures around the prosthesis (77 = 56)
‘ * Age younger than 60 years (n = 74)

* Receive conservative treatment (7= 12)

* With missing data (7= 4)

!

Patients enrolled (n = 763)
LOS > 9.5d (n = 380)
LOS <9.5d (n=383)

l
[ \

Data cleaning
Fill missing value
Normalization

‘ Feature selection (7= 15) ‘

l

Model training: LR, DT, RF, SVC, NB, KNN, XGB, ANN ‘
. -
Accuracy -Precision *Recall
Evaluate the model F1-score *ROC and AUC
|
v
‘ Comparison of feature importance

DOI: 10.5312/wjo.v14.i10.741 Copyright ©The Author(s) 2023.

Univariate analysis
Multivariate analysis

Figure 1 The flow diagram of the research process. LOS: Length of stay; LR: Logistic regression; DT: Decision tree; RF: Random forest; SVC: Support
vector classifier; NB: Naive bayes; KNN: K-nearest neighbour; XGB: eXtreme Gradient Boosting; ANN: Artificial neural network; ROC: Receiver operating
characteristic; AUC: area under the receiver operating characteristic curve.

Feature importance

Figure 3 shows the results of the SHAP analysis. We can intuitively understand the importance of features in each model
and the direction of their association with the eLOS. Then, we summarized the importance of the features output by each
model. Figure 4 shows the feature weights in descending order; delayed surgery was the most important feature in eLOS
prediction. The other most important features that influenced the prediction of the eLOS were D-dimer level, ASA classi-
fication, type of surgery and sex.

Evaluation of ML models after 10-fold cross-validation

We split the original data into training and test sets (training: test = 7:3) and carried out 10-fold cross-validation. Figure 5
shows the ROC curve, and Table 3 indicates the performance indicators of each model after cross-validation. We found
that the performance of the model decreased after cross-validation compared to the original data. The best results were
found by using the SVM (accuracy = 0.664, AUC = 0.712) model. Furthermore, the LR (accuracy = 0.650, AUC = 0.650)

WJO | https://www.wjgnet.com 746 October 18,2023 | Volume14 | Issue10 |

Jaishideng®



Tian CW et al. ML for hip fracture

Table 3 Evaluation of machine learning models after 10-fold cross-validation

Model name Accuracy Precision Recall F1 score AUC
LR 0.650 0.643 0.668 0.655 0.650
DT 0.606 0.616 0.552 0.583 0.605
RF 0.619 0.618 0.613 0.616 0.619
SVM 0.664 0.656 0.659 0.658 0.712
NB 0.644 0.657 0.595 0.624 0.643
KNN 0.617 0.611 0.639 0.625 0.617
XGB 0.630 0.632 0.616 0.624 0.630
ANN 0.606 0.596 0.645 0.619 0.606

AUC: Area under curve; LR: Logistic regression; DT: Decision tree; RF: Random forest; SVM: Support vector machine; NB: Naive bayes; KNN: K-nearest
Neighbour; XGB: eXtreme Gradient Boosting; ANN: Artificial neural network.

ROC of original data

1.0
0.8
8
06
(%
=
S
@
8
o 04
=
'_
P — LR (area = 0.75)
4 f DT (area = 0.99)
0.2 /, —— RF (area = 0.98)
’ ~— SVC (area = 0.74)
—— NB (area = 0.71)
~— KNN (area = 0.83)
XGB (area = 0.98)
0.0 ~— ANN (area = 0.9)
0.0 0.2 0.4 0.6 0.8 1.0

False positive rate
DOI: 10.5312/wjo.v14.i10.741 Copyright ©The Author(s) 2023.

Figure 2 Receiver operating characteristic curve for machine learning models in the original data. ROC: Receiver operating characteristic; LR:
Logistic regression; DT: Decision tree; RF: Random forest; SVC: Support vector classifier; NB: Naive Bayes; KNN: K-nearest Neighbour; XGB: eXtreme Gradient
Boosting; ANN: Artificial neural network.

model showed good performance after cross-validation.

DISCUSSION

This study aimed to develop ML models for predicting eLOS in geriatric patients with hip fractures and to identify
associated risk factors. Additionally, we assessed and compared the performance of each ML model. The DT and ANN
models demonstrated the best performance with the original data. After cross-validation, the SVM and LR models also
performed well.

Risk factors for eLOS among geriatric hip fracture patients
Although methods such as multidisciplinary management and ERAS have been shown to decrease LOS and lower
inpatient hospitalization costs, geriatric hip fracture patients continue to be disproportionately large resource consumers
[8,17,18]. Long-term LOS not only results in inefficient use of medical resources but also increases the risk of complic-
ations among hip fracture patients[19]. In addition, the length of hospital stay varies greatly among healthcare systems
[17,18,20]. The identification of risk factors associated with the eLOS may be helpful in cost forecasting and patient
management[21]. In our study, we used the median LOS to group the data.

In previous studies, delayed surgery was considered the key factor that affected LOS. A retrospective study by Pincus
et al[22] showed that patients who underwent surgery 1 day after admission had a longer postoperative stay. Hecht et al
[23] developed a predictive model for LOS that showed that the prevention of reduced time to surgery was a significant
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Figure 3 Shapley additive explanations summary plots of each model. A: Logistic regression; B: Decision tree; C: Random forest; D: Support vector
classifier; E: Naive bayes; F: K-nearest neighbour; G: eXtreme Gradient Boosting; H: Artificial neural network. ASA: American society of anaesthesiologists; THA:

Total hip arthroplasty; DVT: Deep venous thrombosis; AST: Aspartate aminotransferase.
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Figure 4 Comprehensive importance of features. ASA: American society of anaesthesiologists; AST: Aspartate aminotransferase.

predictor of reduced LOS. In addition, the authors suggested that ASA classification was a stronger predictor of LOS than
the Charlson comorbidity index. Similar findings were shown by Kristan ef al[24], who found that the eLOS was
associated with delayed surgery, ASA classification, anticoagulant therapy and surgery type. Furthermore, a higher D-
dimer level, as a possible predictor of DVT, suggested that patients were at higher risk of thrombosis, which was also the
cause of eLOS[25]. Our study achieved similar results to those described above. This result suggests that clinicians and
multidisciplinary teams should continue to explore possible interventions to shorten LOS among hip fracture patients.

At the same time, our model identified male sex and fracture type as predictors of the eLOS. This is consistent with
findings from the study by Garcia et al[26]. The results of their study showed that while the majority of hip fracture
patients were female, male patients appeared to have a longer hospital stay. A meta-analysis by Haentjens et al[27]
showed that male hip fracture patients had a higher risk of death, which appeared to be associated with more severe
osteoporosis and a higher comorbidity burden among male patients with hip fractures[28]. In addition, patients with joint
replacement surgery had higher functional requirements, which was why such patients took longer to stay and recover
[29,30]. However, some studies mentioned the influence of age and comorbidities on the eLOS, but these factors were not
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Figure 5 Receiver operating characteristic curve for machine learning models after cross-validation. ROC: Receiver operating characteristic; LR:
Logistic regression; DT: Decision tree; RF: Random forest; SVC: Support vector classifier; NB: Naive bayes; KNN: K-nearest Neighbour; XGB: eXtreme Gradient
Boosting; ANN: Artificial neural network.

identified by our model[24,27,30]. This might be due to changes in the management of hip fracture patients and the
popularity of ERAS, which have allowed an increasing number of older patients with comorbidities to receive timely
surgical treatment and rehabilitation guidance.

Predictive performance of ML models for eLOS

With the development of science and technology, ML is also being used in the field of medicine to improve patient
outcomes and diagnostic accuracy[31]. Recently, ML has been widely used in the diagnosis, classification, identification
and prognosis of hip fracture patients[32-34]. Promising results were obtained by Forssten et al[35], who used ML to
predict 1-year mortality after hip fracture surgery, and by Galassi ef al[36], who used ML to assess hip fracture risk. With
the establishment of clinical databases, ML models will have better practical value in the future.

Most of the previous studies on the construction of prediction models were based on regression algorithms[9]. For
binary clinical decision data, the tree model has a natural advantage[37]. The RF algorithm and the XGBoost integration
algorithm also show similar results[38]. Based on gradient-boosted DTs, the XGBoost algorithm applied a second-order
Taylor expansion to calculate the loss function and performed well in both computational speed and predictive precision
[39]. Previous studies have also demonstrated this point. Hou ef al[40] used XGBoost to predict 30-d mortality for the
medical information mart for intensive care III patients with sepsis-3 and obtained high accuracy. Noh et al[41] similarly
achieved good accuracy in identifying the optimal features of gait parameters to predict fall risk among older adults by
XGBoost. In the original data set of our research, the performance of the tree model was far superior to that of other
models, which might be the result of overfitting. Through cross-verification, we found that the performance evaluation
index of the tree model declined the most. With the continuous expansion of the sample size, the performance of the tree
model would also be improved. However, the performance of the traditional binary classification algorithm was stable. In
our study, the SVM and LR models had the best performance after cross-validation.

Recently, ANNs have become a new hotspot in ML development. An ANN is a kind of ML algorithm inspired by
biological neural networks[10]. Figure 6 shows the computational flow of the ANN in our study (hidden layer size = 15,
10, 10). The ANN contains nodes that communicate with other nodes via connections. Chen et al[42] showed that the
ANN was more accurate than Cox regression in predicting mortality after hip fracture surgery. Using an ANN model can
enable more appropriate and accurate processing of inputs that are incomplete or inputs that introduce noise[43,44].
Moreover, the results of Klemt et al[45] demonstrated its good application in binary data. In our research, the ANN model
showed performance second only to that of the tree model in terms of original data and had considerable accuracy after
cross-verification.

Strengths and limitations

This study conducted a novel experiment to develop and compare ML models for predicting eLOS among patients with
hip fractures. Subsequently, risk factors for the eLOS were identified. The findings revealed that ML models outper-
formed traditional statistical methods in terms of accuracy. This provides clinicians with a valuable tool to efficiently
identify populations at high risk of eLOS. By doing so, the diagnosis and treatment process can be optimized to reduce
the LOS and allocate medical resources effectively, aligning with the ERAS concept.

However, there are several limitations to consider in our study. First, it was a single-centre study, and the length of
hospital stay might vary significantly across different healthcare systems. Moreover, the high proportion of patients with
ASA 1II-IV in our hospital indicates a higher prevalence of severe comorbidities and advanced disease compared to those
treated in the community, leading to potential selection bias. Second, since this study aimed to establish ML models, the
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Figure 6 Schematic diagram of an artificial neural network. ASA: American society of anaesthesiologists; eLOS: Extended length of stay; AST: Aspartate
aminotransferase.

sample size might be relatively small, resulting in some ML models being prone to overfitting. As a result, the findings of
this study should be further validated and made applicable to a broader population through multicentre and large-
sample studies.

CONCLUSION

In conclusion, we have effectively developed a highly accurate ML model for eLOS prediction in hip fracture patients.
Notably, delayed surgery, elevated D-dimer levels, ASA classification, surgical type, and sex were significantly associated
with the eLOS. By applying ML in clinical practice, we can optimize the diagnosis and treatment of elderly hip fracture
patients, guide clinicians in decision-making, and allocate medical resources more efficiently.

ARTICLE HIGHLIGHTS

Research background

Geriatric hip fractures are a frequent occurrence and can lead to increased risks of complications and mortality during
prolonged hospital stays. This study focuses on utilizing machine learning (ML) to create predictive models aimed at
forecasting extended length of stay (eLOS) in elderly patients with hip fractures.

Research motivation

This research endeavor seeks to construct ML models to forecast eLOS in geriatric patients afflicted with hip fractures.
Additionally, the study aims to discern the pertinent risk factors contributing to eLOS and conduct a comparative
assessment of the performance of each developed model.

Research objectives

This research endeavors to construct ML models for the purpose of forecasting eLOS in geriatric patients who have
suffered hip fractures. Furthermore, it seeks to discern the pertinent risk factors associated with this outcome and conduct
a comparative analysis of the model performances. We have successfully formulated a highly precise ML model for the
prediction of eLOS in patients with hip fractures. Significantly, factors such as delayed surgical intervention, elevated D-
dimer levels, American Society of Anaesthesiologists (ASA) classification, surgical procedure type, and gender exhibited
notable associations with eLOS. The integration of ML into clinical settings holds the potential to enhance the diagnostic
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and therapeutic processes for elderly hip fracture patients, assist clinicians in informed decision-making, and optimize
the allocation of healthcare resources.

Research methods

A retrospective investigation was carried out at a sole orthopaedic trauma center, encompassing all individuals who
underwent surgery for hip fractures from January 2018 to December 2022. This study compiled a comprehensive array of
patient characteristics, encompassing demographics, general health status, injury-related information, laboratory results,
surgical data, and length of hospital stay. Features that demonstrated significant distinctions in univariate analysis were
incorporated into the development of ML models, which were subsequently subjected to cross-validation. The research
then undertook a comparative assessment of the ML models” performance and identified the risk factors associated with
eLOS.

Research results

Incorporating a cohort of 763 patients, of which 380 experienced eLOS, the study evaluated the predictive performance of
various ML models, with decision tree random forest, and eXtreme Gradient Boosting models emerging as the most
robust. Additionally, the artificial neural network model demonstrated commendable results. Following cross-validation,
the support vector machine and logistic regression models displayed superior predictive capabilities. Key predictors for
eLOS encompassed delayed surgery, D-dimer levels, ASA classification, type of surgery, and gender.

Research conclusions

The application of ML yielded exceptional accuracy in forecasting eLOS among geriatric hip fracture patients. Notably,
the study identified significant risk factors, including delayed surgery, D-dimer levels, ASA classification, surgical
procedure type, and gender. This valuable insight has the potential to assist clinicians in optimizing resource allocation to
meet patient demands more effectively.

Research perspectives

Future research in ML applications for predicting eLOS in geriatric hip fracture patients will likely focus on refining
models, integrating them into clinical practice, ensuring interpretability, and addressing ethical and practical consider-
ations to enhance the utility and impact of these predictive tools in healthcare.
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Abstract

BACKGROUND

Flexible flatfoot (FFF) is a very common condition in children, but no evidence-
based guidelines or assessment tools exist. Yet, surgical indication is left to the
surgeon’s experience and preferences.

AIM

To develop a functional clinical score for FFF [Catania flatfoot (CTF) score] and a
measure of internal consistency; to evaluate inter-observer and intra-observer
reliability of the CTF Score; to provide a strong tool for proper FFF surgical
indication.

METHODS

CTF is a medically compiled score of four main domains for a total of twelve
items: Patient features, Pain, Clinical Parameters, and Functionality. Each item
refers to a specific rate. Five experienced observers answered 10 case reports
according to the CTF. To assess inter- and intra-observer reliability of the CTF
score, the intra-class correlation coefficients’ (ICCs) statistics test was performed,
as well as to gauge the correlation between the CTF score and the surgical or
conservative treatment indication. Values of 75% were chosen as the score cut-off
for surgical indication. Sensitivity, specificity, positive likelihood ratio (PLHR),
negative likelihood ratio (NLHR), positive predictive value (PPV), and negative
predictive value (NPV).

RESULTS

Overall interobserver reliability ICC was 0.87 [95% confidence interval (CI): 0.846-
0.892; P < 0.001]. Overall intra-observer reliability ICC was 0.883 (95%CI: 0.854-
0.909; P < 0.001). A direct correlation between the CTF score and surgical
treatment indication [Pearson correlation coefficient = 0.94 (P < 0.001)] was found.
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According to the 75% cut-off, the sensitivity was 100% (95%CI: 83.43%-100%), specificity was 85.71% (95%CI:
75.29%-92.93%), PLHR was 7 (95%CI: 3.94-12.43), NLHR was 0 (95%CTI: 0-0), PPV was 75% (95%CI: 62.83%-84.19%)
and NPV was 100% (95%CI: 100%-100%).

CONCLUSION

CTF represents a useful tool for orthopedic surgeons in the FFF evaluation. The CTF score is a quality
questionnaire to reproduce suitable clinical research, survey studies, and clinical practice. Moreover, the 75% cut-
off is an important threshold for surgical indication and helps in the decision-making process.

Key Words: Pes planus; Score; Assessment; Clinic; Surgery; Outcome; Reparability
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Core Tip: There was no validated children’s flexible flatfoot questionnaire in the literature. Catania flatfoot is a medical score
of four main domains for a total of twelve items: Patient features, pain, clinical parameters, and functionality. The tool was
easy to perform and reproduce in clinical research, survey studies, or clinical practice. The 75% cut-off is an important
threshold for surgical indication and help in the decision-making process.
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INTRODUCTION

The flexible flatfoot (FFF), known as pes planus, is a very common condition in children characterized by loss of the
medial arch and an increase in the support base along with valgus of the hindfoot, yet 40 different definitions were
formulated[1]. FFF is associated with anatomical conditions, including valgus heel, subluxation of the subtalar joint with
intra-rotation of the talus and flexion of plantar abduction of the mid-tarsal joint with naval dorsal subluxation[2].
Generally, FFF is an age-related physiological variant, not a disease, and its incidence decreases significantly in terms of
increased age: In children 3-years-old, it is 54%, whereas in children 6-years-old, it is 24%[3]. A history should include
pain, location, intensity, functional problems, while trauma or recurrent ankle sprains should be specifically questioned.
FFF is typically an asymptomatic condition[4]. Lower limb pain[5] and lower limb function[6] were found as the main
manifestations in symptomatic FFF. Until 2022, more than 300 scientific articles were published, without evidence-based
guidelines. The challenge for health professionals is to identify when a child’s foot is consistent with developmental
expectations, particularly in relation to foot posture, and/or function to reassure, monitor or intervene accordingly[7-10].
Therefore, the measure to indicate where foot posture is outside of expected flatness in children (i.e., the diagnoses of flat
foot) must be valid, reliable, and appropriate for developing foot posture typically observed. Recently, a systematic
review[1] highlighted there was no consistency used to determine pediatric FFF in the literature or the choice of foot
posture measures, in relation to validity and reliability, which was rarely justified. A surgical indication was in effect for
the surgeon’s experience[11,12]. The purpose of the study was to develop new functional clinical scores for FFF to assess
toddlers and adolescent patients” characteristic functionality [Catania flatfoot (CTF] Score) and measure of internal
consistency; to evaluate inter- and intra-observer reliability of the CTF Score; and to provide a reliable tool for proper FFF
surgical indication.

MATERIALS AND METHODS

CTF score development
The CTF Score development was composed of two parts, the CTF Score Conception and CTF Score Composition and
Scoring.

CTF score conception: An orthopedic team was involved in developing the questionnaire. The CTF score was designed to
be used in different clinical settings, including clinical research, survey studies, and clinical practice to assess FFF-affected
patients and possibly assess changes with treatment. The development team was composed of two senior orthopedic and
trauma surgeons (Vito Pavone and Gianluca Testa), and one pediatric orthopedic (fully-trained) resident (Andrea Vescio).
At an early stage, an author (Andrea Vescio) search was done to analyze the functional foot and ankle score previously
described and developed as the CTF score. Senior authors (Vito Pavone and Gianluca Testa) reviewed and validated the
scores.
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CTF score composition and scoring: The questionnaire is a medically-compiled score of four main domains for a total of
twelve items: Patient features (2 items), pain (1 item), clinical parameters (5 items), and functionality (4 items). Each item
refers to a specific rate as reported in Supplementary Table 1. The lowest achievable value is -80, while the highest is 170.
Calculation of the CTF score is based on the following formula:

[(Sum of items score + 80)

250 ]X 100

The value is expressed as a percentage: Higher percentages are associated with a lower clinical presentation.

CTF score patient features domain: Patient features are composed of two items aimed to assess the principal general
parameters of the evaluated subject. The first item is related to age; the second is linked to laxity. Hypermobility can be
assessed according to the passive dorsiflexion of the fifth hand finger and thumbs, elbow, and knee hyperextension.

CTF score pain domain: The pain domain was composed of one item to assess generalized pain of the foot or ankle, as
well as in the plantar arch, heel, tibialis posterior tendon, and fascia.

CTF score clinical parameters domain: The clinical parameters domain is composed of five items to assess the callous
present, valgus of hindfoot, longitudinal arch, forefoot abduction, and triceps contracture. For each item, three answers
are admissible: “none”, “mild”, and “severe”. The first item “callous” allows for two answers: “yes” and “no”.

CTF score functionality domain: The functionality domain provides four items to evaluate the patient’s capacities.
Fatigue, inadequate physical and sport performance, and wear of orthosis is recorded. The first and last items of the
section (“fatigue” and “orthosis”) allow for two answers: “yes” and “no”, while others provide “none”, “mild”, and
“severe”.

Evaluation materials

A review of all infants, toddlers, and adolescents admitted through the pediatric orthopedic ambulatory were carried out.
For each patient the following demographic and clinical data captured: Gender, age, the involved side, and presence or
absence of associated syndromes or deformities, past and recent medical history for foot and ankle discomfort or pain.
Frontal, lateral, and posterior view photos were taken. The pictures were performed in the same positions to provide the
more possible objectivity and recorded in an online database. The inclusion criteria were as follows: (1) Chronological age
17-years-old; (2) physical and podoscopic examination; (3) complete photographic history; and (4) positive Tip Toe and
Jack test; all cases were examined by the same expected pediatric orthopedic team.

Evaluation contributors

Children in the study were independently examined and assessed by two orthopedic surgeons and three residents in
pediatric orthopedics: All evaluators had previous experience of at least twenty-four months. Three assessors, two
surgeons, and a resident completed a full program while treating over 50 FFF patients in the previous two years. All
observers had 1 h of theoretical FFF clinical manifestation and score system training before patients’ assessment. Each
contributor was provided with a summary of the medical history and clinical examination of the frontal, lateral, and
posterior view photos. As per the web-based score, observers were asked about conservative or surgical indication.
Answers were submitted via a link hosted by https://www.google.com/ forms and recorded by an Excel spreadsheet
(Microsoft, Redmond, WA, United States). The CTF score was submitted at two different points.

Primary outcome measurement

To assess the inter- and intra-observer reliability of the CTF score, the intra-class correlation coefficients (ICCs) statistics
test was performed. For scale development, it is generally accepted there should be at least five times the number of
respondents as questions, for at least 60 in total[11].

Secondary outcome measurement

To assess the correlation between the CTF score and surgical or conservative treatment, values of 75% were used as a
score cut-off for surgery. Sensitivity, specificity, positive likelihood ratio (PLHR), negative likelihood ratio (NLHR),
positive predictive value (PPV), and negative predictive value (NPV) were used.

Statistical analysis
Continuous data are presented as the mean and standard deviation when appropriate. The ICC (two-way random effects
model, with single-measure reliability) was performed to evaluate intra- and interobservers” agreement. According to the
Koo and Li guideline, agreement below 0.50 was considered “poor”; between 0.50 and 0.74 as “moderate”; between 0.75
and 0.89 as “good”; and above 0.90 as “excellent”[12]. The Pearson correlation coefficient (PCC) was utilized to assess the
correlation between conservative or surgical treatment and the CTF score. PCC vales between -1 and 1, where values
close to -1 indicated high negative correlation, with values close to 1 indicating a high positive correlation, and values
close to 0 indicating no or a very week correlation.

A rule of thumb for interpreting the coefficient is provided by Colton et al[13]: (1) 0 to 0.25 (0 to -0.25) little or no
relationship; (2) 0.25 to 0.50 (-0.25 to -0.50) fair degree of a relationship; (3) 0.50 to 0.75 (-0.50 to -0.75) moderate to good
degree of a relationship; and (4) 0.75 to 1.00 (-0.75 to -1.00) very good to excellent relationship.
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The Bland and Altman plot was produced to analyze differences between cohort measurements. The limits of
agreement were calculated as the mean difference + 1.96 SD[14]. A value of 75% was chosen as a score cut-off for surgical
indication. Sensitivity, specificity, PLHR, NLHR, PPV, and NPV were recorded. P values of less than 0.05 were
considered statistically significant. All statistical analyses were performed using IBM SPSS, Version 24.0 (IBM Corp.,
Armonk, NY, United States).

RESULTS

Five different experienced observers answered 10 case reports. For each patient, observers responded to 14 questions (12
items and 2 treatment indications) for a total of 140 responses. The web-based survey was submitted at two different
times, while 280 observations were reported.

Inter- and intra-observer reliability
Overall interobserver reliability ICC was 0.87 [95% confidence interval (CI): 0.846-0.892; P < 0.001; “good”]. The ICC value
for specialists was 0.809 (95%Cl: 0.761-0.849; P < 0.001; “good”), but was 0.852 (95%ClI: 0.821-0879; P < 0.001; “good”) for
residents (Table 1).

The overall intra-observer reliability ICC was 0.883 (95%ClI: 0.854-0.909; P < 0.001) and considered “good” (Table 2 and
Figure 1).

Ql"he I():C value for specialists was 0.869 (95%ClI: 0.832-0.901; P < 0.001; “good”), but was 0.878 (95%CI: 0.846-0.907; P <
0.001; “good”) for residents (Table 1).

CTF score treatment indication correlation
A fair inverse correlation occurred between the CTF score and conservative treatment indication (PCC = -0.483; P < 0.001)
(Figure 2A).

The direct correlation between the CTF score and surgical treatment indication (PCC = 0.94; P < 0.001) was rated “from
good to excellent” (Figure 2B).

CTF score for linear regression

According to the 75% cut-off, sensitivity was 100% (95%CI: 83.43%-100%), specificity was 85.71% (95%CI: 75.29%-92.93%),
PLHR was 7 (95%CI: 3.94-12.43), NLHR was 0 (95%CI: 0-0), PPV was 75% (95%CI: 62.83%-84.19%), and NPV was 100%
(95%ClI: 100%-100%).

DISCUSSION

The CTF score was found to be a valid, effective tool in flatfoot assessment. The scale was seen as good or excellent for
inter- and intra-observer reliability, done independently with experience levels. Higher score values were directly
correlated with surgical treatment needs, while an increase in score reduced conservative management indication. In
addition, the 75% CTF score values were discovered as reasonable cut-off points for surgical treatment, while high
percentages of sensitivity and specificity guaranteed safe tool utilization.

In recent surveys, European[9] and Italian[10] pediatric orthopedics underlined the absence of a specific and
universally-recognized clinical evaluation score for juvenile FFF. The CTF Score fills the literature void and, considering
the good results, can be proposed as a helpful tool for clinical research, survey studies, and clinical practice to assess FFF-
affected patients as well as changes with treatment.

Each domain scale was developed according to the weighted preferences of European and Italian pediatric orthopedics
which ensure that each scale is internally consistent, i.e., measures a single trait and that each item has different levels of
difficulty or severity.

The final instrument comprises 12 questions divided into four domains which measure problems in domains titled
Patient features (2 items), pain (1 item), clinical parameters (5 items), and functionality (4 items). Raw domain scores can be
transformed into percentage scores to make them easier to interpret; higher scores indicate more severe disability. The
item has strong face validity and is included as a categorical descriptive variable but not allied to any domain scale. The
instrument is not suitable for those who are unable to walk, or who have a significant proximal component to their
disability.

In 2005, the American Orthopedic Foot and Ankle Society (AOFAS) members identified the Foot Function Index, and
the American Academy of Orthopaedic Surgeons Foot and Ankle module scores as the most frequently used in the
literature[15]. Yet, AOFAS[16], Foot and Ankle Ability Measure[17], and the Rowan Foot Pain Assessment Questionnaire
[18] were commonly utilized for foot and ankle disorder evaluation. On the other hand, previous scores were not specific
for children or flatfoot, because they were developed for adult generalized foot and ankle disease or ankle osteoarthritis.

The Oxford Ankle Foot Questionnaire for Children (OxAFQ-C) is the only validated tool in the pediatric population to
measure the subjective well-being of children from 5- to 16-years-old with foot and ankle conditions[19]. The major limit
of the OxAFQ-C is its patient-reported nature, as several studies report a tendency in children to score themselves higher
than their parents[20,21], while the physician CTF Score report an intra-observer reliability of 0.883, with the OxAFQ-C
domain reliability rating at 0.6 and 0.83. In addition, the tool was useful for physicians with an intra- and interobserver
reliability of 0.852 and 0.878, respectively.
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Table 1 Intra-observer reliability intra-class correlation coefficients values

95% confidence interval

Sample ICC Value P value
Lower limit Upper limit

Overall 0.883 0.854 0.909 7.513 <0.0001

Specialists 0.869 0.832 0.901 27523 <0.0001

Residents 0.878 0.846 0.907 44.351 <0.0001

ICC: Intra-class correlation coefficients.

Table 2 Interobserver reliability intra-class correlation coefficients values

95% confidence winterval

Sample ICC Value P value
Lower limit Upper limit

Overall 0.870 0.846 0.892 34.479 <0.0001

Specialists 0.809 0.761 0.849 9.475 <0.0001

Residents 0.852 0.821 0.879 18.272 <0.0001

ICC: Intra-class correlation coefficients.
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Figure 1 Bland Altman plots according overall intra-observer reliability intra-class correlation coefficients. ICC: Intra-class correlation
coefficients.

Since March 2020, the pandemic emergency raised questions about alternatives to normal clinical activity to avoid
overcrowding in departments; for less risk of contagions, many checkups were procrastinated. This issue caused a
possible loss of patient follow-up, which can reflect on the clinic and its outcomes. The necessity to develop management
protocols highlights telemedicine as a valid alternative in particular conditions vs the face-to-face clinic, with safety
margins and economic savings. The CTF score was administered with a web-based database, well-tolerated by observers;
moreover, despite assessment of foot functionality, the CTF Score does not include a range of motion evaluation. The
score was considered a good remote follow-up tool. The authors intend to promote the distribution of the score and face-
to-face and remote validation.

Surgical treatment is still debated, as Bouchard and Mosca[22] suggested that surgical management be used only in
Achilles” tendon retraction, while several authors highlighted issues of fatigue, inadequate physical performance, and
pain as the main parameters for the decision-making process[23]. The 75% CTF score cut-off presented high sensitivity
and specificity as reasonable cut-offs for surgical treatment. The tool does not replace the surgeon’s experience, but
represents a helpful orthopedic decision-making process. The CTF provides to general or pediatric physicians, podiatrist,
physiotherapists, young or non-pediatric orthopedic trained orthopedic surgeons a common accepted and objective
additional tool for the correct flatfoot grade and eventually surgical indication. The patient and family history, body
posture assessment remain mandatory for the proper assessment. Future research into the development and validation of

Guiewidenge WJO | https://www.wignet.com 759 October 18,2023 | Volume14 | Issuel0 |



Vescio A et al. Catania flatfoot score

A 1.0 A 0000 000000000 O 0 0 0 00000 B 104 o 0000008
0.8 | 0.8
c
Ke]
8 06 S 06 -
g 2
B 5
2 £
® 0.4- 3 04 -
g El
= A
© 0.2 0.2 1
0.0 - 0 000000 O O O o 0 0000000000 0.0 0000 COOFO0000000 00 o o
0.00 20.00 40.00 60.00 80.00 100.00 0.00 20.00 40.00 60.00 80.00 100.00
CTF score CTF score

DOI: 10.5312/wjo.v14.i10.755 Copyright ©The Author(s) 2023.

Figure 2 Scatter plot. A: The correlation between the Catania flatfoot (CTF) score and the conservative treatment indication; B: The correlation between the CTF
score and the surgical treatment indication.

the questionnaire will assess whether the instrument is responsive to change. We will administer the questionnaire to
general non-pediatric orthopedic surgeons, and reassess test-retest reliability while monitoring dimensionality and
scaling of the instrument as more data become available.

The limits of the score are related to the domains compilation, in fact, the valgus of the hindfoot, longitudinal arch,
forefoot abduction, and triceps contracture assessment are related to the physician or surgeon experience, and the fatigue,
inadequate physical and sport performance items are related to the patient consciousness. In the future, the development
of new and more objective criteria could make the CTF more usable.

CONCLUSION

In conclusion, the CTF Score is useful for orthopedic surgeons in the juvenile FFF evaluation. The CTF score is derived
from a high-quality questionnaire for clinical research, survey studies, or clinical practice. The 75% cut-off point is a good
threshold for surgical indication and decision-making. Given widespread use of telemedicine, the CTF score is also seen
as an objective remote clinical examination.

ARTICLE HIGHLIGHTS

Research background

Flexible flatfoot (FFF) is a very common condition in children, but no evidence-based guidelines or assessment tools exist.
Yet, surgical indication is left to the surgeon’s experience and preferences.

Research motivation
The lack of common diagnostic criteria for FFF.

Research objectives
To develop a functional clinical score for FFF [Catania flatfoot (CTF) score] and a measure of internal consistency; to

evaluate interobserver and intra-observer reliability of the CTF Score; to provide a strong tool for proper FFF surgical
indication.

Research methods

CTF is a medically compiled score of four main domains for a total of twelve items: Patient features, Pain, Clinical
Parameters, and Functionality. Each item refers to a specific rate. Five experienced observers answered 10 case reports
according to the CTF. To assess inter- and intra-observer reliability of the CTF score, the intra-class correlation coeffi-
cients’ (ICCs) statistics test was performed, as well as to gauge the correlation between the CTF score and the surgical or
conservative treatment indication. Values of 75% were chosen as the score cut-off for surgical indication. Sensitivity,
specificity, positive likelihood ratio (PLHR), negative likelihood ratio (NLHR), positive predictive value (PPV), and
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negative predictive value (NPV).

Research results

Overall interobserver reliability ICC was 0.87 (95%CI: 0.846-0.892; P < 0.001). Overall intra-observer reliability ICC was
0.883 (95%CI: 0.854-0.909; P < 0.001). A direct correlation between the CTF score and surgical treatment indication
[Pearson correlation coefficient = 0.94 (P < 0.001)] was found. According to the 75% cut-off, the sensitivity was 100%
(95%Cl: 83.43%-100%), specificity was 85.71% (95%CI: 75.29%-92.93%), PLHR was 7 (95%CI: 3.94-12.43), NLHR was 0
(95%CTI: 0-0), PPV was 75% (95%ClL: 62.83%-84.19%) and NPV was 100% (95%CI: 100%-100%).

Research conclusions

CTF represents a useful tool for orthopedic surgeons in the FFF evaluation. The CTF score is a quality questionnaire to
reproduce suitable clinical research, survey studies, and clinical practice. Moreover, the 75% cut-off is an important
threshold for surgical indication and helps in the decision-making process.

Research perspectives
CTF needs further multicentric studies to increase its validity for diagnostic and surgical indications in FFF.
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Abstract

BACKGROUND

Proximal femur fractures, including both intracapsular (femoral neck fractures)
and extracapsular fractures (intertrochanteric femoral fractures, IFFs), affect
around 1.5 million people per year worldwide. Mechanical failures of inter-

trochanteric nailing in IFFs could be managed with revision total hip arthroplasty
(THA).

AIM
To describe the surgical complexity and the procedure-related complication rates
in patients with trochanteric nailing failure and treated with THA.

METHODS

Patients referred to our level I trauma center between April 2012 and July 2018
with failed cephalomedullary nailing following trochanteric fractures were
retrospectively recruited. All patients underwent a salvage surgical procedure, i.e.,
cephalomedullary nail removal and conversion to THA. The same surgical and
anesthesiology team performed the surgical procedures under spinal anesthesia.
All patients underwent clinical and radiographic follow-ups for at least 24 mo.
Complications and re-operations were recorded.

RESULTS

Seventy-four patients met the inclusion criteria (male: 29; female: 45; mean age:
73.8-years-old; range: 65-89) and were included in the current study. The average
operative time was 117 min (76-192 min). The average blood loss was 585 mL
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(430-1720 mL). Among the 74 patients, 43 (58.1%) required transfusion of three or more blood units. Two patients
died within the 4™ d after surgery because of pulmonary embolism, and 1 patient died 9 mo after surgery due to
ischemic myocardial infarction. The complication rate in the 71 patients who completed the minimum 24-mo
follow-up was 22.5%. In 3 cases out of 71 (4.2%) periprosthetic acetabular fracture was observed during the follow-
up. One of these periacetabular fractures occurred intraoperatively. An intraoperative periprosthetic femur fracture
was observed in 5 patients out of 71 (7.0%). Four of these patients needed a re-operation to fix the fracture with
plates and cerclages; in one of these patients, femoral stem revision was also necessary. In 4 patients out of 71
(5.6%), an early THA dislocation was observed, whereas in 1 case (1.4%) a late THA dislocation was observed.
Three patients out of 71 (4.2%) developed a periprosthetic joint infection during the study follow-up.

CONCLUSION
The present study demonstrated that salvage options for IFF fixation failure are complex procedures with a
relevant intraoperative and postoperative complication rate.

Key Words: Femoral nailing; Total hip arthroplasty; Proximal femur fractures; Osteoporosis; Fragility fractures; Geriatric
patients; Hip traumatology; Hip replacement
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Core Tip: The present study demonstrated that salvage options for intertrochanteric femoral fracture fixation failure deal with
intraoperative and postoperative complications at a higher rate compared to primary elective total hip arthroplasty.
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INTRODUCTION

Proximal femur fractures (PFFs), including both intracapsular (femoral neck fractures, FNFs) and extracapsular fractures
(intertrochanteric femoral fractures, IFFs), affect around 1.5 million people per year worldwide, thus constituting a major
public health problem[1]. PFFs are the most common traumatic injuries in elderly people and significantly impact
patients” health status, potentially leading to a reduced quality of life, increased disability and higher mortality rate[1,2].
In Italy, PFFs have an estimated annual prevalence of 78000, with 90% of injuries occurring in patients older than 65 years
[3]. Nonetheless, as life expectancy is constantly increasing, the annual number is supposed to steadily increase by
reaching 8.2 million fractures in 2050 worldwide[3-6].

IFFs, accounting for more than 60% of PFFs, have an annual mortality rate of 15%-20%[4]. It has also been reported that
the incidence of IFF is increasing more than the incidence of PFF in the elderly[7]. Fox et al[7], in a prospective study on
923 elderly patients comparing patients with IFF and FNF, observed that patients with IFFs were older and showed a
worse pre-injury health status. They also were less likely to recover to the pre-fracture level of functioning at the 2-mo
follow-up.

IFFs need surgical management and could be treated both with intramedullary and extramedullary implants[1,3].
However, a recent meta-analysis by Zhang et al[8] stated that the current evidence indicates short intramedullary nails
may be a better choice than dynamic hip screws in the treatment of IFFs. Compared to dynamic hip screws, intra-
medullary nailing has the theoretical advantages of being less invasive and biomechanically superior, providing a
buttress to limit fracture collapse[1]. Moreover, in patients managed with cephalomedullary nails, a better recovery to
pre-injury activity level, less blood loss, and fewer complications have been reported[1,3,8].

The surgical planning of IFFs and implant choice is critically influenced by the stability of the fracture pattern[9]. A
stable fracture resists displacement after adequate reduction and fixation and generally includes two fragment fractures
with an intact posteromedial cortical calcar[9]. The intact medial buttress allows the proximal femur to redistribute stress
and resist medial compressive loads[10]. On the other hand, an unstable fracture may collapse even after adequate
reduction and fixation[10]. Unstable patterns include fractures with a compromised medial calcar (comminuted patterns
or fractures with a large posteromedial fragment), fractures with a subtrochanteric extension, reverse obliquity fractures,
or intertrochanteric fractures that involve the lateral cortical wall[9,10].

Treatment of unstable fractures is still challenging, and several factors may influence the surgical technique and
implant choice[9,10]. Cephalomedullary nailing revealed a biomechanical superiority compared with an extramedullary
fixation for unstable fracture patterns since it can resist higher loading forces and provide greater stability reducing the
distance from the implant and the hip joint diminishing the bending moment across the implant/fracture construct[11-
15]. Fixation failure after surgery to treat IFF is a serious complication. Many factors seem to influence the stability of the
fixation during follow-up including the patient’s age, female sex, poor bone quality, device choice, fracture reduction
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Table 1 Main data of the study

Item Patients, n=74
Age inyr

mean + SD 73.80+£7.85

Range 65-89
Sex

Female 45 (60.8)
BMI in kg/m?

mean + SD 28.70 £4.43
Side

Right 43 (58.1)
Mean operating time in min, mean + SD 77.0+35.5
Patients undergoing > 3, blood transfusion 43 (58.1)

Data are 7 (%) unless otherwise indicated. BMI: Body mass index; SD: Standard deviation.

quality, and presence of neurological comorbidities that may affect the rehabilitation process[16].
This study aimed to describe the surgical complexity and the procedure-related complication rates, in patients referring
with trochanteric nailing failure and treated with total hip arthroplasty (THA) or hemiarthroplasty.

MATERIALS AND METHODS

Patients referred to our level I trauma center between April 2012 and July 2018 with failed trochanteric nailing were
retrospectively recruited according to inclusion and exclusion criteria. Ethical clearance was obtained from our center’s
clinical research ethics board as per the 1964 Declaration of Helsinki, and all patients gave informed consent before
enrolment in the study.

The inclusion criteria included: age greater than 65-years-old; good cognitive state; and osteoporosis, defined as lumbar
T-score < -2.5 (all patients performed a DEXA scan during hospitalization). The exclusion criteria included: Moderate
cognitive impairment (defined as mini-mental state examination < 19); a history of malignant neoplasm; hemoglobin < 10
g/ dL at baseline; severely obese patients, i.e., body mass index > 35 kg/m? a life expectancy of fewer than 3 mo; medical
illness or cognitive disorders precluding participation in the follow-up examination; concomitant lower-limb fractures;
and traumatic head injury.

Patient demographics, including age, sex, body mass index, and comorbidities were recorded at recruitment. All
patients underwent THA via the Hardinge approach, with the patient positioned in lateral decubitus. Adhesions were
cleared around scar tissue, fully exposing the trochanter and enabling assessment of the greater and lesser trochanters
and calcar femoral. The surgical procedures were performed by the same surgical and anesthesiology team under spinal
anesthesia.

Cefazolin (2 g intravenously) or, if contraindicated, clindamycin (600 mg i.v.) was given 60 min before incision.
Subcutaneous injection of low molecular-weight heparin (enoxaparin 4000 UI once a day, started 12 h after surgery) was
administered for antithrombotic prophylaxis in all patients until the return to full weight-bearing.

Surgical time, blood transfusion rate and perioperative and major complications were assessed. All patients underwent
a minimum 24-mo clinical and radiographic follow-up. Complications and reoperations were recorded.

Statistical analysis was performed using STATA/MP 14 for Windows (StataCorp LP, College Station, United States).
All data were described as mean, median, and standard deviation.

RESULTS

The main data of the study are reported in Table 1. Seventy-four patients met the inclusion and exclusion criteria (male:
29; female: 45; mean age: 73.8-years-old; range: 65-89) and were included in the current study. The recruited patients were
originally referred with the following fracture patterns: 31-A1.2 (58 out of 74; 78.38%); 31-A1.3 (9 out of 74; 12.16%); 31-
A2.2 (5 out of 74; 6.76%); and 31- A2.3 (2 out of 74; 2.7%).

The trochanteric nail failure modality included: cut-out in 39 cases out of 74 (50.65%); non-union in 13 patients out of 74
(17.56%); peri-implant fracture in 12 patients out of 74 (16.20%); cut-through in 8 patients out of 74 (10.80%); and femoral
head avascular necrosis in 2 patients out of 74 (2.70%).
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The average operation time was 117 min (76-192 min). The average blood loss was 585 mL (430-1720 mL). Among the
74 patients, 43 patients (58.10%) required transfusion of three or more blood units.

All the patients underwent nail conversion to THA. Cemented stems were used in 19 patients out of 64 (25.68%),
whereas uncemented stems were employed in 55 patients out of 74 (74.32%). Among the latter, long stems were used in
39 patients out of 74 (52.70%). Cemented cups were implanted in 18 patients out of 74 (24.32%), whereas in 56 patients out
of 74 (75.68%) cementless cups were used. Dual-mobility cups were implanted in 16 patients out of 74 (21.62%).

Table 2 shows the complications observed during the study follow-up. Seventy-one patients completed the minimum
24 mo of clinical and radiological follow-up (range: 25-85 mo). Two patients (2.70%) died within 4 d after surgery because
of pulmonary embolism. One patient (1.35%) died 9 mo after surgery due to ischemic myocardial infarction. The overall
complication rate in the 71 patients who completed the minimum 24-mo follow-up was 22.5%.

In 3 cases (4.23%) periprosthetic acetabular fracture was observed during the follow-up. One of these periacetabular
fractures occurred intraoperatively. In 5 patients (7.00%), an intraoperative periprosthetic femur fracture was observed.
Four of these patients needed a re-operation to fix the fracture with plates and cerclages; in one of these patients, femoral
stem revision was also necessary. In 4 patients (5.60%) an early THA dislocation was observed, and 1 case (1.40%) a late
THA dislocation was observed.

Three patients (4.23%) developed a periprosthetic joint infections (PJI) during the study follow-up. Two of them were
early treated with debridement, antibiotics, irrigation, and retention of the prosthesis protocol; the other one was a late-
onset infection requiring the THA explant and definitive conversion to Girdlestone procedure.

Table 3 shows the study data detailed by patients” sexes. Note that a higher percentage of perioperative complications
was observed in male patients.

Figure 1 shows a case of complex femoral nailing failure in a female patient aged 81.

DISCUSSION

IFF is a common fracture injury among the elderly. Conservative treatment can result in prolonged periods in bed and/or
lower limb shortening with varus deformity and is limited to very unstable patients with high perioperative risk[17].
Surgical treatment with cephalomedullary nails, compression hip screws, and the paracortical proximal plate has become
the standard of care[9]. Despite the advanced acknowledge and skills in the surgical management of IFF, internal fixation
is often associated with significant failure, ranging from 3%-12%.

The patients at increased risk of failure are the elderly, females, and osteoporotic patients[18,19]. Fixation failure
depends on several factors, including poor bone quality, fracture comminution and biomechanical stability, quality of
reduction, and fixation. Despite several technological improvements that have been produced in the last two decades,
fixation failure due to mechanical and biological complications still occurs and can lead to potentially devastating
scenarios[20-23]. Mechanical complications are cut-out, cut-through, peri-implant fractures, or implant fractures.

The most common mechanical complication observed in our study was the lateral mobilization of the cephalic screw,
i.e., cutting out (55.71% of cases). Many factors are associated with a higher risk of cut-out, including a tip-to-apex
distance greater than 25 mm, an unstable fracture pattern, an inadequate fracture reduction that may lead to a varus
deformity of the femoral neck, and positioning of lag screw outside of the center-center or inferior center of the femoral
neck[24-26]. The medial mobilization of the cephalic screw or blade toward the hip joint is also called cut-through.

Salvage procedures currently used for failed internal fixation of IFF are revision osteosynthesis or conversion to hip
arthroplasty. The term salvage procedures in patients undergoing salvage surgeries are used to indicate a considerable
decrease in pain level and an increase in functional recovery after treatment[27-34].

Revision osteosynthesis is mostly utilized in patients younger than 50-years-old, with high life expectancy and
satisfactory bone quality[27,28]. It implies femoral head sparing and re-fixation performed via hardware exchange
(blade/screw), bone graft augmentation (autologous or allograft) acting as a plug-in case of joint perforation, and a new
blade/screw insertion either cemented or uncemented[29]. On the other hand, conversion to THA as a salvage option is
preferred for elderly patients with severely impaired articular surfaces allowing early weight bearing and mobilization
[20,21,29]. As already mentioned, salvage THA is a complex procedure and includes several technical hurdles hindering
successful surgical outcomes including bone loss and/or deformity, poor bone stock, and the presence of non-union or
malunion[20].

Our study differentiated salvage procedure-related complications into intraoperative and postoperative complications.
Intraoperatively, we considered major complications, such as an increased skin-to-skin operative time compared to
primary THA implant, intraoperative blood loss, and intraoperative fractures. Intraoperative fractures were the most
common intraoperative complication including one acetabular fracture and five femoral fractures occurring during
acetabular reaming and femoral canal broaching, respectively. They may be related to a combination of factors such as
previous osteoporosis, incomplete fracture union, and weakening of the bone after hardware removal.

Intraoperative acetabular fractures may be related to disuse osteopenia and/or the presence of previous osteoporosis.
Great trochanter fractures may be attributable to an amount of bone loss to the medial aspect of the greater trochanter
due to a wider diameter of proximal nails, a lateral entry site of the lag screw in the greater trochanter, and excessive
stress during hardware removal[35].

Skin-to-skin operative time and intraoperative bleeding were higher. Compared to patients undergoing primary THA,
salvage procedures require two steps. The first operative time includes adhesion clearance around scar tissue, exposure of
the greater trochanter, and hardware removal. The second operative time includes prosthetic joint implantation. This
procedure is challenging and technically demanding because of distorted proximal femur anatomy, poor bone stock,
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Table 2 Recorded complications, n (%)

Item Patients, n=74
Dead 3 (4.00)
Periprosthetic acetabular fractures 3 (4.00)
Periprosthetic femoral fractures 5 (6.76)
THA dislocation 5 (6.76)
Periprosthetic joint infections 3 (4.00)

THA: Total hip arthroplasty.

Table 3 Study data reported by sex

Item Males, n=29 Females, n = 45 P value
Agein yr
mean + SD 72.90 +9.85 74.40 + 8.65 0.087
Range 67-89 65-87
BMI in kg/m?
mean + SD 28.60 +4.03 28.90 + 4.55 0.650
Side
Right 17 (58.62) 26 (57.78) 0.580
Operating time in min, mean + SD 84.0 + 41.50 7222 +32.34 0.003"
Patients undergoing > 3, blood transfusion 19 (65.50) 24 (53.30) 0.002"
Complications
Dead 2 (6.89) 1(222) 0.001"
Periprosthetic acetabular fractures 2 (6.89) 1(2.22) 0.001*
Periprosthetic femoral fractures 1(3.45) 4 (8.90) 0.001°
THA dislocation 2 (6.89) 3 (6.70) 0.630
Periprosthetic joint infections 2 (6.89) 1222 0.001°

“Statistical significance.
Data are 1 (%) unless otherwise indicated. BMI: Body mass index; SD: Standard deviation; THA: Total hip arthroplasty.

medial or lateral wall incompetence, and the presence of screw holes causing potential cement extrusion[30,31].

During the postoperative period after patient discharge, complications were further categorized as early major and late
major complications. Early major complications included four cases of dislocation and two PJIs. Late major complications
included 1 case of late dislocation and 1 case of periprosthetic infection.

Early postoperative dislocation is an important orthopedic complication after the salvage of THA. The dislocation rate
in patients undergoing salvage arthroplasty after fixation failure of IFF seems to be higher compared to patients
undergoing primary THA or salvage arthroplasty for FNF. This complication may be related to many factors: loss of
abductor mechanism; shortening of limb length; and misorientation of prosthetic components[32].

The surgical site infection risk rate increases with an increasing number of revision surgeries performed. Our results
(two early and one late PJI), similar to other results available within the current literature, revealed an increased PJI rate
in salvage options compared to primary elective THA[36,37].

CONCLUSION

Surgical treatment for IFF fixation failure is a challenging procedure. Despite updated surgical skills in the surgical
management of IFF, internal fixation failure rates are diagnosed in up to 12% of cases. Salvage options are the mainstay of
their treatment allowing early weight bearing and stimulating functional recovery to the pre-injury level. This study
analyzed difficulties during a salvage procedure, i.e., cephalomedullary nail removal and THA implant, after failed
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Figure 1 A case of complex femoral nailing failure in a female patient aged 81 years. A and B: Anti-rotational screw cut-out, concomitant varus
deformity of the neck, and cephalic screw cut-through; C: The patient underwent cemented bipolar hemiarthroplasty. Note the cement leakage through the former
distal screw hole.

fixation of IFF. The present study demonstrated that salvage options for IFF fixation failure deal with intraoperative and
postoperative complications at a higher rate than primary elective THA. Based on the present study findings, it is
mandatory to adequately plan the surgical treatment in patients with PFFs since high rates of perioperative local and
systemic complications are more common during revision surgery (or a salvage procedure).

ARTICLE HIGHLIGHTS

Research background

Proximal femur fractures (PFFs), including both intracapsular (femoral neck fractures) and extracapsular fractures
(intertrochanteric femoral fractures, IFFs), affect around 1.5 million people per year worldwide. Mechanical failures of
intertrochanteric nailing in IFFs could be managed with revision total hip arthroplasty (THA).

Research motivation

To assess if the conversion of failed nailing to THA in patients with previous PFFs has a high perioperative complication
rate.

Research objectives
To describe the surgical complexity and the procedure-related complication rates, in patients referring with trochanteric
nailing failure and treated with THA

Research methods

Patients referred to our level I trauma center between April 2012 and July 2018 with failed cephalomedullary nailing
following trochanteric fractures were retrospectively recruited. All patients underwent a salvage surgical procedure, i.e.,
cephalomedullary nail removal and conversion to THA. The surgical procedures were performed by the same surgical
and anesthesiology team under spinal anesthesia. All patients underwent clinical and radiographic follow-ups for a
minimum of 24 mo. Complications and re-operations were recorded.

Research results

Seventy-four patients met the inclusion criteria (male: 29; female: 45; mean age: 73.8-years-old; range: 65-89) and were
included in the current study. The average operative time was 117 min (76-192 min). The average blood loss was 585 mL
(430-1720 mL). Of the 74 patients, 43 patients (58.1%) required transfusion of three or more blood units. Two patients died
within the 4™ d after surgery because of pulmonary embolism. One patient died 9 mo after surgery due to ischemic
myocardial infarction. The complication rate in the 71 patients who completed the minimum 24-mo follow-up was
22.50%. In 3 cases (4.23%) periprosthetic acetabular fracture was observed during the follow-up. One of these
periacetabular fractures occurred intraoperatively. An intraoperative periprosthetic femur fracture was observed in 5
patients (7.00%). Four of these patients needed a re-operation to fix the fracture with plates and cerclages; in one of these
patients, femoral stem revision was also necessary. In 4 patients (5.60%) an early THA dislocation was observed, whereas
in 1 patient (1.40%) a late THA dislocation was observed. Three patients (4.23%) developed a periprosthetic joint infection
during the study follow-up.
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Research conclusions
The present study demonstrated that salvage options for IFF fixation failure are complex procedures with a relevant
intraoperative and postoperative complication rate.

Research perspectives
Based on the present study findings, it is mandatory to adequately plan the surgical treatment in patients with PFFs since
a revision surgery has a risk of high rates of perioperative local and systemic complications.
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CASE SUMMARY

A 44-year-old male with a known case of hypertension, no history of allergies to
medications, and a history of chronic osteomyelitis of the right tibia with dis-
charging sinus over the anterolateral aspect of the leg. The pus culture grew
Published online: October 18,2023 Staphylococcus aureus, which was sensitive to clindamycin and vancomycin. The
patient underwent irrigation and debridement with the placement of vancomycin
cement beads made from 4 g of vancomycin powder and 40 g of polymethyl
methacrylate. Three hours postoperatively, the patient developed a pruritic,
erythematous, macular rash predominantly on his face, neck, chest, and lower
extremities and to a lesser extent his upper extremities. A diagnosis of VFS was
made and was successfully treated with cetirizine (10 mg, oral) and methylpred-
nisolone sodium succinate (125 mg, intravenous). The patient continued to have
itching with a facial rash for 12 h with gradual improvement. A decision was
made to not remove the beads as the patient continued to improve. Gradually, the
rash disappeared after 96 h with no further sequela.

CONCLUSION
VES can occur not only after rapid intravenous injection of vancomycin but also
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with local release, as in our case. As orthopaedic surgeons routinely use vancomycin with polymethyl methacrylate
in chronic osteomyelitis and revision arthroplasty, they should be aware of such a complication occurring.
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Core Tip: Vancomycin-related allergic skin reactions are not uncommon and are typically reported to occur after rapid
intravenous infusion. However, this complication can also occur when vancomycin is implanted for slow release. Since
orthopaedic surgeons routinely use vancomycin with polymethyl methacrylate, they should be aware of this complication
occurring despite its rarity.
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INTRODUCTION

Vancomycin inhibits cell wall synthesis of bacteria, making it a potent bactericidal against the majority of Gram-positive
cocci[1]. Even though it has its own complications of resistance and other allergic reactions, it is still in use. One of the
serious complications of using vancomycin is vancomycin flushing syndrome (VFES), also known as Red man syndrome
(RMS), which is an anaphylactoid reaction. It presents as a pruritic, erythematous rash on the face, neck, and upper torso,
hypotension, angioedema, and cardiac arrest[2-5]. The initial reports of this complication were reported due to rapid
infusion of vancomycin at 1000 mg over 1 h[6]. Later reports did suggest it can happen even after slow infusion as well[7].

Vancomycin is routinely used in orthopaedic practice preoperatively as a prophylactic antibiotic and postoperatively to
treat bone and joint infections[8,9]. Serious allergic reactions like VFS can occur. VFS developed in our patient with
chronic osteomyelitis after the insertion of vancomycin-impregnated beads. A review of the literature on VFS in

orthopaedic patients showed that 4 cases of VFS occurring after local implantation have been reported in the last 23 years
(Table 1)[10-13].

CASE PRESENTATION

Chief complaints

A 44-year-old male presented with chronic osteomyelitis of the right tibia. The patient presented to the orthopaedic clinic
due to right leg pain and swelling, the inability to bear weight, and multiple attacks of subjective fever. The right leg pain
suddenly progressed over the prior 3 mo, without a history of recent trauma. The pain increased at night and later
became constant even during rest. The pain was located mainly on the proximal right tibia with radiation to the right
knee and middle third of the right leg. The patient also experienced multiple attacks of fever and night sweats.

History of present illness

The patient had an open fracture 22 years ago with an infection and was diagnosed with chronic osteomyelitis with a
discharging sinus. The sinus had closed, but the pain continued. He was treated with evacuation of the abscess and
courses of antibiotics.

History of past illness
The patient had a history of hypertension.

Personal and family history
No personal or family history relevant to the presentation. No history of allergy to medications was reported.

Physical examination

On inspection, there was swelling of the right leg and skin redness on the anterior aspect of the proximal third of the right
leg. We observed a skin scar with thin scar tissue over the tibia directly. There was no underlying soft tissue on the
anterior aspect of the proximal right tibia with massive swelling and tenderness around this area. The patient had an
intact neurovascular examination.
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Table 1 Review of literature of vancomycin flushing syndrome after local implantation of vancomycin

Ref. Vancomycin used Outcome
Hinarejos et al[10], 2015 Bone cement Recovered
Juyal et al[12], 2015 Bone cement beads Recovered
Chen et al[11], 2018 Cement spacer Recovered
Harper and Incavo[13], 2019 Cement spacer Recovered
Present case, 2023 Bone cement beads Recovered

Laboratory examinations

Laboratory findings included slightly increased leukocytes (12.3 x 10°/L; normal range: 4.5-11.0 x 10°/L), haematocrit
(40.2%; normal range: 41%-50%), platelets (522,000 mcL; normal range: 150,000 to 450,000 mcL), elevated erythrocyte
sedimentation rate (95 mm/h, normal range: < 20 mm/h), and high C-reactive protein (133 mg/L; normal range: 0-10
mg/L). The patient had a discharging sinus on the anterior proximal third of the right leg in the centre of the previous
scar. Culture from the sinus grew Staphylococcus aureus.

Imaging examinations

Anteroposterior and lateral X-ray views showed multiple opacities, and magnetic resonance imaging showed a collection
with high signal intensity in the proximal right tibia. The radiological studies revealed an intramedullary collection of the
proximal right tibia with the impression of subacute osteomyelitis with multiple Brodie’s abscesses of the proximal right
tibia (Figure 1).

FINAL DIAGNOSIS

Chronic osteomyelitis of the right tibia.

TREATMENT

The patient underwent irrigation and debridement with the placement of vancomycin cement beads made from 4 g of
vancomycin powder and 40 g of cement (1 g of vancomycin for each 10 g of cement) attached to size 1 proline and was
placed intramedullary in the cavity through the two bone windows on the proximal and mid right tibia. Three hours
postoperatively, the patient developed a pruritic, erythematous, macular rash predominantly on his face, neck, chest, and
lower extremities and to a lesser extent his upper extremities. There were no signs of vital instability observed at the time
(maximum area of skin rash was the infected, right lower limb and the patient’s face and chest) (Figure 2). The patient
started to become agitated due to itchiness. However, he remained clearly conscious, and the fine oxygen saturation was
98% in room air. The patient remained stable.

Urgent consultation of the on-call medical and infectious disease teams was completed; they examined the patient and
recommended starting the patient immediately on cetirizine (10 mg, oral) and methylprednisolone sodium succinate (125
mg, intravenously). The patient continued to experience itching with a facial rash for 12 h with gradual improvement
after therapy. He remained on close observation with close monitoring of respiration and other vital signs. The
orthopaedic team made the decision to remove the antibiotics beads only if the patient hemodynamically deteriorated.
The patient showed marked improvement 18 h after starting the medications; gradually, the rash started to decrease until
it completely disappeared after around 96 h with no further sequela.

OUTCOME AND FOLLOW-UP

The beads were removed 4 mo postoperatively. The patient also received progressive irrigation and debridement with
bone graft to the distal metaphyseal bone defect (window). The patient completed the antibiotics course according to the
infectious disease team’s recommendation (2 wk parenteral and 10 wk oral).

DISCUSSION

Our patient who developed VFS due to vancomycin exposure during after a prolonged release was contrary to the initial
reports of rapid infusion being the cause of VFS. Only 4 other orthopaedic cases in the last two decades have been
reported where the complication occurred due to the slow release of vancomycin. It is believed that the side effects are
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Figure 1 Imaging examinations. A: An X-ray showed changes of chronic osteomyelitis in the right upper tibia; B: Magnetic resonance imaging showed changes
of chronic osteomyelitis with abscess formation in the right upper tibia. The arrows indicate cavitation and changes due to chronic osteomyelitis.

DOI: 10.5312/wjo.v14.i10.771 Copyright ©The Author(s) 2023.

Figure 2 Allergic reactions due to vancomycin. A: Chest; B: Legs; C: Forearm.

due to impurities. However, even after increasing the purity, the side effects still occur. At present, it is recommended
that vancomycin should be infused at a rate no faster than 1 g/h or 10 mg/min[13,14].

There are two issues that need to be addressed. Vancomycin induces allergic reactions due to its activation of mast
cells, which release histamine independent of preformed immunoglobin E or complement. The side effects range from
pruritis to angioedema to cardiac arrest. It is prudent that antihistamines are started at the same time as vancomycin to
avoid the reactions.

Secondly, the term “RMS” needs to be retired from the medical language as this term has racial implications relating to
native American nations. Because reactions to vancomycin are not known to be race dependent and occur in children and
women, RMS is a misnomer. Hence the term VFS should be used.

CONCLUSION

In conclusion, VFS can occur either through rapid infusion or slow release of vancomycin, as in our patient. Since
vancomycin-impregnated cement beads and spacers are routinely used in orthopaedic service, orthopaedic surgeons and
trainees should be aware of such complications and should be ready to recognize and treat them early.
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Abstract

BACKGROUND

Clavicle fractures can rarely be associated with brachial plexus injury. These are
commonly caused by tractional injury at the time of trauma, but unfrequently can
be caused by compression of the brachial plexus from excessive callus or granu-
lation tissue formation.

CASE SUMMARY

We report a rare case of an adult male who sustained a mid-shaft clavicle fracture
and had a late presentation of brachial plexus palsy due to compression from
excessive callus formation.

CONCLUSION

We reported a case of a rare occurrence of delayed brachial plexus palsy due to
compression from excessive callus formation in a midshaft clavicle fracture. Early
diagnosis and surgical decompression of the brachial plexus is critical, as when
managed efficiently, a full recovery of the brachial plexus palsy can be expected in
these patients.

Key Words: Clavicle; Fracture; Brachial plexus; Palsy; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Brachial plexus palsy due to compression from excessive callus formation in a
midshaft clavicle fracture is a rare occurrence. We reported a case of a of delayed
brachial plexus palsy due to compression from excessive callus formation in a midshaft
clavicle fracture. Early diagnosis and surgical decompression of the brachial plexus is
critical for improved patient outcomes.
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INTRODUCTION

Clavicle fractures are a common injury in the adult population, accounting for 2%-3% of all fractures[1-3]. While these
injuries are common, an associated brachial plexus injury is considered rare with an incidence of less than 1%, while this
incidence can reach 2% in displaced fractures[4,5]. These brachial plexus injuries commonly occur due to tractional injury
at the time of trauma. A rare cause of brachial plexus lesion is compression due to excessive callus or granulation tissue
formation and these patients typically have a late presentation[6,7].

CASE PRESENTATION

Chief complaints

A 58-year-old male was involved in a frontal impact motor vehicle accident as a restrained driver. Patient had no history
of loss of consciousness and was brought by ambulance to the emergency department. Primary survey was found to be
normal, while on secondary survey patient was found to have tenderness over the right clavicle with obvious deformity.
In addition, patient had limited right shoulder range of motion in all planes due to severe pain. Plain radiographs
diagnosed multiple right sided rib fractures (which were managed conservatively) and a right mid-shaft comminuted
clavicle fracture. Neurological and vascular exam was found to be normal at the time of the initial assessment and there
was no sign of skin tenting or skin breakage over the clavicle fracture.

History of present illness

Patient was immobilized in a sling and discharged with a follow up in the orthopaedic clinic in 2 wk. At the time of the
follow up 2 wk post-injury, plain radiographs were performed again and re-documented a displaced mid-shaft
comminuted clavicle fracture (Figure 1A). Patient again was found to have tenderness over a deformed right clavicle with
pain and limited right shoulder range of motion. The neurological and vascular exam of the right upper extremity was
still found to be normal. Patient was offered open reduction and internal fixation of the clavicle fracture, but patient
declined surgery and opted for conservative management and was given follow up in 4 wk.

At the time of the 4 wk follow up, patients’ tenderness over the right clavicle improved and follow up imaging showed
progression of callus formation at the fracture site (Figure 1B). Interestingly, patient was complaining to intermittent right
upper extremity mild to moderate shooting pain but was found to have a normal motor and sensory exam of the
extremity.

History of past illness
There was no significant past medical illness.

Personal and family history
There was no significant personal and family history.

Physical examination

At the following office visit at 3 mo post-injury, the patient’s shoulder and clavicle pain resolved, but patient was
complaining of significant right upper extremity weakness, with inability to hold a cup in his hand and decreased grip
strength. On further history, patient also gave history of loss of sensation in the hand and forearm region (C7, C8 and T1
distribution). On physical exam there was resolution of the localized right clavicle tenderness with a large bony deformity
in the region. Motor power showed weakness in right upper extremity muscle power globally, but more pronounced in
finger flexion, adduction and abduction, in addition to weakness in thumb flexion and adduction. On sensory exam, there
was loss of sensation over the ulnar aspect of the hand and medial forearm. Distal pulses were present, including radial
and ulnar pulses at the wrist.

Laboratory examinations
There were no significant laboratory examinations.

Imaging examinations

Plain radiograph of the clavicle showed large formation of callus at the fracture site (Figure 1C). A computed tomography
(CT) scan was performed which confirmed the midshaft comminuted fracture with hypertrophic callus formation around
the fracture site (Figures 2 and 3). Due to the patient’s neurological deficit, a magnetic resonance imaging (MRI) of the
region was performed and showed that the hypertrophic callus formation was causing compression of the brachial plexus
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Figure 1 Antero-posterior right clavicle radiograph 2 wk, 6 wk and 3 mo post-injury. A: 2 wk; B: 6 wk; C: 3 mo.

trunks in the infraclavicular region (Figure 4).

A nerve conduction study was arranged for the patient. But as the patient was exhibiting significant neurological
deficits due to brachial plexus compression from the hypertrophic callus formation, an urgent surgical decompression
and clavicle open reduction internal fixation was planned.

FINAL DIAGNOSIS

Right mid-shaft clavicle fracture with hypertrophic callus formation causing compression of the brachial plexus trunks in
the infraclavicular region.

TREATMENT

The surgery was performed under general anesthesia. After 2 g of intravenous cefazolin was administered, the patient
was positioned in the supine position and the right upper extremity was sterilely prepped and draped up to the mid-
sternal region. A direct surgical incision over the right clavicle was performed extending from the sternoclavicular joint
medial to the distal clavicle laterally. The incision was performed through skin and subcutaneous tissue and hemostasis
was obtained. Due to the mass effect of the callus formation over the fracture site, only a thin layer of muscle and fascia
was identified and was sharply dissected through. Normal clavicle bone both medial and laterally to the fracture site was
exposed to allow application of the internal fixation.

Once adequate exposure was obtained, the area of the bridging callus was carefully osteotomized using small
osteotomes and a small handheld burr. The callus was then excised using the burr and small rongeur until the native
fracture site was identified. After complete removal and decompression of the hypertrophic callus (Figure 5), we
identified the medial and lateral end of the fracture with a small butterfly piece. We confirmed that the infra-clavicular
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Figure 2 Sequential axial images of non-contrast computed tomography scan. A-D: At 3 mo post-injury showing mid-shaft clavicle fracture with
abundant callus formation.

DOI: 10.5312/wjo.v14.i10.776 Copyright ©The Author(s) 2023.

Figure 3 Sequential sagittal images of non-contrast computed tomography scan. A-D: At 3 mo post-injury showing mid-shaft clavicle fracture with
abundant callus formation.

region was decompressed, and no remanent callus or granulation tissue was still present.

The comminuted fracture was then reduced and held provisionally with pointed reduction clamps and then
provisionally fixed with an anterior contoured 2.7 mm reconstruction plate and then a superior pre-contoured 3.5 mm
clavicular plate was applied. Intra-operative fluoroscopic images were obtained confirming adequate fracture reduction
and implant positioning (Figure 6). The wound was then copiously irrigated with normal saline. The wound was closed
in layers and a sterile dressing was applied.
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Figure 4 Sequential sagittal T2 weighted images of magnetic resonance imaging scan. A-C: At 3 mo post-injury showing mid-shaft clavicle fracture
with abundant callus formation causing a mass effect on adjacent brachial plexus trunks.

LU
7

Figure 5 Clinical intra-operative picture showing the excised hypertrophied callus after surgical decompression.

OUTCOME AND FOLLOW-UP

Patient was allowed gentle shoulder range of motion but instructed to avoid any weight bearing through the right upper
extremity for the first six weeks post-operatively. In the early post-operative phase, patient noted significant
improvement in his symptoms and formal physical therapy was initiated at 6 wk post-operatively.
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Figure 6 Superior and anteroposterior radiographs of right clavicle after open reduction and internal fixation. A: Superior radiographs; B:
Anteroposterior radiographs.

At both 3 and 6 mo follow ups the patient noted improved motor function of the hand and gradual resolution of his
sensory deficits. He also indicated improvement of the radiculopathic pain in the right upper extremity. Plain
radiographs of the right clavicle showed progression of the fracture healing and maintained implant fixation (Figure 7).

DISCUSSION

Brachial plexus injuries are rarely caused by clavicle fractures with the majority of cases being caused by tractional injury
at the time of trauma, which commonly affect the supraclavicular region of the brachial plexus. Della Santa et al[7]
reported an incidence of only 1% of clavicle fractures associated with brachial plexus palsy during a 20-year period.

In our case report, the patient had a delayed palsy of the brachial plexus due to compression from the excessive callus
formation. This entity is considered extremely rare, with only some case reports and case series reported in the literature
[6-9]. The resultant compression can be due to excessive callus or granulation tissue formation, hypertrophic nonunion or
vascular pseudo-aneurysm[10-12]. Commonly this compression affects the infra- or retroclavicular region of the brachial
plexus, and these patients have a delayed presentation with late onset neurological deficits in the ipsilateral upper
extremity(8,11,13].

A high index of suspicion and careful physical exam are required to avoid misdiagnosis and delay in management.
Documentation of motor and sensory exam both at the time of injury and in subsequent visits is critical to identify any
evidence of brachial plexus palsy in the early phase. In addition, adequate plain radiographs and CT scan can identify
any excessive callus formation or hypertrophic nonunion as the cause of compression. A CT angiogram can be indicated
to rule out a subclavian pseudoaneurysm as the cause of compression[12]. Documentation of brachial plexus compression
can be identified with an MRI of the clavicular and brachial plexus region, which can also identify other causes of
compression (i.e., excessive granulation tissue). Nerve conduction studies and electromyography can also help identify
level of compression and involved brachial plexus region.

Management of these injuries involves decompression of the brachial plexus and open reduction internal fixation of the
associated clavicle fracture. Typically, these injuries have good prognosis when compared to injuries due to tractional
injuries[7,8,13]. The majority of patients can be expected to have a complete neurological recovery once the brachial
plexus is decompressed, and fracture adequately stabilized[4,9,14].

CONCLUSION

We reported a case of a rare occurrence of delayed brachial plexus palsy due to compression from excessive callus
formation in a midshaft clavicle fracture. Early diagnosis and surgical decompression of the brachial plexus is critical, as
when managed efficiently, a full recovery of the brachial plexus palsy can be expected in these patients.
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Figure 7 Anteroposterior radiographs of right clavicle at 3 mo post-surgery showing progression of the fracture healing and maintained
implant fixation.
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