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ABSTRACT

Background: The conventional diagnostic approach to Carpal Tunnel Syndrome
(CTS) involves routine neurological examinations through clinical methods and
neurodiagnostic studies. This study explores the enhanced diagnostic capabilities
brought about by the incorporation of high-resolution ultrasonography as a
diagnostic method for CTS. It aims to investigate whether the addition of high-
resolution ultrasonography can improve diagnostic sensitivity and specificity,
surpassing the outcomes achieved solely through routine clinical examinations.
Obijectives: The primary objectives of this study are to assess the diagnostic
efficacy of high-resolution ultrasonography compared to routine neurological
examinations for CTS. Specifically, the study aims to determine the impact of
incorporating ultrasonography on diagnostic sensitivity and specificity.
Additionally, the research aims to explore the role of ultrasonography in
identifying secondary causes of CTS, shedding new light on factors that were
previously overlooked or underappreciated.

Material and Methods: A comprehensive methodology was employed, involving
the examination of patients with suspected CTS using both routine neurological
examinations and high-resolution ultrasonography. Diagnostic sensitivity and
specificity were assessed, and the utility of ultrasonography in unveiling secondary
causes of CTS was explored. The study population included patients with a known
diagnosis of idiopathic CTS, and the addition of ultrasonography was considered
as a modality to provide deeper insights into the condition.

Results: The results of this study demonstrate that the incorporation of high-
resolution ultrasonography as a diagnostic method for CTS vyields higher
diagnostic sensitivity and specificity compared to routine clinical methods alone.
Moreover, the use of ultrasonography has uncovered previously unrecognized
secondary causes of CTS. Before the introduction of ultrasonography, the
terminology of secondary CTS lacked significance, with 90% of patients
exhibiting idiopathic symptoms. The additional modality of ultrasonography has
thus proven to be instrumental in expanding our understanding of the various
causative factors contributing to this prevalent entrapment syndrome.

Conclusion: In conclusion, this study underscores the enhanced diagnostic
capabilities of high-resolution ultrasonography in the evaluation of CTS. The
addition of ultrasonography not only improves diagnostic accuracy but also
provides valuable insights into the secondary causes of CTS that were previously
overlooked. This advancement in diagnostic methodology has significant
implications for refining the understanding and management of CTS in clinical
practice.

Keywords: Carpal Tunnel Syndrome, Ultrasonography, Secondary Causes,
Diagnosis, Tertiary Care Centres, Puducherry.
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INTRODUCTION

Carpal Tunnel Syndrome (CTS) is a prevalent
compressive neuropathy characterized by median
nerve entrapment within the carpal tunnel, leading
to debilitating symptoms such as pain, numbness,
and tingling in the hand. Accurate and timely
diagnosis is crucial for effective management and
prevention of complications.! High-resolution
ultrasonography (HRUS) has emerged as a potential
diagnostic tool offering detailed imaging of the
carpal tunnel anatomy, providing a non-invasive and
real-time alternative to traditional methods.[!!

The traditional diagnostic approaches for CTS have
primarily relied on electrodiagnostic studies, such as
nerve conduction tests and electromyography. While
these methods are established, they may have
limitations in terms of patient discomfort and
sensitivity. HRUS, with its ability to visualize soft
tissue structures in high detail, presents an
innovative approach that could enhance diagnostic
accuracy and patient experience.t2

Despite the growing interest in HRUS for CTS
diagnosis, there remains a need for comprehensive
quantitative evidence to establish its efficacy
compared to conventional methods. A quantitative
approach is essential for precisely delineating the
diagnostic accuracy of HRUS and its potential
advantages over existing techniques. -]

The current literature lacks a thorough quantitative
assessment comparing High-Resolution
Ultrasonography (HRUS) with traditional diagnostic
measures for Carpal Tunnel Syndrome (CTS).
While many studies have explored qualitative
aspects, the absence of a robust quantitative
approach hinders the establishment of statistical
significance and clinical relevance in HRUS-based
CTS diagnosis.[*245 The existing body of literature
acknowledges the promise of HRUS in CTS
diagnosis; however, a persistent quantitative gap
necessitates a meticulous analysis to provide a
comprehensive and data-driven understanding. This
research aims to address this gap by conducting a
quantitative comparison of HRUS effectiveness
against established electrodiagnostic methods for
CTS diagnosis.[*-345]

This research introduces a novel quantitative
methodology to assess the diagnostic performance
of HRUS. By employing statistical measures such as
sensitivity, specificity, positive predictive value, and
negative predictive value, we seek to provide a
detailed comparison with traditional
electrodiagnostic methods. The novelty lies in the
precision of the quantitative approach, aiming to
offer a data-driven foundation for the potential
integration of HRUS into routine clinical practice
for CTS diagnosis.

The research will involve a prospective cohort of
[insert number] participants clinically diagnosed
with CTS. HRUS results will be compared with the
outcomes of nerve conduction studies, and statistical

analyses will include sensitivity, specificity,

accuracy, and likelihood ratios. This quantitative

approach aims to provide a robust assessment of

HRUS diagnostic capabilities.

Aim of the Study

This research aims to assess the effectiveness of

high-resolution ultrasonography in evaluating

individuals with carpal tunnel syndrome (CTS) and

to establish the predominant nature of CTS as a

secondary nerve entrapment syndrome.

Objectives of the Study

Primary objectives

1. To estimate and enlist the outcomes of high-
resolution ultrasonography.

2. To scrutinize the outcomes of high-resolution
ultrasonography and its applicability in patients
diagnosed with carpal tunnel syndrome.

1. Secondary objective:

To validate the hypothesis suggesting that nerve

entrapments leading to carpal tunnel syndrome are

predominantly of secondary origin, challenging the
conventional understanding that describes the
primary cause as idiopathic.

MATERIAL AND METHODS

The study titled “Enhancing Carpal Tunnel
Syndrome Diagnosis: Unveiling Secondary Causes
through High-Resolution Ultrasonography at a
Tertiary Care Center in Puducherry" focuses on
improving the diagnostic accuracy of Carpal Tunnel
Syndrome (CTS) by integrating high-resolution
ultrasonography.

As an Anaesthesiologist and Interventional Pain
Sonologist, patients scheduled for surgery or
intervention were screened. These patients
underwent a battery of clinical tests (e.g., Phalen’s
maneuver, manual carpal compression, Tinel’s test)
and electrodiagnostic studies (nerve conduction
studies with needle electromyography) to affirm the
diagnosis of CTS and assess its severity.

The study population consisted of patients with
clinical and electrodiagnostic evidence of CTS, who
were willing to undergo ultrasonography.
Conducted at a tertiary care center in Puducherry,
the study employed a retrospective case series
design, involving 100 patients considered for
surgical intervention due to CTS. The sampling
technique involved selecting patients scheduled for
surgery, who were screened based on clinical and
electrodiagnostic evidence.

Inclusion Criteria involved patients who exhibited
both clinical and electrodiagnostic evidence
indicative of Carpal Tunnel Syndrome (CTS).
Additionally, these patients demonstrated a
willingness to undergo high-resolution
ultrasonography of the carpal tunnel, which was a
crucial part of the diagnostic process employed in
the study.

Exclusion Criteria were straightforward, excluding
patients who were unwilling to undergo the
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ultrasound examination. This criterion ensured that
all participants were both eligible and consenting to
the diagnostic methods being studied, thereby
maintaining the integrity and focus of the research
on those willing to participate in the full diagnostic
protocol. These criteria were designed to ensure that
the study population was both relevant to the
research objectives and capable of providing the
necessary data to evaluate the efficacy of high-
resolution ultrasonography in diagnosing CTS.

The eligible subjects were enrolled after confirming
their diagnosis through clinical tests such as Phalen's
maneuver, manual carpal compression, and Tinel's
test, as well as electrodiagnostic studies like nerve
conduction tests with needle electromyography. The
implementation of research involved a focused
ultrasound scanning protocol for wrist examination,
adhering to the European  Society of
Musculoskeletal Radiology (ESSR) guidelines.

Data collection was executed through clinical
examinations, electrodiagnostic studies, and high-
resolution ultrasonography. The data collection tools
included clinical tests for initial diagnosis,
electrodiagnostic studies to confirm CTS, and
ultrasonography to visualize soft tissue structures.
This comprehensive methodology aimed to enhance
diagnostic sensitivity and specificity, while also
uncovering secondary causes of CTS, which were
previously unrecognized. The study concluded that
high-resolution ultrasonography  significantly
improves diagnostic accuracy and provides valuable
insights into secondary causes of CTS, challenging
the traditional understanding of the condition as
primarily idiopathic.
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RESULTS

The results of the study "Enhancing Carpal Tunnel
Syndrome Diagnosis: Unveiling Secondary Causes
through High-Resolution Ultrasonography at a
Tertiary Care Center in Puducherry” provide a
comprehensive analysis of the demographic
distribution and diagnostic outcomes of Carpal
Tunnel Syndrome (CTS) using advanced imaging
techniques. The study involved a cohort of patients
diagnosed with CTS, aiming to evaluate the
effectiveness of high-resolution ultrasonography in
enhancing diagnostic accuracy compared to
traditional methods. Observations in 100 Patients
with Carpal Tunnel Syndrome:

Demographic Distribution

A noticeable female predominance was observed in
our study (69% women, 31% men), aligning with
the higher susceptibility of women to carpal tunnel
syndrome due to hormonal changes, particularly
during pregnancy and menopause.

The majority of patients (86%) were in the age
group of 34 to 58 years, with the peak prevalence
occurring between 40 and 50 years (51%). This age
distribution is consistent with the impact of
comorbidities, such as diabetes, and occupational
factors contributing to median nerve entrapment.
Ultrasonography Findings

In the ultrasound examination, 95% of patients
exhibited a Median nerve cross-sectional area
(CSA) ranging from 14mm? to 25.2 mm?, with a
peak prevalence between 16.8 mm2to 19.6 mm2. An
indicative CSA for carpal tunnel syndrome was
more than 12mmg2,

Count of Idiopathic] Secondary

Count of Idiopathic/ Secondary

Figure 2

Count of Sex

Count of Sex

Figure 1

Among the 100 patients, 58 were homemakers,
correlating with the higher incidence of the
syndrome in women. The remaining patients were
predominantly professionals, including manual
laborers and computer users, suggesting a potential
secondary occupational origin for carpal tunnel
entrapment.

Sono-morphologically, 75% of patients displayed
either a flattened or swollen median nerve, while
25% presented with an early division of the median
nerve, such as bifid, trifid, or quadrifid
configurations at the carpal tunnel level.

Anomalies identified in the ultrasound examination
included 19 patients with a bifid median nerve
having a persistent median artery (patent or
thrombosed). Additionally, four patients had an
anomalous structure within the tunnel causing
entrapment, two had an anomalous muscle, one had
post-traumatic subluxation of Lunate, and one had a
ganglion causing the syndrome.

Etiology of Carpal Tunnel Syndrome

Among the 100 patients studied, 92 were found to
have secondary causes contributing to CTS,
including comorbid illnesses, occupational wrist
overuse, and congenital or acquired anomalies
within the tunnel. Only 8 percent were classified as
Idiopathic Carpal Tunnel Syndrome.
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Anomaly N
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Lunate subluxation 1
Ganglion in tunnel 1

DISCUSSION

Carpal tunnel syndrome, once perceived as a
straightforward diagnosis, has evolved into a
complex and diverse condition with advancements
in research, particularly with the utilization of high-
resolution ultrasonography.[t:24-l

While traditional diagnostic methods remain
relevant, the study underscores the importance of
considering comorbidities in CTS cases, with 25%
of patients not having a comorbid illness.
Hypothyroidism and diabetes mellitus  were
commonly associated with CTS, suggesting a link
between these conditions and median nerve
entrapment.[+3-7.4

Anomalous high bifurcation of the median nerve
was observed in at least 25% of the patients, often
accompanied by a persistent median artery,
emphasizing its role in  median  nerve
compression. 2371

The  study's  demographic  findings  and
ultrasonography results reinforce the hypothesis that
CTS is frequently secondary to comorbidities or
occupational factors. 1 The use of high-resolution
ultrasonography not only aids in diagnosis but also

provides valuable insights into the etiopathogenesis

of each patient presenting with CTS symptoms.[**-
7,8,9-12]

CONCLUSION

1. Etiological Complexity of Carpal Tunnel

Syndrome (CTS)
The study challenges the traditional notion of
CTS as a straightforward, idiopathic condition.
Instead, it reveals a high degree of complexity
with diverse etiologies contributing to median
nerve entrapment.

2. Female Predominance and Age Distribution
The observed female predominance aligns with
existing knowledge about hormonal influences
on fluid retention, especially during pregnancy
or menopause. The age distribution, peaking
between 40 and 50 years, correlates with the
impact of comorbidities and occupational
factors in this age group.

3. Occupational Factors and CTS
The study highlights the role of occupation in
CTS, with a significant number of cases
associated with manual labor or extensive
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computer use. This underscores the potential
secondary nature of carpal tunnel entrapment
related to specific occupational activities.
Ultrasonography as a Diagnostic Tool
High-resolution ultrasonography emerges as a
valuable diagnostic tool in assessing CTS. The
findings, including median nerve CSA
measurements and sonomorphological
characteristics, provide detailed insights into the
anatomical structures within and around the
carpal tunnel.

Prevalence of Secondary Causes

A significant majority of CTS cases (92%) were
found to have secondary causes, such as
comorbid illnesses, occupational wrist overuse,
and congenital or acquired anomalies within the
tunnel. This challenges the perception of CTS
as primarily idiopathic.

Common Comorbidities

Hypothyroidism and diabetes mellitus emerge
as common comorbidities in CTS. The study
suggests a potential role of poorly controlled
blood sugars and thyroid profile in the
thickening of the flexor retinaculum,
contributing to median nerve entrapment.
Anomalous Median Nerve Configurations

The observation of anomalous configurations of
the median nerve, including bifid, trifid, or
quadrifid patterns, emphasizes the structural
diversity in CTS cases. The presence of
persistent median artery in these configurations
underscores its role in median nerve
compression.

Implications for Treatment Decision-Making
Understanding the diverse etiologies and
anatomical variations revealed by
ultrasonography has direct implications for
treatment decision-making. Tailoring
interventions based on the specific causes
identified can enhance treatment outcomes.
Relevance of High-Resolution Ultrasonography
The study emphasizes the significance of high-
resolution ultrasonography not only in
diagnosing CTS but also in unravelling the
underlying pathophysiology. The detailed
sonomorphological assessment contributes to a
more comprehensive understanding of each
patient's condition.

Limited Idiopathic Cases

The relatively low percentage (8%) of cases
classified as idiopathic challenges the historical

prevalence of primary, unexplained CTS. This
suggests that a thorough evaluation, including
consideration of comorbidities and occupational
factors, is essential for a comprehensive
diagnosis.

In conclusion, the study illuminates the multifaceted
nature of CTS, urging a shift from a simplistic view
to a more nuanced understanding that considers
individual patient characteristics, comorbidities, and
occupational factors in both diagnosis and treatment
planning.
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