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	ABSTRACT

Background: The most prevalent entrapment neuropathy of the upper limb is Carpal tunnel syndrome (CTS) which is a prominent source of hand pain, numbness disorder, impaired functions and occupational disability. Clinical examination and objective investigations should be combined to obtain an accurate diagnosis especially in the patients who are being evaluated due to a disability and in medico-legal assessment. Radiological imaging and electrodiagnostic tests are becoming crucial in the diagnosis confirmation, identification of disease severity and scope of functional deficit. To determine the forensic relevance of carpal tunnel syndrome by comparing the orthopaedic examination data with the radiological and electrodiagnostic data among individuals who present with clinically suspected CTS.
Methods: This observational prospective study was done in the Orthopaedic surgery, Radiology, physical medicine and rehabilitation and forensic medicine departments of the Lahore general hospital, Lahore, over the course of 12 months. A consecutive non-probability sampling was used to enroll 120 consecutive patients, with a clinical suspicion of CTS. The patients were all subjected to extensive clinical examination conducted as Phalen test, Tinel sign, Durkan compression test, motor and sensory examination, and nerve conduction test. All patients were subjected to radiological assessment with plain radiography of the wrists and high-resolution ultrasonography, and magnetic resonance imaging (MRI) in some complicated cases. The analysis of data has been performed with SPSS 26. Continuous variables were in the form of mean + SD and categorical variables were in the form of frequencies and percentages. When appropriate, one-way analysis of variance (ANOVA), Chi-square and correlation analysis were used. A p-value of less than 0.05 was deemed as statistically significant.
Results: Of 120 patients, 74 (61.7%) were women and that of 40-49 years was the largest (36.7%). Repetitive manual work (35.0%) and clerical/computer work (28.3%) were the most common occupations. The most common presenting symptoms were nocturnal paresthesia (85.0%), numbness of the median nerve area (80.0%), and pain at the wrist (78.3%). The compression test, conducted by Durkan, was the most positive (82.5%), followed by the test conducted by Phalen (78.3%), and the sign of Tinel (73.3%). In 33.4 percent of the patients who received ultrasonography, there was a median nerve cross-sectional area of ≥15 mm 2 whereas palmar bowing and high flattening ratio was observed in 58.3 percent and 53.3 percent respectively. Electrodiagnostic severity significantly correlated positively with the duration of symptoms, cross-sectional area of the median nerve, thenar weakness, radiographic changes and work-related disability (all p<0.001). Medico-legal concordance between clinical observations, electrodiagnostic, and imaging studies was found to be high (65.0% in patients) and probable permanent partial impairment was (21.7) found in patients.
Conclusion: Multidisciplinary assessment involving orthopaedic examination, electrodiagnostic testing and radiological imaging is a reliable and objective methods of diagnosing carpal tunnel syndrome and severity measurement of the disease. Ultrasonography was found to be closely correlated with results of electrodiagnostic, and the radiological test was also valuable as further evidence of structural abnormalities to consider in the context of secondary CTS. The high scores of correspondence between the clinical, electrophysiological, and imaging findings support the application of integrated assessment to the discrimination of disability and medico-legal practice. This practice is more effective in enhancing accuracy of diagnosis, objective assessment of impairment of functional activity, and in boosting forensic judgment in patients with suspected carpal tunnel syndrome.
Keywords: Carpal tunnel syndrome; median nerve; orthopaedic examination; ultrasonography; magnetic resonance imaging; nerve conduction study; forensic medicine; disability assessment; occupational health; Lahore General Hospital.
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INTRODUCTION

The most prevalent entrapment neuropathy of the upper limb is carpal tunnel syndrome (CTS) and one of the most common causes of pain, numbness, nocturnal paresthesia, and functional disability. It is caused by the compression of the median nerve in the carpal tunnel and mostly occurs among middle aged adults and especially among women and those in jobs that require repetitive hand motion, strong hand grabbing or long computer work. Failure to diagnose and treat the condition quickly may cause significant impairment of hand function, decreased work productivity, and poor quality of life, among others.
	CTS diagnosis is a combination of clinical history, physical examination and objective diagnostic tests. Orthopaedic examination is the initial therapeutic method and it incorporates provocative clinical examination like the Phalen test, Tinel sign and Durkans compression test that help to diagnose the compression of the median nerve. Electrodiagnostic tests, especially nerve conduction tests, are the reference standard to ascertain the diagnosis and severeity of the disease. Radiological imaging in the assessment of CTS has gained relevance in recent years as a supplement to assessment. Enlargement of the median nerve, greater cross-sectional area and flexor retinacular bowing can be shown using high-resolution ultrasonography, whilst magnetic resonance imaging (MRI) finds its place in the complicated or secondary cases. Plain radiography can also be used when detecting post-traumatic deformities, carpal malalignment or distal radius malunion that could cause the compression of the median nerve. 
	In addition to clinical significance, CTS has great forensic and medico-legal consequences especially associated with occupational trauma, worker compensation claims, disability instrumentation, and legal actions associated with recurrent strain or harm. When the symptoms of patients are involved in such scenarios, a consensus between their symptoms and objective orthopaedic, electrodiagnostic, and radiological data is the ruling power that determines the degree of impairment and complaint authenticity. Thus, to assess the forensic value of carpal tunnel syndrome by correlating the clinical orthopaedic results with the radiological and electrodiagnostic outcomes, the current research was performed at Lahore General Hospital, Lahore, to create evidence which goes towards making accurate diagnosis, functional assessment, and medico-legal decisions.

MATERIAL AND METHODS

Design and setting Study Design.
The prospective observational study was carried out in the Departments of Orthopaedic Surgery, Radiology, Physical Medicine and Rehabilitation as well as Forensic Medicine of Lahore General Hospital Lahore, Pakistan, during twelve months between January 2024 and December 2024. Lahore General Hospital is a teaching tertiary care hospital with a high patient population of musculoskeletal, neurological and occupational disorders in and around Lahore. The aim of the study was to assess the forensic meaning of carpal tunnel syndrome (CTS) by determining correlations among the clinical orthopaedic results, the radiographic features, and the electrodiagnostic severity of patients with the symptoms suggestive of median nerve compression.

Study Population
The target sample was adult patients visiting the Orthopaedic outpatient Department of the Lahore General Hospital and related specialty clinics with clinical features indicating a possibility of carpal tunnel syndrome. The number of eligible patients that were recruited throughout the research was 120 who met the set eligibility criteria. Consultant orthopaedic surgeons referred patients to undergo clinical, electrodiagnostic and radiological assessment. All participants had a written informed consent early in the enrollment.

Sample Size and Sampling Method.
A total of 120 patients were included in the study using a consecutive non-probability sampling technique. All the qualified patients who came within the time frame of the study were invited until the required sample size was met. The sampling method followed helped to minimize selection bias and brought on-board consecutive cases.

Inclusion/Exclusion Criteria.
The eligibility was patients aged 20-65 years with a history of numbness or tingling in median nerve distribution, nocturnal paresthesia, pain in the wrist or hand, loss of grip strength or functional weakness that lasted more than six weeks. To minimize confounding variables, patients who had undergone carpal tunnel release surgery in the past, cervical radiculopathy, generalized peripheral neuropathy, diabetic polyneuropathy of both upper limbs, had undergone acute wrist trauma, inflammatory joint disease, major neurological disorders, pregnancy were excluded.

Clinical and Orthopaedic Examination.
Each participant underwent an extensive clinical assessment with a standardized assessment plan. Structured data collection form was used to record demographic data such as age, sex, hand dominance, occupation, years of the onset of the symptoms, affected side and past treatment history. The following clinical signs were well recorded: nocturnal paresthesia, numbness in the median nerve distribution, pain in the wrist, pain in the hand, weakness in the grip, and sensory problems. Orthopaedic testing involved evaluation of the thenar muscle wasting, abductor pollicis brevis muscle tone, and the two-point discrimination at rest. Experienced orthopaedic surgeons used standardized methods of examination to carry out the standard provocative tests that included Phalen's test, Tinel sign, and carpal compression test. Clinical severity was gauged based on the severity of motor weakness, sensory impairment and functional limitation.

Electrodiagnostic Evaluation
The nerve conduction studies done to all the patients were conducted by qualified neurophysiologists who carried out the studies in accordance with standardized electrodiagnostic protocols. The sensory nerve action potential amplitude on median nerve and sensory nerve action potential amplitude on median nerve were measured: motor distal latency, sensory latency, sensory nerve conduction velocity, compound muscle action potential amplitude, and sensory nerve action potential amplitude. According to standard international electrodiagnostic criteria, patients were characterized as to possess mild carpal tunnel syndrome, moderate, and severe carpal tunnel syndrome. Electrodiagnostic findings were judged as the reference standard to assess the severity of the disease, which was then compared with clinical and radiologic findings.

Radiological Assessment
Consultant radiologists conducted radiological assessment on all patients without information about the severity of disease clinically. The posteroanterior and lateral wrist radiographs were used to determine structural abnormalities that may cause median nerve compression such as carpal malalignment, carpal ratio, carpal crowding, distal radius alignment, degenerative changes and traumatic carpi deformations. An ultrasonic high-resolution was done with a high-frequency linear transducer to measure the median nerve at the intersection of the carpe radial tunnel. The parameters of ultrasonography were median nerve cross-sectional area, flattening ratio, palmar bowing of flexor retinaculum, and intraneural vascularity determined by the use of color Doppler imaging. Magnetic resonance imaging of the wrist was used selectively on patients whose clinical findings were inconclusive, those with pronounced functional disability, with suspected secondary carpal tunnel syndrome, with prior wrist trauma or in who had inconclusive electrodiagnostic findings. MRI results, including median nerve swelling, T2-weighted hyperintensity, retinacular bowing, tenosynovitis, fibrosis, and space-occupying lesion, were noted at each instance.

Forensic Assessment
The forensic utility of carpal tunnel syndrome was assessed by the comparison of subjective clinical complaints and objective results that were performed on orthopaedic examination and electrodiagnostic tests and radiological studies. Concordance with the objective evidence was classified as high, moderate and low in terms of symptoms. The functional impairment was evaluated based on clinical severity, occupational impairment, electrodiagnostic results, and imaging. The overall evaluation provided that patients were either burdened with temporary partial functional incapity, temporary total incapity during the symptomatic phase, probable permanent partial impairment or no provable permanent impairment to use medico-legally.

Outcome Measures
The main conclusion of the present study was that there is a correlation between orthopaedic examination, radiological parameters and electrodiagnostic severity of a patient with carpal tunnel syndrome. Secondary outcomes were the association between ultrasonographic findings and the severity of the disease, ECG association between radiographic abnormality and the subjective complaints and objective findings, the influence of the duration of the symptoms on the severity of the disease, the medico-legal impact of the level of functional impairment.

Statistical Analysis
The data were typed in, cleaned and analyzed with Statistical Package of the Social Sciences (SPSS) version 26.0 (IBM Corporation, Armonk, NY, USA). The Shapiro Wilk test was used to check the normality of the continuous variables which have been reported as mean and standard deviation, and categorical variables were reported in terms of frequencies and percentages. One-way analysis of variance (ANOVA), which was conducted on the continuous variable and Chi-square test or Fisher exact test, which was conducted on the categorical variable, was provided to make comparisons between the severity groups. The electrodiagnostic severity and radiological results were compared and their correlation coefficient was assessed with Pearson or Spearman based on the type of data distributions. The two tailed p-value of below 0.05 was taken as statistically significant.

Ethical Considerations
Data collection commenced after receiving ethical approval of the study of the Institutional Review Board and Ethical Review Committee of Lahore General Hospital, Lahore. Informed consent was signed in writing with all the participants after the explanation of the purpose and procedures of the study. Patient privacy was taken as a top priority and all identifying information was removed and all identified with a different identification code. The research followed the principles of the ethical standards of the Declaration of Helsinki and did not violate institutional principles of research using human subjects.

RESULTS

The study included 120 patients who had the clinical diagnosis of carpal tunnel syndrome (CTS). Most participants were women middle aged and majority of them were engaged in repetitive activities of the wrist movement. According to clinical examination, nocturnal paresthesia, median nerve sensory symptoms, and positive provocative tests were high. Radiological assessment showed typical ultrasonographic alterations in a significant percentage of the patients and plain radiographs found to be mostly normal. Electrodiagnostic severity was significantly correlated with the duration of symptoms, radiology, functional impairment, and occupational disability.
	The demographic report that middle-aged adults were the most affected as patients aged between 40 and 49 years were the majority population (36.7%). other age groups younger than 35 years were between ages 30 and 39 years (25.0). This is a normal age distribution that is in line with the age of occupational peak productivity during which repetitive hand and wrist activities are the most prevalent. Out of the study population, 61.7% of the women were female, which confirms the female prevalence of CTS observed in world literature already. This could be due to anatomical variations in the carpal tunnel, hormonal factors and occupational exposure. Occupational analysis revealed that almost two thirds of patients (63.3% were occupied in repetitive manual labour or computer based work and repetitive wrist movement was an important ergonomic risk factor was identified. Symptoms were more right-sided (55.0) based on the dominant hand in the majority of study members, but bilateral were also present almost a third of patients, indicating more severe or chronic illness.
	The most common of presenting symptoms, which were observed in 85.0% of patients was nocturnal paresthesia followed by numbness in the median nerve distribution and wrist pain. These are the typical clinical manifestation of median nerve compression and justify their further significance in the initial clinical evaluation. Durkan compression test was the test with the highest positivity (82.5), then Phalen and Tinel tests. It indicates that this test could be more clinically sensitive to the detection of symptomatic CTS in the daily orthopaedic practice of Durkan. Grip weakness and thenar muscle weakness (60.0% and 40.0% of patients, respectively) were seen as a motor deficit with relatively few (15.0 percent) thenar muscle wasting. Such results show that irreversible motor dysfunction is usually manifested in the later stages of the disease development. Similarly, two-point discrimination was impaired in a third of the patients, which is an indication of intermittent symptoms of the target sensory impairment to objective neurological impairment.
	Electrodiagnostic severity showed the progressive statistically significant connection with almost all the measured clinical and radiological parameters. The duration of symptoms among patients with severe CTS was more than twice that of patients with mild disease (13.4 vs. 5.4 months; p<0.001), reflecting the fact that patients are diagnosed late in the onset of their disease (contributing to nerve dysfunction). In the same way, cross-sectional area of median nerve was gradually rising with mild and severe disease at 11.3 mm 2 and 16.5 mm 2, respectively (p less than 0.001), reflecting ultrasonography as the objective diagnostic parameters of the disease severity. The number of positive Durkan test results improved with worsening CTS with a significant rate of 93.8 in severe cases. Similarly, thenar weakness worsened significantly with mild CTS, 11.1% whereas in severe CTS, 81.3% (p<0.001) indicating progressive motor denervation of the median nerve. Abnormalities detected by radiograph were found five times more common in severe cases and this indicates that chronic structural abnormalities of the wrist play a role in advancing the disease. The most significant functional finding was perhaps the significant rise in work absenteeism. Compared to patients with mild CTS, patients with severe CTS lost days at work by nearly four times (49.3 vs. 12.1 days; p<0.001), indicating that the burden of occupational and socioeconomic activity in patients with severe CTS is high.
	Integrated medico-legal assessment showed a high level of objective concordance of 65.0% capable of agreeing on clinical symptoms, orthopaedic examination, nerve conduction studies as well as in agreement with radiological findings. Such a high degree of concordance buttresses the diagnostic reliability of using a combination of multiple assessment modalities to assess CTS when used in forensic practice. The most common functional outcome was temporary partial incapity (45.0%), indicating that a significant proportion of the patients were able to remove occupational disability, which was reversible with proper treatment. They were found to have probable permanent partial impairment in about one-fifth of the patients 
(21.7%), mostly the severe CTS with objective evidence of thenar weakness, length of symptoms, abnormal imaging, and high electrodiagnostic alterations. On the other hand, low objective concordance and zero chronic functional disability was only shown by 10.0% of patients with no clinical or diagnostic background of persistent subjective complaints, hinting that alone subjective complaints were fairly infrequent.


Table 1: Demographic, Occupational and Clinical Characteristics of Patients (n = 120)
	Variable
	Frequency (%)

	Age Group (years)
	

	20–29
	12 (10.0)

	30–39
	30 (25.0)

	40–49
	44 (36.7)

	50–59
	26 (21.7)

	≥60
	8 (6.6)

	Sex
	

	Male
	46 (38.3)

	Female
	74 (61.7)

	Occupation
	

	Repetitive manual work
	42 (35.0)

	Clerical/computer work
	34 (28.3)

	Homemaker
	28 (23.3)

	Other
	16 (13.4)

	Affected Side
	

	Right
	66 (55.0)

	Left
	18 (15.0)

	Bilateral
	36 (30.0)

	Duration of Symptoms
	

	<6 months
	40 (33.3)

	6–12 months
	50 (41.7)

	>12 months
	30 (25.0)



Table 2: Clinical and Orthopaedic Examination Findings
	Clinical Finding
	Frequency (%)

	Nocturnal paresthesia
	102 (85.0)

	Median nerve numbness
	96 (80.0)

	Wrist/hand pain
	94 (78.3)

	Positive Durkan's test
	99 (82.5)

	Positive Phalen's test
	94 (78.3)

	Positive Tinel's sign
	88 (73.3)

	Grip weakness
	72 (60.0)

	Thenar weakness
	48 (40.0)

	Impaired two-point discrimination
	40 (33.3)

	Thenar wasting
	18 (15.0)



Table 3: Relationship Between Electrodiagnostic Severity and Clinical-Radiological Parameters
	Variable
	Mild
	Moderate
	Severe
	p-value

	Symptom duration (months)
	5.4±2.1
	8.6±3.2
	13.4±4.6
	<0.001

	Median nerve CSA (mm²)
	11.3±1.2
	13.7±1.5
	16.5±1.9
	<0.001

	Positive Durkan's test (%)
	66.7
	86.5
	93.8
	0.004

	Thenar weakness (%)
	11.1
	34.6
	81.3
	<0.001

	Radiographic abnormality (%)
	11.1
	19.2
	56.3
	<0.001

	Work-days lost
	12.1±5.7
	27.4±10.6
	49.3±15.2
	<0.001



Table 4: Forensic Concordance and Medico-Legal Assessment
	Variable
	Frequency (%)

	High objective concordance
	78 (65.0)

	Moderate concordance
	30 (25.0)

	Low concordance
	12 (10.0)

	Temporary partial incapacity
	54 (45.0)

	Temporary total incapacity
	28 (23.3)

	Permanent partial impairment
	26 (21.7)

	No persistent impairment
	12 (10.0)




DISSCUSSION

This paper has demonstrated the relevance of the use of orthopaedic and radiological examination when CTS is looked at in a legal or disability scenario. The population distribution experienced in this series especially the abundance of middle-aged women, and the high percentage of the patients who were involved in repetitive hand usage is in line with the previous epidemiological researches1,2,10. This reinforces this position in that biological susceptibility and biomechanical exposure are the cause of CTS. These factors are important in medico-legal analysis as they put into context whether a presentation is more idiopathic, occupationally-aggravated, or reasonably attributable to repetitive work demands10-12.
	The clinical usefulness of provocative testing was also evident in the current study where Durkan, Phalen and Tinel tests demonstrated the presence of the highest level of positivity. This trend is generally consistent with past clinical data suggesting that compression-based examinations can be more sensitive compared to independent percussion examinations, but not yet as a definitive test on its own of disease4-6,13. The implication of the study in practice is that positive orthopaedic examination leads to increased suspicion but forensic opinion cannot be on the base of bedside signs. Rather, thenar weakness, sensory loss, the chronicity of symptoms, and objective testing are more compelling during impairment or authenticity of complaints adjudication.
	The most informative imaging modality in our series was ultrasonography. Electrodiagnostic severity correlated with a considerable increase in median nerve CSA and its features e.g. palmar bowing and flattening were prevalent in mild and severe disease. This aligns with existing literature which indicates that ultrasound can provide significant anatomical confirmation of CTS, and can reasonably correlate with severity grading6-8,14. Sonographic evidence is especially useful in the field of forensic medicine, as it is a visual and repeatable anatomic information that can give credence to subjective complaints or refute the plausibility of the subjects overall. There are occupational exposure or compensation issues which may also be useful where ultrasound can provide a pragmatic compromise between nerve conduction evidence and clinical examination.
	Despite the fact that plain radiography is not commonly thought of as a primary test to identify idiopathic CTS, our findings indicate that it is still forensically relevant. Over a quarter of the patients were reported to have structural defects such as the crown of the carpal, malalignment or malunion of the distal radius to be post-traumatic which were far more prevalent in more severe CTS. There are also published reports indicating that distorted geometry of the carapuls and a prior distal radius deformity could predispose to a narrowing of the tunnels or delayed median nerve compression9,15-18. In such a way, radiographs can often be vital when the legal issue is the possibility of CTS being wholly idiopathic or the possibility of the structural change of the wrist and trauma contributing substantially to the occurrence of the syndrome.
	The MRI was indicated in this study in selective cases and was, specifically, helpful in severe, atypical or secondary CTS. The scanned patients showed nerve swelling, T2 hyperintensity and retinacular bowing with the identification of a few space-occupying lesions. These results are comparable to the literature that outlines MRI as a problem modality as opposed to a first-line test8,14,19. MRI is useful in the medico-legal context where knowledge opinion is required to explain discordance or rule out alternative pathology, or, on the one hand, to record secondary pathology of mass lesion, synovitis or post-traumatic fibrosis.
	High objective concordance in 65.0% of cases was the main forensic finding in the present study. This shows that the symptom history, orthopaedic tests, nerve conduction findings and imaging findings were complementary in most cases. Medico-legal concordance in this particular case solidifies credibility in relation to medico-legal opinion about any temporary incapity, work restriction, permanent partial impairment, and proportionality of complaints. On the other hand, the low-concordance group is a case in point of the dishonesty of disability certification relying solely on symptoms, which can overrate evidenced pathology. This multimodal approach is applicable in the current orthopaedic and occupational literature, especially when the work-related causation or compensation is disputed3,10-12,20.
	It has methodological limitations (single-centre observational design, lack of a control group), as well as selective use of MRI. Moreover, forensic concordance scale was not externally validated but was also pragmatic. The internal trends at least were consistent: as the severity of electrodiagnostic improved, so did the orthopaedic, more and more abnormal radiograph, and more work loss became a reality. Multicentre recruitment, validated patient-reported outcomes, detailed ergonomic exposure scoring and standardized medico-legal disability scales should also be included in future studies to enhance the transfer of the research results to practical forensic usage.



CONCLUSION
CTS evidently holds forensic significance in case disability, occupational causation, trauma attribution or symptom authenticity is in question. The clinical basis of orthopaedic examination is provided and evidentiary relevance is increased significantly by radiological confirmation. Ultrasonography was found to be the most reliable imaging modality that could be reliably used to corroborate the anatomy where plain radiography and selective MRI played a role in the need to identify structural or post-traumatic or secondary contributors. Conjoined orthopaedic, radiological and electro diagnostic paradigm thus presents the most justifiable medico-legal interpretation and disability rating in CTS.
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