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Abstract 

Background: Carpal tunnel syndrome (CTS) is a common medical condition, which causes pain, 
numbness, and tingling in the hand, arm, or forearm of the affected individual. CTS occurs when the 
median nerve is squeezed or compressed as it travels through the wrist.Despite CTS being an 
idiopathic syndrome, there are still existing risk factors associated with the prevalence of this 
medical condition. Notable ecological risk factors include extended positions in excesses of wrist 
flexion or extension, monotonous use of the flexor muscles, and exposure to vibration.The 
pathophysiology of CTS involves a combination of mechanical trauma, increased pressure, and 
ischemic damage to the median nerve within the carpal tunnel. Concerning increased pressure, 
normal pressure is recorded to vary between 2 mmHg and 10 mmHg. In the carpal tunnel, the 
change in the position of the wrist may result in dramatic shifts in the fluid pressure. As such, the 
extension increases the pressure to more than 10 times its initial level, while flexion of the wrist 
causes an eight times increase in the pressure.The characteristic symptoms of CTS are numbness 
and tingling in the median nerve distribution. This classic distribution will typically include the 
palmar aspect of the thumb, index, middle, and half of the ring finger. The remaining half of the ring 
finger and small finger should be excluded, as they are usually innervated by the ulnar nerve. The 
palm should be excluded, as it is typically innervated by the palmar cutaneous branch of the median 
nerve arising proximal to the carpal tunnel.The diagnosis of CTS is based on clinical symptoms and 
strengthened by several examinations and workup 
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Introduction  

Carpal tunnel syndrome (CTS) is a common 
medical condition, which causes pain, 
numbness, and tingling in the hand and arm of 
the affected individual. CTS occurs when the 
median nerve is squeezed or compressed as it 
travels through the wrist (1). 
Epidemiology 
     CTS is the most common entrapment 
condition affecting one or more peripheral 
nerves and resulting in numbness or weakness 
in the affected body organ. On average, at least 
3.8% of people who complain of aching, 
unresponsiveness, and an itchy feeling in their 
hands have CTS (2, 3). 

 Diagnosis for CTS is conducted through medical 
assessments and electrophysiological testing, 
although idiopathic CTS is the most typical 
method of diagnosis for patients suffering from 
these symptoms. In addition, the events of CTS 
occurrence occur at a rate of 276 per 100,000 
annual reports, with the incidence rates being 
9.2% for women and 6% in men (2, 4).  
Although CTS incidences are common across all 
age groups, it is more prevalent for adults 
between the age of 40 and 60 years. In regions 
like the United Kingdom, CTS occurrence is 
between 7%-16%, which is relatively higher as 
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compared to the 5% incidence rates in the 
United States (5, 6).  
Most western nations indicate a rise in the 
number of work-related musculoskeletal 
disorders (WMSDs). This is associated with 
increased strain and repetitive movements by 
individuals. Europe, in 1998, for instance, 
reported more than 60% of upper limb 
musculoskeletal disorders recognized as work-
related being CTS incidences (2).  
The prevalence levels may also vary across the 
different occupations and industries, with 
industries, such as the fish processing industries 
reporting the occurrence of CTS in their workers 
estimated at 73% (2). 
 These views on the occurrence rates of CTS 
illustrate the weight of the challenge, making it 
a significant area of concern, which would 
require effective strategies for management (7). 
 
Risk factors 
Despite CTS being an idiopathic syndrome, 
there are still existing risk factors associated 
with the prevalence of this medical condition. 
Notable ecological risk factors include extended 
positions in excesses of wrist flexion or 
extension, monotonous use of the flexor 
muscles, and exposure to vibration (8).  
Unlike environmental factors, medical risk 
factors for CTS are classified into four 
categories. These include extrinsic factors, 
which increase the volume within the tunnel on 
either side of the nerve; intrinsic factors that 
increase the volume within the tunnel; extrinsic 
factors that alter the contour of the tunnel; and 
neuropathic factors (8, 9).  
Increasing rates of CTS events are also 
attributed to the increased life span for workers, 
as well as the increased cases of risk factors, 
such as diabetes and pregnancies. Extrinsic 
factors that increase the volume within the 
tunnel include circumstances that change the 
fluid equilibrium within the body. Such factors 
include pregnancy, menopause, obesity, kidney 
failure, hypothyroidism, use of oral 
contraceptives, and congestive heart failure 
(10).  

Intrinsic factors within the nerve for increasing 
the occupied volume inside the tunnel include 
lumps and tumor-like strains. These could be 
the outcomes of fractures of the distal radius, 
directly or through posttraumatic arthritis (10).  
Neuropathic factors include conditions such as 
diabetes, alcoholism, vitamin deficiency or 
toxicity, and exposure to toxins. These are 
significant factors since they affect the median 
nerve without necessarily increasing the 
interstitial pressure within the carpal tunnel. 
Diabetic patients have a higher propensity to 
develop CTS since they have a lower onset for 
nerve injury. In diabetic patients, the extent of 
incidence is 14% for patients without diabetes 
and 30% for patients with diabetic neuropathy, 
while the prevalence rate during pregnancy 
estimates at 2% (10). 
 
Pathophysiology 
The pathophysiology of CTS involves a 
combination of mechanical trauma, increased 
pressure, and ischemic damage to the median 
nerve within the carpal tunnel. Concerning 
increased pressure, normal pressure is recorded 
to vary between 2 mmHg and 10 mmHg. In the 
carpal tunnel, the change in the position of the 
wrist may result in dramatic shifts in the fluid 
pressure. As such, the extension increases the 
pressure to more than 10 times its initial level, 
while flexion of the wrist causes an eight times 
increase in the pressure (11).  
Resultantly, repetitive motions in the wrist are 
significant risk factors for CTS incidences. In 
nerve injury, on the other hand, a noteworthy 
step in damage to the median nerve is 
demyelination, which occurs when the nerve is 
frequently exposed to automatic forces (12).  
Demyelination of the nerve develops in the 
location of compression and spreads to the 
intermodal segment where the axons are left 
intact. With continuous compression, blood 
flow to the endoneurial capillary system is 
interrupted, causing alterations in the blood-
nerve barrier and the development of 
endoneurial edema. As a result, a vigorous cycle 
begins, which consists of venous congestion, 
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ischemia, and local metabolic alterations (11, 
12).  
Ischemic injury is also noted as a significant 
element in CTS because of the assessment that 
symptoms rapidly resolve after carpal tunnel 
release surgery. Limb ischemia increases 
paraesthesias in carpal tunnel patients. This 
occurs in three phases, including increased 
intrafunicular pressure, injury to the capillary 
with leakage and edema, and obstruction of 
arterial flow in the patients (12). 
 
Clinical picture and Stages of CTS 
The characteristic symptoms of CTS are 
numbness and tingling in the median nerve 
distribution. This classic distribution will 
typically include the palmar aspect of the 
thumb, index, middle, and half of the ring finger. 
The remaining half of the ring finger and small 
finger should be excluded, as they are usually 
innervated by the ulnar nerve. The palm should 
be excluded, as it is typically innervated by the 
palmar cutaneous branch of the median nerve 
arising proximal to the carpal tunnel (13). 
 This fits the classic description of symptoms 
described by Katz and Stirrat. Some studies 
suggest that hand diagrams have a high 
accuracy in classification of CTS (14, 15). 
Hand Diagram Classification 

• Classic: Symptoms in at least 2 of digits 
1-3; may have digits 4/5, wrist pain, 
proximal radiation of pain; cannot have 
palm or dorsum affected. 

• Probable: same, except palmar 
symptoms allowed, unless only on ulnar 
border. 

• Possible: symptoms only in 1 of digits 1-
3. 

• Unlikely: no symptoms in digits 1-3 (16). 
 

In the first stage of the clinical diagnosis of CTS, 
the patient tends to wake up from sleep feeling 
numbness or swelling on the hand, with no 
noticeable swelling. The patient may feel 
extreme pain from the wrist spreading to the 
shoulder, with a tingling in the hand and fingers, 
which is defined as brachialgia paresthetica 
nocturna. On most occasions, the pain ceases 

after shaking the hand though the hand may 
feel firm later. The second stage of CTS 
development in the patient is the occurrence of 
symptoms, which occur in the day. Such 
symptoms occur when the patient engages in a 
repetitive activity involving the hand or wrist or 
if they maintain a specific position for extended 
periods (17, 18).  
Similarly, the patients may also note clumsiness 
when using their hands to grip objects, causing 
them to fall. The final stage of CTS development 
appears when there is hypotrophy or atrophy of 
the thenar eminence (18).  
 
Diagnose 
The diagnosis of CTS is based on clinical 
symptoms and strengthened by several 
examinations and workup: 
History of present illness 
The patient should be questioned on the 
frequency of occurrence of these symptoms, 
whether they happen at night or during the day, 
or whether certain positions or repeated 
movements provoke the symptoms (17).  
In addition, the doctor may question whether 
the patients use vibratory objects for their tasks, 
the parts of the arm where the sensations are 
felt, or if the patient may already have 
predisposing factors for CTS incidence. In this 
case, they may assess the patients for 
conditions associated with CTS such as diabetes, 
inflammatory arthritis, pregnancy, or 
hypothyroidism (16). 
 A recent questionnaire developed for diagnosis 
of CTS was reported to have 85% sensitivity and 
90% positive predictive value, which was 
considered sufficient to replace nerve 
conduction studies. Patients were asked a series 
of 9 questions and were provided a likelihood 
score on the basis of these responses. While a 
score of 3 was compared to the results of nerve 
conduction studies in the validation paper, the 
authors recommended a score of 5 or more be 
used as a cutoff for a screening tool in place of 
nerve conduction studies  (16, 19). 
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Fig. (1): Diagnostic CTS Scale (19). The 
Diagnostic scale uses patient self-report of 
characteristic features of CTS to determine the 
likelihood of CTS (16). 
 
The Symptom Severity Scale (SSS) and 
Functional Scale (FS). were designed to measure 
the severity of CTS, but have potential to be 
used as diagnostic tools as well. However, the 
definitive studies required to determine the 
appropriate questions/cutoff scores have not 
been conducted (16, 20).                                                                 
Physical Diagnostic Tests  
Provocation tests that can be used to diagnose 
CTS are Phalen's test, Tinel's test, Flick's sign, 
and Thenar wasting. Phalen's test was 
performed by asking the patient to do maximum 
hand flexion. This examination is said to be 
positive if within 60 seconds symptoms such as 
Carpal Tunnel Syndrome arise. Tinel's test was 
performed by percussion on the carpal tunnel 
with slightly dorso flexion positions. This 
examination is said to be positive if there is 

radiating pain or paresthesias. Flick's sign was 
performed by asking the patient to flick their 
hands or move their fingers. This examination is 
said to be positive if the complaint decreases or 
disappears. Thenar wasting can be done by 
examining the patient's palms and palpations 
and finding the presence of atrophy of the 
thenar muscles (21).  
Adjunctive Tests 
The diagnosis of CTS is clinical in a patient with 
characteristic symptoms and physical 
examination findings. However, 
electrodiagnostic studies aid in confirming the 
diagnosis in atypical cases, determining 
severity, and planning for surgery. Evidence 
suggests that ultrasonography may also be 
useful in diagnosing CTS (21). 
Differential diagnosis 
  
During the diagnosis of CTS, it is essential to 
note that other conditions may also provide 
similar symptoms to CTS, thus requiring 
vigorous diagnosis to assert the medical 
condition of the patients. The differential 
diagnosis is essential when dealing with cases, 
such as the diagnosis of CTS in patients, by 
weighing the probability of one disease against 
other diseases that the patient could likely be 
suffering from. Thorough physiological 
assessment is an important strategy for a proper 
diagnosis to differentiate CTS from other health 
complications (22).  
The differential diagnosis distinguishes CTS from 
complications, such as carpometacarpal 
arthritis of the thumb, whose symptoms include 
excruciating thumb movement, positive grind 
evaluation, and radiographic outcomes (22).  
Other conditions include cervical radiculopathy, 
whose symptoms include pain in the neck, 
numbness of the thumb and index finger, and 
positive results from the Spurling test; and de 
Quervain tendinopathy, which is responsible for 
tenderness at the distal radial styloid (21).  
Others also include peripheral neuropathy, 
which shows a history of diabetes mellitus; 
pronator syndrome, whose symptoms include 
forearm pain, sensory loss over the thenar 
eminence, and weakness with thumb flexion, 

 
Kamath and Stothard CTS Diagnostic Scale 
1. Has pain in the wrist woken you up at 
night? (yes = 1, no = 0) 
2. Has tingling and numbness in your 
hand woken you during the night? (yes 
= 1, no = 0) 
3. Has tingling and numbness in your 
hand been more pronounced first thing 
in the morning? (yes = 1, no = 0) 
4. Do you have any tricks or movements 
to make the tingling or numbness go 
from your hands? (yes = 1, no = 0) 
5. Do you have tingling and numbness in 
your little finger any time? (yes = 1, no 
= 3) 
6. Has tingling and numbness presented 
when you were reading a newspaper, 
steering a car or knitting? (yes = 1, no = 
0) 
7. Do you have any neck pain? (yes = –1, 
no = 0) 
8. If applicable, has the tingling and numbness 
in your hand been severe during 
pregnancy? (yes = 1, no = –1, N/A = 0) 
9. Has it helped the tingling and numbness 
on wearing a splint on your wrist? (yes 
= 2, no = 0) 
Sum (total of responses) = 
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and wrist extension; and Raynaud syndrome, in 
which patients show symptoms associated with 
exposure to cold and typical change in color 
(21). 
 
Management 
The management of CTS incidences in patients 
depends on the severity of the disease. In minor 
and modest circumstances, a trial of 
conventional treatment is encouraged on the 
patients. This includes splinting, corticosteroids, 
physical therapy, therapeutic ultrasound, and 
yoga (21).  
These forms of therapy encourage improved 
symptoms within two to six weeks, with the 
maximum benefit felt at three months. The use 
of splints is a significant response action for 
minor to moderate CTS due to its effortlessness, 
inexpensiveness, and admissibility (23).  
It is also advisable for use in more reversible risk 
factors, such as pregnancy, and may be used to 
supplement other treatment approaches. Oral 
provision of prednisone at a 20 mg daily dose 
improves the symptoms and functions of the 
individual, as compared to the placebo, with its 
improvements lasting an average of eight weeks 
(21). 
 Another management option is engaging 
patients in physical therapy, including carpal 
bone mobilization, ultrasounds, and nerve glide 
exercises (23). However, these tend to be less 
effective and require the presence of 
experienced therapists. On the other hand, 
patients suffering from severe CTS or nerve 
injury from electro-diagnostic results require 
surgical decompression as a method for the 
management of CTS (21).  
Patients should be referred for surgical 
treatment if the symptoms persist, if there is no 
improvement in their health, or if the motor or 
sensory deficit is progressive (23, 24). 
 
Electro diagnostic tests 
One of the primary problems in evaluating 
whether any individual test is accurate in 
diagnosis of CTS is the lack of an accepted ‘‘gold 
standard (25, 26).  

Potential gold-standard diagnoses would 
include expert clinical diagnosis, positive 
response to carpal tunnel release/injection, and 
electrodiagnosis. Using an expert clinical 
diagnosis is problematic in any situation 
because of the difficulty in standardization. 
However, when evaluating clinical tests, one 
must insure that the tests under evaluation are 
not a component of the expert’s decision-
making process. Surgery/injection is not an 
appropriate gold standard because 
complications (26-28).  
Not all patients with CTS, particularly mild CTS, 
will have surgery and, therefore, the spectrum 
sampled would be biased in such studies. 
Electrodiagnosis is the most common gold 
standard, despite the fact that false positives 
and negatives are known to exist (29). 
  
 
Basics of EDX Assessment 
EDX assessment typically consists of motor and 
sensory nerve conduction studies and needle 
EMG. When performing motor nerve 
conduction studies, electrical stimuli are 
delivered to the nerve percutaneously, while 
typically recording from a more distal muscle 
(eg, thenar eminence for the median nerve) 
(16). 
 The electrical stimulus is increased, such that 
the resulting compound muscle action potential 
is maximized in amplitude. At this point, all of 
the axons, including the most rapidly 
conducting, are considered to have been 
excited and all of the muscle fibers are 
considered to have been activated. Therefore, 
the onset latency of the response reflects the 
conduction time of the most rapidly conducting 
motor axons and the amplitude represents the 
muscle mass or volume of excitable tissue in the 
nerve’s distal innervation territory, which, and 
at least in chronic stable conditions, is 
correlated with the number of motor axons 
innervating the muscle group (16).  
Sensory nerve conduction studies are 
completed by delivering supramaximal stimuli 
to the nerve (eg, the median nerve at the wrist), 
while recording from the digital sensory 
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branches (eg, the second digit) for antidromic 
studies, or vice versa for orthodromic studies  
(16). 

 
Fig (2): (A) Illustrates the usual sites for 
stimulation of the median nerve at the wrist (S1) 
and recording electrode placement (G1, G2) for 
an antidromic median sensory study. Figure B 
illustrates the stimulation site (S1) and 
recording electrode placement (G1, G2) for a 
median motor study to the thenar eminence 
(16). 
 
Needle electromyography (EMG) involves 
inserting a concentric or monopolar needle 
electrode into the muscle under examination 
(typically the abductor pollicis brevis for the 
median nerve) and determining whether 
denervation, as indicated by fibrillation 
potentials or positive sharp waves, has 
occurred. If so, this provides an indication of 
Wallerian degeneration. In addition, the sizes, 
shapes, and recruitment patterns of voluntarily 
activated motor unit action potentials are 
examined, which provides an indication of the 
extent of motor unit remodeling following 
axonal injury and repair, or motor axon loss in 
the case of decreased motor unit interference 
patterns (16).  
Overall approach to electrodiagnosis of carpal 
tunnel syndrome  
Multiple and varied approaches have been 
described for diagnosing CTS using 
electrophysiologic techniques. The lack of 
uniformity in approach suggests lack of 
consensus as to a single best approach. For a 
broad review of electrodiagnostic tests in this 
disorder, readers are encouraged to read a 

comprehensive review of methods for 
diagnosing CTS (30).  
In general, the approach to nerve conduction 
studies should include measurement of sensory 
and motor conduction in the median nerve 
across the wrist. It is generally wise to compare 
these measures with nearby nerves (radial or 
ulnar) that do not traverse the carpal tunnel to 
exclude the effects of temperature, 
polyneuropathy, or other factors that may 
influence median nerve conduction (31).  
Because conduction in large-diameter 
myelinated sensory axons is usually affected 
before smaller diameter motor axons, more 
focus is usually given to measurement of 
sensory fiber conduction. Rarely, however, 
motor axons are preferentially affected, 
possibly because of focal compression of the 
recurrent branch of the median nerve or 
selective effects on fascicles that contain motor 
fibers (31).  
It is important to study motor conduction even 
if median sensory latencies are normal (32). 
There is some debate regarding the use of 
needle EMG electromyography in the diagnosis 
of CTS. Some researchers have reported that 
needle EMG of thenar muscles (or of the upper 
limb in general) is useful to look for evidence of 
axon loss or diagnose cervical radiculopathy. 
Others, however, have reported that needle 
EMG of thenar muscles adds little to nerve 
conduction studies in the diagnosis of CTS (33).  
A recent literature review summarized the state 
of the literature and concluded that needle EMG 
studies are not as sensitive or specific as nerve 
conduction studies to diagnose CTS, although 
they are useful for documenting axonal nerve 
pathology (32). 
Given the lack of scientific data to guide the 
approach to needle EMG, this author usually 
performs needle EMG in patients in whom the 
yield is likely to be greatest or in whom unique 
information can be provided: 
1. Patients in whom the median motor response 
is abnormal 
2. Patients with a history of trauma (in which 
axon loss is more 
likely) 
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3. Patients with a clinical presentation that 
suggests another possible 
diagnosis (eg, cervical radiculopathy or brachial 
plexopathy) (32). 
 
However, needle electromyography is an 
invasive procedure and under certain situations 
has the potential to be associated with 
iatrogenic complications, including bleeding, 
infection, nerve injury and other local trauma. 
Similar complications are possible if needles are 
used for either stimulating or recording (34).  
In addition, like all other electrical devices and 
monitoring equipment connected to patients, 
electrodiagnostic testing carries the risk of stray 
leakage currents that under certain 
circumstances can result in electrical injury, 
especially in patients in the intensive care 
setting. Similarly, certain precautions are 
required during nerve conduction studies (NCS) 
in patients with pacemakers and other similar 
cardiac devices (34). 
NCTs have a false-negative rate of 
approximately 10% and a false-positive rate of 
approximately 15%. Moreover, when compared 
to ultrasound, NCTs are more expensive, time 
consuming, uncomfortable, not universally 
accessible, and are unable to distinguish 
between primary and secondary CTS. As a 
result, the possibility of using ultrasound as an 
adjunct to clinical examination for diagnosing 
CTS has been explored over the last 20 years (2) 
 
Elastography 
Beyond conventional B mode ultrasound, 
ultrasound elastography techniques provide 
additional information on the elastic properties 
of tissues. Ultrasound elastography as an 
imaging method to detect changes in tissue 
stiffness was first described in the 1990s (34). 
Elastic moduli are used to quantify the 
differences in tissue elasticity. Essentially elastic 
moduli measure the relationship between the 
stress applied to a tissue and the deformation 
that occurs in response to that stress (9). 
 

 
Fig. (3): The elastic moduli include Young's 
modulus (E) and shear modulus (G) (35). A, 
Young's modulus measures the effect on a 
tissue of longitudinally applied forces. Elastic 
modulus is sometimes used synonymously with 
Young's modulus. B, Shear modulus is a 
measure of the effect on the tissue of a 
shearwave (whereby a high intensity pulse 
generates a secondary (shear) wave that travels 
perpendicularly through the tissue) (36). 
 
Ultrasound elastography is broadly divided into 
strain elastography and shear wave 
elastography (SWE), depending on the physical 
quantity measured. Strain elastography can be 
further subdivided based on the method of 
tissue excitation. The first method of tissue 
excitation is manual compression of tissue by 
means of the transducer by the sonographer. 
The degree of manual compression may have 
significant intra and interobserver variation. 
Mechanical devices have been developed in an 
attempt to further standardize the force 
delivered to the tissues (10). 
 

 
Fig. (4): Illustration of the ultrasound 
elastography techniques used in examination of 
nerves. A, Strain ultrasound. B, Ambient strain 
ultrasound elastography. C, Shear wave 
elastography (SWE) (9). 
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The second method, known as ambient strain 
elastography, relies on tissue oscillations 
induced by vascular pulsations to cause tissue 
distortion and then compares two areas to 
determine a strain ratio. This technique has an 
advantage compared with conventional strain 
elastography using external compression, as it 
allows a more consistent and reliable 
examination (27). 
Third, there is acoustic radiation force impulse 
(ARFI) strain imaging. In this technique high 
intensity sonographic “push pulses” are 
generated, causing underlying tissue 
displacement. Similar to ambient strain 
elastography, ARFI strain imaging provides a 
more objective and consistent tissue 
compression compared with compression strain 
elastography (9). 
The strain measurements are displayed as a 
semitransparent color map called an 
elastogram, which is overlaid on the B-mode 
image. Typically, low strain (stiff tissue) is 
displayed in blue, and high strain (soft tissue) is 
displayed in red, although the color scale can 
vary depending on the ultrasound vendor (38, 
39). 
 
Unlike strain elastography, which measures 
tissue displacement, in SWE, shear waves are 
generated after tissue excitation by an ARFI or 
by controlled external vibration (35).  
The shear wave velocity (SWV) is then measured 
providing a quantitative assessment of tissue 
stiffness. The velocity is related to tissue 
stiffness with stiffer tissues associated with 
faster shear wave propagation. Tissue stiffness 
may be reported as SWV in meters/second 
(m/s) or as shear modulus in kilopascals (kPa) 
(40).  

The relationship between shear modulus and 
SWV is G = ρc2, where G is shear modulus, ρ is 
tissue density (≅1000 kg/m3) and c is SWV. 
Tissue density will vary for different types of soft 
tissues (9). 
A shear wave image is usually presented as a 
color overlay on a grayscale B-mode image with 
either red or blue denoting stiff tissues. A color 
bar at the side of the image will relate the colors 
to either shear wave speed or calculated 
Young’s modulus and usually the manufacturer 
will identify which colors represent stiff and 
which represent soft. Since the image is 
quantitative the operator may place a cursor or 
define a region of interest and obtain the 
average SWS or Young’s modulus estimate from 
that location (41, 42). 

 
Fig. (5): Dual elastograms on top of the grayscale 
images in the tunnel inlet (A) and the quadratus 
pronator region (B). In the left elastogram, the 
color box is over the MN, and the right 
elastogram represents the propagation of shear 
waves. Four ROIs are placed on the MN, and the 
velocity and elasticity are automatically 
calculated for each ROI (T1–T4). In the carpal 
tunnel inlet: T1, extreme ultradistal radius; T2, 
radiocarpal joint; T3, most volar point of the 
lunate; and T4, lunate-capitulate joint. On the 
lower half of the images, the means, medians, 
and standard deviations of both the velocity and 
elasticity are shown. IQR indicates interquartile 
range (42). 
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