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1. INTRODUCTION
Carpal tunnel syndrome (CTS) is a wrist pathology with the 
highest prevalence in the reported nerve compression disorders.1 
The population prevalence of clinically certain CTS was found 
to be 3.8% in a Swedish study.2 The impairment by the median 
nerve is initiated by the mechanical compression by the swelling 

and hypertrophy of connective tissue that increase the intracar-
pal canal pressure.3,4 Most patients with CTS experience pain, 
numbness, and tingling sensations in the hands and arms. Upper 
limb activities–related CTS is mostly due to general causes 
instead of local post-traumatic deformation. Armstrong et al. 
stated that people who perform repetitive extreme excursions 
at their wrists and with a direct external force are in a group of 
higher risk in development of CTS.5,6 CTS plays a leading role 
in the work-related overload syndromes at the upper limbs in 
addition to those due to recreational activities.7 Symptoms of 
CTS are proved to lower patients’ ability to carry out work-
related activities, which will probably end in work disability.8 
Distribution of pain to the median nerve–supplied regions plays 
an important role as a clinical feature, yet it is likely to be over-
looked by patients.9,10 Atroshi et al. stated that a median monon-
europathy is demonstrated in approximately 15% of the general 
population with no report of any symptoms of hand.2 This 
brings out the importance of diagnostic tools. Simple clinical 
tests such as Phalen’s and Tinel’s tests both have a low sensitiv-
ity and specificity and Tinel’s sign was considered worthless by 
some respondents of a study.9 Nerve conduction study is a more 

Abstract
Background: Various upper limb activities were speculated to be associated with the development of carpal tunnel syndrome 
(CTS). Nonetheless, there are currently no standardization on the uses of parameters in CTS assessments, nor are there any con-
clusive findings regarding the usefulness of various sonographic measurements in studies of different upper limb activities. In this 
review, we intend to evaluate the methodology of assessing CTS induced by upper limb activities with ultrasonographic technique 
and provide corresponding suggestions.
Methods: Clinical studies on the association between upper limb activities and prevalence of CTS using ultrasonography were 
recruited in a database research on the basis of a procedural selection criteria and reviewed. The following qualitative items were 
extracted: characteristics of studies, scanning methods, selection of sonographic parameters, and related article findings.
Results: Eleven studies were qualified for this review. Three studies were computer keyboard typing related, five studies were 
electronic device related, and three studies were wheelchair-related. All sampled articles included cross-sectional area (CSA) at the 
pisiform level. The swelling ratio (SR) and flattening ratio (FR) at the hamate level are also used in most studies in addition to the 
CSA at the pisiform level. The effectiveness of such parameters is subjected to various confounding factors such as age, weight, 
body mass index, and wrist anthropometrics, suggesting CSA and SR with sufficient levels had significant values as sonographic 
parameters. Values of parameters were found affecting symptomatic signs and hand dominance.
Conclusion: Ultrasound scan is a suitable tool to assess the relationship between upper limb activity and CTS. CSA at the pisiform 
level and SR and the FR at the hamate levels are generally suitable in upper limb–associated CTS investigations. Specific study 
designs are required to eliminate different confounding factors accordingly.

Keywords:  Carpal tunnel syndrome; Hypertrophy; Ultrasonography

mailto:lt.lin@polyu.edu.hk(L.-T.Lin


www.ejcma.org  213

Original Article. (2021) 84:2 J Chin Med Assoc

advanced examination than the clinical tests, providing objec-
tive information of median nerve compression.9 However, the 
considerable numbers of false-positive and false-negative results 
and varying normative cutoff for abnormality make nerve con-
duction study a controversial role.11 Imaging tests on the struc-
tures of the carpal tunnel have emerged as the alternatives giving 
accurate differential diagnosis in last two decades.12–14 Magnetic 
resonance imaging (MRI) has been recognized as a diagnostic 
modalities for CTS, and the accuracy and reliability of MRI 
on CTS assessment have been assessed by Middleton et al.15 
However, clinicians seldom use MRI in routine examination for 
CTS because of the high cost and long duration of scanning.

Ultrasonography is a non-invasive and superior to MRI for its 
cost-effective and real-time nature; we notice the lack of review 
and pool of methodological studies evaluating the ultrasono-
graphic assessment in a qualitative manner. This study focused 
on ultrasonography where the ultrasound equipment and probes 
have undergone immense improvement in recent years. An arti-
cle by Impink et al. showed the reliability of ultrasound as a tool 
to assess median nerve characteristics.16 Differentiation between 
CTS and other neuropathies could be achieved by using ultra-
sound. Quantitative results of sonographic parameters allow an 
objective analysis for CTS diagnosis. Nonetheless, the way of 
obtaining measurements has not yet fully standardized and still 
require attentions together with the new equipment and tech-
niques available, giving differences in study design.15

Recent studies reported the application of various sonographic 
parameters for assessing CTS. As summarized by Hobson-Webb 
and Padua, frequently assessed observation parameters for the 
median nerve changes include increase in nerve cross-sectional 
area (CSA), nerve flattening ratio (FR), wrist-to-forearm ratio, 
and inlet-to-outlet ratio.17 Changes in wrist or carpal tunnel con-
dition such as wrist mobility, vascularity around median nerve, 
and flexor retinaculum bowing are also commonly seen in diag-
nosis. A few systematic review and meta-analysis were performed 
on the performance of ultrasonography for the diagnosis of CTS 
as well.18,19 These studies focused on the determination of accu-
racy, sensitivity, and specificity and were analyzing quantitatively.

In a hope to discuss how subject positioning is varied between 
different sonographic carpal tunnel assessment and the design of 
data collection. Another main aspect of this study is to analyze 
the values and confounding variables of each carpal tunnel–
related sonographic parameters for median nerve assessment. To 
address the mentioned problem, this review study attempts to 
suggest a guideline for future sonographic carpal tunnel assess-
ment in the methodology and the process of data collection.

2. METHODS

2.1. Literature search
This systematic review was guided by the Preferred Reporting 
Items for Systemic Reviews and Meta-Analyses statement for 
conducting literature review and presentation of results.20 A 
computer-based research was conducted using PubMed as the 
database of articles published within 2006 and 2020. Only 
studies in English or with an English version were included. The 
research strategy included clinical studies on the association 
between upper limb activities and CTS using ultrasonographic 
assessment. There were some exclusions from this review: arti-
cles on participants diagnosed with CTS, and articles on par-
ticipants with surgical history at upper limbs, articles on nerve 
conduction study as the assessment method, articles on system-
atic review or meta-analysis or case report or case study, and 
articles on treatment of CTS.

The employed keywords in searching for articles are listed 
in the following: “ultrasonography,” “carpal tunnel syndrome,” 

“median nerve,” “sports,” “keyboarding,” and “electronic device.” 
The above key words assembled a code to be applied to the search 
engine of database. The search code was followed by several key 
words with a “NOT” in front to perform the exclusions: “sur-
gery,” “systematic review,” “meta-analysis,” “case report,” “case 
study,” “review,” “treatment,” and “nerve conduction study.”

2.2. Study selection and snowball sampling
Selected articles were initially screened by titles and abstracts 
following the inclusion and exclusion criteria. The same strat-
egy was applied for snowball sampling to enrich the harvested 
articles. Snowball sampling has been suggested for its usefulness 
for extending a systematic literature study in particularly.21 Both 
backward and forward snowballing were achieved for more ref-
erence article recruitment. Backward snowballing makes use of 
the reference list of each included paper, where articles in the 
reference list were screened. In forward snowballing, the articles 
citing the included papers were evaluated.

2.3. Data extraction and analysis
Objectives of the review study were confirmed and agreed 
among investigators before data extraction. The design and data 
collection variations of each study, in particular the sonographic 
CTS parameters, were observed and analyzed. The sampled 
studies were analyzed both collectively and individually accord-
ing to the upper limb activity type. No statistical analysis was 
performed due to the qualitative nature of this review. In light 
of the focus on the methodology analysis of this review, risk-of-
bias assessments were also omitted in this review.

3. RESULTS
A total of 473 articles were initially identified by the PubMed key-
word searching, where 7 of them were selected after screening, fol-
lowed by snowball sampling resulting in 5 more articles included 
into consideration. A total of 11 clinical trials were included in this 
systematic review after a procedural selection criteria for eligibil-
ity (Fig. 1). Table 1 summarized the characteristics of all studies 
selected. Baseline variables were related to the subject characteris-
tics such as age, weight, body mass index (BMI), and wrist circum-
ference at certain extent which was in line with previous studies. 
One concluded that age, gender, and hand dominance were factors 
of the laterality of CTS.33 There was a highest prevalence of CTS at 
the old-aged group of people.34 It was confirmed in another study 
that BMI and wrist anthropometrics as independent risk factors 
for CTS. Greater BMI, higher wrist, and shape indices were found 
significant in patients with CTS than in the control group.35 Obese 
subjects with BMI over 29 were found to be 2.5 times more likely 
than thin subjects with BMI <20 having CTS.34

3.1. Study design
Studies included focused on upper limb activities frequently 
related to CTS from three domains: keyboarding, using elec-
tronic devices, and activities with a wheelchair (Table 1). Design 
of studies could be classified into two main genres, where 9 out 
of 11 articles belonged to cross-sectional study with task(s) per-
formed and remaining 2 were cohort study. Besides the nega-
tive group of subjects in cohort studies, only one cross-sectional 
study involved control group of subjects. Multiple scans with 
more than two time points were adopted by half of the task per-
forming studies. Postrest scan after a certain period of perform-
ing the task was conducted in three articles only.

3.2. Scanning methods
Items related to the scanning methods were included in Table 2 
with alphabetical orders. Subject positioning was listed from 
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distal to proximal locations. With respect to the instrumenta-
tion, almost all studies utilized a high-frequency linear probe 
(Table  2). The general subject positions adopted were sitting 
with neutral position of wrist, supinated forearm, and 90° flex-
ion of elbow.

3.3. Selection of sonographic parameter measurement
A high variability in terms of parameters was exhibited by the 
included studies (Table 3). CSA of median nerve appeared in 10 
out of 11 studies.22–27,29–32 SR and FR were used frequently fol-
lowing CSA. SR was calculated by the ratio of CSA at pisiform 
to CSA at distal radius, whereas FR was obtained by dividing 
the major axis by the minor axis of the median nerve. In addi-
tion, median nerve perimeter, diameters, and circularity were 
considered by some articles.26,30,31 Relative parameters of median 
nerve and structure other than median nerve were also assessed. 
26,28,31 Almost all variables were taken at two or more levels, with 
pisiform as the most common one. Six studies only performed 
the measurement at one location.23,25,26,28,30,32

3.4. Bilateral or unilateral wrist scans and hand dominance
Bilateral wrist measurement was taken in five studies (Table 1). 
For studies using unilateral scans, only nondominant hand was 
assessed in two studies.24,29 These were done at an attempt to 
eliminate other reasons of developing CTS other than perform-
ing the activity. FR had no significant difference with the hand 
dominance.27 This was consistent with another study showing 
significant difference in FR between both hands at baseline only 
but not after task.25

3.5. Baseline variables with confounding factors
Several confounding factors were concluded to be affect-
ing baseline variables (Table  4). Age, weight, BMI, and wrist 

circumference were found to be significantly related to values 
of parameters at baseline.24,25,27,29 Regarding the characteristics 
of recruited subjects, six studies invited participants from young 
age group (18–30 years) and two from middle-aged group (31–
59 years). Remaining three studies involved mixed-age group 
of participants (18–65 years) (Table 1). Only one study found 
no significant relationships between baseline median nerve vari-
ables and subject characteristics.22

4. DISCUSSION

4.1. Subject positioning
Ultrasound being one of the most user-dependent imaging 
modalities, slight difference in subject positions and scanning 
positions could result in a large variation of results. Reviewing 
the subject positions of various regions of the upper limb, there 
were some positions that investigators were generally adopting.

Studies proved that there was a significant displacement of 
the median nerve within carpal tunnel at certain wrist and fin-
ger positions on the transverse sonographic scan in healthy sub-
jects.36,37 The result from a study by Wang et al. stated wrist 
palmar flexion and ulnar flexion induced significant deforma-
tion of median nerve as well.38 The above deduced that extension 
and flexion of wrist pose an effect on the variables measured. It 
was also found that transverse displacement of median nerve 
was affected by finger motion.37 However, the findings on fin-
ger position from this study did not conclude a general posi-
tion adopted. The reason for being unable to draw a general 
conclusion is related to the considerable number of studies not 
mentioning the position of fingers employed.

Most included studies adopted a supinated forearm posi-
tion during the ultrasound scan. Use of a forearm supination 
was supported by a study by Echigo et al.39 Less nerve gliding 

Fig. 1 Preferred Reporting Items for Systemic Reviews and Meta-Analyses (PRISMA) flow diagram. The reference article searching was conducted following the 
PRISMA guideline. The search was initiated with PubMed followed by Snowballing using Google Scholar for expansion.



www.ejcma.org  215

Original Article. (2021) 84:2 J Chin Med Assoc

was observed in forearm supination and entrapment of median 
nerve tended to occur in forearm pronation. As a result, it is 
likely for forearm supination to cause less deformation or dis-
tortion due to positioning on the median nerve during the scan. 
Moving proximally from the forearm, median nerve is likely to 
be unloaded in a posture with the elbow flexed.40 The nerve is 
then under little tension in elbow flexion. Indeed, a position with 
extended and abducted arm and adducted shoulder are used 
together with flexed elbow in many clinical situations. Our find-
ing on elbow position was in an agreement with the result of the 
above study that also used a 90° flexion of elbow.

4.2. Ultrasonic measurements and imaging signatures

4.2.1. Cross-sectional area
CSA was the most common variables measured yet with the 
largest variety of scanning locations among reviewed studies. 
Regarding the included study with largest number of levels 
scanned, the significant differences in four out of five locations 
were explainable by previous studies.28,41 Measurement from 
several levels may establish intercorrelated relationships to dem-
onstrate the characteristics of CTS on median nerve such as the 

physiology of the symptoms appeared. It was suggested by mul-
tiple studies that the largest CSA obtained within the whole car-
pal tunnel region maybe more accurate than focusing at certain 
level.42,43

Enlargement of CSA at the pisiform level found after analysis 
matched with the pathology involved, which somehow estab-
lished value of CSA. Pisiform is anatomically at the carpal 
tunnel inlet. Two previous studies stated that nerve just proxi-
mal to the entrapment site are usually having swelling.44,45 For 
CTS, nerve entrapment occurs at the carpal tunnel so pisiform 
matches the location that is proximal to the entrapment site. 
Additionally, CSA at distal radius was found to have a decrease 
after activity.29 The study explained that the decrease had shown 
the swelling of median nerve that did not extend to the level of 
distal radius so it matched with the pathology. However, only 
one study had this opposite direction of change of CSA at these 
levels. Future studies could have more insights into the direction 
of change.

4.2.2. Swelling ratio
When extracting CSA at all scanning levels is not possible, 
pisiform and distal radius level should be prioritized. A new 

Table 1

Characteristics and design of the included studies

Authors Activity
Characteristics of  

subjects

Comparison 
between 

symptomatic  
and 

asymptomatic 
subjects

Control  
group

Experimental 
group(s)/target 

cohort

Number of 
measuring 

time 
points

Performance 
of task(s)

Resting 
scan

Unilateral  
(dominant/ 

nondominant)/ 
bilateral  

measurement  
of wrist

Impink  
et al.22

Wheelchair 
basketball

N = 28
Age: 40.3 ± 8.86
Include symptomatic subject

Yes No N/A 2 Yes No Unilateral  
(nondominant)

Lai  
et al.23

Electronic  
device

N = 31
Age: 18 - 25
Exclude symptomatic subject

No No N/A 2 Yes No Unilateral  
(dominant)

Impink  
et al.24

Wheelchair 
propulsion

N = 50
Age: 18 - 65
Include symptomatic subject

Yes No N/A 8 Yes Yes Unilateral  
(nondominant)

Toosi  
et al.25

Keyboarding N = 20
Age: 22 - 45
Exclude symptomatic subject

No No N/A 3 Yes No Bilateral

Shim26 Smartphone N = 20
Age: 22.3 ± 0.8
Exclude symptomatic subject

No No N/A 2 Yes No Not mentioned

Toosi  
et al.27

Keyboarding N = 37
Age: 19 - 46
Exclude symptomatic subject

No No N/A 4 Yes Yes Bilateral

Inal  
et al.28

Smartphone N = 102
Age: 18 - 23
Exclude symptomatic subject

No Smartphone 
nonuser

High and low 
smartphone 
users

N/A No N/A Bilateral

Hogaboom 
et al.29

Wheelchair  
transfer

N = 30
Age: 42.2 ± 13.2
Exclude symptomatic subject

No No N/A 2 Yes No Unilateral  
(nondominant)

Loh  
et al.30

Keyboarding N = 15
Age: 24.8 ± 2.3
Exclude symptomatic subject

No Yes Typing I and II 
groups

8 Yes Yes Bilateral

Woo  
et al.31

Electronic device N = 48
Age: 18 - 25
Exclude symptomatic subject

No Nonintensive 
user

Intensive user N/A No N/A Bilateral

Rania  
et al.32

Smartphone N = 56
Age: 20.36 ± 1.6
Exclude symptomatic subject

No No N/A 2 Yes No Unilateral  
(dominant)
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parameter SR could be generated to demonstrate and compare 
the swelling of median nerve.27 The effectiveness of SR to detect 
changes of median nerve was explained by previously mentioned 
physiology of pisiform level as the entry point causing the nerve 
entrapment. It was noted that SR increased significantly in CTS 
patients in some studies.46,47 It is of elevated importance of SR on 
studies looking for the association between activity and presence 
of CTS. SR could be exaggerated by the performance of activity, 
which was agreed by the result of the study by Altinok et al.48

4.2.3. Flattening ratio
Unlike CSA and SR, the role of FR in assessing CTS was contro-
versial. On the one hand, there were no significant differences 
of FR at most of the levels. It was found in previous study that 
there was a low reliability at the hamate level as well.27 Having 
no changes in FR could be explained by the limitation to expand 
for the median nerve due to intraneural edema of median nerve 
caused by repetitive movements of wrist and finger. As the 
increase in CSA did not occur along the two axes of diameter, 
which was in line with our finding, the two diameters changed 
proportionally giving the same FR value.

On the other hand, a significant decrease of FR collected 
at the hamate in symptomatic subjects were found in a study 
though a small number of data available. A study by Marquardt 
et al.49 found the application of compressive force impacted FR 
of median nerve significantly. Finding of the included article was 
consistent with the finding of this study. The decrease in FR was 

an evidence of a rounder shape of median nerve, which could be 
due to swelling of median nerve correlated to increase in CSA.

4.3. Postrest scan
Taking measurement after certain period of performing activ-
ity showed a significant result of the postacute effect in the 
studies. Returning of values of parameters back to the base-
line was in the completion of showing the overall changes of 
median nerve. Included studies proved a resting period that 
could be beneficial for recovery of median nerve though time 
of resting required values of variables to be back to baseline 
varied within studies. Additional problem raised on the con-
sideration of the effect of time in the recovery phase could be 
addressed by future study.

4.4. Inclusion of symptomatic subjects
Our findings showed a controversial result on whether signifi-
cant differences existed between symptomatic and asympto-
matic subjects. To eliminate the probable effect of the presence 
of symptoms, two groups should be assessed independently. 
Suggested by some reviewed studies that there may be already 
certain level of restrictive movement of median nerve within car-
pal tunnel in individuals with the presence of symptoms.24 The 
negative results may be caused by the difference in pathological 
changes of median nerve between the symptomatic group of dif-
ferent studies.

Table 2

Scanning methods

Authors

Method of 
locating 

median nerve

Subject 
position 
(fingers)

Subject  
position  
(hand)

Subject  
position  
(wrist)

Subject  
position 

(forearm)

Subject 
position 
(elbow)

Subject  
position  
(other)

Subject 
position 
(sitting/ 
lying)

Transducer  
and  

frequency

Impink  
et al.22

Manual tracing N/A Neutral posture N/A Neutral posture N/A N/A N/A 10–22 (MHz) linear  
array transducer

Lai  
et al.23

Not mentioned Fully  
extended

Supinated Neutral position (0°), 
15°, 30°, 45°

Rested on table 90° Flexion Shoulder slightly  
abducted

Sitting L12-5 (MHz) linear  
array transducer

Impink  
et al.24

Manual tracing Relaxed Supinated Neutral position Supinated 90° Flexion Upper arm relaxed and  
fully adducted with no  
internal or external  
rotation

Sitting 5–12 (MHz) linear  
array transducer

Toosi  
et al.25

Not mentioned Relaxed N/A Neutral position Supinated 90° Flexion Upper arm relaxed and  
fully adducted with  
no internal or external  
rotation

Sitting 5–12 (MHz) 50 mm  
linear array  
transducer

Shim26 Not mentioned N/A Supinated Neutral position Rested on  
table

90° Flexion Shoulder comfortably  
maintained

Sitting 7–10 (MHz) high- 
frequency linear 
probe

Toosi  
et al.27

Manual tracing Relaxed Adducted  
without internal 
and external 
rotation

Neutral position Supinated 90° Flexion N/A Sitting 5–12 (MHz) linear 
array transducer

Inal  
et al.28

Manual tracing N/A Supinated At rest Semi-flexed N/A N/A Sitting 7–13 (MHz) linear 
array probe

Hogaboom  
et al.29

Manual tracing Relaxed N/A Neutral position Supinated 90° Flexion N/A Sitting Not mentioned

Loh  
et al.30

Manual tracing N/A N/A Neutral position Supinated 30° Flexion Arm rested on table Sitting 5–13 (MHz) 12L-
RS transducer

Woo  
et al.31

Manual tracing Fully  
extended

Supinated Neutral position Rested on table 90° Flexion N/A Sitting L12-5 (MHz)  
Linear array

Rania  
et al.32

Not mentioned Thumb  
moving to 
text

Neutral posture Neutral position Rested on table, 
supinated  
at 45°

90° Flexion Shoulder slightly 
abducted

Sitting HRUS (13 MHz  
MTurbo system)
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4.5. Effect of hand dominance
Hand movements in daily life are frequently demonstrated by 
the dominant side. There may be potential physiological changes 
resulted by daily tasks. The effect of activity may be exaggerated 
at the dominant hand. Adoption of bilateral scans occupied the 
greatest number of studies from our findings. Significant differ-
ences were also shown between left and right hands. Moreover, 
hand dominance was independently correlated to left-hand and 
right-hand CTS showed by a study.21 The effect of hand domi-
nance was proved to values of parameters. These findings may 
suggest bilateral scan of wrist serve as a more comprehensive 
measure for progression of CTS.

4.6. Limitations of the included studies
In addition to the valuable findings from the studies, several 
limitations were noticed in their methodology that may draw 
questions to the results. Due to the user-dependent nature of 
ultrasonography, one reviewed study faced obstacles in obtain-
ing image at certain location especially at the hamate level.24 
Thus, the study only included 30 subjects in the analysis of 
median nerve characteristics at the level. This may be insuffi-
cient to prove a significant result in terms of the proportion of 
subjects measured as mentioned above. The subjects who were 
unable to measure the variable at the hamate level from may 
have a significantly different direction of change in values.

Moreover, a study claiming there were no significant dif-
ferences of median nerve under sonographs explained the 
results with the minor pathological changes the median nerve 
had already undergone during the progress of chronic CTS.24 
However, the changes were not significant enough to show evi-
dence on images. This was limited by degree of CTS primarily 
happening on individuals, which varied among people and dif-
ficult to rank to exclude certain participants.

A subject position with a neutral position of wrist, supinated 
forearm and 90° flexion of elbow with sitting should be adopted 
during the ultrasound scan. For those who aimed to discuss the 
effect of extension and flexion of wrist and fingers, variations 
could be made in number of angles measured at corresponding 
regions. CSA and SR with sufficient levels scanned had signifi-
cance on deducing the association. Investigators should include 
at least these two parameters and obtain values at the entire 
median nerve for CSA. Trends of variables resulted should be 
compared with the related pathological changes of median nerve.

Postrest scan is beneficial to find out whether a recovery phase 
is useful to reduce effect of activity to developing CTS. Duration 
of resting required may be varied with nature of activity but not 
duration of performing activity. A study taking measurement at 
several time points of a longer resting period could be done to 
achieve the aim. An ideal length of resting should be suggested 
to the population to reduce population prevalence of CTS.

For the effect of presence of CTS symptoms, it is recom-
mended to eliminate it by separated studies. Generally, study 
design should be carefully customized according to the physio-
logical and anatomical characteristics of the activity performed. 
Certain pathological change would be positive or negative 
to different participants by the same duration of performing. 
Investigation on how hand and wrist activities with different 
physiological change during and the intensity of the activity may 
affect the median nerve should be done prior.

Bilateral hands should be included in the assessment of CTS with 
comparison of results between groups done separately according 
to sides. It is suggested taking measurement on the nondominant 
hand when a unilateral scan is preferred. In addition, recommenda-
tions by the investigators of included studies should be taken as a 
reference. Longitudinal study was suggested to track the long-term 
effect of median nerve.22,25 However, longitudinal study requires T
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Table 4

Related article statements

Authors Subject characteristics correlations Article findings/results Parameter-wrelated points

Impink et al.22 No significant relationships between baseline  
median nerve variables (CSA, FR, SR) and  
subject characteristics (age, year of wheelchair 
use, weight, BMI)

CSA: decreased significantly at distal radius,  
insignificantly at pisiform

SR: measured at pisiform and  
distal radius

 FR: no significant difference at pisiform and distal radius CSA: at pisiform is usually enlarged
 Suggest performing longitudinal study to track the  

long-term effect on median nerve and 
 investigate postacute effects

FR: measured at distal radius and pisiform;  
not at hamate due to technical  
difficulties

Lai et al.23   CSA: increased after 5-min rapid task due 
to swelling; decreased in another  
experiment of activity on wheelchair

Impink et al.24 Baseline CSA at radius: significant positive  
correlated to BMI

Female excluded as subjects  

FR at hamate: significant positive correlated to age No significant differences of median nerve  
under sonographs

 

 Different direction of change for symptomatic and  
asymptomatic subjects

 

 CSA: increased in symptomatic subjects CSA:  
decreased in asymptomatic subjects

 

 Decrease of CSA in asymptomatic subjects were due to  
nature of the activity

 

 No significant findings in post-acute period  
 Post-acute effect may appear after a few  

hours after the activity
 

 Only 30 subjects included in the analysis of median  
nerve characteristics at level of hamate

Unable to obtain images at hamate level

  Nondominant hand assessed
  Subjects may have minor pathological changes

Toosi et al.25 Baseline CSA at pisiform: significant  
positive correlated to age

FR: caught up in non-dominant with dominant wrist (From cited article)
Median nerve long axis/short axis ratio:
Decreased in asymptomatic subjects  

after 3-h keyboarding
No significant changes in symptomatic 

subjects
 FR: significant difference between both  

hands at baseline
FR: only taken at pisiform

FR: no significant differences after task
 CSA: increased gradually after task and only  

significant at 60 min in dominant side
 

 SR: increased gradually after task and only 
 significant at 60 min in dominant side

 

 Suggest performing longitudinal study  
 Suggest adding resting period  

Shim et al.26  CSA: decreased significantly at proximal carpal  
tunnel after playing with smartphone

 

 CSA: decreased while TH and BH increased  
significantly at the same time

 

Toosi et al.27 Wrist circumference: moderately related to  
baseline CSA and SR

FR: no significant difference with time points or  
hand dominance

SR = CSA at pisiformCSA at distal radius

Wrist circumference: related to BMI and gender SR and CSA: significant enlarged in 30-min and  
60-min typing

FR: changed proportionally in  
two dimensions

SR: negatively correlated with age CSA and SR: returned to baseline in 30 min after  
60-min typing

FR: was measured at pisiform

Inal et al.28   Median nerve ratio = Dominant side -  
Nondominant sideNondominant side

Hogaboom et al.29 Baseline SR: inversely proportional to body weight CSA: increased significantly at pisiform but not in  
SR nor CSA at distal radius

Only nondominant hand scanned

Continued next page
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a much longer duration and resources. Thus, repeated cross-sec-
tional studies could be considered to give a pseudo-longitudinal 
study if limitations exist.50 There is a reminder on the considera-
tion of confounding factors when longitudinal study is conducted 
as they may have a more severe effect in extended period.

On the basis of qualitative results obtained from this review, it 
is concluded that several criteria may assemble a guidance to reach 
standardization of methodology to assess upper limb activity–
associated CTS. That is to say, ultrasonography could be useful in 
the diagnosis of CTS mostly with the visualization of pathological 
changes. Values could be added if the study design is customized 
with merits and disadvantages of each measure balanced.
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