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Pinch force and forearm-muscle load during routine colonoscopy:
a pilot study

Amandeep K. Shergill, MD, Krishna R. Asundi, PhD, Alan Barr, MS, Janak N. Shah, MD,
James C. Ryan, MD, Kenneth R. McQuaid, MD, David Rempel, MD, MPH

San Francisco, California, USA

Background and Objective: Overuse injuries of the hand, wrist, forearm, and shoulder are common among
endoscopists and may be from repetitive pinching and gripping forces or awkward posturing. In this pilot study;,
we evaluated distal upper-extremity musculoskeletal load during colonoscopy (1) to confirm the feasibility of
performing ergonomic measurements in endoscopists and (2) to identify tasks that may contribute to overuse
injuries.

Design and Subjects: Three experienced gastroenterologists were evaluated during 3 colonoscopies each.
Setting: Veterans Affairs Medical Center, San Francisco, California.

Main Outcome Measurement: Right-thumb pinch force using a thumb-force sensor and bilateral forearm-
muscle activity using electromyography:.

Results: The mean duration of the 9 colonoscopies was 19.5 minutes. The highest mean (SD) right-thumb peak
pinch forces occurred during left (10.4 [4.1] N) and right (10.1 [4.5] N) colon insertion, which exceeded the
injury threshold of 10 N. Mean peak forearm-muscle activity was also greatest during left and right colon inser-
tion. Activity of the left abductor pollicis longus, left extensor carpi radialis, and right extensor carpi radialis ex-
ceeded the American Conference of Industrial Hygienists (ACGIH) hand activity level (HAL) action limit. The left
extensor carpi radialis was at the ACGIH HAL threshold limit.

Limitations: The small sample size, no force measurement for the left thumb, and all the gastroenterologists
were men.

Conclusion: The pinch forces and forearm-muscle loads applied during routine colonoscopy may pose a risk

for overuse injuries at the elbow and wrist.

Almost 60% of endoscopists surveyed have suffered
some musculoskeletal complaint related to endoscopy,
and a higher endoscopy volume is associated with a higher
likelihood of overuse injuries, such as wrist tendinopathies,
epicondylitis, carpal tunnel syndrome, and shoulder or cer-
vical muscle strains.' These injuries may present as hand
numbness or as pain in the hand, wrist, elbow, neck, or
back, and are related to high-force pinching or rapid force-
ful gripping motions, direct pressure, and prolonged, awk-

Abbreviations: ACGIH, American Conference of Industrial Hygienists;
APDE amplitude probability distribution function; APL, abductor polli-
cis longus; ECR, extensor carpi radialis; EMG, electromyography; FDS,
fexor digitorum superficialis; HAL, band activity level;, HAL-TLV, hand
activity level threshold limit value; MVC, maximum voluntary contrac-
tion; MVE, maximum voluntary electrical activity.
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ward postures.'™ Endoscopy involves repeated pinching or
gripping of the endoscope and can involve awkward hand,
wrist, elbow, shoulder, and neck postures, all of which may
be risk factors for overuse injuries.*”

The aim of this pilot study was to evaluate the pinch
force and forearm-muscle activity among experienced
gastroenterologists during routine endoscopy to (1) con-
firm the feasibility of performing ergonomic measure-
ments in endoscopists and (2) to identify the tasks that
may contribute to the risk for overuse injuries. Our
long-term goals are to identify modifications in endo-
scopic techniques and endoscope design that can de-
crease risk factors and prevent overuse injuries among
endoscopists.

MATERIALS AND METHODS

Population
Three experienced endoscopists (> 5 years of practice)
from the San Francisco Veterans Affairs Medical Center
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participated. The endoscopists, as well as the patients un-
dergoing colonoscopy, provided informed consent, ap-
proved by the investigational review boards of the
University of California, San Francisco, and the San Fran-
cisco Veterans Affairs Medical Center.

Outcome measures

Right-thumb force. The right-thumb pinch force was
recorded by using a tactile pad (10 x 30 x 1 mm) (Pres-
sure Profile Systems, Los Angeles, Calif) that was placed
on the volar aspect of the distal phalanx of the right
thumb and secured with a latex thumb glove. The thumb
pad was calibrated by pressing down on the colonoscope
insertion tube with the instrumented thumb, while the
downward force was measured with a 6-axis load cell
(error range £0.1 N; ATT Industrial Automation, Apex,
NC). During colonoscopy, thumb-force data from the
pad were collected at 100 Hz and were recorded to a per-
sonal computer by using Labview Software version 6.0
(National Instruments, Austin, Tex).

Right-forearm and left-forearm activity. Muscle ac-
tivity was recorded in the forearm from 5 muscle groups
by using surface electromyography (EMG): the right and
left extensor carpi radialis (ECR), the right and left flexor
digitorum superficialis (FDS), and the left abductor polli-
cis longus (APL). Self-adhesive silver/silver chloride snap
electrodes (active diameter of 10 mm and a center-to-cen-
ter distance of 20 mm) were placed by using recommen-
ded anatomical landmarks,® and a ground electrode was
placed over the lateral epicondyle. EMG activity from
the 5 muscle groups was sampled at 1500 Hz by using a Tel-
eMyo 2400T telemetric EMG system (Noraxon USA Inc,
Scottsdale, Ariz). The EMG data was normalized to the
maximum voluntary electrical activity (MVE) obtained by
having the endoscopist perform a 5-second isometric max-
imum voluntary contraction (MVC) for each muscle.

Procedures

Each gastroenterologist performed 3 colonoscopies
while under observation by another colleague. The left
colon (rectum to the splenic flexure) and the right colon
(splenic flexure to the cecum) insertion times and with-
drawal times (excluding retroflexion) were recorded.

Data analysis

Thumb-force data were passed through a sixth order
low-pass Butterworth filter with a 5 Hz cutoff frequency.
Forearm EMG signals were rectified by using a root
mean square conversion with a 50-ms time window. A 1-
second moving average was used to smooth MVE data.
EMG activity for each muscle was normalized to each en-
doscopist’s MVC for the 5 muscle groups. Summary mea-
sures of the right-thumb force and the right and left
forearm EMG data were calculated for left and right colon
insertion and withdrawal. Both force and EMG data are

Capsule Summary
What is already known on this topic

e Overuse injuries of the hand, wrist, forearm, and shoulder
are common among endoscopists and may be because
of repetitive pinching and gripping or awkward
posturing.

What this study adds to our knowledge

e Measurement of right-thumb pinch force and bilateral
forearm-muscle activity as 3 endoscopists each
completed 3 routine colonoscopies revealed that the
procedure may lead to overuse injuries at the elbow and
the wrist.

reported as amplitude probability distribution functions
(APDF) to reduce noise.”

Our results focus on the mean peak thumb pinch
forces and forearm EMG activity, because these are most
predictive of an overuse injury. APDF90 is a summary mea-
sure of mean peak force, ie, 90% of recorded data are be-
low this value, and 10% are above. An APDF90 threshold
of 10 N was used to evaluate the risk of right-thumb in-
jury.®® Threshold values for mean peak forearm-muscle
activity were established by the American Conference of
Industrial Hygienists (ACGIH) hand activity level threshold
limit value (HAL-TLV)."

All data are presented as mean (SD). Summary measure-
ments were compared between colonoscopy phases by us-
ing repeated measures analysis of variance (SAS v8; SAS
Institute Inc, Cary, NC) and were adjusted for multiple com-
parisons per hand (2 muscles right hand, 3 muscles left
hand) by using a Bonferroni correction. Significant findings
were followed up with the Tukey test to adjust for multiple
comparisons. A P < .05 was considered significant.

RESULTS

All the endoscopists were men, mean (SD) age 44.7 +
8.4 years, with a mean (SD) of 12 %+ 8.0 years of experi-
ence. Their mean height was 175 £ 12 cm and weight
was 79.4 £ 14.2 kg. Endoscopist no. 1 is left handed; endo-
scopist nos. 2 and 3 are right handed. All endoscopists
held and manipulated the control dials with the left
hand and inserted and guided the insertion of the colono-
scope with the right hand. A variable stiffness colonoscope
(CFQ-180; Olympus America, Center Valley, Pa) was used
for all colonoscopies.

The mean (SD) duration of the 9 colonoscopies was
19.5 £ 6.5 minutes. The mean (SD) times for the 3 phases
of colonoscopy, left colon insertion, right colon insertion,
and withdrawal were as follows: 3.7 + 1.3 minutes, 3.8 +
2.2 minutes, and 11.5 £ 3.3 minutes, respectively.
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Figure 1. Summary measurements of right-thumb pinch forces during
each segment of colonoscopy, represented as APDF in newtons. Illus-
trated are the mean static (APDF10), median (APDF50), and peak
(APDF90) pinch forces. No significant differences were found among co-
lonoscopy segments.

Endoscopist no. 1 described the first colonoscopy as “in-
sertion to the cecum without difficulty” but described the
second and third colonoscopies as ‘“insertion to the ce-
cum with a moderate amount of difficulty.”” Endoscopist
nos. 2 and 3 described all 3 colonoscopies as “insertion
to the cecum without difficulty.” A mean of 1.6 (range 0-
3) small polyps were found per examination and were re-
moved with excisional biopsies. Because only surface EMG
was used (as opposed to intramuscular EMG), no pain was
experienced by the endoscopists during the study.

The mean peak (SD) (APDF90) right-thumb pinch
forces measured during left colon and right colon inser-
tion were 10.4 + 4.1 N and 10.1 £+ 4.5 N, respectively
(Fig. 1). The differences between colonoscopy segments
were not significant (P = .29). The mean percentage of
maximum right-thumb pinch force that was reached for
each endoscopist was 46%, 32%, and 18.5% during left co-
lon insertion, and 35%, 42%, and 16% during right colon
insertion.

The right forearm-muscle EMG activity levels demon-
strated the highest muscle loads during insertion.
The right FDS APDF90 was significantly higher for both
left colon and right colon insertion than during with-
drawal (repeated measures P = 002; Tukey pairwise com-
parisons in Fig. 2); however, these APDF90 levels were
below the ACGIH HAL-TLV action limit of 30% MVC during
all segments of colonoscopy. In contrast, the APDF90 of
the right ECR was 31% MVC during right colon insertion,
which exceeds the ACGIH HAL-TLV action limit. No sig-
nificant differences between segments were detected
(repeated measures P = .096; Fig. 2).

A similar pattern was observed for the left forearm.
Mean peak left ECR activity was 49% and 48% of MVC dur-
ing left and right colon insertion, respectively; these
values approach the ACGIH HAL-TLV threshold limit of
50% of MVC. Both were significantly higher than muscle
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Figure 2. Summary measures of mean peak (APDF90) forearm EMG
measurements, as the percentage of maximum voluntary contraction
(strength) for 3 colonoscopy segments: left colon insertion, right colon
insertion, and withdrawal. Common superscripts identify significant dif-
ferences on the Tukey follow-up test.

activity during withdrawal (repeated measures P < .001;
Tukey pairwise comparisons in Fig. 2). Similarly, the left
FDS APDF90 was significantly higher during both left co-
lon and right colon insertion than withdrawal (repeated
measures P < .0001; Tukey pairwise comparisons in
Fig. 2); however, the APDF90 for all segments of colono-
scopy was less than the ACGIH HAL-TLV action limit of
30% MVC. The APDF90 of the left APL EMG was 33% of
MVC during left colon insertion and 38% of MVC during
right colon insertion, which are both greater than the AC-
GHI HAL-TLV action limit of 30% MVC. There were no dif-
ferences between colonoscopy segments in the left APL
APDF90 (P = .93).

DISCUSSION

This is the first study, to our knowledge, to estimate
hand forces and muscle loads among endoscopists per-
forming colonoscopy. We found that mean peak pinch
forces of the right thumb were greatest during insertion
of the colonoscope into the left and right colon. For eval-
uation of the right-thumb mean peak pinch forces, we
used a threshold value of 10 N, a threshold that, when re-
peatedly exceeded, is associated with increased risk of
musculoskeletal injury of the thumb and wrist.*” Our pilot
study demonstrated that the right-thumb mean peak
pinch forces during colonoscopy can exceed this 10 N
threshold. This high force value may be from the torque
applied during insertion or the force required to reduce
or overcome loops in the colonoscope while attempting
to reach the cecum.

For both hands, the highest forces for forearm-muscle
activity also occurred during insertion. We evaluated fore-
arm-muscle activity by using the ACGIH HAL-TLY,'’ a tool
that uses mean peak force values and HAL to estimate
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TABLE 1. Muscle groups examined and potential injuries

Subtask during

Study results

At or exceeds At or exceeds
ACGIH HAL-TLV ACGIH HAL-TLV

Muscle Action colonoscopy Potential injury action limit*  threshold limit}
Left APL  Abduction and Manipulating dials of DeQuervain’s tenosynovitis Yes No
extension of thumb  colonoscope
Left ECR  Wrist extension and  Stabilizing control section Second and third extensor Yes Yes
abduction of colonoscope compartment tenosynovitis
at the wrist and epicondylitis
(tennis elbow)
Left FDS  Flexion of the digits Grasping control section  Carpal tunnel syndrome No No
of the hand of colonoscope
Right ECR  Wrist extension and Torquing colonoscope Second and third extensor Yes No

abduction insertion tube

compartment tenosynovitis

at the wrist and epicondylitis
(tennis elbow)

Right FDS Flexion of the digits Grasping colonoscope
of the hand insertion tube

Carpal tunnel syndrome No No

*Action limit, HAL: for colonoscopy, defined as APDF >30% maximum voluntary contraction; if forces exceed the action limit, then the task should be modified

to reduce the risk of repetitive strain injury.

{Threshold limit, HAL: for colonoscopy, defined as APDF >50% maximum voluntary contraction; if forces exceed the threshold limit, then the task should be

changed, given the high risk of repetitive strain injury.

the risk of musculoskeletal disorders related to jobs that
are performed for 4 or more hours daily The ACGIH-
HAL describes the HAL or rate of hand motion with a scale
of 0 to 10; it also uses APDF90 normalized to the strength
of the individual subject’s muscle group that is being eval-
uated (maximum voluntary contraction). The ACGIH rec-
ommends interventions for jobs that exceed specified
action limits and threshold limits. Colonoscopy falls into
a HAL of 4, ie, hand activity that is slow, with steady mo-
tion or exertions, but with frequent brief pauses. For
a HAL of 4, the action limit is an APDF90 level of >30%
of MVC. In our study, this action limit is exceeded by the
left APL, as well as the right and left ECR. The ACGIH rec-
ommends that intervention with surveillance and general
controls be initiated for activities that exceed the action
limit. The threshold limit is an APDF90 >50% or more
of MVC. In our study, this threshold limit is approached
by the left ECR. The ACGIH recommends that jobs that ex-
ceed the threshold limit should be modified to reduce the
applied hand force, given the high risk of injury.'” The
study findings by muscle group and the risk of injury as
determined by the HAL-TLV are summarized in Table 1.
The muscle groups and potential injuries are illustrated
in Figure 3.

This pilot study demonstrated that the pinch forces and
forearm-muscle activity applied during colonoscopy can be
quantified and may pose a risk for overuse injuries at the el-
bow and the wrist. Because high hand forces in combination
with awkward wrist postures are applied during colono-

Figure 3. The site of injury (*) and the site of electrode placement (®).
Extensor carpi radials (A)(injury: lateral epicondylitis, second and third
compartment tenosynovitis). Abductor pollicis longus (B) (injury: De-
Quervain’s tenosynovitis).

scopy, it will be useful in future studies to evaluate their
combined effects upon the risk of musculoskeletal injury.
Given the increasing demand for colonoscopies in the
United States and their attendant risk of long-term disability
for endoscopists, the ergonomics of colonoscopy is an im-
portant issue that merits further study.
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