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Abstract

Context: Carpal tunnel syndrome (CTS) is themost common
entrapment neuropathy.Whenmild tomoderate in severity,
nonoperative treatments including osteopathic manipula-
tive treatment (OMT) have been found to be effective. Studies
have been carried out to quantify the mechanism of such
treatments with cadaver studies, magnetic resonance im-
aging (MRI), and ultrasound.
Objectives: This pilot project investigated themechanismof
a previously undescribed technique of nonoperative carpal
tunnel treatment, dorsal carpal arch muscle energy (DCA-
ME), which focuses on the dorsal arch (trapezium, trapezoid,
capitate, and hamate bones) manipulating the bones to
redome the arch, round the tunnel, and increase its volume.
Although the actual effectiveness of such manipulation in
the treatment of CTS can only be assessed and quantified in
patients with the disorder, this initial study was carried out
to see if it was feasible for physical changes following DCA-
ME to be quantified with ultrasound.
Methods: A pilot study of 25 healthy volunteers with no
prior history of CTS or related disorders was undertaken to
quantify anatomical changes in carpal tunnel dimensions
following OMT of the nondominant wrist, utilizing DCA-ME.
The subjects were randomly assigned to either the OMT
group (n=14) or the control group (n=11). The control group
underwent a sham manipulation. Pre- and postultrasound

measurements of carpal tunnel dimensions were made. The
study employed a two-group, pre-/postmanipulation design
to evaluate the anatomical changes resulting from the OMT
manipulation compared to those following the control sham
manipulation.
Results: Comparison of the OMT and control groups
revealed a mean increase in carpal tunnel depth from
0.45 mm± 0.13 mmpre-OMT to 0.48 mm ± 0.13 mmpost-OMT
(p=0.0146, Cohen’s d=0.214, 95 % CI 0.0068 to 0.0517). There
was also a mean increase in cross-sectional area from
1.83 mm2 ± 0.56 mm2 pre-OMT to 1.98 mm2 ± 0.59 mm2 post-
OMT (p=0.0058, Cohen’s d=0.260, 95 % CI 0.0517 to 0.2490).
There was no significant difference in canal width (p=0.5973)
or transverse carpal ligament length (p=0.2673) following
OMT intervention. The control group, which received the
sham procedure, demonstrated no significant differences in
the transverse carpal ligament length, carpal tunnel width,
depth, or cross-sectional area before and after the sham
intervention.
Conclusions: Ultrasound measurements at the narrowest
section of the carpal tunnel before and after DCA-ME OMT of
healthy asymptomatic wrists demonstrated a significant
increase in cross-sectional area as well as depth, with no
significant change in the length of the transverse carpal
ligament, suggesting that the cause of the increased volume
is an alteration of dorsal arch shape. A limitation of the study
is the small sample size, inclusion of only healthy wrists, the
short period of time between manipulation and measure-
ments, and the difficulty of assuring the same level and angle
of ultrasound measurements.
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carpal tunnel ultrasound; carpal tunnel volume; dorsal
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Carpal tunnel syndrome (CTS) is the most prevalent
entrapment neuropathy, affecting about 10 % of in-
dividuals at some point in their lives [1]. In CTS, the me-
dian nerve is compressed within the carpal tunnel, which
is formed dorsally by the arch of the trapezium, trapezoid,
capitate, and hamate bones, and volarly by the transverse
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carpal ligament (Figure 1). While severe CTS with thenar
muscle atrophy is generally treated with prompt surgical
release of the transverse carpal ligament to avoid further
nerve damage, mild to moderate cases have been suc-
cessfully treated with a variety of nonoperative in-
terventions [2].

This pilot project investigated the mechanism of a
previously undescribed technique of nonoperative carpal
tunnel treatment, dorsal carpal arch muscle energy (DCA-
ME), which focuses on the dorsal arch (trapezium, trape-
zoid, capitate, and hamate bones), manipulating the bones
to redome the arch, round the tunnel, and increase its
volume. While the actual effectiveness of such manipula-
tion in the treatment of CTS can only be assessed and
quantified in patients with the disorder, this initial study
was carried out to see if it was feasible for physical
changes following DCA-ME to be quantified with ultra-
sound. The dorsal carpal arch (DCA) bones, united by
thin transverse intercarpal ligaments and longitudinal
capsular fibers, are quite mobile. Such mobility provides
an opportunity for osteopathic manipulative treatment
(OMT) to resolve underlying somatic dysfunction and to
optimize shape and volume of the carpal tunnel. The
narrowest portion of the carpal tunnel lies between the
hook of the hamate and the tubercle of the trapezium, and
this site is evidenced by an hourglass distortion of the
median nerve during a surgical carpal tunnel release [3].
Consequently, this was the site targeted for the measure-
ments made in this study. Because ultrasound scanning
has been found to be reliably reproducible for dimen-
sional measurements in the carpal tunnel, it was the
method utilized to quantify changes resulting from DCA-
ME manipulation [4, 5].

Methods

A pilot study looking at immediate changes in non-
pathological wrists following DCA-MEwas undertaken in 25
healthy volunteers with no prior history of CTS, related
wrist or arthritic disorders, or any upper extremity disor-
ders. The request for volunteer participants was emailed to
all 104 students in the second-year class at Sam Houston
State University College of Osteopathic Medicine. The
emails were limited to this class because they were familiar
with osteopathic manipulation, having completed their
first year, and as such would be more able to make an
informed decision regarding participation.

Twenty-seven students responded and agreed to partici-
pate. One participant was excluded due to a prior hand dis-
order, and a second participant did not show. The remaining

25 participants were randomized to either the OMT group
(n=14) or the control group (n=11) As participants responded,
the group they were placed into alternated between the OMT
and control group. TheOMTgroupwas thefirst and last group
populated. The reason why the number of participants is 14
and 11 instead of 13 and 12, is that two sequential respondents
were inadvertently placed into the same group (the OMT
group).

The demographics of the groups were comparable. The
OMT group consisted of three males and 11 females (average
age, 26.4 years), and the control group consisted of three
males and eight females (average age, 25.6 years). Because
the participants were healthy, and there were no expected
clinical outcomes, a patient registry was not indicated and
thus not created. The Sam Houston State University Institu-
tional Review Board (IRB) approved the study on March 23,
2023 (IRB# 2022–269), under the institutional category 4:
studies that involve the collection of data through noninva-
sive procedures (not involving general anesthesia or seda-
tion) routinely employed in clinical practice. All participants
provided informed consent prior to participation. The con-
sent was obtained by the primary researchers who gave the
participants time to go through the paper consent form and
ask any questions they might have prior to signing.

All ultrasound measurements were made by the same
operator, the corresponding author, who is a hand surgeon
with over 25 years of experience and great familiarity with
ultrasound of the hand. To help minimize the inherent
variability between individual measurements, the sessions

Figure 1: The bony components of the carpal tunnel, radial to ulnar:
trapezium, trapezoid, capitate, and hamate. The transverse carpal
ligament runs between the tubercle of the trapezium and the hook of the
hamate.
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were all conducted as closely together as possible, the 25
participants all being scanned between July 18, 2023 and
September, 15, 2023. Furthermore, to keep the partici-
pants’ hands in the same position for each set of ultra-
sound measurements of the carpal tunnel, customized
molded plastic splints were made for each participant
prior to any manipulation. Five replicate measurements
were made in the splint and were averaged to determine
baseline dimensions of the carpal tunnel. Then, the splint
was removed and the OMT group underwent DCA-ME
manipulation (Figure 2), whereas the control group had a
sham manipulation. The specifics of the OMT are demon-
strated in a brief video (Supplemental File) and described
as follows: DCA.ME OMT was performed by flexing the
wrist to engage the flexion restrictive barrier. The indi-
vidual then made a fist for 3–5 seconds while counterforce
was applied. After a brief pause, themaneuver as repeated
twice more, flexing the wrist further with lateral motion
to optimize the curvature of the DCA. The sham manipu-
lation consisted of the participant’s hand and wrist being
held in neutral positions without any pressure or
stretching.

Immediately following the manipulation, each partic-
ipant was placed back into their splint, and five more
measurements made of the carpal tunnel dimensions
which were then averaged. The ultrasound measurements
were made with a GE Versana Active laptop utilizing a
linear probe by a single physician (the corresponding
author) who was blinded to which participants were in the
control group andOMT groups. The length of the transverse

carpal ligament was measured from the hyperechoic peaks
of the hamate hook and trapezium tubercle. At this same
level, the greatest width of the carpal tunnel and a right-
angle distance from this line to the floor of the tunnel were
measured. The area of the tunnel at this cross-section was
estimated as an ellipse (Figure 3). The study employed a
two-group, pre-/postmanipulation design to evaluate the
anatomical changes resulting from the DCA-ME OMT
manipulation compared to those following the control
sham manipulation.

The primary hypothesis tested in this study was that
there would be no difference following DCA-ME OMT in the
dimensional parameters of the carpal tunnel asmeasured by
ultrasound. All statistical analyses were performed utilizing
GraphPad Prism version 10.0. A two-tailed paired t test
was conducted to compare pre- and postintervention mea-
surements in the OMT and control groups to quantify the
anatomical changes.

Results

Twenty-five participants, mean age of 26 ± 2.18 (male=6, fe-
male=19) completed the study. Comparison of the OMT and
control groups revealed a mean increase in carpal tunnel
depth from 0.45mm± 0.13mmpre-OMT to 0.48mm± 0.13mm
post-OMT (p=0.0146, Cohen’s d=0.214, 95% CI 0.0068 to 0.0517).
There was also a mean increase in cross-sectional area from
1.83mm2 ± 0.56mm2 pre-OMT to 1.98mm2 ± 0.59mm2 post-
OMT (p=0.0058, Cohen’s d=0.260, 95% CI 0.0517 to 0.2490).
Therewasno significant difference in canalwidth (p=0.5973) or
transverse carpal ligament length (p=0.2673) following OMT
intervention. The control group, which received the sham
procedure, demonstrated no significant differences in the
transverse carpal ligament length 3.14mm ± 0.24mm vs.
3.14mm ± 0.32mm (p=0.8977), carpal tunnel width
2.43mm ± 0.29mm vs. 2.48mm ± 0.35mm (p=0.2517), depth
0.48mm ± 0.21mm vs. 0.48mm ± 0.2mm (p=0.4760), or cross-
sectional area 1.85mm2 ± 0.81mm2 vs. 1.83mm2 ± 0.80mm2

(p=0.7397) before and after the sham intervention (Figure 4). A
post-hoc power analysis was conducted utilizing G’Power
3.1.9.7 and showed that the achieved power was low at 0.351,
likely due do the small effect size and sample size in this pilot
study. The effect sizeswere calculated and the 95% confidence
interval (CI) of the difference are presented with significant p
values.

Although the changes in depth and area were small,
which was not surprising in a group of healthy young
wrists with no pathology and minimal to no somatic
dysfunction, and the variability and margin of error sub-
stantial, there was still a significant difference in depth of

Figure 2: DCA-ME OMT performed on the wrist. The wrist is flexed to
engage the flexion restrictive barrier. The patient makes a fist for 3–5 s,
and counterforce is applied. After a pause, the maneuver is repeated,
flexing the wrist further with lateral motion to optimize the curvature of
the dorsal carpal arch (DCA). After another pause, it is repeated once
more.
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the carpal tunnel before and after the DCA-ME, although
there was no significant difference before and after the
sham manipulation. These results were achieved with the

same operator performing the measurements over a short
period of time, blinded to who was treated and who was
not.

Figure 3: The length of the transverse carpal
ligament was measured on a short-axis ultra-
sound of the carpal tunnel at its most restric-
tive site beneath the transverse carpal
ligament running between the hook of the
hamate and the tubercle of the trapezium. The
greatest width of the carpal tunnel was also
measured (X), and a right-angle distance from
this line down to the floor of the tunnel (Y) was
calculated. The area was estimated by multi-
plying 1/2(X) (Y) (π).

Figure 4: Comparing the means of measurements made before and after manipulation. The top row shows the results following DCA-ME OMT, with no
significant difference in the distance from the trapezium to the hamate (the length of the transverse carpal ligament), a 0.3 mm increase in depth of the
carpal tunnel, and a 4.8 mm2 increase in the carpal tunnel area. The bottom row shows the results following the sham manipulation with no significant
difference between any of the measurements made before and after.
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Discussion

Multiple studies have shown clinical improvement in pa-
tients with mild to moderate CTS following OMT of the
wrist, withmost studies suggesting that themechanismwas
stretching of the transverse carpal ligament [6, 7]. Physical
therapy literature reports that neurodynamic techniques
directed at improving nerve gliding and reducing tethering
have been effective [8]. In a 2022 meta-analysis of six
studies focused solely on a variety ofmanual treatments for
CTS, reduction in pain and improvement in nerve con-
duction studies documented effectiveness [9]. In a 2023
systematic review of studies of adults with mild to mod-
erate carpal tunnel without prior surgery or other medical
conditions, Zaheer and Ahmed [10] found that nonopera-
tive treatments that also included carpal bone manipula-
tion along with nerve gliding and massage successfully
reduced pain and objective signs of CTS based on the Boston
Carpal Tunnel Syndrome Questionnaire (BCTSQ) and nerve
conduction studies. In a related review in 2022, Wie-
lemborek and colleagues [11] reviewed 72 studies reporting
on nonoperative treatments of CTS ranging from massage
and manipulation to laser therapy and extracorporeal
shock therapy. The latter had equivocal results with risk-
benefit concerns, but the manipulative approaches gener-
ally demonstrated consistent improvement [11]. In a 2017
prospective study of 100 women with mild to moderate CTS
randomized to treatment with surgery or manual therapy
including stretching of the transverse carpal ligament,
Fernández-De-Las-Peñas and colleagues [12] found no sig-
nificant difference between the two. However, the manual
therapy in this study included musculoskeletal treatments
of the neck and shoulder, suggesting that at least some
component of the patients’ symptoms could have had a
more proximal origin than the carpal tunnel.

Extensive clinical experience and investigation of OMT
for CTSwas reported by Sucher and colleagues [13–15], in the
late Twentieth century. These efforts were focused on
manipulation of the volar aspect of the carpal tunnel to
stretch the transverse carpal ligament, with documentation
of the changes in the transverse carpal ligaments, in both
living patients and cadaver studies [16, 17]. The method uti-
lized to document transverse carpal ligament changes in
cadavers had been implemented successfully in a previous
study [18].

However, such focus on the transverse carpal ligament
may have obscured attention on another aspect of the carpal
tunnel, the dorsal arch. The carpal bones making up this
arch – the trapezium, trapezoid, capitate, and hamate – have
relatively thin intercarpal ligaments, allowing for significant

mobility. Such mobility provides an opportunity for OMT to
resolve any underlying somatic dysfunction and to optimize
the shape and subsequent volume of the carpal tunnel. This
was the concept underlying the DCA-ME OMT technique
utilized in this study. Interestingly, in 2017, carpal bone
manipulation focusing on stretching the transverse carpal
ligament was performed on 18 volunteers with no hand
pathology, resulting in a rounding of the dorsal arch and an
increased depth and cross-sectional area of the carpal tunnel
on ultrasound [19]. Thesefindings parallel ours, despite their
targeting the volar carpal ligament, whereas we targeted the
DCA, suggesting that both maneuvers effect a change in
dorsal arch dynamics.

In 2011, a study utilizing eight fresh cadaver hands
applied a pressure of 200 mmHg within the carpal tunnel,
which changed the shape of the carpal tunnel from a flatter
to a rounder shape with an increased depth and cross-
sectional area [20]. Somatic dysfunction of the carpal bones
causes a flatter DCA, reducing tunnel volume and con-
stricting the median nerve, whereas an optimized, rounder
arch increases volume and relieves pressure on the nerve
[21]. The effectiveness of osteopathic manipulation utilizing
muscle energy techniques for carpal tunnel has been docu-
mented [22]. However, while ultrasound measurements of
the carpal tunnel have been reported, such measurements
have not been utilized to quantify changes following a DCA-
ME technique [23].

More often, when ultrasound of the carpal tunnel is
addressed in the literature, it is with regard to ultrasound-
guided minimally invasive transverse carpal ligament
release [24, 25]. As attractive a treatment as this is, given that
it can be done under local anesthesia in an office setting,
avoiding surgery altogether with OMT is certainly a prefer-
able goal. Optimization of DCA-MEOMTbyunderstanding its
precise structural effects can help achieve this goal. This
pilot study was a first step in investigating the structural
effects of DCA-ME.

Limitations of our current study are the small sample
size, the short period of time between manipulation and
measurement, the investigation of only normal wrists with
the need to translate the investigation towristswith CTS, and
the difficulty of assuring the same level and angle of ultra-
sound measurements. The significant difference in both
depth and area following OMT needs to be interpreted
within the context of the observed effect sizes. Both pa-
rameters had small effect sizes, indicating that although the
results were statistically significant, the actual implication of
clinical relevance may be limited. This is not too surprising
given that all participants had no signs or symptoms of CTS
and therefore the increase in depth and area may have been
limited because there was little restriction in the beginning.
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While the overall reliability of ultrasound to make
measurements of the carpal tunnel has been documened [4,
5], it is the difficulty of recreating the exact same angle of
view to obtain consistently accurate measurements with
small effect sizes that introduces some margin of error.
There are “judgment calls” that must be made during ul-
trasound measurements. Having the same physician make
all the measurements in a consistent manner over the
2 months of data collection helped to keep the judgments
consistent. In this pilot study, the measurements were only
made immediately following themanipulation to see if there
was any measurable dimensional change, and if so, where
the change was.

While we must be careful about drawing conclusions
from this pilot studywith such amargin of error,we cannote
the trend regarding depth and area, and utilize this as a
guide in future studies with a larger cohort of participants
with documented early to moderate CTS. Knowing the
inherent difficulty of maintaining the exact same angle of
scanning before and after, the methods in this study of uti-
lizing the same operator for measurements and hand splints
maintaining the same position, coupled with a larger cohort
of subjects with existing somatic dysfunction to correct,
should provide greater effect size and power, even with the
underlying margin of error. Measurements would then be
made not only immediately following the manipulation, but
also at later time periods, associating the follow-up ultra-
sound measurements with subjective and objective changes
in the patients’ CTS.

Conclusions

Ultrasound measurements at the narrowest section of the
carpal tunnel, both before and after DCA-ME OMT of healthy
asymptomatic wrists, demonstrated a significant increase in
cross-sectional area as well as depth, with no significant
change in the length of the transverse carpal ligament,
suggesting that the cause of the increased volume is an
alteration of the dorsal arch shape.
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