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Abstract
Objectives ‒ Pressure algometry is a validated method
for objectively quantifying pain sensitivity in musculoske-
letal disorders, particularly useful for diagnosis and mon-
itoring of treatment responses. However, its application to
abdominal pain sensitivity remains insufficiently standar-
dized, especially regarding the influence of physiological
factors such as respiration. This study investigated the
impact of respiratory phase (inhalation vs exhalation) on
abdominal pressure pain thresholds (PT) to support the
development of standardized assessment protocols.
Methods ‒ Thirty-onehealthymedical studentswere recruited
for the study. Each participant underwent three assessments
of the abdominal PT with varying respiration phases.
Furthermore, intraclass correlation coefficients (ICCs) were
estimated to quantify the reliability of PT measurements.
Results ‒ The respiration phase has a significant impact
on the PT, which was found to be significantly lower during
exhalation than during inhalation (431 ± 177 vs 492 ±

186 kPa, p = 0.0003). The pressure application rate (PAR)
for the expiratory measurements was significantly lower

compared to the inspiratory PAR (112 ± 56 vs 130 ± 63 kPa/s,
p = 0.0007). Both ICCs had similar magnitudes (close to 0.9).
No significant difference in PT was found between sexes.
Conclusions ‒ Our study underscores the impact of respira-
tion on pain perception, revealing increased abdominal PT
during inhalation. A standardized approach is needed for
abdominal PT assessment to guarantee its success in diag-
nostic and therapeutic evaluations.

Keywords: pain measurements, abdominal pain, pain
threshold, analgesia tests

1 Introduction

The quantification of pain is an essential part of a physi-
cian’s daily practice and is crucial for both diagnostic and
monitoring purposes [1]. Although unidimensional self-
report scales such as the numeric rating scale (NRS) and
the visual analogue scale are widely used, they have lim-
itations. For example, these scales are influenced by
patients’ mood and previous pain experiences, which can
introduce bias into evaluations [2–4]. In contrast, pressure
algometry (PA) provides an objective quantitative evalua-
tion of pain sensitivity, complementing self-reported
assessments. Algometry refers to methods that quantify
pain thresholds (PT) by applying controlled pressure to
tissues until pain is elicited [5]. It has proven valuable
for diagnosing and evaluating the treatment of various
conditions: lower back pain [6], neck pain [7,8], chronic
pelvic pain [9], patellar tendinopathy [10], knee osteoar-
thritis [11], and Achilles tendinitis [12], as well as
non-orthopedic disorders, such as fibromyalgia [13–15],
dysmenorrhea [16], and endometriosis [17]. In addition to
assessments of superficial tissues, studies focused on the
pain sensitivity of deep somatic [18] and visceral afferents
[9]. In a retrospective study involving over 400 children
with suspected appendicitis, PA demonstrated diagnostic
accuracy that exceeded many published clinical algorithms
and was comparable to the precision of ultrasound find-
ings [19]. However, the reliability of abdominal PT
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determination has not been extensively studied, with few
investigations to date [2,9]. One aspect that might contri-
bute to the variability of abdominal PT is the activation of
the sympathetic nervous system by different phases of
respiration (further referred to as the respiration phase),
which is particularly strong at low respiratory frequencies
(0.1 Hz). It has been shown that pain and pain-related brain
activity may be reduced during inhalation [20], which may
be at least in part linked to activity of the autonomic ner-
vous system. We therefore explored the impact of varying
respiratory positions on the assessment of abdominal PT,
aiming to identify sources of variability and thereby
increase intrarater reliability of abdominal PT measure-
ments, and to investigate a possible respiration-driven
modulation of pain sensitivity.

2 Methods

This study was approved by the local Research Ethics
Committee (EK 2021-604). The observational study was regis-
tered in the German Clinical Trials Register (DRKS00032288).
Prior to enrolment in the study, all participants gave their
informed consent both verbally and in writing. Data collec-
tion for the study took place entirely on a single day at the
medical university’s facilities, with no follow-up conducted
thereafter. A total of 31 participants were enrolled, with sam-
pling conducted sequentially over the course of that day. The
study design and reporting adhered to the STROBE guidelines,
ensuring comprehensive and transparent presentation of
observational data [21].

2.1 Eligibility criteria

Students without abdominal disorders or any kind of pain,
such as migraine, lower back pain, or inflammatory diseases,
were eligible. Previous abdominal surgery, polyneuropathy,
intake of daily medications, and poor German language com-
munication skills were excluded. Participants were required
to be at least 18 years old, with no upper age limit.

2.2 Procedure

Participants were instructed to lie down in a slightly
supine position. Participants were instructed to breathe
normally (self-paced) during the assessments, with no

external respiratory pacing or monitoring. Six specific
abdominal acupuncture points (Figure 1) were manually
palpated to identify the most sensitive point for further
examination. These points are according to Traditional Chi-
nese Theories situated in areas relevant to gastrointestinal
movement and digestion [22,23].

To ensure exact forces applied in the measurement of
the PT, a force gauge (PCE-instruments FM-200) with a
1 cm2 tip was used. The force at the designated point was
gradually increased until participants experienced pain
rather than just a sensation of pressure. This turning point
was defined as the PT, ensuring an objective pain measure-
ment [1].

This process was repeated three times for each parti-
cipant and respiration phase (inhalation and exhalation).
The average of three values was obtained. Each set of three
PT trials for a given respiratory phase required only a few
minutes to complete, so that, with the 15-min break
between phases, the overall testing session for each parti-
cipant lasted approximately 30 min.

A real-time force–time diagram was displayed on the
screen to visually guide the examiner in maintaining this

Figure 1: Location of abdominal pressure points and their location on
acupuncture points: G1: stomach 25; G2: conception vessel 12; G3: con-
ception vessel 14; G4: gallbladder 24; G5: conception vessel 16; G6: spleen
21. Figure created by the authors using © Freepik (Premium License)
resources, modified for the purposes of this study.
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pressure application rate (PAR), thus reducing variability
in the pressure application.

The assessment of the PT was conducted in an alter-
nating manner between the two respiration phases (inha-
lation and exhalation). After the initial measurement, a
15-min resting period was provided before proceeding
with the PT evaluation in the remaining respiration phase.
Respiratory phase assessments alternated to prevent order
effects.

During the inspiratory PT assessment, pressure appli-
cation ceased when participants needed to exhale. Each PT
measurement lasted only a few seconds and was thus com-
pleted within a few breathing cycles. Similarly, for expira-
tory PT measurements, pressure application ceased when
participants needed to inhale. This approach ensured that
the assessments aligned with the respective respiratory
phases for accuracy and reproducibility. Participants natu-
rally pause briefly at the end of each inspiratory and
expiratory phase; in this study, these transition pauses
were treated as part of the preceding respiratory phase
and did not affect the measurement protocol. All measure-
ments were performed by a single examiner to eliminate
inter-rater bias. To minimize expectation bias, participants
were instructed only to report when they first experienced
pain during the pressure application under different
respiration conditions. They were not informed about the
specific hypothesis regarding the effects of the respiration
phase on pain perception. For example, participants were
not told that inhalation was expected to produce higher PT;
this blinding of the hypothesis aimed to reduce expectation
bias in their pain reports.

2.3 Statistical analysis

The methods of data collection and analysis were carried
out in accordance with the guidelines for Good Clinical
Practice. Pseudonymized data were entered into an
internal Research Electronic Data Capture database by
trained research team members. Statistical analysis was
performed using the SAS software (version 9.4; SAS
Institute, Cary, North Carolina, USA). For qualitative vari-
ables, absolute and relative frequencies were reported. To
compare two groups with respect to a qualitative variable,
Fisher’s exact test was applied. Quantitative variables are
presented as mean ± standard deviation. Since the mean is
more sensitive to variations in the data than the median,
we opted to use the mean for our analysis. To compare the
mean values of the two groups, a two-sample t-test was
used. A paired t-test was used for paired samples. To assess

reliability, repeated-measures analyses of variance
(ANOVAs) were conducted to compare the three measure-
ments, separately for inhalation and exhalation. Post hoc
tests, according to Scheffé, were conducted for pairwise
comparisons. These analyses were performed using the
SAS procedure PROC MIXED with time as a fixed factor
and participants’ ID as a random factor. A post hoc power
analysis was performed using the SAS procedure PROC
POWER to ensure that a medium effect size (Cohen’s d ≈

0.5) could be verified with a paired t-test. Furthermore,
intraclass correlation coefficients (ICCs) were estimated
as measures of reliability. In accordance with the classifi-
cation proposed by Shrout and Fleiss, the ICC (2,1) model
was applied to assess the consistency among three inde-
pendently and randomly obtained measurements per
subject [24]. The result of a statistical test was considered
statistically significant if the p-value was less than 0.05.

3 Results

A total number of 31 medical students were included in this
study. Basic characteristics are shown in Table 1. The
Fisher’s exact test revealed no significant difference in
the distribution of the most sensitive abdominal pressure
points between sexes (p = 1.0, Table 2).

Three measurements were performed during inhala-
tion and exhalation. The findings revealed a consistent and
significant difference in the PT between the two phases. PT
was higher during inhalation than during exhalation (492 ±
186 vs 492 ± 186 kPa, p = 0.0003; Table 3, Figure 2).

Interestingly, the first measurement, regardless of
whether it was during inhalation or exhalation, yielded
the highest PT values. The ANOVA for repeated measure-
ments slightly failed to reach statistical significance (p =

0.0853) for measurements taken during inhalation. The
largest difference was found between measurements 1
and 3 (p = 0.0896 after Scheffé’s adjustment). This suggests
that PT values tended to decrease over the course of
repeated measurements during inhalation. In contrast,
the ANOVA for expiratory measurements showed no

Table 1: Basic characteristics

Female Male p-value

Sex distribution (n, %) 16 (48%) 15 (52%) —

Age (years) 22.9 ± 2.1 24.3 ± 2.5 0.1351
BMI (kg/m2) 20.8 ± 2.1 23.8 ± 2.4 0.0008

BMI, body mass index.
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significant differences (p = 0.6553), indicating that PT
values remained stable. Based on the ICC assessments,
the reliability of the three measurements obtained during
exhalation and inhalation was rather high (ICC = 0.8927
and ICC = 0.8718, respectively). According to Altman and
Bland, these values indicate a high level of reliability [25].

Moreover, our findings revealed that sex exerted no
impact on PT, with no noteworthy variations observed in
any of the measurements. The p-values range from 0.4993
to 0.7438 (Figure 3).

3.1 Power size

We recruited a maximum of 31 volunteers, which provided
sufficient power (0.809) to detect a statistically significant
difference between inhalation and exhalation using a

paired t-test, assuming a medium effect size (Cohen’s d ≈

0.53) with a significance level of α = 0.05.
The PAR was also assessed. The results in Table 4 show

that the PAR for expiratory measurements was signifi-
cantly lower than that for inspiratory measurements
(average p = 0.0007).

Interestingly, within one group of measurements
(either inhalation or exhalation), no relevant differences
in PAR were observed (p = 0.3169 and p = 0.4231, respec-
tively), suggesting that the individual measurements taken
during the same respiratory phase showed consistent
application rates, indicating a stable pattern for each par-
ticipant during that specific respiration phase.

4 Discussion

Algometry is considered an objective stimulation method
for assessing PT and is a valuable tool for diagnosing and

Table 2: Sex-based distribution of the most sensitive abdominal pressure points

G1 G2 G3 G4 G5 G6 Total

Female 3 (19%) 4 (25%) 3 (19%) 0 (0%) 3 (19%) 3 (19%) 16 (52%)
Male 3 (20%) 4 (27%) 3 (20%) 0 (0%) 2 (13%) 3 (20%) 15 (48%)
Total 6 8 6 0 5 6 31

Table 3: Pain thresholds during inhalation and exhalation

Inhalation (kPa) Exhalation (kPa) Differences (inhalation- exhalation) p-value

Measurement of PT
1. 510 ± 190 438 ± 194 72 ± 141 0.0083
2. 496 ± 215 424 ± 178 72 ± 104 0.0006
3. 468 ± 176 432 ± 177 37 ± 94 0.0420
Average 492 ± 186 431 ± 177 61 ± 83 0.0003
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Figure 2: PT during inhalation and exhalation for each measurement.
Significant differences were observed for each value (red: Inhalation;
blue: Exhalation).
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Figure 3: Sex-specific PT: Female (blue) and male (green). No difference
in PT was observed between the sexes.
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evaluating the effectiveness of treatments for various dis-
orders [5]. By utilizing PA, researchers and clinicians can
obtain more standardized and reproducible measurements
of pain sensitivity, thereby reducing the impact of subjec-
tive bias. In this study, we found that respiration modu-
lates the abdominal PT and thus needs to be considered in
the standardized measurement.

The reliability of PA has been shown in various studies,
as described above. The correlation between self-reported
instruments for pain assessment (e.g., NRS or VRS) and PT
evaluation was described as moderate [26,27] to high [5].

Our findings revealed a significant decrease in PT
during exhalation compared to inhalation, indicating a
notable reduction in pain perception during the inspira-
tory phase. This phase is associated with a higher sympa-
thetic tone, while the expiratory phase is characterized by
predominant vagal tone [28]. Arsenault et al. highlighted
two potential mechanisms for the decreased pain percep-
tion during inhalation: one involves central mechanisms
during inhalation rather than exhalation. Another expla-
nation worth considering is the distraction effect (i.e.,
reduced pain perception due to attentional shift away
from the pain stimulus) attributed to cued respiration
[20]. Additionally, the increased resistance of the abdom-
inal muscles during exhalation [29] may contribute to a
shift in the perception of pain. Reyes del Paso et. al. postu-
lated that breath-holding after deep inhalation might
reduce pain perception due to the activation of barorecep-
tors [30]. They only compared pain perception under two
conditions: breath-holding after deep and slow inhalation.
Nevertheless, this mechanism could also be relevant for
this study.

One might argue that intra-abdominal pressure rises
with diaphragmatic contraction during inhalation [31]. An
external pressure increase during inhalation could further
elevate intra-abdominal pressure within the abdominal
cavity, potentially leading to a lower PT. However, contrary
to this expectation, we observed a higher PT during inhala-
tion, suggesting that increased intra-abdominal pressure
alone does not explain this finding.

A possible explanation for the observed differences in
PT values between respiratory phases may lie in the varia-
tion of PAR, as differences in PAR can influence pain
perception and threshold assessments. The PAR used in
previous studies varies from 0.05 to 20 N/s [32]. It has
been noted that faster rates may lead to false-low threshold
evaluations [33,34]. Although the PAR was slightly higher
during inhalation, the absolute difference remained below
20 kPa/s and is unlikely to account for the observed differ-
ence in pressure PT. In areas like the abdomen, where PT
can be higher, a very low rate of 0.63 kPa/s (equivalent to
0.05 N/s when using a 1 cm2 algometer tip) may be clinically
impractical, as each measurement could become very
time-consuming; for instance, assessing a PT of 450 kPa
would require approximately 13 min. One way to mitigate
potential inaccuracies is to repeat measurements.

Nevertheless, the PT assessment for both respiration
phases revealed a high ICC value, indicating high reliability
of the data.

In the research conducted by Chesterton and collea-
gues [35], they observed a sex-based disparity in the assess-
ment of PT at the first interosseous muscle. The present
study did not exhibit this sex-specific distinction.

All measurements were performed by the same exam-
iner to ensure consistency in the evaluation process.
Additionally, each participant underwent both inhalation
and exhalationmeasurements, providing a direct comparison
of pain sensitivity under different respiratory conditions.
Given the slightly higher reliability observed during expira-
tion, we suggest that future studies standardize abdominal
pressure threshold assessments to a single respiratory phase,
preferably expiration. It is important to consistently consider
the breathing position during testing and avoid conducting
measurements across different respiratory phases within the
same protocol. However, our study employed a small sample
size and concentrated solely on healthy young individuals.
Additionally, the respiratory phase was assessed solely
through observation. To achieve more precise control over
the respiratory state, the use of a respiratory monitor may be
necessary. Further research is needed to confirm this phe-
nomenon in a more diverse and generalized population.
Interrater reliability needs to be explored in subsequent stu-
dies, with due consideration given to the participant’s respira-
tion phase.

5 Conclusion

Our findings indicate that standardizing respiration phase
is crucial for obtaining reliable measurements of

Table 4: The PAR during inhalation and exhalation

Inhalation
(kPa/s)

Exhalation
(kPa/s)

Differences
inhalation-
exhalation)

p-value

PAR
1. 122 ± 63 108 ± 48 14 ± 83 0.0800
2. 133 ± 75 114 ± 67 19 ± 83 0.0127
3. 130 ± 72 114 ± 58 19 ± 42 0.0206
Average 130 ± 63 112 ± 56 18 ± 27 0.0007

Algometry  5



abdominal PT, as it may significantly influence pain sensi-
tivity. This modulation may stem from the activation pat-
terns of the autonomic nervous system or variations in
muscle tone. These insights are important for developing
clinical and research protocols that improve the reliability
of abdominal pain assessments.
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