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Diagnostic value of portable handheld digital radiography in a beagle
model of thoracic trauma

Gaofeng Liu®

Xueqi Fang? PURPOSE

Sujuan Cui’ To assess the diagnostic value of portable handheld digital radiography (DR) in a beagle model of
Li Zhou! thoracic trauma.

Yong Zhang1 METHODS

Qingyuan Li Twenty-seven beagles were randomly assigned to three experimental groups: the pneumothorax
Xingjian Fang1 group (induced by intrapleural air injection at 50 mL/kg), the pleural effusion group (induced by
Yutao Yan3 intrapleural normal saline injection at 30 mL/kg), and the rib fracture group (created by surgical

transection of the 6% rib). All animals underwent three imaging examinations in a randomized or-
der: conventional chest X-ray, mobile DR, and portable handheld DR. Detection rates (using surgical

1The 988 Hospital of PLA Joint Logistics Support outcomes as the gold standard), image quality, and total examination time (from positioning to
Force, Department of Cardiothoracic Surgery, image acquisition) were compared among the three modalities.

Zhengzhou, China

2Medical Service Training Center, 988™ Hospital of RESULTS

PLA Joint Logistic Support Force, Zhengzhou, China A total of 21 animals completed the full protocol (7 per group). There was no significant difference
3The 988" Hospital of PLA Joint Logistics Support in detection rates among the three examination methods (P > 0.050). The image quality of both
Force, Department of Imaging Medicine, Zhengzhou, mobile DR and portable handheld DR was significantly superior to that of conventional chest X-ray
China (P=0.021). Examination times for mobile DR (8.37 + 0.80 minutes) and portable handheld DR (7.07

+ 0.67 minutes) were significantly shorter than for conventional chest X-ray (10.40 + 0.96 minutes)
(P < 0.001). Furthermore, portable handheld DR had a significantly shorter examination time than
mobile DR (P < 0.05).

CONCLUSION

Portable handheld DR provides detection rates comparable with mobile DR and conventional chest
X-ray for thoracic trauma, with the advantages of superior image quality over conventional chest
X-ray and the shortest examination time. Its user-friendly operation and high portability make it a
valuable tool for emergency imaging in austere environments.

CLINICAL SIGNIFICANCE

Based on diagnostic results in a beagle model of thoracic trauma, this study demonstrates that
portable handheld DR can provide reliable methodological support for real-time imaging and rapid
triage in harsh environments such as field and post-disaster settings.
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horacic trauma often leads to varying
Tdegrees of damage to multiple organs

and systems, presenting as critical and
complex conditions with a high mortality
rate. Because it frequently involves com-
pound injuries, symptoms can easily mask
each other, posing major challenges for di-
agnosis and treatment.” Such injuries may
include rib fractures, pulmonary contusions,
and pneumothorax, characterized by rapid
onset and progression and often involv-
ing multiple injuries.? If not diagnosed and
treated promptly, they can lead to severe
complications such as massive hemorrhage,
infection, or shock. Therefore, rapid and early
diagnosis, along with effective treatment, are
critical for saving lives, and there is an urgent
need for quicker and more efficient diagnos-
tic methods to improve treatment success
rates.

Digital radiography (DR) is a commonly
used conventional imaging technique wide-
ly applied in the diagnosis of acute thoracic
trauma. It features low cost, fast examina-
tion speed, clear images, good contrast,
simple operation, and low radiation dose.
It can assist in diagnosis through various
image post-processing functions.*> Howev-
er, in special scenarios such as field rescue,
emergency response at primary healthcare
facilities, and disaster sites in remote areas,
large-scale equipment such as chest DR and
computed tomography scanners is bulky
and immobile, relying on fixed power sourc-
es and professional operating environments,
which makes them difficult to rapidly deploy
and use for examinations.* Although con-
ventional DR is relatively common in clinical
applications, its limited portability restricts
its widespread use in emergency medical
rescue. In contrast, portable DR considerably

* This study directly compares portable
handheld digital radiography (DR), mobile
DR, and conventional chest X-ray in beagle
models of pneumothorax, pleural effusion,
and rib fracture.

* Key findings demonstrate that although all
three methods show comparable diagnostic
accuracy, portable handheld DR offers sig-
nificantly superior image quality compared
with conventional chest X-ray and the short-
est examination time among all modalities.

* These results confirm the high clinical value
of portable handheld DR. Its combination of
diagnostic efficacy, speed, and portability
provides crucial support for emergency im-
aging in challenging environments, such as
disaster zones and field medicine.

enhances equipment mobility and utilization
efficiency, opening up a new direction for
the development of emergency medical res-
cue equipment. In this context, how to uti-
lize accessible small-scale portable imaging
devices on-site to achieve rapid preliminary
diagnosis has become a critical issue in im-
proving the efficiency of emergency medical
treatment.

This study systematically investigates the
diagnostic value of portable handheld DR in
acute thoracic trauma using a beagle model,
with the primary objective of delivering ef-
ficient and convenient imaging support for
battlefield casualties with thoracic trauma,
thereby enhancing diagnostic capabilities
for injured patients.

Methods

Experimental animals

A total of 27 beagles aged 1-2 years and
weighing 12-15 kg were purchased from
the Henan Provincial Experimental Animal
Center (Zhengzhou, China). All experimental
procedures were conducted in accordance
with the National Institutes of Health Guide-
lines for the Care and Use of Laboratory An-
imals. The animals were housed individually
in a barrier facility under controlled environ-
mental conditions: temperature 22 °C £ 2 °C,
relative humidity 50%-60%, and a 12-hour
light-dark cycle. They had free access to
water and were fed a standard canine diet at
regular times daily. A 7-day acclimatization
period was provided before the experiment.

The sample size of 27 beagles was de-
termined based on animal availability and
adherence to the 3R principles. This sample
size was consistent with those used in similar
exploratory studies in the field of veterinary
imaging.

Experimental methods

The experimental protocol was approved
by the Ethics Committee of the 988™ Hospi-
tal of the Joint Logistic Support Force of the
People’s Liberation Army (decision number:
988YY20240033LLSP, date: March 6, 2024).
All experimental procedures strictly com-
plied with the Regulations for the Adminis-
tration of Laboratory Animals and the Animal
Research: Reporting of In Vivo Experiments
guidelines to minimize animal suffering.

Animal model establishment

Pneumothorax model (n = 9): Beagles
were intravenously anesthetized with propo-

fol (6-8 mg/kg) and underwent endotracheal
intubation, with anesthesia maintained us-
ing 1.5%-2.5% isoflurane. During the proce-
dure, heart rate, blood pressure, respiratory
rate, oxygen saturation, electrocardiogram
(ECG), and body temperature were continu-
ously monitored. Butorphanol (0.2-0.4 mg/
kg) was administered for analgesia. The bea-
gles were placed in the left lateral decubitus
position. A puncture drainage catheter was
used to perform thoracentesis in the right
sixth intercostal space. Filtered air was slowly
injected into the pleural cavity at a volume of
3-5 mL/kg using a 50-mL syringe. After cath-
eter removal, the puncture site was sealed
with adhesive tape.

Pleural effusion model (n = 9): Beagles
were intravenously anesthetized with propo-
fol (6-8 mg/kg) and underwent endotrache-
al intubation, with anesthesia maintained
using 1.5%-2.5% isoflurane. Intraoperative
monitoring included heart rate, blood pres-
sure, respiratory rate, oxygen saturation,
ECG, and body temperature. Butorphanol
(0.2-0.4 mg/kg) was administered for anal-
gesia. The beagles were positioned in the left
lateral decubitus position. Thoracentesis was
performed in the right sixth intercostal space
using a puncture drainage catheter. Normal
saline was slowly injected into the pleural
cavity at a volume of 3-5 mL/kg using a 50-
mL syringe. The catheter was then removed,
and the puncture site was sealed with adhe-
sive tape.

Rib fracture model (n = 9): Beagles were
intravenously anesthetized with propofol
(6-8 mg/kg) and underwent endotracheal
intubation, with anesthesia maintained us-
ing 1.5%-2.5% isoflurane. Vital signs, includ-
ing heart rate, blood pressure, respiratory
rate, oxygen saturation, ECG, and body tem-
perature, were continuously monitored. Bu-
torphanol (0.2-0.4 mg/kg) was administered
for perioperative analgesia. The animals were
placed in the left lateral decubitus position.
The right chest wall was disinfected with po-
vidone-iodine. At approximately 10 cm from
the sternal end of the 5" intercostal space,
the 4™, 5% and 6™ ribs were transected. Be-
fore closing the chest, residual air was evacu-
ated from the right pleural cavity to prevent
iatrogenic pneumothorax.

Humane end points

The following humane end points were
pre-established: (1) severe respiratory dis-
tress (respiratory rate > 60 breaths/minute or
cyanosis); (2) uncontrolled persistent bleed-
ing; (3) inability to stand or cessation of spon-
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taneous eating and drinking within 24 hours;
and (4) body weight loss exceeding 20%. If
any of these end points occurred, the animal
was immediately euthanized by an overdose
of sodium pentobarbital (100 mg/kg, intrave-
nous injection).

Initially, a total of 27 beagles were includ-
ed in the experiment, and by the end of the
study, 21 animals were successfully modeled.
The exclusions were as follows: in the pneu-
mothorax group, two beagles were excluded
due to incomplete imaging data; in the pleu-
ral effusion group, one beagle died from an
anesthetic accident, and one was excluded
due to incomplete data; in the rib fracture
group, one beagle was excluded due to post-
operative wound infection, and one died
from an anesthetic accident (Figure 1).

X-ray examination

All beagles underwent conventional chest
X-ray, mobile DR, and portable handheld DR
examinations.

Conventional chest X-ray was performed
using a F51-5C Medical diagnostic X-ray ma-
chine (Wandong, Beijing, China) at 66 kV, 200
mA, with a single exposure time of 0.03 sec-
onds. Mobile DR (DRX-Rise) was performed
at 85 kV, 320 mA, with an exposure time of
0.02 seconds. Portable handheld DR (70 kV,
2 mA) was performed with a single exposure
time of 0.2 seconds; the device weighed < 2.5
kg (Figure 2). All images were acquired in a
standard posteroanterior projection during
end-inspiration, with the focal distance set
at 150 cm for conventional chest X-ray and
mobile DR and at 100 cm for handheld DR. To
ensure model stability, the interval between
each examination was controlled within 5
minutes.

In strict accordance with standard X-ray
examination protocols, conventional pos-
teroanterior projections of the thoracoab-
dominal region were obtained for all beagles.
Following image acquisition, all radiographs
were independently reviewed by at least two
senior radiologists who were blinded to the
imaging modality to avoid observer bias.
The reading sequence was randomized for
each radiologist, and the two radiologists
reviewed the images independently without
any communication or mutual influence to
ensure the independence of the reading pro-
cess. To assess interobserver consistency, the
kappa (k) statistic was used: a k value > 0.75
indicated excellent consistency, 0.40-0.75 in-
dicated moderate to good consistency, and
< 0.40 indicated poor consistency. A final
diagnosis was established upon consensus

between the two radiologists. In cases of
discrepancy, a third senior radiologist was in-
vited to review the images jointly to reach a
final consensus.

Observation indicators

Detection rates

Imaging data from all animals were col-
lected and independently reviewed by two
senior radiologists using a double-blind
method. Using surgical findings as the gold
standard, the number of true-positive detec-
tions for each of the three examination meth-
ods was recorded, and the detection rate was
calculated as follows: detection rate = (num-
ber of positive detections/ total number of
cases) X 100%. In cases of disagreement be-
tween the two radiologists regarding inter-
pretation, a consensus was reached through
group discussion to ensure the accuracy and
objectivity of the statistical results.

Grading evaluation of image quality

The evaluation criteria were as follows:
Grade A (fully met diagnostic requirements,
correct positioning, clearimage with optimal
contrast, and free from blurring or artifacts);

Grade B (met diagnostic requirements, cor-
rect positioning, relatively clear image, with
minimal blurring or artifacts); Grade C (basi-
cally met diagnostic requirements, subopti-
mal positioning, moderate image clarity and
discernibility, with noticeable blurring, arti-
facts, or noise); non-diagnostic (did not meet
diagnostic requirements, poor positioning,
severely blurred image, with significant ar-
tifacts or noise). The same two radiologists
independently graded all images based on
these criteria. The proportions of Grade A,
Grade B, Grade C, and non-diagnosticimages
for each of the three examination methods
were calculated to compare imaging quality
differences across the different devices.

Examination times

The examination times for the three
methods were recorded and compared. Ex-
amination time was defined as the entire
process from the start of animal positioning
to the completion of image acquisition and
confirmation that the images met diagnostic
quality standards. By analyzing and com-
paring differences in operational efficiency
among the three devices, their applicability
in emergency or bedside settings was eval-
uated.

0=27)

Eligible beagles underwent
thoracic trauma modeling

Postoperative infection leading to
death (n=1)

Anesthesia accident, modeling failure (n=2)

Incomplete imaging data (n=3)

Number of beagles included
in the study (n=21)

Figure 1. Animal model establishment.

Figure 2. Imaging of devices: conventional chest X-ray device (a), mobile DR (b), and a portable handheld

DR (c). DR, digital radiography.
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Statistical analysis

Statistical analysis was performed using
SPSS version 26.0. Count data were present-
ed as frequencies and percentages [n (%)]
and analyzed using Cochran’s Q test. Ranked
data were assessed using the nonparametric
Friedman test. Measurement data were ex-
pressed as mean + standard deviation and
analyzed using repeated-measures analysis
of variance, with post-hoc pairwise compar-
isons conducted using the least significant
difference t-test. A value of P < 0.05 was con-
sidered statistically significant.

Results

Detection rates of thoracic trauma

The detection rates for thoracic trauma
varied across the three examination meth-
ods (Table 1). Mobile DR demonstrated the
highest detection rate at 85.71%, followed
by portable handheld DR (80.95%) and con-
ventional chest X-ray (66.67%). However,
despite the apparent numerical advantage
of the mobile and portable handheld DR
methods, the differences among the three
groups did not reach statistical significance
(P > 0.05). This suggests that although por-
table handheld DR may offer comparable
diagnostic performance, the current sample
size may be insufficient to detect a true dif-
ference.

Image quality assessment

Image quality grades for the three exam-
ination methods are presented in Table 2.
Both mobile DR and portable handheld DR
demonstrated significantly higher image
quality than conventional chest X-ray. The
differences were statistically significant (P <
0.05, Table 2). However, the difference in im-
age quality between mobile DR and portable
handheld DR was not statistically significant
(P > 0.05), indicating that both mobile DR
and portable handheld DR provided compa-
rable image quality that was superior to con-
ventional chest X-ray.

Examination time

The total examination times for the three
examination methods are presented in
Table 3. Conventional chest X-ray had the
longest examination time (10.40 + 0.96 min-
utes), followed by mobile DR (8.37 + 0.80
minutes), whereas portable handheld DR
was the fastest (7.07 + 0.67 minutes). The
overall differences among the three meth-
ods were highly significant (P < 0.001). Pair-
wise comparisons revealed that both mobile

DR and portable handheld DR significantly
reduced examination time compared with
conventional chest X-ray (P < 0.05). Further-
more, portable handheld DR was significant-
ly faster than mobile DR (P < 0.05).

Discussion

In this study, the fracture detection rate
of portable handheld DR showed no statis-
tically significant difference compared with
conventional chest X-ray or mobile DR, and
its image quality was comparable to that
of conventional DR (P > 0.05). However, it
demonstrated a significantly faster examina-
tion speed. Acute thoracic trauma is often
more complex, progresses more rapidly, and
is more difficult to diagnose than ordinary
trauma, necessitating accurate and efficient
diagnostic tools. The resulting critical condi-
tions are frequently life-threatening, and de-
layed diagnosis and treatment may lead to
death from hemorrhagic shock or respiratory
failure within a short period.> DR technology
enables rapid acquisition of high-resolution

images without requiring special patient
cooperation. Its simple workflow, low radia-
tion dose, and ease of storage substantially
streamline emergency care and save valu-
able time for patient management.

Previous studies have shown that porta-
ble handheld DR devices could be used for
tuberculosis screening, with image quality
comparable with that of digital X-ray ma-
chines commonly used in medical facilities.
Moreover, portable handheld DR devices
were easy to operate and could be transport-
ed to any location.* Chest X-rays obtained
using camera-type portable X-ray devices
could be used for clinical evaluation of in-
dwelling instruments.® Due to their high
mobility and operational simplicity, portable
DR devices enable rapid diagnosis in chal-
lenging conditions. Their outstanding emer-
gency response capability makes them the
preferred imaging modalities for military and
disaster rescue scenarios.” The present study
found no significant difference between por-
table handheld DR and mobile DR in terms

Table 1. Comparison of detection rates among the three examination methods

Method Conventional X-ray Mobile DR Portable handheld DR Q P
i =tiCie 5 6 5 1.000  0.607
(n=7)

Pleural effusion 5 6 6 0500 0779
(n=7)

Rib fracture (n =7) 4 6 6 2.000 0.368
Missed diagnosis 7 4

Positive detection

rate [% (n/m)] 66.67% (14/21) 85.71% (18/21) 80.95% (17/21) 2,600 0.273
95% ClI (0.447,0.887) (0.694, 1.020) (0.626,0.810)

DR, digital radiography; Cl, confidence interval.

Table 2. Comparison of the image quality of the three examination methods

Method GradeA GradeB GradeC  Non-diagnostic 95% Cl
Conventional X-ray 14 5 2 0 (1.12,1.74)
Mobile DR 20 1 0 0 (0.95, 1.15)
Portable handheld DR 19 2 0 0 (0.96, 1.23)
X2 7.750

P 0.021

DR, digital radiography; Cl, confidence interval.

Table 3. Comparison of examination times among the three examination methods

Method Examination time (min) 95% ClI
Conventional X-ray 10.40 + 0.96 (9.968, 10.845)
Mobile DR 8.37 £0.80* (8.008, 8.737)
Portable handheld DR 7.07 £ 0.672® (6.771,7.378)
F 89.367

P <0.001

2P < 0.05 vs. conventional X-ray; °P < 0.05 vs. mobile DR. DR, digital radiography; Cl, confidence interval.
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of fracture detection rate and image quality.
Research by Audin et al.® also confirmed that
wireless portable DR can provide clinical in-
formation equivalent or superior to comput-
ed radiography in bedside chest radiography
in the intensive care unit (ICU). Furthermore,
the latest portable dynamic DR technology
has expanded the functional applications of
bedside chest imaging, offering new tools
for the rapid assessment of trauma patients.’
Collectively, these studies support the clini-
cal value of portable DR in the diagnosis of
thoracic trauma, particularly its advantages
in specialized settings such as emergency
departments, ICUs, and disaster sites. The de-
vice features an integrated design with low
radiation dose (leakage < 2.4 pGy/hour at 1
minute), high safety, lightweight construc-
tion, and palm-sized operability, providing
reliable imaging support for emergency sce-
narios.

This study has several limitations. First,
the diagnostic value of portable handheld
DR was investigated only in a beagle animal
model, and no human clinical studies have
been conducted, which limits the general-
izability of the results to clinical practice. In
addition, the long-term stability and practi-
cality of the device in extreme environments,
complex trauma types, and mass-casualty
scenarios have not been thoroughly evaluat-
ed. Further validation through large-sample,
multicenter clinical studies is warranted.

Conclusion

In summary, portable handheld DR of-
fers simple operation and high portability,
enabling rapid deployment in complex
emergency settings. While ensuring safety
and diagnostic efficacy, it can meet basic
imaging needs in first-aid scenarios. Its
significant application potential in envi-
ronments lacking fixed equipment, such as
disaster relief sites and field medical rescue
operations, provides crucial support for
optimizing imaging equipment allocation
and emergency procedures in these con-
texts.
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