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ABSTRACT: Diagnostic ultrasound examinations are becoming longer and more frequent, yet the effect of scanning
duration on circulating blood is poorly defined. This exploratory study examined how the duration of uninterrupted
diagnostic brightness-mode scanning over the femoral region affects blood cell parameters in New Zealand White rabbits.
Twelve male rabbits were allocated to four groups of three: a control group handled for 30 minutes with the scanner
switched off, and groups scanned for 10, 20 or 30 minutes daily for five consecutive days. Blood was collected at baseline
and immediately after each session, and red cell, platelet and white cell indices were analysed by repeated-measures
analysis of variance with comparisons against the control. Packed cell volume, haemoglobin concentration and red blood
cell count were lower after exposure, most clearly in the 30-minute group (packed cell volume 30.61 + 3.45% versus 35.89
+0.70% in controls). Group differences were not significant, but the day and group-by-day effects were, and the 30-minute
group fell significantly below its baseline from day 3 to day 5, with a less consistent decline at 20 minutes and no sustained
change at 10 minutes. Monocyte counts were higher after 30 minutes than in controls (0.42 versus 0.10 x 103/ul; p =
0.003). Platelet counts were lower in the 30-minute group than in controls (p = 0.030), but counts rose above baseline in
every group and the difference reflected high control values. Lymphocyte and eosinophil differences occurred only at 20
minutes and were not graded. Other indices did not change meaningfully. Scanning for 30 minutes, beyond a routine
examination, was therefore associated with progressive declines in red cell indices and higher monocyte counts. Restraint
stress cannot be excluded as a contributor, and acoustic output was not measured, so larger controlled studies are
needed.
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INTRODUCTION

Ultrasound imaging uses high-frequency sound waves,
above the range of human hearing, that are sent into the
body and reflected by tissues to form an image. In
brightness mode (B-mode), the most common form, the
echoes are displayed as a real-time, two-dimensional
grey-scale picture.

Diagnostic ultrasound is one of the most widely used
imaging modalities in modern medicine (Sidhu et al., 2023;
van Neer et al., 2024). It is valued for being non-invasive,
relatively inexpensive, free of ionising radiation, and

capable of producing real-time soft-tissue images, making
it indispensable in obstetrics, cardiology, abdominal
imaging, musculoskeletal assessment, and, increasingly,
point-of-care bedside diagnosis (Han et al., 2024).
Advances in transducer technology and the growing
availability of portable and handheld devices have driven
a marked expansion in how often, and for how long,
patients are scanned (Martins et al., 2024). Although
ultrasound is generally considered safe when used within
accepted diagnostic exposure limits, it is not biologically


http://creativecommons.org/licenses/by/4.0/

436 J. Anim. Sci. Vet. Med.

inert (Srivastava et al., 2026). Ultrasound waves interact
with living tissue through two broadly recognised
mechanisms: thermal effects, arising from the absorption
of acoustic energy and consequent local tissue heating,
and non-thermal (mechanical) effects, which include
acoustic cavitation, radiation force, and streaming
(Quarato et al., 2023; American Institute of Ultrasound in
Medicine, 2023).

The bioeffects literature covers exposures that differ
widely in intensity, mode, and purpose, which limits
comparison between studies. High-intensity focused
ultrasound (HIFU) and focused ultrasound for blood—brain
barrier opening use focused, high-pressure exposures,
with prolonged or repeated sonication in HIFU ablation, to
disrupt tissue or vasculature deliberately (Bachu et al.,
2021; McMahon et al.,, 2024). Haemolysis, platelet
activation and microvascular haemorrhage have been
reported mainly with gas bodies or contrast agents (Bader
et al., 2025; Izadifar et al., 2017). Low-intensity pulsed
ultrasound (LIPUS) is applied therapeutically, for example
in bone and tissue repair (Mehrpour et al., 2016; Uddin et
al., 2021). The present study differs from these: it used a
diagnostic B-mode scan at 3.5 MHz over the femoral
region, without focusing or a contrast agent, as used in
clinical imaging, but applied here for longer than a routine
examination.

Haematological data for low-intensity exposures are
limited and differ in direction. Continuous ultrasound used
to treat acute muscle injury was associated with higher
segmented neutrophils and eosinophils and lower
erythrocytes (Plentz et al., 2008), whereas low-intensity
pulsed ultrasound after an incisional muscle lesion in rats
lowered total leucocytes without affecting erythrocytes
(Signori et al., 2011). Reductions in red blood cell count,
haemoglobin, and platelets were reported by Mehrpour et
al. (2016) and, after prolonged prenatal insonation, by Idris
et al. (2020). In contrast, LIPUS delivered to the rat femoral
metaphysis increased bone marrow nucleated cells and
circulating white blood cells (Wang et al.,, 2021), and
similar protocols improved blood count recovery in
chemotherapy-induced myelosuppression models (Luo et
al., 2021; Tan et al., 2021). These studies used therapeutic
settings, injured or compromised tissue, or prenatal
exposure, so they are not directly comparable with direct
diagnostic exposure of an adult animal.

Haematological indices are sensitive, fast-responding
indicators of physiological status and can reflect stress,
inflammation and physical insult before overt clinical signs
appear (Witeska et al., 2023; Didkowska et al., 2024). In
the rabbit, they shift measurably with physiological state
(Chmurska-Ggsowska et al., 2021). Despite the use of
rabbits in ultrasound research, few studies, to the best of
our knowledge, have compared graded durations of
diagnostic-range scanning with haematological
parameters in this model. As examinations become longer
and more frequent, duration-specific data are needed to
inform safety guidance.

This study aimed to evaluate how the duration of
continuous (uninterrupted) diagnostic B-mode scanning
(pulsed-echo imaging, Sonostar S10, 3.5 MHz) over the
femoral region, applied for 10, 20, or 30 min, affects
haematological parameters in New Zealand White rabbits
compared with sham controls. This study hypothesised
that, under the specified exposure settings, longer
insonation would be associated with measurable
differences in selected haematological indices compared
with handling controls. Because acoustic output and tissue
dose can differ substantially across ultrasound modes,
comparisons with pulsed or high-intensity studies are
interpreted cautiously. It was found that scanning for 30
minutes, beyond a routine examination, was therefore
associated with progressive declines in red cell indices
and higher monocyte counts.

MATERIALS AND METHODS
Ethics/animal housing

This experimental study was conducted in the Department
of Veterinary Surgery and Radiology, Ahmadu Bello
University, Zaria, Nigeria, in accordance with the rules
established for experimental research in laboratory
animals by the University. Ethical approval was provided
by the Ahmadu Bello University Committee on Animal Use
and Care (ABUCAUC) with approval number
ABUCAUC/2025/079.

The rabbits were housed in the Animal House of the
Department of Veterinary Public Health and Preventive
Medicine, Ahmadu Bello University, Zaria, Nigeria. Before
commencement of the experiment, the rabbits were
allowed to acclimatise to the housing environment for two
weeks under strict supervision. The rabbits were kept in
deep litter enclosures with adequate space according to
their groups and provided with a specially formulated feed
and clean water ad libitum. Housing conditions were
maintained in accordance with animal-care protocol. They
were monitored throughout the experiment period for
general behaviour, feed and water intake, and signs of
discomfort or distress. Only those that showed no clinical
signs of disease and had normal baseline haematology
values were considered for this study.

Animal grouping

Twelve clinically healthy male New Zealand White rabbits
with an average age of 18 months and body weight ranging
from 3—4 kg were used in the study and randomly allocated
into four experimental groups, with three rabbits per group
(n = 3). Random allocation was performed using Microsoft
Excel.

Group 1 was exposed to ultrasound for 10 minutes,
Group 2 for 20 minutes, and Group 3 for 30 minutes. Group



4, serving as the control or control group, underwent
identical handling for 30 minutes without any ultrasound
exposure (device off). Throughout the experiment, the
ultrasound settings remained constant across all
experimental groups, ensuring methodological
consistency. The sample size was selected partly to
facilitate the scheduling of experimental procedures at a
consistent time of the day for each rabbit across the
experimental period to minimise potential time-related
variations. Given the limited sample size, and handling
time before blood sampling was not identical across
groups, the study was considered exploratory, and the
findings were interpreted cautiously because of the
potential limitations in statistical precision and the ability to
detect differences between groups.

Ultrasonographic procedure

To prevent any movement of animals during US exposure,
both experimental and control groups were properly
restrained using a customised V-shaped apparatus. The
medial aspect of the right femoral zone of both
experimental and control animals was shaved (from the
anterior medial upper thigh/groin to the knee) 24 hours
before commencement of the experiment. The animals
were exposed to ultrasound using a portable ultrasound
machine (Sonostar S10®) equipped with an R60
transcutaneous curvilinear probe operating at a frequency
of 3.5 MHz; the machine was operated in B-mode across
the skin overlying the medial aspect of the entire length of
the right femur continuously for the entire duration
assigned to each rabbit group. Ultrasound coupling gel
was applied liberally at the time of each ultrasound
session. The transducer probe was held with light
continuous contact and mild constant movement to
prevent overheating of tissue. The femur appears as a
hyperechoic line with acoustic shadowing. Machine
settings were normal (preset), which included a gain
(G80), depth setting (D100), Frame correlation (FC4), Line
density (LN2), and frame rate (FR12). The depth scale was
170mm. As is standard for diagnostic B-mode ultrasound,
the system operates in pulsed mode with a low duty cycle
(typically <1%). Exact acoustic output parameters were not
available from the manufacturer at the time of submission.
The procedures were done for five consecutive days at
about the same time of day for each rabbit.

Blood sample collection

A primary 2 mL blood sample was collected from the ear
vein for all subjects two (2) days before commencement of
the experiment and served as a baseline haematology for
the study. Blood samples (2 mL) were collected daily for
five days (a total of 12 mL over the entire experiment)
immediately after completion of the assigned ultrasound
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exposure duration for haematological analysis. All
procedures were performed at about the same time of day.
The sampling schedule comprised one baseline collection
and five post-insonation collections, with the latter
corresponding to the five daily exposure sessions. The
collected blood was immediately transferred into an EDTA
container to prevent clotting. The sample bottle was gently
inverted after the lid was closed 8-10 times to mix the
blood with the anticoagulant. The samples were well
labelled and referred to the laboratory in a cool box. Red
Blood Cells (RBC), White Blood Cells (WBC), platelets
(PLT), haemoglobin (HGB), haematocrit (HCT), Mean
Corpuscular Volume (MCV), and Mean Corpuscular
Haemoglobin (MCH) were measured using an Auto-
Haematology Analyser (Mindray BC-3600). The analyser
was operated according to the manufacturer’s instructions
and was not independently calibrated for this study. For
Reticulocyte counts, 1000-2000 RBCs were counted
across consecutive fields on at least two new methylene
blue-stained smears per rabbit and reported as (x10%L)
according to Bain and Leach (2025), and differential
leucocyte counts were measured manually on Giemsa-
stained blood smears, counting 200 leucocytes per
sample, as described by Oikonomidis et al. (2021). Counts
were performed by one observer blinded to group
allocation.

Data analysis

Data are presented as mean + standard deviation (SD),
representing the arithmetic mean and standard deviation
of all observations within each exposure group. The
experimental unit was the rabbit. We analysed
haematological parameters (erythrocytic parameters:
PCV, Hgb, RBC, MCV, Reticulocytes, PLT, MCH; and
leucocytic  parameters:  heterophils, Lymphocytes,
Basophils, Monocytes, Eosinophils) using two-way
repeated measures ANOVA, with group as the between-
subject factor and day as the within-subjects factor. The
Group x Day interaction was examined. We performed
post-hoc comparisons with the control group using
Dunnett’s test; day comparisons used day 0 (baseline) as
the reference. A p-value < 0.05 was considered statistically
significant.

RESULTS
Erythrocytic and platelet parameters

Packed cell volume (PCV), haemoglobin and red blood cell
(RBC) count were lower after exposure than before it, most
clearly in the 30-min group (Table 1). The group effects
were not significant (PCV p = 0.124; haemoglobin p =
0.371; RBC p = 0.416), but the day effects (p = 0.001, p <
0.001 and p = 0.039) and the group x day interactions (p
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Table 1. Erythrocytic and platelet parameters of New Zealand white rabbits following exposure to different insonation durations.

Parameter Group Baseline values Mean + SD Group p-value Day p-value Group x Day p-value
Control 36.07 + 0.82 35.89 + 0.70°
G1 (10 min) 35.97 +0.85 32.94 + 6.25°
0,
PCV (%) G2 (20 min) 34.83 +2.26 30.87 + 3.872 0.124 0.001 0.007
G3 (30 min) 36.23 + 4.50 30.61 + 3.45b
Control 10.87 £ 0.75 10.87 + 0.60°
G1 (10 min) 11.63+0.70 10.73+1.13°
Hgb (g/dL) G2 (20 min) 10.73+1.27 10.18 + 1.772 0.371 <0.001 0.010
G3 (30 min) 11.87 +1.42 9.67 +1.108
Control 5.37+0.42 5.27 £ 0.292
G1 (10 min) 520+ 0.68 4.83+0.61°
RBC (1021 ! 0.416 0.039 0.019
(10%L) 55 (20 min) 5.24 + 0.50 4.80 + 0.99°
G3 (30 min) 5.72+0.70 4.63 +0.63
Control 297.71 + 2.69 208.12 + 0.712
Reticulocytes ~ G1 (10 min) 297.04 + 1.61 298.00 + 0.60°
: 04 952 4
(x 1091L) G2 (20 min) 298.88 + 2.69 297.60 + 0.90° 0.0 0.95 0.490
G3 (30 min) 298.10 + 1.23 299.42 + 0.82
Control 65.93+1.18 68.50 + 2.39°
G1 (10 min) 65.17 + 0.82 65.94 + 1,132
MCV (fL ! 0.051 0.119 >0.30
() G2 (20 min) 66.57 + 2.01 65.65 + 2.86°
G3 (30 min) 65.37 + 2.31 65.36 + 2.08°
Control 22.20 +0.85 22.16 + 0.85°
G1 (10 min) 21.60 +0.80 21.62 +3.53
MCH (pg) G2 (20 min) 22.23+0.75 22.24 +0.74° 0.441 0.155 > 030
G3 (30 min) 20.77 +0.70 21.08 +0.76°
Control 296.33+41.79  516.39 + 350.012
Gl(10min)  322.33+1501  450.22 + 207.90°
Platelet (109/L 024 04 37
aelet(10L) 55 2omin)  192.67+7150  323.50 + 186.68° 0.0 0.043 0.370
G3(30min)  244.33+11590  297.67 + 33.58

Values with different superscript letters along the same column for the same parameter differ significantly at p < 0.05.

=0.007, p =0.010 and p = 0.019) were, indicating that the
decline developed over the exposure days and differed
between groups. In Dunnett comparisons, PCV in G3 was
borderline relative to the control (30.61 + 3.45% against
35.89 + 0.70%; p = 0.050), whereas G1 (p = 0.273) and
G2 (p = 0.062) were not. No exposed group differed
significantly from the control for haemoglobin (G3 9.67 +
1.12 against 10.87 + 0.60 g/dL) or RBC (G3 4.63 £ 0.63
against 5.27 = 0.29 x 10%2/L). Relative to their own
baseline, G3 rabbits had significantly lower PCV on days
3105 (-7.3, -7.4 and —-11.2 percentage points; p = 0.012,
0.011 and 0.001), haemoglobin on days 3 to 5 (-2.6, -2.4
and —-2.6 g/dL; p =0.013,0.017 and 0.013) and RBC count
on days 3 to 5 (-1.3, -1.2 and -1.9 x 10"3/L; p = 0.009,

0.010 and 0.001) (Appendix 6). G2 showed a similar but
less consistent decline: PCV was lower on days 2to 5 (p
=0.032, 0.010, 0.001 and 0.009), haemoglobin on days 3
to 5 (p = 0.019, 0.005 and 0.043) and RBC count on day 4
only (-1.2 x 10"?/L; p = 0.042). G1 showed no sustained
change; an isolated haemoglobin difference on day 2 (p =
0.049) did not persist. Mean corpuscular volume (MCV;
group p = 0.051; G3 against control p = 0.055) and mean
corpuscular haemoglobin (MCH; group p = 0.441) did not
differ significantly. The control mean for MCV (68.50 + 2.39
fL) was above its baseline (65.93 + 1.18 fL), whereas MCV
in G3 (65.36 + 2.08 fL) was unchanged from its baseline
(65.37 £ 2.31 fL). Reticulocyte counts were close to 298 x
10°%L in all groups. The group effect was significant (p =



Table 2. Leucocytic parameters of New Zealand white rabbits following exposure to different insonation durations.
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Parameters Group Baseline values Mean + SD Group p-value Day p-value Group x Day p-value
Control (0 min) 5.60 +1.24 5.73 +1.052
Total white blood G1 (10 min) 6.77 £3.70 6.55 + 2.442
cell (103/ul) G2 (20 min) 8.53+2.83 7.06£1.712 0.344 0.740 >0.30
G3 (30 min) 5.60 + 3.64 7.24 £ 2.60?
Control (0 min) 2.86 +0.06 2.73 £0.502
Heterophils G1 (10 min) 4.83+0.89 2.91 £ 0.842
. 0.056 0.025* 0.26
(103l G2 (20 min) 2.37+1.16 3.29 + 1.052
G3 (30 min) 3.75+£0.61 4,27 £1.122
Control (0 min) 2.54 +0.09 2.72 £0.512
Lymphocyte G1 (10 min) 2.71£0.70 3.21+£1.312
(103/pl) G2 (20 min) 3.46 +0.85 3.36+1.21°
G3 (30 min) 2.89+0.51 2.35+0.992 0.001 0.883 0.032
Control (0 min) 0.09 £ 0.06 0.10 £ 0.042
) G1 (10 min) 0.33+0.36 0.07 £0.032
3
Basophils (10°M) 5 (20 min) 0.21+0.05 0.04 +0.022 0.134 0472 069
G3 (30 min) 0.09 £ 0.04 0.06 + 0.022 ' '
Control (0 min) 0.06 + 0.00 0.12 £ 0.032
Eosinophils G1 (10 min) 0.05 + 0.05 0.12 £ 0.042
. 0.008 0.581 0.20
(103/1) G2 (20 min) 0.01 +0.00 0.01 + 0.05°
G3 (30 min) 0.13 +0.17 0.07 £ 0.022
Control (0 min) 0.09 + 0.06 0.10 + 0.062
G1 (10 min) 0.21 £0.05 0.24 £ 0.222
3
Monocytes (10 /pl)(32 (20 min) 0.33 + 0.36 0.30 + 0.142 0.027 0.217 0.95
G3 (30 min) 0.09 £ 0.04 0.42 +0.03°

Values with different superscript alphabets along the same column for the same parameter differ significantly at p < 0.05.

0.04), with G2 (297.60 + 0.90; p = 0.003) and G3 (299.42
+ 0.82; p = 0.033) differing from the control (298.12 + 0.71
x 10%L), but these differences were about 0.5 and 1.3 x
10°%/L, less than 0.5% of the mean, and the day (p = 0.952)
and group x day (p = 0.490) effects were not significant.

Platelet counts differed between groups (group p =
0.024; day p = 0.043; group x day p = 0.370). Only G3
differed from the control in Dunnett comparisons (297.67 +
33.58 against 516.39 + 350.01 x 10°/L; p = 0.030; G1 and
G2 p =0.800 each). However, mean post-exposure counts
were above baseline in every group, including the control
(296.33 to 516.39 x 10°%L), and the day comparisons
showed higher counts than at baseline on day 1 (+195.2 x
10%L; p = 0.019) and day 2 (+258.9 x 10°%L; p = 0.002),
but not on days 3 to 5 (p = 0.189, 0.363 and 0.055;
Appendix 5). The lower G3 mean relative to the control
therefore reflects a high and variable control mean (SD
350.01 x 10%L), not a fall in G3 below its own baseline
(244.33 £ 115.90 x 10°%L).

Leucocytic parameters

Total white blood cell count did not differ between groups
(group p = 0.344; day p = 0.740; group x day p > 0.30;
Table 2). Heterophil counts were highestin G3 (4.27 +1.12
x 103/ul) and lowest in the control (2.73 £ 0.50 x 103/pl),
with intermediate values in G1 (2.91 + 0.84) and G2 (3.29
+ 1.05). The group effect was borderline (p = 0.056), and
no Dunnett comparison was significant (G2 p = 0.077; G1
and G3 p > 0.05). The day effect was significant (p = 0.025)
and came from day 5 alone (p = 0.015 against baseline;
days 1to 4 p = 0.196, 0.750, 0.663 and 0.291; Appendix
8). Monocyte counts differed between groups (p = 0.027),
and G3 had higher counts than the control (0.42 £ 0.03
against 0.10 £ 0.06 x 10%/pl; p = 0.003). This was a rise
from the G3 baseline of 0.09 + 0.04 x 103/ul; G2 (p = 0.086)
and G1 (p > 0.05) did not differ from the control, and
neither the day nor the interaction effect was significant.
Lymphocyte counts differed between groups (p =0.001)
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with a significant group x day interaction (p = 0.032; day p
= 0.883). Only G2 differed from the control (3.36 + 1.21
against 2.72 + 0.51 x 103/pl; p < 0.001); G3 (2.35 £ 0.99)
did not. Eosinophil counts also differed between groups (p
= 0.008), with only G2 below the control (0.01 + 0.05
against 0.12 + 0.03 x 103/ul; p =0.032); G1 (p = 0.246) and
G3 (p = 0.189) did not. In both cases, G2 had numerically
different baseline values from the control (lymphocytes
3.46 against 2.54; eosinophils 0.01 against 0.06 x 103/pl),
although baseline differences were not statistically
significant (Appendix 11).

DISCUSSION

This study asked whether uninterrupted diagnostic B-
mode scanning over the femoral region for 10, 20 or 30
min on five consecutive days alters the haematological
profile of New Zealand White rabbits. With three animals
per group, it was designed as an exploratory comparison.
The clearest changes were lower PCV, haemoglobin and
RBC count and a higher monocyte count after 30 min of
scanning, with smaller and less consistent changes after
20 min and little change after 10 min. Platelets and the 20-
min lymphocyte and eosinophil differences are better
explained by group differences at baseline and in the
control group, as discussed below, than by exposure
duration.

The decline in PCV, haemoglobin and RBC count was
graded by exposure duration: sustained in G3 from day 3,
partial and less consistent in G2, and absent in G1.
Because the group effects were not significant and only
the day and group x day effects were, the pattern is better
described as a time-dependent divergence from baseline
than as a settled group difference, and the borderline PCV
result (p = 0.050) should be read in that light. The
unchanged MCV and MCH indicate that the cells
remaining were of normal size and haemoglobin content,
which fits a loss of cells or a change in plasma volume
more than a change in cell properties. Reticulocytes did
not rise: the statistically significant group effect rested on
differences below 0.5% of the mean, which are unlikely to
be biologically meaningful, so no regenerative response
was detected over five days. That window may be too short
to show one.

Several explanations are possible, and this study cannot
separate them. Mechanical effects of ultrasound on red
cells, including cavitation, microstreaming and shear, can
damage membranes and cause haemolysis, mostly in the
presence of gas bodies or contrast agents (lzadifar et al.,
2017; Bader et al., 2025). Cavitation is unlikely at
diagnostic B-mode output without contrast, and acoustic
output was not available for the scanner used. Tissue
heating and bone absorption near the probe could
contribute (Quarato et al., 2023), but temperature was not
measured. Haemodilution, sequestration, and handling or
restraint effects are further possibilities. Haemolysis

markers, plasma volume, marrow, and temperature were
not measured, so these remain hypotheses.

The lower G3 platelet mean relative to the control should
not be read as thrombocytopenia or platelet consumption.
Platelet counts were higher than baseline in every group,
including the control, and the group difference arose from
an elevated, highly variable control mean. Ultrasound can
activate platelets and promote aggregation (Izadifar et al.,
2017; Liu and Yang, 2021), but these data do not show a
reduction attributable to exposure. They also illustrate how
numerical baseline differences and small groups can
produce a nominally significant comparison, and why
platelet counts should be confirmed in a larger study. The
rise across all groups may reflect repeated handling and
venipuncture; sampling-related effects were not assessed.

Total leucocyte count was unchanged. The late rise in
heterophils (day 5 only, with the group effect borderline) is
compatible with a mild inflammatory or stress-related
response, but it was not significant against the control and
is not a robust finding. Monocytes were higher in G3, rising
from a baseline equal to the controls, and this was the one
leucocyte change that was significant against the control
and not explained by baseline differences. A monocyte
increase could reflect clearance of damaged cells or mildly
injured tissue, or a stress-related redistribution of
leucocytes (Witeska et al., 2023); no tissue or
inflammatory markers were measured to distinguish these.

The lymphocyte and eosinophil differences in G2 were
not graded, since G3 did not follow the same pattern. They
should not be taken as evidence of an exposure effect.
Basophils were low in all groups and did not change.

Restraint is a plausible alternative explanation. Handling
and restraint can alter leucocyte distribution through
neuroendocrine responses, including activation of the
hypothalamic—pituitary—adrenal axis, and haematological
indices respond to stress (Witeska et al., 2023). Restraint
time differed among groups (10, 20, or 30 min for scanned
groups; 30 min for the control), so scanning duration and
restraint duration were partly confounded, and the
changes cannot be attributed exclusively to ultrasound.
The 30-min scanned group and the control were restrained
for the same time, so the comparison between them is the
least confounded. Cortisol and catecholamines were not
measured.

Previous haematological findings after ultrasound are
mixed. Reductions in RBC count, haemoglobin and
platelets were reported by Mehrpour et al. (2016) and, after
prolonged prenatal insonation, by Idris et al. (2020), while
leucocyte responses have varied with the exposure and
the tissue condition (Plentz et al., 2008; Signori et al.,
2011). Low-intensity pulsed ultrasound over the femur has
instead raised marrow and circulating white cell counts
(Wang et al., 2021). Our red cell findings point the same
way as the first group of studies, whereas our platelet and
lymphocyte data do not support them. Direct comparison
is limited, because those studies differed in species,
exposure mode and intensity, injury status and exposure



site, and none used diagnostic B-mode scanning with
graded durations in healthy adult rabbits. To our
knowledge, comparable data remain scarce.

Groups of three rabbits give little statistical precision and
no formal power calculation, and only males were used.
Acoustic output, mechanical and thermal indices and
tissue temperature were not available. Restraint time was
not equal across groups. Baseline values differed
numerically between groups for several variables, and
baseline was not used as a covariate, so isolated
significant results should be treated as hypothesis-
generating. Haemolysis markers, marrow, histology,
cavitation and stress hormones were not measured, and
follow-up was short.

The findings do not show that clinical diagnostic
scanning is hazardous. They suggest that prolonged,
uninterrupted scanning beyond usual examination times
may be associated with lower red cell indices in rabbits,
which is worth testing in larger studies with equal restraint
time across groups, measured acoustic output, baseline-
adjusted analysis, plasma volume and haemolysis
markers, and a stress measure.

Conclusion

In this small exploratory study, 30 min of uninterrupted
diagnostic B-mode scanning over the femur on five
consecutive days was associated with progressive
declines in PCV, haemoglobin and RBC count and a
higher monocyte count, whereas 10 min had little effect.
Platelet, lymphocyte and eosinophil differences were
mainly attributable to baseline and control-group
differences, and restraint stress cannot be excluded as a
contributor. Larger controlled studies with measured
acoustic output are needed.
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Appendix 1. Table showing the Dunnett post hoc test for erythrocytic parameters.

Dependent Variable (I) Exposure Duration (J) Control group Sig.
30 0 0.033*
Reticulocytes 20 0 0.003*
10 0 0.668
30 0 0.145
WBC 20 0 .200
10 0 0.431
30 0 297
RBC 20 0 163
10 0 .336
30 0 .168
HGB 20 0 433
10 0 .878
30 0 .050*
HCT 20 0 .062
10 0 0.273
30 0 .055
MCV 20 0 .055
10 0 103
30 0 .248
MCH 20 0 .924
10 0 .565
30 0 .0300*
PLT 20 0 .800
10 0 .800

Appendix 2. Dunnett post-hoc (other days vs day 0) for PCV (%)

Comparison Coefficient P-value
D1vsO -2.25 0.042*
D2vs 0 -3.32 0.003*
D3vs0 -4.13 <0.001**
D4vs O -4.88 <0.001**
D5vs 0 -4.62 <0.001**

Appendix 3. Dunnett post-hoc (other days vs day 0) for Hgb (g/dL)

Comparison Coefficient P-value
D1vsO -0.55 0.073

D2vs O -1.18 <0.001**
D3vs 0 -1.33 <0.001**
D4vs O -1.36 <0.001**
D5vs 0 -1.06 <0.001**

Appendix 4. Dunnett post-hoc (other days vs day 0) for RBC (x10%?/L)

Comparison Coefficient P-value
D1vsO -0.29 0.106
D2vs 0 -0.56 0.002*
D3vs O -0.70 <0.001**
D4vs O -0.75 <0.001**
D5vs 0 -0.72 <0.001**
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Appendix 5. Dunnett post-hoc (other days vs day 0) for PLT (x10°%/L)

Comparison Coefficient P-value
DlvsO +195.2 0.019*
D2vs 0 +258.9 0.002*
D3vs0 +109.1 0.189
D4 vs 0 +75.6 0.363
D5vs 0 +159.4 0.055

Appendix 6. Table showing changes in erythrocytic parameters (Dunnett post hoc test) from day 0 (Baseline) (Group*Day)

Group Parameter D1 D2 D3 D4 D5
PCV -1.8 -4.5 -7.3(0.012) * -7.4 (0.011) * -11.2 (0.001) *
Group 3 (30 mins) Hgb -0.6 -2.0 (0.054) -2.6 (0.013) * -2.4 (0.017) * -2.6 (0.013) *
RBC -0.3 -0.9 (0.066) -1.3 (0.009) * -1.2 (0.010) * -1.9 (0.001) *
PCV -3.8 -5.5(0.032) * -6.7 (0.010) * -9.4 (0.001) * -6.7 (0.009) *
Group 2 (20 mins) Hgb -0.2 -1.1 -1.6 (0.019) * -2.0 (0.005) * -1.4 (0.043) *
RBC -0.1 -0.6 -0.9 -1.2 (0.042) * -0.6
PCV -3.3 -3.2 -2.3 2.4 -0.2
Group 1 (10 mins) Hgb -1.4 (0.083) -1.6 (0.049) -1.2 -1.0 -0.3
RBC -0.7 -0.7 -0.5 -0.5 -0.2

Appendix 7. Table showing Dunnett post hoc test for leucocytic parameters.

Parameters (1) Group (J) Group Sig.

3 0 >0.05
0.077
>0.05

0.003*
0.086
>0.05
0.544
0.813

0.07

0.189

0.032*
0.246
>0.05

<0.001*
>0.05

Heterophils

Monocyte

Basophil

Eosinophil

Lymphocyte

P NWEFEPNWOWEFEPNOEFEPNOWEDN
O O OO 00000 Oo0OOoO o oo

Appendix 8. Table showing day interaction for Heterophils

Parameter Comparison p-value
D1vsO 0.196
D2vs 0 0.750

Heterophils D3vsO0 0.663
D4vs 0 0.291

D5vs 0 0.015*
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Appendix 9. Summary of group effects and Dunnett-adjusted comparisons with the control (n = 3 per group). Values are p-values;
n.s., not significant. The final column gives the direction of the 30-min group relative to its own baseline.

Variable Group effect G1 (10 min) G2 (20 min) G3 (30 min) G3 against its own baseline
PCV 0.124 0.273 0.062 0.050 Lower (days 3-5)
Haemoglobin 0.371 n.s. n.s. n.s. Lower (days 3-5)
RBC count 0.416 n.s. n.s. n.s. Lower (days 3-5)
MCV 0.051 n.s. n.s. 0.055 Unchanged

MCH 0.441 n.s. n.s. n.s. Little change
Reticulocytes 0.04 0.668 0.003 0.033 Negligible change
Platelets 0.024 0.800 0.800 0.030 Higher

Total WBC 0.344 n.s. n.s. n.s. Higher, n.s.
Heterophils 0.056 >0.05 0.077 > 0.05 Higher (day 5)
Lymphocytes 0.001 >0.05 <0.001 >0.05 Lower, n.s.
Basophils 0.134 0.07 0.813 0.544 Lower, n.s.
Eosinophils 0.008 0.246 0.032 0.189 Higher, n.s.
Monocytes 0.027 > 0.05 0.086 0.003 Higher

Appendix 10. Table showing sampling timeline

Day Sample collection

Day 0 Baseline blood collection (2ml)

Day 1 _Ultraso_und session for each_rabbit according to the duration assigned to its group, followed
immediately by blood collection (2ml)

Day 2 pltrasqund session for each‘rabbit according to the duration assigned to its group, followed
immediately by blood collection (2ml)

Day 3 _Ultraso_und session for each_rabbit according to the duration assigned to its group, followed
immediately by blood collection (2ml)
Ultrasound session for each rabbit according to the duration assigned to its group, followed

Day 4 immediately by blood collection (2ml)

Day 5 Ultrasound session for each rabbit according to the duration assigned to its group, followed

immediately by blood collection (2ml)

Appendix 11. Table showing comparison of baseline values across groups

Parameter p-value Result

PCV 0.906 No sig. difference
Hgb 0.530 No sig. difference
RBC 0.701 No sig. difference
MCV 0.190 No sig. difference
MCH 0.211 No sig. difference
PLT 0.202 No sig. difference
WBC 0.615 No sig. difference
Lymphocytes 0.736 No sig. difference
Monocytes 0.316 No sig. difference
Basophils 0.453 No sig. difference
Eosinophils 0.160 No sig. difference
Heterophils 0.518 No sig. difference




