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Abstract

Background: Few studies have investigated the adequate contrast enhancement (CE) evaluation depending on concentration,

volume, and rate of contrast media (CM) and the scan parameters in equine contrast enhanced computed tomography (CECT).

Objectives: We investigated CE of the deep digital flexor tendon (DDFT) and arteries depending on voltage, concentration,

volume, and rate of CM during intra-arterial CECT of equine distal forelimbs. Study design: This is a prospective study.

Methods: Six horses underwent fifty-four CT scans. First, the CE of DDFT and arteries was evaluated depending on the

voltage (80 or 120 kV) and CM concentration (150, 120, or 90 mg I/mL in 50 mL of CM). Second, CE of DDFT and vessels

was evaluated depending on the CM volume (50, 100, or 150 mL) and administration rate (2, 4, or 6 mL/s) with a fixed iodine

delivery rate (IDR) (300 or 180 mg I/s). Results: CE of DDFT significantly increased at 80 kV of voltage and 150 mg I/mL of

CM concentration (Median: 29.65; IQR: 1.74; P < 0.05). CE of the DDFT positively correlated with CM concentration (P =

0.0004; r = 0.75). At 180 mg I/s of IDR, an increase in rate and volume (6 mL/s and 150 mL) led to low contrast attenuation

in the medial and lateral palmar arteries (median and IQR: 985.93 and 71.8 Hounsfield units [HU] and 988.73 and 41.16 HU,

respectively); the CE was sufficient to distinguish the artery from the adjacent structures. Main limitations: The number of

animals was small for parametric statistical analysis. Conclusions: Our results suggest that a low CM concentration could

yield sufficient CE of the DDFT and arteries with adjusted CT scanning parameters or volume and injection rate of CM.

Introduction

Computed tomography (CT) is a valuable diagnostic modality for images of the musculoskeletal system,
particularly for osseous changes. Recently, with technological developments, CT has been used to generate
images of adequate quality to evaluate soft tissues, especially with contrast enhancement (CE) (Jones et
al. , 2019, Pauwels et al ., 2021, Puchalski et al. , 2009, van Hamel et al ., 2014). Sunagawa et al .
reported that three-dimensional CT images identified ruptures of the flexor tendon in the hand and wrist in
human adults (Sunagawa et al ., 2003). Likewise, equine CT and contrast-enhanced CT (CECT) reportedly
generate adequate images to reveal lesions in the deep digital flexor tendon (DDFT) (Jones et al. , 2019,
van Hamel et al ., 2014, Vallance et al., 2012), indicating that CT is an excellent modality to evaluate bone
and soft-tissue lesions.

Jeju horse is a native breed of Jeju island in Korea, with a mean height and body weight are 123.72 cm
and 267.00 kg, respectively (Oh et al ., 2014, Kong et al ., 2011). Since being used for racing, the number
and value of Jeju horses have increased, resulting in an increase in admissions to equine hospitals. However,
research on diseases or diagnostic modalities in these horses remains limited.

MRI is still considered a golden standard for evaluating the musculoskeletal system. However, considering
the prolonged anaesthesia duration (Jone et al. , 2019) and facility limitation, CECT can be an alternative
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diagnostic modality to MRI for assessing the equine distal limbs (Jones et al. , 2019, Puchalski et al ., 2007,
Puchalski et al ., 2009, Puchalski 2012, van Hamel et al.,2014). To the best of our knowledge, no research
has reported on the evaluation of CE in horses with different scanning parameters, concentrations, rates,
and volumes of CM. In humans, low voltage and CM concentration can generate adequate CE to evaluate
images in previous reports (Van Cauteren et al ., 2018). Several reports on CECT in horses used different
CM concentrations (Puchalski et al ., 2007, Puchalski et al ., 2009, Puchalski et al. , 2017, Pauwelset al.
, 2021, Vallance et al., 2012 a and b, van Hamel et al., 2014). In those reports, CM concentration, rate,
and scanning parameters were 150-185 mg I/mL, 2-3 mL/s, and 120-140 kV, respectively. This report
evaluated the CE of the DDFT and arteries using different CM concentrations, rates, volumes, and scanning
parameters, providing practical information and the potential to use different scanning parameters and CM
concentrations.

Material and methods

Animals

We scanned six healthy male Jeju horses without lameness (mean age: 3.83±0.75 years; mean bodyweight:
281.17±25.33 kg). Radiography of the bilateral forelimbs (from the carpal joint to the second pharynx)
excluded horses with distal forelimbs abnormalities. We obtained two views of radiographs (lateral-medial
view and dorso-palmar view). We only included horses without radiographic osseous changes. Complete blood
counts were performed as pre-anesthetic evaluation. This study was approved by the Institutional Animal
Care and Use Committee of OO University (2022-0046).

Design

This research was a prospective study. Each horse underwent nine CT scannings (Aquilion, Canon, Osaka,
Japan) at >72 h intervals to avoid the effect of CM that had been previously injected. The experiments were
conducted in two phases. First, we measured contrast attenuation of the DDFT and arteries depending on
the scanning parameters (120 kV and 150 mA; 80 kV and 250 mA) and concentration of CM (150, 120, or
90 mg I/mL; Table 1). The injection rate of CM (Omnipaque 300; GE Healthcare, Chicago, IL) and the scan
timing were 2 mL/s and 3 s, respectively. Two groups were selected for the second experiment, wherein, at
a fixed IDR and total iodine dose (TID), contrast attenuation was measured depending on the volume and
rate of CM (4 or 6 mL/s and 100 or 150 mL, respectively; Table 2). Scan parameters were set as 1 mm slice
thickness and 0.75 sec rotation time, and the field of view was adjusted to include both limbs and from the
carpal joint to the toe of limb of the interests in both phases.

Procedure

Each horse received detomidine hydrochloride (0.02 mg/kg, IV; Detomidin®, Provet Veterinary Products
Ltd., Istanbul, Turkiye), diazepam (0.03 mg/kg, IV; Diazepam inj., Samjin Pharm. Co. Ltd., Hwasung-
si, Korea), and ketamine (2 mg/kg, IV; ketamin injection, Yuhan, Chungju-si, Korea) for sedation and
anaesthesia induction. Aanesthesia was maintained with isoflurane (Ifran, Hana Pharm. Co. Ltd., Hwasung-
si, Korea) and 100 % oxygen. The horses were placed in the left lateral recumbency position on the custom-
made stationary table. An 18-gauge catheter was inserted aseptically into the medial palmar artery under
the carpal joint under ultrasound guide. A pre-contrast CT was performed, followed by a CECT scan started
3 s after CM injection using a remote-control injector maximum pressure was set to 300 psi (Medrad® Slient
S, Imaxeon Pty Lts. Rydalmere, Australia). Following CT scans, the intra-arterial catheter was removed,
and a pressure bandage was applied. Horses received detomidine hydrochloride (0.1 mL, IV; Detomidin®,
Provet Veterinary Products Ltd., Istanbul, Turkiye) to prevent excitement and recovered from anaesthesia
without assistance. The injector pressure (psi), volume of CT dose index (CTDIvol), and anaesthesia time
were recorded for each procedure.

Evaluation of CT images

The Hounsfield units (HU) were measured in the DDFT (Fig. 1) and medial and lateral palmar digital arteries
(Fig. 2) at the following sites: the upper level of the proximal sesamoid bone (1); the lower level of the proximal
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sesamoid bone (2); the middle level of the metacarpal bone (3); the level of the metacarpophalangeal joint
(4). The region of interest (ROI) was manually drawn marginally for adjusting the size of the DDFT and
arteries at the sites of interest. All the CT images were evaluated using a soft tissue algorithm (WW, 120
HU; WL, 400 HU), and reconstruction was performed with a 2 mm slice thickness and interval.

Statistical analysis

A Wilcoxon rank-sum test evaluated the difference between the HU of pre-contrast enhancement (HUpre)
and that of post-contrast enhancement (HUpost). We compared the mean HU in the DDFT and palmar
arteries at each site, calculating the difference between HUpre and HUpost(HUpost - HUpre) of the DDFT.
Statistical analyses were performed using the non-parametric Kruskal- wallis rank-sum test and Spearman’s
rank correlation analysis for assessing groups. A Wilcoxon rank-sum test was performed for the post-hoc
test. The P value was adjusted using the Bonferroni method. Statistical significance was set at P < 0.05.
All statistical analysis was processed using RStudio (RStudio, Boston, MA).

Results

The total duration of this study was 5 months. The second phase was conducted four weeks after the first
phase. Tables 1 and 2 present the contrast attenuation of the DDFT and palmar arteries at each site. HUpost

was significantly higher than HUpre except for five measurements (site 3 in Group A, site 2 in Group B,
site 3 in Group C, site 4 in Group F, and site 2 in Group G). Additionally, median HUpost was significantly
higher than median HUpre in all groups.

Contrast attenuation of the DDFT and arteries - First phase

The contrast attenuation values of the first phase are presented in Table 1. HUpost – HUpre of the DDFT
was significantly different among groups (P = 0.005). Of the groups, group C (80 kV and 150 mg I/mL)
showed significantly higher CE than other groups (P < 0.05). In 80 kV of voltage, HUpost – HUpre positively
correlated with the concentration of CM (P = 0.0004, r = 0.75). A significant difference was observed only
in the contrast enhancement of the medial palmar artery (P = 0.008). However, no specific groups showed
a significant increase in contrast enhancement in the post-hoc analysis.

We then chose the concentration and scanning parameters of groups C and E, which showed significant CE
of the DDFT and no differences among the other groups using low concentrations of CM. Accordingly, in
the second study, CT was performed at 80 kV and 250 mA, while maintaining an iodine delivery rate (IDR)
of 300 or 180 mg I/s. We scanned CT with different CM volumes and rates (4 or 6 mL/s and 100 or 150
mL).

Contrast attenuation of the DDFT and arteries – Second phase

Table 2 describes the attenuation values of the second phase. HUpost – HUpre of the DDFT showed significant
differences among groups (P = 0.0003). Group C showed significantly higher CE (P < 0.05). With respect
to palmar arteries, CE in medial and lateral palmar arteries showed significant differences among groups
(medial: P = 0.002; lateral: P = 0.001). Group G showed a significantly lower in the CE than other groups,
except for group F in the medial palmar artery and groups C and E in the lateral palmar artery (P < 0.05).

In 300 mg I/s of fixed IDR, volume and rate negatively correlated with HUpost - HUpre of the DDFT (volume:
P = 0.0002, r = -0.77; rate: P = 0.02, r = -0.54). Conversely, a positive correlation was found between
volume and CE of the medial and lateral palmar arteries (medial: P = 0.02, r = 0.54; lateral: P = 0.03, r =
0.52); the rate also showed a positive correlation with CE of the medial and lateral palmar arteries (medial:
P = 0.02, r = 0.54; lateral: P = 0.03, r = 0.52). In 180 mg I/s of IDR, HUpost - HUpre of the DDFT showed
a negative correlation with volume and rate (volume: P = 0.003, r = -0.66; rate: P = 0.005, r = -0.63). CE
of the medial and lateral palmar arteries also showed negative correlation with volume and rate (volume: P
= 0.005, r = -0.63 in the medial palmar artery and P = 0.004, r = -0.64 in the lateral palmar artery; rate:
P = 0.005, r = -0.63 in the medial palmar artery and P = 0.004, r = -0.64 in the lateral palmar artery).

CTDIvol, injector pressure, and anaesthesia time

3
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Table 3 describes CTDIvol, injector pressure, and anesthesia time for each group. The CTDIvol was 15.6
mGy and 8.5 or 9.4 mGy at high (120 kV and 150 mA) and low (80 kV and 250 mA) voltage, respectively.
The remote-control injector measured the pressure injection from 45 to 118 psi. Correlation analysis revealed
no significant differences between the concentration and pressure injections in the first phase. In the second
phase, at 180 mg I/s of IDR, rate and volume positively correlated with pressure (rate: r = 0.79, P =
0.0001; volume: r = 0.79, P = 0.0001); CM concentration negatively correlated with pressure (r = -0.79, P
= 0.0001). The mean anaesthesia time was 43.43+-10.02 min. All the horses recovered uneventfully after
anaesthesia.

Intra-arterial catheterization

We mostly scanned the left forelimb; however, when catheterization in the left was unavailable, we scanned
the right forelimb in left lateral recumbency due to facility limitations - five of fifty-four CT scans. In the
first phase, after one CT scan, one horse experienced damage to the left artery; however, ultrasound during
the second phase revealed recovery of the artery after three months. In the second phase, ultrasonography
identified a damaged left medial palmar artery after a CT scan of 300 mg I/s of IDR at a rate of 6 mL/s,
wherein the maximal pressure was 118 psi. The horse showed no soft-tissue edema or lameness following CT
scans. The other horses did not show any complications associated with intra-arterial catheterization.

Discussion

In this study, we found a significant increase in the mean value of CE in HU of the DDFT in all scans.
Specifically, 150 mg I/mL of CM concentration and 2 mL/s of rate in conjunction with 80 kV yielded
significantly higher CE of the DDFT than other conditions, corresponding to the fact that iodine makes
higher CE at low voltage by its nature (Bae, 2010). In horses, voltages and CM concentrations for intra-
arterial CECT in distal limbs were reportedly 120 or 140 kV and over 150 mg I/mL, respectively (Puchalski
et al. , 2009 van Hamelet al. , 2014, Puchalski et al ., 2007, Vallance et al ., 2012a and b, Pauwels et al. ,
2021). We scanned intra-arterial CECT using the same or lower voltage and concentration of CM, resulting
in the CE of the DDFT not being significantly different from each other except for the scans using 80 kV
and 150 mg I/mL. Considering these results, we suggest that 120 mg I/mL of 90 mg I/mL of CM might be
applied for intra-arterial CECT of the distal limbs to yield CE of the DDFT in horses.

In the first phase, CE of the DDFT was positively correlated with CM concentration. However, in fixed
IDR and total iodine dose (TID), volume and rate of CM negatively correlated with CE of the DDFT,
indicating high CM concentration and low volume and rate efficiently yield CE of the DDFT in fixed IDR.
Previously, Benrendt et al. reported that the volume and rate of CM administered intravenously did not
affect a significant change in CE in abdominal soft tissues in fixed IDR (Behrendt et al., 2008). Addition-
ally, in experimental models using a constant CM concentration with a fixed injection duration, hepatic
enhancement proportionally increased with an elevation of rate [?] 2 mL/s (Bae et al., 1998), demonstrating
that an increase in the velocity of injection over 2 mL/s slightly increased the CE of the liver. Although we
administered CM intra-arterially in this study, the CE of the DDFT revealed a negative correlation with
the rate and volume of CM at a fixed IDR. We assumed that it could be caused by the administration route
and CM concentration; or because CE of tendons mainly occur through extravasation or neo-vasculization.
Therefore, in fixed IDR or TID, we suggest that CE of the DDFT could efficiently be achieved at a high CM
concentration with a slow rate (< 4 mL/s).

CM volume reportedly influences the CE of vessels (Ahmed et al. , 2009, Van Cauteren et al., 2018). Van
Cauteren et al.reported that the combination of high volume and low CM concentration yielded signifi-
cantly higher HU with constant IDR in intravenous CECT (Van Cauteren et al,. 2018). Additionally, in
intra-arterial CECT of canine models, CM volume was the most influential scan parameter for contrast
enhancement (Ahmed et al. 2009). In this study, with 180 mg I/mL of IDR, the combination of 30 mg I/mL
of concentration and 150 mL of large volume resulted in a significant decrease in CE of the arteries. The
mean HU of arteries showed no decline in the condition of 45 mg I/mL of CM concentration with 100 mL
of volume. Considering these results, large volumes might not result in higher CE of the arteries when CM
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concentration is < 45 mg I/mL in intra-arterial CECT of equine distal limbs.

Volume and rate positively correlated with the CE of arteries; conversely, CM concentration negatively
correlated with the CE of arteries during maintaining 300 mg I/s of IDR, coordinating with a previous study
(Van Cauteren et al., 2018). However, with 180 mg I/s of IDR, all parameters showed negative correlations
with the CE of arteries. We presumed that 30 mg I/mL of low CM concentration yielded significantly low
CE, causing the negative correlations. Van Cauterenet al. reported that in 0.64 g/s of constant IDR, CM
concentration negatively correlated with CE of the aorta, central vena cava, and hepatic parenchyma in
intra-venous CECT (Van Cauteren et al,. 2018). Our results also suggested that low CM concentration in
conjunction with volume or rate adjustment with a certain fixed IDR could generate adequate CE in the
arteries in the equine distal limbs

Concerning CM administration, the max pressure is reportedly below 150 psi (Pollard and Puchalski, 2011,
Indrajit et al. , 2015). Previously, under constant IDR and TID, the rate had a greater impact on maximal
pressure than viscosity (Van Cauteren et al. , 2018), indicating that in 180 mg I/s of IDR, the pressure
positively correlated with the rate in this report. Pollard and Puchalski reported that for intra-arterial CECT
of the equine distal limbs, the rate of CM injection is usually set at 2 mL/s using an 18-gauge catheter to
minimize hemodynamic changes (Pollard and Puchalski, 2011). In this study, CM was administered at 2, 4,
and 6 mL/s of rate. In a horse during the scan with 6 mL/s of rate and 300 mg I/s of IDR, the maximal
pressure was 118 psi, causing no failure of the CE of the scan. However, during the following scan, an
ultrasound revealed the damaged arteries; the horse showed no lameness or swelling in the region. Although
118 psi of the maximal pressure contributed to outcome, we considered that repeated catheterization, the
patient’s physiologic status, the integrity of the vascular wall, or vascular spasm could also have been potential
causes.

In neck CT using phantom models, 80 kV of CT resulted in a decrease in radiation dose while maintaining
the subjective image quality (Hoanget al. , 2012). Additionally, Gnannt et al. reported that 70 kV of CT
showed no significantly different image quality of soft tissue in a cervical scan compared to that of a 120
kV scan (Gnanntet al. , 2012). Despite not evaluating the image quality of 80 kV and 120 kV CT scans,
CTDIvol in 80 kV scans was lower than that of 120 kV scans. In equine imaging, standing head CT scans
are widely used, and little research on standing distal limb CT has been reported (Brounts et al. , 2022,
Mageed 2020, Mathee et al. , 2023). Considering the future of CT scans without general anesthesia, human
intervention during CT scans is inevitable, raising concerns against radiation doses. Therefore, further
research on radiation dose reduction is required while maintaining diagnostic image quality in horses.

This study had several limitations. First, the number of animals was small for parametric statistical analysis.
Second, the animals had no lesions in the distal limbs; thus, further research on CECT in horses with lesions
is required. Third, we only conducted a CT scan of Jeju horses, which may have influenced CE. However,
considering that we injected CM via intra-arterial catheterization, body size hardly affected CE. Fourth, we
scanned the right limb only five times instead of the left due to the stationary facility and compromised left
medial palmar artery.

We demonstrated contrast attenuation of the DDFT and palmar digital artery in the equine forelimb, de-
pending on the scanning parameters, concentration, rate, and volume of CM administration. We found that
the contrast attenuation of DDFT was significantly higher at low voltage (80 kV) and high CM concentra-
tions (150 mg I/s); > 900 HU contrast attenuation of the artery was statistically lower at a low IDR (180 mg
I/s) with a high CM rate (6 mL/s). Most horses did not show complications associated with intra-arterial
injection following CT scans with a [?] 4 mL/s rate. This study provides practical information on the scan
parameters and CM injection in equine intra-arterial CECT, the evaluation of equine distal limbs, and the
anatomical features of CECT in Jeju horses.
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Group Group A B C D E

Scanning parameters Scanning parameters 120 kV and 150 mA 120 kV and 150 mA 80 kV and 250 mA 80 kV and 250 mA 80 kV and 250 mA
Iodine concentration Iodine concentration 150 mg I/mL 120 mg I/mL 150 mg I/mL 120 mg I/mL 90 mg I/mL

Site
HUpre 1 83.37±5.32 87.5±8.42 85.05±13.85 84.5±5.28 86.4±4.07

2 82.82±10.81 87.96±4.8 84.1±10.26 87.06±12 87.15±6.33
3 104.95±23.75 102.47±6 99.16±16.19 101.8±11.09 106.04±9.28
4 109.51±15.57 108.92±7.59 110.66±18.2 116.29±7.31 113.66±9.49

HUpost 1 111.2±10.44** 107.01±6.8** 113.38±10.26** 108.35±8.8** 110.47±13.97**
2 100.39±8.2** 98.12±15.07 116.63±11.59** 101.21±13.33* 104.22±5.5**
3 119.26±20.4 122.56±6.9** 125.47±22.65* 128.51±13.44* 124.91±9.76**
4 127±16.59* 120.54±9.77* 136.89±20.1* 128.93±6.59* 132.32±4.28**

HUmed 1 1284.16±175.18 1092.88±8.59 1151.64±113.7 1330.06±61.08 1259.75±134.72
2 1200.25±61.89 1109.09±84.42 1163.52±42.43 1348.86±299.83 1167.33±199.64
3 1269.14±148 1194.16±49.94 1321.52±154.49 1366.32±103.98 1246.22±229.26
4 1260.4±156.01 1134.68±148.32 1177.59±26.63 1370.84±162.87 1273.58±185.7

HUlat 1 1145.73±160.02 1126.2±92.64 1173.73±119.67 1270.03±305.73 1127.89±52.75
2 1119.37±121.72 1123.04±104.98 1194.14±165.77 1273.39±393.26 1140.95±131.44
3 1256.5±108.57 1256.9±134.87 1173.33±214.02 1266.34±336.61 1182.03±170.88
4 1092.97±133.35 1164.62±142.19 1103.25±108.12 1177.17±261.75 1111.23±46.6

median HUpre median HUpre 94.66±12.91 96.7±7.14 92.22±11.46 97.1±8.98 97.28±4.97
median HUpost median HUpost 114.31±14.36** 114.79±11.54** 123.84±15.66** 118.2±10.56* 117.62±7.12**
median HUpost-HUpre median HUpost-HUpre 20.21±3.81 16.1±7.68 29.65±1.74* 20.53±3.01 18.42±6.58
median HUmed median HUmed 1282.07±99.8 1127.14±44.63 1210.22±43.84 1346.3±109.23 1223.12±183.06
median HUlat median HUlat 1160.42±113.25 1170.57±53.73 1157.16±162.66 1300.46±242.79 1135.04±87.86

Table 1. Median ± IQR of Hounsfield unit (HU) measurements of the first study-Adjustment of scanning
voltage and iodine concentration

In all groups, contrast medium (CM) volume, injection rate, and scanning timing were total 50 mL, 2 mL/s,
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and 3 s after CM injection, respectively; HUpre: pre-contrast attenuation of the deep digital flexor tendon
(DDFT). HUpost: post-contrast attenuation of the DDFT. HUmed: post-contrast attenuation of the medial
palmar artery (PA). HUlat: post-contrast attenuation of the lateral PA. median HUpre: Median of HUpre;
median HUpost: median of HUpos; median HUpost-HUpre: median of the difference between HUpre and
HUpost; median HUmed: Median of HUmed; median of HUlat: median of HUlat. *P<0.05; *P<0.01

Table 2. Median +- IQR of HU measurements of the second study-Adjustment of volume, rate, and iodine
delivery rate (IDR) of contrast medium (CM)

Group Group E E F F G C H I

IDR IDR 180 mg I/s 180 mg I/s 180 mg I/s 180 mg I/s 180 mg I/s 300 mg I/s 300 mg I/s 300 mg I/s
CM volume CM volume 50 mL 50 mL 100 mL 100 mL 150 mL 50 mL 100 mL 150 mL
Injection rate Injection rate 2 mL/s 2 mL/s 4 mL/s 4 mL/s 6 mL/s 2 mL/s 4 mL/s 6 mL/s

Site
HUpre 1 86.4±4.07 86.4±4.07 92.05±4.77 92.05±4.77 84.66±6.93 85.05±13.85 85.77±3.35 92.96±6.31

2 87.15±6.33 87.15±6.33 89.32±2.76 89.32±2.76 88.34±6.37 84.1±10.26 89.32±5.54 91.91±4.29
3 106.04±9.28 106.04±9.28 100.18±4.27 100.18±4.27 97.21±7.53 99.16±16.19 96.82±6.11 99.89±10.84
4 113.66±9.49 113.66±9.49 110.96±10.11 110.96±10.11 110.26±12.72 110.66±18.2 110.83±7 114.38±4.78

HUpost 1 110.47±13.97** 110.47±13.97** 102.64±3.97** 102.64±3.97** 98.26±5.79** 113.38±10.26** 107.06±12.83** 1112.84±11.6**
2 104.22±5.5** 104.22±5.5** 105.23±2.01** 105.23±2.01** 98.56±8.96 116.63±11.59** 108.05±4.51** 106.14±6.56**
3 124.91±9.76** 124.91±9.76** 116.29±6.44** 116.29±6.44** 110.39±5.12* 125.47±22.65* 119.06±7.16** 120.1±14.66*
4 132.32±4.28** 132.32±4.28** 122.16±6.54 122.16±6.54 122.25±20.3 136.89±20.1* 131.17±16.92* 128.93±10.69**

HUmed 1 1233.79±105.8 1233.79±105.8 1300.76±171.07 1300.76±171.07 949.42±33.64 1151.64±113.7 1206.07±146.73 1297.23±93.81
2 1196.8±123.62 1196.8±123.62 1271.11±95.21 1271.11±95.21 939.85±82.36 1163.52±42.43 1210.83±144.38 1317.07±49.26
3 1271.2±140.76 1271.2±140.76 1377.72±93.19 1377.72±93.19 1008.03±124.26 1321.52±154.49 1290.46±227.99 1365.69±217.91
4 1282.25±117.83 1282.25±117.83 1309±112.86 1309±112.86 1041.04±90.07 1177.59±26.63 1315.24±141.12 1344.3±275.19

HUlat 1 1154.41±59.87 1154.41±59.87 1084.04±188.53 1084.04±188.53 947.58±76.52 1173.73±119.67 1236.54±315.82 1338.6±94.11
2 1176.14±79.91 1176.14±79.91 1174.37±286.55 1174.37±286.55 964.49±52.33 1194.14±165.77 1227.49±116.48 1355.07±153.45
3 1184.11±110.88 1184.11±110.88 1219.16±225.21 1219.16±225.21 1030.19±38.65 1173.33±214.02 1307.74±128.7 1406.52±93.19
4 1108.27±32.75 1108.27±32.75 1209.79±36.62 1209.79±36.62 973.39±116.6 1103.25±108.12 1231.98±159.15 1348.9±129.06

median HUpre median HUpre 97.28±4.97 98.21±4.23 98.21±4.23 95.65±6.21 95.65±6.21 92.22±11.46 95.71±4.87 98.95±1.84
median HUpost median HUpost 117.62±7.12** 112.15±2.35** 112.15±2.35** 106.95±4.15** 106.95±4.15** 123.84±15.66** 113.38±8.72** 115.55±1.19**
median HUpost-HUpre median HUpost-HUpre 18.42±6.58 12.56±3.88 12.56±3.88 12.61±2.32 12.61±2.32 29.65±1.74* 19.35±6.23* 18±5.23
median HUmed median HUmed 1223.12±183.06 1333.51±109.76 1333.51±109.76 985.93±71. 985.93±71. 1210.22±43.84 1256.13±98.76 1327.21±157.61
median HUlat median HUlat 1135.04±87.86 1149.55±186.77 1149.55±186.77 972.89±41.16 972.89±41.16 1157.16±162.66 1239.96±51.97 1327.59±140.59

In all groups, scanning parameters were 80 kV and 250 mA; HUpre: pre-contrast attenuation of the deep
digital flexor tendon (DDFT). HUpost: post-contrast attenuation of the DDFT. HUmed: post-contrast atte-
nuation of the medial palmar artery (PA). HUlat: post-contrast attenuation of the lateral PA. median HUpre:
Median of HUpre; median HUpost: median of HUpos; median HUpost-HUpre: median of the difference between
HUpre and HUpost; median HUmed: Median of HUmed; median of HUlat: median of HUlat. *P<0.05; *P<0.01

Table 3. Visibility, the volume of CT dose index, injector pressure, and anesthesia time

Group kV
Contrast
medium

Contrast
medium

Contrast
medium

Contrast
medium

Contrast
medium

CTDIvol
(mGy)

Injector
pres-
sure
(psi)

Anesthesia
time
(min)

IDR (mg
I/s)

Volume
(mL)

Rate
(mL/s)

Concentration
(mg
I/mL)

Total
iodine
dose (g)
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Group kV
Contrast
medium

Contrast
medium

Contrast
medium

Contrast
medium

Contrast
medium

CTDIvol
(mGy)

Injector
pres-
sure
(psi)

Anesthesia
time
(min)

A 120 300 50 2 150 7.5 15.6 66.5±5.86 51.67±18.35
B 120 240 50 2 120 6 15.6 67.3±11.02 46.83±6.18
C 80 300 50 2 150 7.5 9.4 63.5±9.09 46.83±9.5
D 80 240 50 2 120 6 9.4 58.67±13.75 40±6.32
E 80 180 50 2 90 4.5 9.35 53.83±5.04 51.67±12.91
F 80 180 100 4 45 4.5 9.4 59.83±6.59 37.17±3.19
G 80 180 150 6 30 4.5 9.4 75.67±10.84 39.17±3.76
H 80 300 100 4 75 7.5 9.25 61.5±9.78 40±5.48
I 80 300 150 6 50 7.5 9.4 78.83±19.28 37.5±2.74

IDR: Iodine delivery rate (mg I/s); CTDIvol (mGy): the volume of CT dose index.

Figure legends

Figure 1. Measurements of Hounsfield unit (HU) of the deep digital flexor tendon (DDFT) at four sites: (1)
the upper level of the proximal sesamoid bone; (2) the lower level of the proximal sesamoid bone; (3) the
mid-level of the proximal phalangeal bone; and (4) the level of proximal phalangeal joint.

Figure 2. Measurements of Hounsfield unit (HU) of the artery. The HU of the medial and lateral palmar
digital artery was measured at four sites: the upper level of the proximal sesamoid bone (1); the lower level of
the proximal sesamoid bone (2); the mid-level of the proximal phalangeal bone (3); and the level of proximal
phalangeal joint (4).
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Figure 1.

Figure 2.
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