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Deep learning algorithm for CT scanning in ankle trauma: 
Technical principles and prospects for reducing effective 

radiation dose 

INTRODUCTION 

Ankle fracture is one of the common clinical 
diseases (1). Traditional digital radiography (DR) 
imaging exhibits limited sensitivity in pinpointing 
joint fractures, thereby falling short in accurately 
categorizing the fracture type and potentially leading 
to misdiagnoses (2). In contrast, computer 
tomography (CT) scans can precisely delineate the 
characteristics and types of ankle fractures, emerging 
as the gold standard for diagnosing fractures and 
facilitating comprehensive treatment planning (3). 
Accompanying the proliferation of CT machinery, an 
escalating number of individuals are undergoing CT 
scans. Data indicates a 300% surge in CT scan 
administrations in the United States from 1993 to 
2007, totaling 71.7 million. Notably, the effective dose 
(ED) from CT scans constitutes approximately 70% of 
the total ED from all radiographic examinations, with 
malignancies attributed to CT radiation doses 

representing 0.4% of all cancer cases (4). Machine 
learning, a burgeoning field in contemporary 
computing, has been the focus of extensive research 
aimed at enhancing machine intelligence. This 
discipline regards learning as a pivotal feature, not 
only intrinsic to human behavior but also as a vital 
component in machine functionality (5-8). Generally, 
deep learning algorithms emulate neural networks 
akin to human brain connections, integrating 
artificial intelligence within computer systems, 
thereby augmenting the speed and accuracy of 
several critical tasks (9-11). 

Currently, numerous hospitals implement fixed 
tube voltage and current settings for limb scanning 
procedures (12). To mitigate the radiation exposure 
from CT scans, a protocol involving a 120 kV fixed 
tube voltage coupled with an automatic tube current 
has been introduced for clinical osteomuscular 
examinations (13). This method is progressively being 
embraced for limb scanning practices (14) and has 
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ABSTRACT 

Background: This study aims to compare the image quality and effective dose 
(ED) of deep learning algorithm computer tomography (DLA-CT) with 
standard CT (SD-CT) in managing ankle trauma. Materials and Methods: In 
this prospective study, 88 patients underwent random allocation to either the 
SD-CT group (utilizing a tube voltage of 120KV and an automatic tube current 
milliampere setting) or the DLA-CT group (employing automatic tube voltage 
and current adjustments). Senior radiologists assessed objective image 
quality using parameters such as noise, signal-to-noise ratio (SNR), and 
contrast-to-noise ratio (CNR). The influence of subjective image quality and its 
impact on treatment plans were evaluated using a 5-point Likert scale, with 
scores of 3 or higher indicating acceptable image quality and adherence to 
treatment plan requirements. Dose length product (DLP) (mGy×cm) was 
automatically recorded by the scanner software, DLP×k. Results: Objective 
image quality with DLA-CT was found to be inferior to that obtained with SD-
CT (P<0.001). No significant differences were noted in subjective image 
quality scores between the two groups (P =0.60). Additionally, both subjective 
image quality scores and the effect of image quality on treatment decisions 
were scored at 3 or higher. The ED was significantly reduced by 48.83% in the 
DLA-CT group compared to the SD-CT group (21.42±2.62 µSv and 10.96±1.12 
µSv, respectively, P=0.001). Conclusion: DLA-CT proves effective in the 
management of ankle trauma, significantly reducing ED while meeting clinical 
diagnostic and treatment standards. 
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garnered widespread application in diagnosing ankle 
fractures (2). In our institution, the standard computer 
tomography (SD-CT) procedure for the ankle joint 
incorporates a 120 kV tube voltage and an automated 
tube current. Additionally, the Siemens CT equipment 
is equipped with a deep-learning algorithm computer 
tomography (DLA-CT) scanning technology 
specifically designed for lower limb vascular imaging. 
This protocol intuitively adjusts the tube voltage and 
current based on the distinctive anatomical sections 
of the lower limbs being scanned, ranging from the 
hip joint to the foot. Given that ankle joint scans are 
an integral component of this protocol. This protocol 
intuitively adjusts the tube voltage and current based 
on the distinctive anatomical sections of the lower 
limbs being scanned, ranging from the hip joint to the 
foot. Given that ankle joint scans are an integral 
component of this protocol. 

As far as our understanding extends, there exist 
no accounts concerning the application of DLA-CT for 
ankle joint scans. the present study endeavored to 
apply this protocol to patients with ankle joint 
injuries, aiming to evaluate the image quality and ED 
of DLA-CT technology in comparison to conventional 
SD-CT techniques in ankle trauma.  

   
 

MATERIALS AND METHODS 
 

Patients 
This prospective study was approved by the 

Ethics Committee of Guangdong Provincial Hospital 
of Chinese Medicine (ZE2023298) in January 20, 
2023. A cohort of 88 ankle trauma CT cases, 
documented at between January 30, 2023, and 
December 25, 2023, were assembled and arbitrarily 
segregated into SD-CT and DLA-CT groups, 
comprising 44 cases each. There were no splints/
plaster external fixations in any of the scans. 

Inclusion criteria: Individuals aged 18 years and 
above, presenting a distinct history of trauma and 
necessitating a preoperative CT scan to formulate 
treatment strategies, or those suspected of harboring 
fractures requiring verification.  

Exclusion criteria: The study precluded 
individuals with metal internal fixtures, tumors, 
arthritis, or underlying conditions conducive to 
compromised bone metabolism. 

Gold Standard for Fracture Identification: Surgical 
diagnosis or subsequent CT/DR review was deemed 
as the definitive indicators of fractures (15). 

 

Scan protocols  
Imaging protocols were implemented using a 

multi-slice CT scanner (SOMATOM Drive VA62A, 
Siemens Healthcare GmbH, Erlangen, Germany). This 
DLA-CT scanning software was purchased 
concurrently with the CT unit. The SD-CT scan 
parameters involved a tube voltage of 120 kV coupled 
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with an automated milliampere tube current. 
Conversely, the DLA-CT adopted an automatic tube 
voltage (with potential settings of 120 kV, 110 kV, 
100 kV, 90 kV, 80 kV) and an automated milliampere 
tube current. Both the SD-CT and DLA-CT groups 
utilized a bone window reconstruction strategy with 
a scanning length of 200 mm, a field of view (FOV) of 
150 mm, a slice thickness of 1 mm, and a 1 mm 
interval. 

 

Radiation dose 
Computed Tomography Dose Index volume 

(CTDIvol) (mGy) and Dose length product (DLP) 
(mGy×cm) were automatically indicated by the 
scanner software for all CT-protocols. ED=DLP×k, 
k=0.0002 has been used for extremity scans (15). 

 

Fracture interpretation and image evaluation 
Two seasoned radiologists, with ten and thirteen 

years of experience respectively, independently 
conducted dual assessments of the fractures with a 
minimum six-week interval between evaluations. 
Discrepancies between the resultant four analyses 
were systematically reconciled. 

Objective image quality (16): Within the Siemens CT 
post-processing station (syngo.via), a senior 
radiologist meticulously selected three distinct layers 
of muscle tissue surrounding the joint for CT value 
assessment. The region of interest (ROI) spanned 70 
mm2, facilitating the acquisition of the mean muscle 
CT value (CTm) and muscle standard deviation 
(SDm). The CT value of the thickest part of the three 
different layers of bone cortex of the joint was 
measured, ROI = 8 mm2, and the mean CT value (CTb) 
of the three measurements was obtained. Noise = 
SDm, SNR = CTm / SDm, CNR = CTb / SDm. 

Subjective image quality (16): At the Siemens CT 
post processing station (syngo.via), images were 
anonymized. The quality of these images was 
subjectively evaluated by two senior radiologists, 
while two orthopedic physicians assessed the impact 
of image quality on the treatment plan. Evaluations 
were performed using a double-blind 5-point Likert 
scale (5=excellent; 4=good; 3=qualified; 2=poor; 
1=very poor; 3 was the chosen cutoff quality, figure 
1). 
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Figure 1. A 5-point Likert-type scale was utilized to assess the 
subjective quality of CT images and to gauge the influence of 

this subjective image quality on clinical decision-making           
related to fractures (indicated by the red arrow) A 3, Qualified; 

B 4, Good; C 5, Excellent. 
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 Statistical analysis 
The statistical analysis was executed utilizing the 

SPSS software, version 27.0 (IBM Corp, Armonk, NY, 
USA). Gender differences and diagnostic fracture 
effects between the groups were ascertained using 
the kappa test. The ANOVA test facilitated the analysis 
of homogenous variances of measurement data, 
encompassing parameters like age, CTDIvol, DLP, ED, 
noise, SNR, and CNR. In instances of non-
homogeneous variances, Tamhane's T2 test was 
employed, establishing P < 0.05 as the threshold for 
statistical significance. The Chi-square test was 
employed to assess CT image subjective scores and 
the influence of image quality on treatment plan 
scores. Consistency across subjective scores and 
image quality evaluations by the two physicians was 
gauged using the Intra-class Correlation Coefficient 
(ICC) test, which delineated consistency levels as 
follows: < 0.40: poor consistency; 0.41 ~ 0.60: 
medium consistency; 0.61 ~ 0.80: good agreement; 

0.81 ~ 1.00: perfect consistency. 
 

 

RESULTS 
 

The SD-CT group consisted of 20 males and 24 
females, compared to 19 males and 25 females in the 
DLA-CT group, a difference that was not statistically 
significant (P=0.83). Moreover, there was no notable 
disparity in the average age between the groups 
(table 1). The breakdown of diagnoses was as 
follows: 34 fractures and 10 normal cases in the SD-
CT group, and 35 fractures and 9 normal cases in the 
DLA-CT group, with no missed diagnoses or 
misdiagnoses in either the DLA-CT or SD-CT groups, 
with no significant difference in the sensitivity, 
specificity, and diagnostic accuracy between the 
groups (P=0.99). The ED observed in the SD-CT group 
was notably higher than that in the DLA-CT group 
(P<0.001). 
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Table 1. Age, image quality, and radiation dose with standard CT and deep Learning Algorithm CT. 

Group, 
n 

Age (year) Noise SNR CNR 
CTDIvol 
(mGy) 

DLP 
(mGy•cm) 

ED (µSv) 
Image Clarity 

scoring 
 Clinical Decision-

making scoring 
SD-CT 

44 
44 

44.36±17.35 3.69±0.85 17.26±4.26 473.82±117.17 5.89±0.14 107.11±13.09 21.42±2.62 4.55±0.59 5.00±0.00 

DLA-CT 
44 

41.91±14.50 5.40±2.53 13.08±3.69 375.08±106.99 3.05±0.08 54.78±5.58 10.96±1.12 4.61±0.62 5.00±0.00 

F-value 0.53 18.02 24.16 17.04 14225.98 594.89 594.89 0.28 0.001 

P-value 0.47 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.60 0.99 

Image Clarity scoring: SD-CT and ULA-CT, both ICC=0.77; Clinical Decision-making scoring: SD-CT and ULA-CT, both ICC=0.99. 
CT: Computed Tomography; N:number of cases; SD-CT: standard CT; DLA-CT: Deep Learning AlgorithmCT; SNR: signal-to-noise ratio; CNR: contrast 
signal-to-noise ratio; CTDIvol: the volume CT dose index ; DLP: dose-length product; ED: effective dose; ICC: Intraclass correlation coefficient. 

The objective image quality (including aspects 
such as noise, SNR, CNR) in the SD-CT scans 
surpassed that of the DLA-CT scans (P<0.001). There 
was no discernible difference between the SD-CT and 
DLA-CT groups in terms of subjective image quality 
and the influence of image quality on the treatment 
plan (P=0.60), with scores consistently being equal to 
or exceeding 3 points (figures 1-3 and table 1). 
Noteworthy consistency was observed between the 
two groups in the subjective evaluations of CT image 
quality and the effects of image quality on the 
treatment plan (ICC=0.77, 0.77, 0.99, 99; table 1). 

 

DISCUSSION 
 

This study contrasted the diagnostic efficacy of 
DLA-CT and SD-CT in identifying ankle fractures. 
Results indicated that the ED for the DLA-CT protocol 
was notably lower than that of the SD-CT. While the 
image quality of DLA-CT was inferior to SD-CT, the 
sensitivity, specificity, and diagnostic accuracy of 
both methods for detecting ankle fractures remained 
comparable. To our knowledge, this represents the 

Figure 2. SD-CT, A 42-year-old man patient was diagnosed 
with Lateral malleolar fractures, A, axis position; B, Coronal 
position; C, Three-dimensional reconstruction. A, B and C  

subjective quality 5, Excellent. Noise=3.50, SNR:18.88, 
CNR:48.51, ED:21.40 µSv. 

Figure 3. DLA-CT, A 57-year-old female patient was diagnosed 
with Lateral malleolar fractures, A axis position, B Coronal 
position, C Three-dimensional reconstruction. A, B and C   

subjective quality 5, Excellent. Noise:4.03, SNR:15.80; 
NR:462.83, ED:11.92 µSv. 
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inaugural study affirming the viability of DLA-CT as a 
suitable alternative to SD-CT for imaging such 
fractures. 

Adhering to the ALARA (As Low As Reasonably 
Achievable) principle in radiation safety, an 
increasing number of scholars have explored the 
potential of low-dose CT scans for fracture diagnosis 
in recent years (16-20). Efforts to minimize the ED in CT 
scans have led to the emergence of various scanning 
techniques, including personalized CT scanning (21), 
variable pitch CT scanning (22), and automatic tube 
current modulation (ATCM) (23). Tube current 
modulation relies entirely on the positioning image, 
which embodies the X-ray attenuation attributes of 
the subject-factors like size, shape, and density. 
Based on these features, ATCM technology 
autonomously adjusts the tube current during 
scanning. Recent advancements in computer 
technology have ushered in widespread clinical 
adoption of deep learning algorithms for disease 
diagnosis (24). These algorithms scanning technology 
not only enhance the image quality of low-dose CT 
scans (25) but also mitigate the reliance on technician 
experience, eliminating concerns over varying scan 
parameters due to individual patient differences. 
Concurrently, they significantly diminish the 
radiation dose associated with CT scans (26). Recent 
studies have highlighted that utilizing lower tube 
voltage in CT scans can enhance the contrast 
between adjacent tissues with varying densities, 
notably in regions where there is a significant 
disparity in density, such as between bones and 
muscles or between enhanced blood vessels and 
surrounding soft tissues (27, 28). However, it is also 
noted that while low-dose CT scans do enhance 
tissue contrast, an overly reduced tube voltage can 
compromise X-ray penetration and overall image 
quality (29). Consequently, it is advisable to adjust the 
tube voltage judiciously based on the specific 
scanning sites and individual patient characteristics. 
In recent developments, DLA-CT scanning technology 
has emerged as a significant advancement. This 
technique optimally adjusts the tube voltage 
according to individual patients and scanning sites, 
and when integrated with ATCM technology, can 
considerably decrease radiation exposure (30, 31). At 
present, DLA-CT is extensively utilized in pediatric 
cases (30) and within the realm of cardiovascular 
system studies (31). This research delineates the 
advantages of DLA-CT scanning technology in 
comparison to ATCM technology. 

To the best of our knowledge, there is no 
documented research addressing the use of DLA-CT 
scanning within the context of the musculoskeletal 
system. In this study, we employed DLA-CT scanning 
technology to conduct CT scans on patients suffering 
from ankle trauma, revealing a significant 48.83% 
reduction in the ED as compared to SD-CT scans. 

However, this study is not without limitations. 

Firstly, DLA-CT scanning technology was 
fundamentally developed for lower limb blood vessel 
CT scans, rather than specifically for ankle joint 
trauma. Its application in this study was thus confined 
to patients with ankle injuries. Secondly, while the 
study evaluates the subjective assessment of DLA-CT 
image quality on treatment planning, it does not 
investigate any potential differences between SD-CT 
and DLA-CT scanning methods regarding the intra-
operative and postoperative outcomes of fractures. 

 
 

CONCLUSION 
 

DLA-CT scanning proves to be a viable option for 
patients with clinically suspected ankle fractures 
resulting from trauma. When compared to SD-CT, 
DLA-CT scanning substantially reduces radiation 
dose, albeit with a slight decrease in objective image 
quality. However, the subjective image quality 
remains comparable, satisfactorily meeting the 
requirements of clinical diagnosis and treatment 
planning. 
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