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Abstract 
Lymphedema is a major disorder of lymphatic system that occurs primarily 
due to lymphatic system disorders or secondary lymphedema which is caused 
by radiation therapy involving lymph nodes or surgical operation dissection. 
Magnetic resonance lymphography (MRL) has been used to effectively ex-
amine the lymph vessels and identify their morphology. This review study 
intended to evaluate the role of non MR-lymphographic for the diagnosis as-
sessment of lymphedema and to provide comprehensive review on clinical 
outcome of non-contrast MRI compared to MRI with contrast medium. In 
this study, scientific publications published in languages other than English 
were excluded. A systematic review was done in international databases in-
cluding PubMed, Scopus, web of sciences, conference proceedings published 
till 2019. Non contrast MRI lymphography has strong capability to be the 
main imaging procedure of choice in the diagnosis lymphedema with accu-
racy up to 90%. 
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1. Introduction 

Lymphatic system disorders are one of the common pathologic conditions that 
affect a wide range of population worldwide [1]. Lymphatic system, which is a 
part of circulatory system, has various functions including immunity, fat absorp-
tion and fluid homeostasis. Lymphedema or also known as elephantiasis is a 
lymphatic system chronic disorder caused by accumulation of lymph (protein 
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rich fluid), the interstitial space which diminishes lymphatic return, resulting 
in swelling of one or more regions of the body, is one of the common diseases 
worldwide [1] [2]. Lymphydema responds dynamically when presented with in-
fection, inflammation, altered hemodynamics, and cancer. Lymphedema symp-
toms include in addition to swelling, skin atrophy, pain and infection [3] [4]. It 
was estimated that the incidence of this disease ranges from 140.0 to 250.0 mil-
lion people globally (1 in 30 people) [5] [6] [7]. Lymphedema can affect all body 
parts and organs but more common in certain organs such as lower limbs, upper 
limbs with incidence of 99% of total affected organs or regions [1]. Lymphedema 
can be classified into primary and secondary types according to the cause of the 
disease whether it’s congenital or acquired. Primary lymphedema is caused by 
congenital abnormalities (incidence ≈ 1.15 to 100000), whereas secondary lym-
phedema is caused by infection (filariasis), trauma, surgery, or radiation due to 
cancer treatment [2] [4]. The causes of lymphedema depend on the economic 
level of a country. i.e. in developed countries such as the United States and Eu-
rope, the lymphedema incidence is 1.4 per 1000 persons, typically secondary due 
to cancer treatment (8% after mastectomy, 38% after radiotherapy and axillary 
lymph node surgical removal) or cancer itself due to blockage of lymph vessels 
by metastasis. The main cause of lymphedema in developing countries is 
infection due to the parasite Wuchereria bancrofti (filariasis) in developing 
countries in southern part of the globe. Furthermore, It was estimated that al-
most 1.2 billion people are at risk for contraction of lymphatic filariasis in these 
countries (Figure 1) [8]. Currently, more than 120 million people are affected by 
lymphatic filariasis. Other risk factors of lymphedema include patient age, body 
mass index (BMI > 59, obese class III) is high risk for spontaneous development 
of lower limb lymphedema, extremity infections and trauma, chronic venous 
insufficiency. 

The lymphatic system plays an important role in human health. It composed 
of huge network of vessels, nodes and lymphatic organs. Diagnostic and thera-
peutic intervention with various imaging modalities is required to obtain accurate 
diagnosis. Medical imaging is imperative to for accurate diagnosis with quantitative  

 

 
Figure 1. Lymphatic filariasis endemic countries (approximately 18% of the population 
worldwide) [8]. 
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and qualitative data. However, the lymphatic system is physically complex and 
challenging to obtain diagnostic image [9]. Non-invasive imaging modalities with 
no radiation exposure is preferred for repeated procedures for close follow-up of 
treatment outcome. 

Imaging of lymphatic systems (lymphangiography) was first introduced to 
clinical practice in 1951 using an oil-based contrast medium [10] (Figure 2). 
The procedure is an invasive, complex and causing patient discomfort and is no 
longer performed due to its severe complications. Nuclear medicine scintigraphy 
of the lymph system (Lymphoscintigraphy (LS)) is frequently used for the diag-
nosis of the system disorders. The main drawback of this technique is the low 
image resolution and the procedure accompanied of ionizing radiation for 
patient. More recently, magnetic resonance lymphography (MRL) has been used 
to effectively examine the lymph vessels and identify their morphology [11] [12]. 
Different imaging techniques are used to diagnose lymphatic disorders (lym-
phangiography, lymphoscintigraphy, computed tomography (CT), MRL, posi-
tron emission tomography (PET)/CT and ultrasound imaging). Non-invasive 
measurements are also used for diagnosis of lymphedema such as tonometry (tissue 
resistance assessment), bioimpedence analysis spectroscopy (extracellular fluid as-
sessment), fluorescence imaging and near-infrared fluorescence (NIRF) lym-
phatic imaging may be useful in early onset of the disease to obtain accurate di-
agnosis [2]. However, all these techniques have different limitations [13]. Contrast 
agent is used to create informative radiographic images by direct or indirect in-
jection of contrast in the vessel. Direct injection may induce sever complications, 
which lead to elimination of this technique. On the other hand, indirect injection 
conducted by injection the contrast interstitially. Other techniques were developed 
to overcome the limitation of conventional ones. These techniques include scinti-
graphy, PET, single photon emission computed tomography (SPECT), CT and  

 

 
Figure 2. lymphogram of the thoracic canal [9]. 
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MRI. Currently, MRI and PET MRI are the best imaging modalities to assess the 
pathology. Contrast MRI is used usually to alter relaxation time (Shorten the T1 
or T2 relaxation time, thereby causing increased signal intensity on T1-weighted 
images or reduce signal intensity on T2-weighted images) to enable accurate vi-
sualization of the anatomy and pathology (gadolinium compounds) [13] [14]. 
However, MRI contrast media has side effects that can be classified into three 
categories minor (nausea, vomiting, sneezing), mild (persistent headache, hypo-
tension with bradycardia and severe side effects (Laryngeal edema and cardiac 
arrest) according to the patients and contrast volume and contrast type. Non 
contrast MRL is promising technique that provides accurate diagnosis without 
contrast medium, thus protect patients from these adverse side effects. Further-
more, non-contrast MRL is an emerging technique for noninvasive diagnosis of 
Lymphedema and limited literature is available in this field. Therefore, we con-
ducted this study to evaluate the existing scientific literature to evaluate whether 
non-contrast MRL is capable to provide precise and accurate diagnosis of lym-
phedema. This review study intended to evaluate the role of non MR-lymph- 
ographic for the diagnosis assessment of lymphedema and to provide compre- 
hensive review on clinical outcome of non-contrast MRI compared to MRI with 
contrast medium. 

2. Materials and Methods 

In this study included scientific articles published in English languages journals 
regarding non contrast MRI for diagnosis lymphedema. A systematic review was 
done in international databases including PubMed, Scopus, web of sciences, 
conference proceedings published till 2019. 

MR lymphographic Imaging 

Early diagnosis positive affect the treatment outcome which results in prompt 
progress of treatment and may prevent complications such as secondary fibrosis 
[15]. It is well documented that MRL provides useful anatomical and physio-
logical data, thus enabling accurate diagnosis of the disease. It was reported 
that the sensitively and specifity of the procedure is 90% and 94% respectively 
[16]. Many authors reported the advantages of contrast studies and others attempt 
to acquire images without contrast medium [11] [13] [14] [16]. (Table 1) MRL 
consists of two sequences. The first is a 3D heavily T2-weighted sequence to de-
pict the severity and extent of the lymphedema. The second is a fat-suppressed 
3D spoiled gradient-echo sequence performed after the intra-cutaneous injection 
of an extracellular gadolinium-based MR contrast agent [16]. In addition to that, 
the authors reported that as venous enhancement almost always occurs, one of 
the interpretative challenges is differentiating enhancing lymphatic channels 
from superficial veins. Magnetic resonance imaging (MRI), which is chemically 
sensitive in-vivo imaging technique, is a medical noninvasive imaging technique 
that produce a three dimensional (3D) images of human body using magnet and  
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Table 1. Advantages and drawbacks of various imaging modalities. 

Advantages Drawbacks Imaging modality 

Demonstrate disorders of the 
internal tissues of lymph 
nodes 

Fever, Infection and lymph vessels 
inflammation, contrast medium 
remain for up to 2 years in lymph 
nodes 

Lymphangiography 

Lymphatic function Low image resolution, prolonged 
procedure time cost, radiation dose 

Lymphoscintigraphy 

insignificantly invasive, simple, 
Real-time imaging and 
sensitive 

Cannot detect deep lymphatic 
vessels (≤2 cm) 

Indo cyanine 
green-lymphography (ICG-L) 

Cheap, low cost Limited contrast resolution 
Radiation risk 

Computed Tomography 

Excellent anatomy high 
spatial resolution No 
radiation exposure 3D image 
physiological information 
high soft tissue contrast 

Contrast medium can not 
differentiate benign and cancer 
tumors 

Magnetic resonance 
lymphangiography (MRL) 

No contract medium illustrate 
static fluid-filled lymphatic 
vessels, safe and feasible 

Suspension the lymphatic drainage 
for 48 h. Elastic stockings or 
bandages for 24 h 

Non-contrast Magnetic 
Resonance Lymphangiography 
(NCMRL) 

 
magnetic characteristics of human body tissues and organs. Since its introduc-
tion to clinical use in 1977 [16] MRI systems developed very rapidly to meet the 
requirements of high diagnostic yield with minimal discomfort and short time. 

3. MRI Sequences and Equipment Setting 

The preferred MR equipment includes a 1.5-Tesla or more MR unit. In our ex-
perience, all MR examinations were performed by a General Electric Healthcare 
Signa Twin Speed HDxt, with a maximum gradient strength value of 23 mT/m 
and a slew rate of 80 mT/m/ms (software release 15.0-0947A). A multi element 
body coil is fundamental for this type of examination. For our purposes, we used 
a receiving phased-array peripheral vascular coil for the study of the lower ex-
tremities (Flow 7000 phased-array peripheral vascular, USA Instruments) and an 
8-channel body array coil for the upper extremities, with both a large anatomical 
coverage and a good signal-to-noise ratio. 

4. MR Lymphographic Imaging 

Noncontrast MRL has substantial benefits compared to other imaging tech-
niques. In this context, Arrive et al. in their recent studies [17] [18] and Derhy et 
al. [19] reported that Noncontrast MRL can be performed using heavily T2- 
weighted fast spin echo sequences (to demonstrate the location of edema) with a 
long T2 relaxation time. Derhy et al. [19] et al. stated that 3D MRL demonstrates 
that retroperitoneal lymphatic aneurysmal dilatation exhibits a continuous spec-
trum of change from normal variants to lymphatic aneurysmal dilatation. The 
authors reported that this technique was useful to diagnose many clinical 
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condition. In another recent study, Arrivé et al. [18] used noncontrast MRL for 
evaluation of lymph node for Secondary upper limb lymphedema. The authors 
used a free-breathing three-dimensional fast spin-echo sequence evaluate the 
results of axillary lymph node transplantation with noncontrast MRL in 15 pa-
tients with secondary upper limb lymphedema. The study recommended that 
Noncontrast magnetic resonance lymphography may be used as an objective 
technique to analyze the results of lymph node before and after surgery. MR 
lymphography with very heavily T2-weighted MR images provides an excellent 
analysis of both lymphatics vessels and lymph nodes without need of any con-
trast media. Kim et al. [20] assessed the thoracic duct using coronal and axial 
images of heavily T2-weighted sequences without contrast medium. Nonen-
hanced MR lymphangiography is a safe and effective method for imaging the 
central lymphatic system, and can contribute to differential diagnosis and ap-
propriate preoperative evaluation of pathologic lymphatic problems. The main 
limitations to noncontrast T2 imaging are that it does not provide information 
about lymphatic flow and the lack of a contrast medium makes it difficult to vi-
sualize small lymphatic ducts. Consequently, its use in diagnostic and interven-
tional lymphangiography is limited [19]. Recently, Cellina et al. [1] reviewed a 
non-contrast magnetic resonance lymphangiography as an emerging technique 
for the study of lymphedema. The authors concluded that non-contrast magnet-
ic resonance lymphangiography, a relatively new technique for the diagnosis, 
assessment and management of lymphedema. Cellina et al. [1] reported that non 
contrast is useful for the lymphography evaluation and surgical arrangement and 
provides morphological information regarding size, site of lymph nodes thus can 
be used for nodal transplantation. 

4.1 Non-Contrast MRL Technique 
4.1.1. Patient Preparation and Positioning 
MRL without contrast can be performed using MRI system with magnet 
strength 1.5 or 3.0 T. Before positioning, it is important to explain in detail the 
diagnostic procedure and the need to maintain the position throughout the du-
ration of the examination. According to the patient’s size, the acquisition is 
usually performed in 3 or 4 steps to cover all the anatomical stations for both 
lower and upper extremities. In literature, the acquisition techniques described 
in the literature have provided for the acquisition of the entire limb also in sec-
ondary lymphedema, to accurately define the extent and severity of the disorder 
and to perform an optimal post-treatment follow-up. 

4.1.2. Image Acquisition Protocol 
Non contrast MRL technique is still evolving, but the principle of this examina-
tion is based on heavily T2-weighted sequences, resulting in a signal loss in tis-
sue background, with highlighting of static fluids in lymphatic vessels with a 
very long TR/TE, similar to that used in cholangiopancreatography or in MR 
urography. Acquisition parameters of non-contrast T2 MR Lymphography se-
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quences according to different authors. Arrivé et al. [18], applied at the end of 
the echo train a restore pulse to flip the transverse magnetization to the longitu-
dinal direction to reduce the acquisition time. Other sequences can be associated 
in the examination: axial HASTE without fat suppression (TR: 1200 ms, TE: 114 
ms, matrix: 176 × 256, flip angle: 180˚, slice thickness: 6 mm) or Iterative De-
composition of water and fat with Echo asymmetry and Least-squares estimation 
(IDEAL; acquisition plane: axial, TR: 4233 ms, TE: 76 ms, slice thickness: 6 mm, 
matrix: 320 × 192, FOV: 380 × 380), this sequence, based on fat/water separation 
technique, provides contrasts of water and fat, in phase and out of phase and is 
used for the analysis of lymphedema characteristics [17] [18] [21]-[27] (Table 
2). 

5. NCMRL Technique Limitations 

Because lymphedema is common in obese patients, therefore obese patients  
 
Table 2. Image acquisition protocols for MRL in Literature. 

Protocol Organ of interest No of Patients Country Author 

3T MR system (MAGNETOM Skyra, Siemens) Thoracic ducts 10 Korea Young et al. [6] 

1.5 T, Gd-BOPTA heavily T2-weighted sequence 3D fast spoiled 
gradient-echo T1-weighted sequence with a fat-saturation technique 

Review 30 Italy Mazzei et al. [12] 

Lymphoscintigraphy, Lymphangiography SPECT/CT, SPECT, US, MRL All Review China Xiong et al. [13] 

GE, 1.5 T or 3.0 T, (Gd-BOPTA), Multi Hance The MR examination consists 
of 2 primary sequences. The first is a 3D heavily T2-weighted sequence 

Peripheral 
lymphedema 

NA USA Mitsumori et al. 
[16] 

gadolinium-based contrast material T2-weighted imaging plays a 
complementary role to DCE MR lymphangiography in the assessment of 
CCLs 

MRL Review USA Chavhan et al. 
[21] 

Preoperative and postoperative MRL Philips 3.0-T, Gd-BOPTA.3D fast 
spoiled gradient recalled echo T1-weighted images with a fat saturation 
technique(TR/TE: 3.5/1.7, flip angle: 25 

Male Genital 
Lymphedema 

37 China Lu et al. [22] 

T Siemens, T2-weighted sequences and coronal FLASH (fast low-angles hot) 
T1-weighted spoiled gradient-echo sequences 

Lower limb 
lymphoedema 

NA UK White et al. [23] 

For MR lymphangiography, a 3D THRIVE sequence (T1 high-resolution 
isotropic volume excitation, THRIVE) was performed. Pre- and post-contrast 
injection was done using the following parameters: TR/TE 23/2.1 ms; Flip 
angle 15˚; FOV 38 × 36 cm2; matrix size 760 × 720 

whole-body 10 China Lu et al. [24] 

T2-weighted MR sequence, bilateral inguinal lymph node injection of 2 mL 
of undiluted gadopentetate at a rate of 1 mL/min, and 60 minutes of MR 
imaging with T1-weighted high-spatial- and high-temporal-resolution MR 
angiography 

Animal NA USA Dori et al. [25] 

3D MRI was performed with a 1.5-T whole-body scanner (Magnetom Vision 
Plus; Siemens) Patients were examined in a body array coil with a flip angle 
of 150˚ 

whole-body 39 China Liu et al. [26] 

3·0T MRI system with the imaging sequence of magnetic resonance 
cholangiopancreatography. TD MRL images were obtained from subjects 
following an overnight fast and from the same subjects 3 - 4 h after ingestion 
of a high fat meal 

Thorax 19 China Chen et al. [27] 
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grade three cannot examine in close magnet bore due to their weight and 
non-contrast MRI is usually performed on 1.5 T magnet or above [1]. Therefore, 
open magnet cannot be used which one of the limitations of this technique. 

6. Conclusion 

Early Lymphedema stages diagnosis represents great challenges. Non contrast 
MRL is used to diagnose accurately the lymphatic system disorder. From studies, 
the researchers have found non contrast MRL is a promising methodology in the 
diagnosis of lymphatic system disorders with accuracy up to 90%. The study re-
vealed that non-contrast MRL imaging technique can increase the accuracy of 
lymphedema diagnosis, improve disease prognostication, and provide a more 
robust marker of treatment response. 
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Abstract 
Background: Job satisfaction can affect workers’ behaviour, thereby influ-
encing organisational performance. Workers with low levels of job satisfac-
tion have negative attitudes toward their jobs and may cause depression and 
anxiety. Purpose: The main aim of this study is to measure the overall job 
satisfaction among radiographers in Taif city. Methods: This study used the 
Minnesota Scoring Questionnaire to measure job satisfaction. The data col-
lection was conducted between September 2018 and April 2019 in all major 
hospitals in Taif. Results: This study revealed that the overall job satisfaction 
of radiographers was moderate. It is, however, higher among radiographers in 
armed forces hospitals compared with their counterparts in the Ministry of 
Health hospitals. The job satisfaction of male radiographers was greater than 
their female peers. Finally, job satisfaction was high in those who work in ad-
vanced modality departments. Conclusion: Job satisfaction is critical for 
healthcare workers. This study indicated that job satisfaction is moderate for 
radiographers in Taif hospitals. Factors affecting their satisfaction include the 
feel of independence and recognition. 
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1. Introduction 

There are various definitions of job satisfaction from researchers and practitio-
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ners. Greenberg and Baron define job satisfaction as, “positive or negative atti-
tudes held by individuals toward their job” [1]. On the other hand, Locke (1976) 
described it as, “the pleasure emotional state resulting from the appraisal of 
one’s job as achieving or facilitating the achievement of one’s job values”. Several 
studies provide evidence that job satisfaction is related to productivity and per-
formance [2] [3] [4]. 

Job satisfaction can also affect workers behaviour, thereby influencing organ- 
isational performance [5]. Regarding healthcare workers, studies report a con-
nection between patient satisfaction and the job satisfaction of healthcare work-
ers [6] [7]. Workers with higher levels of job satisfaction tend to exhibit a posi-
tive attitude toward their jobs, indicated by low withdrawal behaviour. In con-
trast, workers with low levels of job satisfaction have negative attitudes toward 
their jobs [8]. Furthermore, job satisfaction has been proven to elevate workers’ 
physical health and mental abilities and enhance the atmosphere in an organ- 
isation [4] [9] [10]. 

Additionally, several studies reported that dissatisfaction can negatively in-
fluence worker’s mental health and cause depression and anxiety [3]. A number 
of factors have been found to have potential effects on worker’s mental health 
and wellbeing. These factors could result in an increased level of stress [11]. Ac-
cording to the literature, stress, depression, slowness, exhaustion, and careless-
ness are potential results of dissatisfaction in the workplace [12]. Dissatisfaction 
at work may also reduce organisational commitment and life satisfaction. It has 
also been connected to increased resignation, early retirement applications, and 
hostile behaviours at workplace [8]. Therefore, it is important to understand that 
job dissatisfaction can have serious consequences to a worker’s wellbeing, the per-
formance of an organisation, and consequently, customer satisfaction. 

Many scholars studied the importance of workers’ motivation in order to in-
crease job satisfaction. Job satisfaction among healthcare workers is highly influ-
enced by healthcare facility factors, such as financial matters, safety at work, style of 
management, and opportunities for professional advancement [13]. Other health-
care facility-related factors that may influence dissatisfaction include conditions 
where the workspace is overcrowded, noisy, dark, and has poor air quality [14]. 

Radiology department workers play a crucial role in healthcare. Thus, it is 
important to motivate the radiology department staff and monitor their job sat-
isfaction levels to insure a highly functioning work environment. Few studies in 
the scientific literature focused on radiology technologists [2] [5] [15] [16] [17] 
[18] [19]. However, to date, there is no published work that assessed the issue of 
job satisfaction among radiology technologists in Saudi Arabia. Therefore, we 
bear a responsibility to act and assess the job satisfaction of radiology technolo-
gists in Taif hospitals. 

2. Subjects and Methods 

This cross-sectional study focused on the sample and procedure and ran from 
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September 2018 to April 2019. This study measured job satisfaction of radiology 
technologists in three major hospitals in Taif city, and there were a total of 142 
Saudi radiographers. This study does not require ethics approval because the 
study did not deal with a vulnerable group and does not involve any risk for the 
participant. 

To measure job satisfaction, this study used the Minnesota Satisfaction 
Questionnaire (MSQ) [20], and the statistical tests of the questionnaire data 
were performed using the Statistical Package for the Social Science (SPSS). The 
questionnaire consisted of two parts. The first part is related to the social 
demographic data that contained gender, age, qualifications, years of experi-
ence, the institution where the participant works, and any subspecialty. The 
second part consisted of 20 questions about job satisfaction which included 
questions related to activity, independence, variety, social status, supervision, 
moral values, security, social services, authority, utilisation ability, company 
policies and practices, compensation, advancement, responsibility, creativity, 
working conditions, co-workers, recognition, and achievement. The partici-
pants were asked to answer each question individually and had to choose one 
of the following options: (very satisfied, satisfied, neutral, dissatisfied, or very 
dissatisfied). 

We began with a pilot study that was comprised of four participants (two par-
ticipants from the King Abdul-Aziz Specialist Hospital [KASH] and two from 
the King Faisal Medical Complex). Based on this pilot study, we adjusted our 
questionnaire to ensure the participants understood the questions. The data was 
collected from the radiographers in the radiology department in both the armed 
forces hospitals (Alhada, prince Mansour and prince Sultan hospitals) and 
Ministry of Health hospitals (the King Abdul-Aziz Specialist Hospital, the King 
Faisal Medical Complex, the children hospital). Furthermore, to make the data 
more homogenous, the variables were divided and grouped into two categories. 
Age was divided into two groups (older than or younger than 30 years old). In 
addition, qualifications were divided into two groups (diploma and higher). 
Moreover, experience was divided into two categories (greater than and less than 
five years). For the subspecialty, it was divided into general radiology (GR) (i.e., 
a traditional x-ray department) and advanced modalities, including computed 
tomography (CT), magnetic resonance imaging (MRI), ultrasound (U/S), nu-
clear medicine, radiation therapy, and intervention radiology. A score of 75% or 
more was considered to reflect a high degree of satisfaction, while a score of 
lower than 25% represented a low degree of satisfaction. A moderate degree of 
satisfaction was represented by scores between 25% and 75%. 

After data collection and division, the data were analysed using an SPSS 
programme. Significance levels were set at 5% using the Pearson Chi-Square 
Test to assess the correlation between participant variables and each measured 
domain in the questionnaire. The Chi-Square test was chosen due to its ability to 
represent the categorical analysis. 
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3. Results 

The demographic variables of the participants are presented in Table 1. There 
were slightly more men (86 or 60.6%) than women (56 or 39.4%). Of the 142 re-
spondents, 49.3% were aged less than 30 years (between 20 and 30 years old) and 
50.7% were older than 30 years (between 31 and 40 years old). Forty-four-point- 
four percent of the respondents had a diploma, whereas 47.9% of the partici-
pants had a bachelor’s degree. In addition, the majority of the participants 
(30.3%) had between 5 to 10 years’ experience. Moreover, 64.1% of the partici-
pants work for the Ministry of Health hospitals compared with 35.9% who work 
in the armed forces hospitals. Of the 142 participants, 42.3% work in the general 
radiology department, whereas 19.7% and 14.8% work in the departments of CT 
and MRI, respectively. 

We looked first at the level of satisfaction in relation to independence. Using 
the Minnesota scoring as presented in Table 2, we found that the overall satisfaction 

 
Table 1. Demographic characteristics of participants. 

Items Information No. % 

Gender Male 86 60.6 

Female 56 39.4 

Age 22 - 30 70 49.3 

31 - 40 65 45.8 

41 - 50 7 4.9 

51 - 60 0 0 

Qualification Diploma 63 44.4 

Bachelor 68 47.9 

Master 10 7 

Ph.D. 1 0.7 

Vocational experience <3 years 31 21.8 

3 - 5 years 31 21.8 

5 - 10 years 43 30.3 

>10 years 37 26.1 

Institution Ministry of Health 91 64.1 

Armed Forces 51 35.9 

Specialty General Radiography 60 42.3 

CT 28 19.7 

MRI 21 14.8 

US 12 8.5 

Nuclear Medicine 11 7.7 

Radiotherapy 6 4.2 

Interventional 4 2.8 
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Table 2. Minnesota satisfaction questionnaire (MSQ) results. 

Items Satisfaction (%) 

Activity 81.1 

Independence 73.9 

Variety 76.6 

Social Status 86.6 

Supervision-Human Relation 65.6 

Supervision-Technical 66.7 

Moral Values 83.2 

Security 81.4 

Social Services 85.2 

Authority 83 

Ability Utilisation 86.1 

Company Policies and Practices 67.1 

Compensation 80.5 

Advancement 73.8 

Responsibility 70.7 

Creativity 74.7 

Working Conditions 70 

Co-workers 70.8 

Recognition 63.8 

Achievement 84.5 

General Satisfaction 76.3 

 
of radiographers is moderate (73.9%). To investigate that more, the statistical 
analysis showed that radiographers in advanced modalities are more satisfied 
compared with their peers in conventional radiography (odds ratio (OR): 0.367, 
95% confidence interval (CI): 0.18 to 0.74, p = 0.004). Moreover, radiographers 
in armed forces hospitals were more satisfied when compared with those in the 
Ministry of Health hospitals (OR: 0.45, 95% CI: 0.215 to 0.97, p = 0.029). 

With regard to the satisfaction of radiographers on the way their superiors 
treat them, only 65.6% were satisfied, as presented in Table 2. The statistical 
analysis revealed a significant difference in satisfaction between radiographers in 
advanced modalities in contrast with general radiography (OR: 0.31, 95% CI: 
0.176 to 0.699, p = 0.002). In addition, we found that the radiographers in the 
armed forces hospitals are more satisfied than radiographers in the Ministry of 
Health hospitals (OR: 0.511, 95% CI: 0.215 to 1.042, p = 0.046). Moreover, radiog-
raphers who had a bachelor’s or higher degree were more satisfied compared with 
their peers who had a diploma, (OR: 0.468, 95% CI: 0.238 to 0.921, p = 0.021). 

Regarding the satisfaction of radiographers with their superiors and their abil-
ity in making decisions, we found that overall satisfaction is moderate (66.7%), 
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as presented in Table 2. The statistical analysis showed that male radiographers 
are more satisfied than females (OR: 2.820, 95% CI: 1.407 to 5.652, p = 0.002). In 
addition, radiographers older than 30 years were more satisfied than their 
younger counterparts (OR: 0.534, 95% CI: 0.273 to 1.045, p = 0.047). Moreover, 
radiographers in the advanced modalities were more satisfied than those work-
ing in conventional radiography (OR: 0.397, 95% CI: 0.200 to 0.787, p = 0.006). 

When the participants were asked about their satisfaction in regard to the 
policies and practices of the institution in which they work, 67.1% of them were 
satisfied. The statistical analysis demonstrated that the radiographers who had 
less than 5 years’ experience were more satisfied compared with those with more 
than 5 years (OR: 3.046, 95% CI: 1.526 to 6.081, p = 0.001). The most striking 
result was that the armed forces radiographers were more satisfied than Ministry 
of Health radiographers (OR: 0.278, 95% CI: 0.135 to 0.570, p < 0.001). In addi-
tion, radiographers in the advanced modalities were more satisfied than radiog-
raphers working in conventional radiography, (OR: 0.500, 95% CI: 0.251 to 
0.996, p = 0.035). 

When asked about their satisfaction on the career advancement, the partici-
pants responded that their overall satisfaction was moderate (73.8%). The statis-
tical analysis showed no significant difference in satisfaction regarding gender, 
age, qualifications, vocational experience, institution, or specialty (p > 0.05). What 
is most striking is that, while overall satisfaction in regard to creativity was high 
(74.7%), there was no significant correlation between this question and any of 
the demographic variables (p > 0.05). 

Moreover, when the participants were asked about their satisfaction on their 
responsibilities as radiographers, the overall satisfaction was moderate (70.7%). 
The statistical analysis showed that male radiographers are significantly more 
satisfied compared with females, (OR: 2.304, 95% CI: 1.159 to 4.582, p = 0.013). 
Further analysis of the data showed that satisfaction was much more strongly 
associated with radiographers older than 30 years compared with their younger 
peers, (OR: 0.536, 95% CI: 0.275 to 1.045, p = 0.047). 

On the other hand, when the participants were asked about their satisfaction 
on working conditions, overall satisfaction was moderate (70%). The statistical 
findings showed that the radiographers who were working in advanced modali-
ties had significantly higher satisfaction compared with radiographers in general 
radiography (OR: 0.207, 95% CI: 0.101 to 0.424, p = 0.001). Furthermore, armed 
forces radiographers were more satisfied compared with Ministry of Health ra-
diographers (OR: 0.468, 95% CI: 0.230 to 0.955, p = 0.026). 

When the participants were asked about their satisfaction on their co-workers, 
overall satisfaction was moderate (70.8%). The statistical findings showed the 
armed forces radiographers are more satisfied than their peers in the Ministry of 
Health (OR: 0.390, 95% CI: 0.188 to 0.809, p = 0.008). 

Finally, when the participants were asked about their satisfaction on recognition 
they receive, overall satisfaction was moderate (63.8%). Our statistical analyses 
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revealed that advanced modality radiographers are more satisfied than those in 
conventional radiography (OR: 0.506, 95% CI: 0.257 to 0.994, p = 0.034). Similarly, 
radiographers in armed forces hospitals were more satisfied with regard to rec-
ognition compared with radiographers at the Ministry of Health (OR: 0.487, 95% 
CI: 0.241 to 0.982, p = 0.032). 

4. Discussion 

Satisfaction on the job is a crucial aspect of any organisation’s functionality. 
Nevertheless, it is a complicated subject that results from a variety of factors that 
have different meanings and interpretations from one employee to the other. Job 
satisfaction  can significantly affect work quality, especially among healthcare 
workers due to the psychological dependence of their job. However, to the best 
of our knowledge, job satisfaction among radiology radiographers had not pre-
viously been evaluated in Saudi Arabia. Thus, this is the first study conducted to 
discuss the issue of job satisfaction in radiology departments in Saudi Arabia. 

Based on a five-grade scale from “very satisfied” to “very unsatisfied”, the 
findings point out an average job satisfaction score of 76%. Moreover, 76.3% of 
radiographers are extremely or somewhat satisfied with their jobs. In addition, 
radiographers at armed forces hospitals are likely to feel greater job satisfaction 
than their peers at Ministry of Health hospitals in Taif city. 

The concept of job satisfaction among radiology workers has been an area of 
research around the world. A study in the UK conducted by Hutton and his col-
leagues found that 36% of their research sample were classified satisfied, while 
11% were dissatisfied, and the rest of the sample (53%) had mixed feelings regard-
ing job satisfaction [5]. In Sudan, it was reported that 63.3% of the participants 
were satisfied, while 29.5% were dissatisfied [21]. Moreover, a cross-sectional sur-
vey with 530 participants from Iran found more than half of the sample (53.5%) 
was dissatisfied with their jobs [22]. 

Age is one of the factors affecting job satisfaction among radiographers. Our 
study showed that radiographers older than 30 years of age were more satisfied 
with their job. This outcome is contrary to that of a Lithuanian study which 
showed that younger radiographers were more satisfied with supervision and 
relationships with co-workers [23]. 

Education is another consideration that may influence worker satisfaction. 
This study’s results corroborate the survey in Lithuania, which indicated that ra-
diographers with a low degree of education (diploma) were less satisfied with 
respect to their supervisors. In addition, similar to this study, the results indicate 
that job satisfaction varies with the amount of work experience [23]. 

In a study conducted in the United States, workers of advanced radiology 
modalities reported that they were satisfied with their co-workers and their su-
pervisors [18]. These findings are consistent with this study’s findings. Radiog-
raphers in the advanced modalities at Taif hospitals were more satisfied with 
their co-workers and supervisors than radiographers of general imaging modali-
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ties. In addition, our study points out that radiographers of advanced modalities 
are satisfied with their income. However, that is not the case with radiographers 
of advanced modalities in the United States study [18]. 

Another important finding was that 70% of radiology department radiogra-
phers in Taif city hospitals are satisfied with their working conditions. This per-
centage is not dramatically different from an Italian study that was conducted in 
Torino University that showed that around 80% of the sample were satisfied 
with their working conditions, such as the organisation of shifts and the working 
environment [17]. Furthermore, the Torino study had similar results to this 
study regarding how working in advance modalities increases the level of satis-
faction toward working conditions [17]. 

Finally, the results here showed that radiographers with more than 5 years’ 
experience were more satisfied with their relationships with their supervisors 
and co-workers and their salary. This result contradicts the Italian study [17], 
which demonstrated that radiographers with more than 5 years of experience 
were less satisfied with the relationships with their supervisors and co-workers 
and their salary. 

5. Limitation 

Since this study was limited to measuring the level of job satisfaction among ra-
diographers in Taif, it was not possible to identify the factors affecting it. In ad-
dition, to our knowledge, this is the first study looking at the level of job satisfac-
tion among radiographers in Saudi Arabia and thus limited comparisons were 
made with the existing limited literature. 

6. Conclusion 

Job satisfaction is an important issue for optimal job productivity. It is influ-
enced by multiple elements. This study aims to assess the job satisfaction of ra-
diographers in Taif based on the results of an MSQ. Our research shows that job 
satisfaction among radiographers is higher among armed forces radiographers, 
males, and radiographers in advanced modalities. As this research is likely the 
first of its kind applied to radiology employees in Taif, we support this type of 
study to determine the level of job satisfaction among radiographers to improve 
their job productivity. 
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Appendix: 
 

Job Satisfaction Questionnaire 
 
 

The purpose of this questionnaire is to give you a chance to tell how you feel 
about your present job, what things you are satisfied with and what things you 
are not satisfied with. 

On the basis of your answers and those of people like you, we hope to get a 
better understanding of the things people like and dislike about their jobs. 

On the next page, you will find statements about your present job. 
• Read each statement carefully. 
• Decide how satisfied you feel about the aspect of your job described by the 

statement. 
Keeping the statement in mind: 

- If you feel that your job gives you more than you expected, check the box 
under “Very Sat.” (Very Satisfied); 

- If you feel that your job gives you what you expected, check the box under 
“Sat.” (Satisfied); 

- If you cannot make up your mind whether or not the job gives you what you 
expected, check the box under “N” (Neither Satisfied nor Dissatisfied); 

- If you feel that your job gives you less than you expected, check the box un-
der “Dissat.” (Dissatisfied); 

- If you feel that your job gives you much less than you expected, check the box 
under “Very Dissat.” (Very Dissatisfied). 

• Remember: Keep the statement in mind when deciding how satisfied you feel 
about that aspect of your job. 

• Do this for all statements. Please answer every item. 
Be frank and honest. Give a true picture of your feelings about your present 

job. 
 

Part 1: 
 

A. Gender Male Female   

B. Age 22 - 30 31 - 40 41 - 50 51 - 60 

C. Qualification Diploma Bachelor Master Ph.D. 

D. Vocational Experience (years) <3 3 - 5 5 - 10 >10 

E. Speciality General x-ray 
CT 

MRI 
U/S 

Nuclear Medicine 
Radiotherapy 
Interventional 
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Part 2: 
Ask yourself: How satisfied am I with this aspect of my job? 
Very Sat. means I am very satisfied with this aspect of my job. 
Sat. means I am satisfied with this aspect of my job. 
N means I can’t decide whether I am satisfied or not with this aspect of my 

job. 
Dissat. means I am dissatisfied with this aspect of my job. 
Very Dissat. means I am very dissatisfied with this aspect of my job. 

 

On my present job, this is how I feel about …. 
Very  

dissat. 
Dissat. N Sat. 

Very  
sat. 

1. Being able to keep busy all the time.      

2. The chance to work alone on the job.      

3. The chance to do different things from time to time.      

4. The chance to be “somebody” in the community.      

5. The way my boss handles his/her workers.      

6. The competence of my supervisor in making decisions.      

7. Being able to do things that don’t go against my conscience.      

8. The way my job provides for steady employment.      

9. The chance to do things for other people.      

10. The chance to tell people what to do.      

11. The chance to do something that makes use of my abilities.      

12. The way company/institution policies are put into practice.      

13. My pay and the amount of work I do.      

14. The chances for advancement on this job.      

15. The freedom to use my own judgement.      

16. The chance to try my own methods of doing the job.      

17. The working conditions.      

18. The way my co-workers get along with each other.      

19. The praise I get for doing a good job.      

20. The feeling of accomplishment I get from the job.      
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Abstract 
Background: Dynamic contrast-enhanced MR imaging (DCE-MR) is be-
coming a widely accepted complementary method for diagnosing breast can-
cer and other cancers in adults. It is useful to predict tumor response to anti-
cancer therapy and monitor the tumor response to the therapy. This form of 
imaging techniques has not been adequately explored in pediatric oncology 
patients. Objective: To determine the potential role of dynamic contrast- 
enhanced MR imaging (DCE-MR) in the diagnosis and treatment response 
monitoring of childhood and young adult extra-cranial tumors in routine 
clinical setting. Methods: Children with suspected extra-cranial solid tumors, 
including newly diagnosed or follow-up cases of confirmed tumors, were re-
cruited. DCE-MR was performed with intravenous injection of 0.1 mmol/kg 
contrast. The enhancement time curves were plotted and the enhancement 
patterns were categorized into type 1, 2 and 3 curves. Enhancement curve 
patterns and maximal enhancement intensity were compared with types of 
tumor in newly diagnosed cases. The preoperative percentiles of inactive area 
on the colour map were compared with the necrotic areas on histologic sec-
tions of the resected specimens in follow-up cases. Pearson Chi-square test 
and Unpaired two-sample t-test were used for statistical analysis. Results: 
There were 36 patients, involving 28 malignant and 8 benign cases. There 
were 14 type 3 curves, (all of them were malignant tumors), 6 type 2 curves 
and 16 type 1 curves. All the benign cases (n = 8) demonstrated type 1 curve 
(accuracy & negative predictive value = 100%). All the malignant cases after 
treatment showed type 2 or 1 curve. For those cases with operation done af-
terwards, the extent of tumor necrosis was correlated closely with pathology 
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findings (accuracy = 93.3%). Conclusion: Type 1 curve was a good predictor 
of benign lesion. DEC-MR may have a role to play in the monitoring of the 
progress of treatment and extent of tumor necrosis. 
 

Keywords 
MR, DCE-MR, Dynamic Contrast MR, Tumor, Children, Pediatric 

 

1. Introduction 

Radiologists are often required to provide information on clinical questions such 
as diagnosis, staging, treatment response, and detection of either residual or re-
current lesions in oncology patients. MRI is a useful tool in assisting the diagno-
sis, defining the extent of diseases and monitoring the response to therapy. Dy-
namic contrast-enhanced MR imaging (DCE-MR) is becoming a widely ac-
cepted complementary method for diagnosing breast cancer and other cancers 
in adults [1] [2]. It can help to monitor the effect of anti-angiogenic treatment 
response [3] [4]. But this form of imaging techniques have not been adequately 
explored in pediatric oncology patients. There were not many applications in 
pediatric extra-cranial tumours. 

Previous studies using DCE-MR demonstrated that malignant tumors usually 
showed faster and higher levels of enhancement than normal tissue [2]. This 
enhancement characteristic indicated that malignant tumors have increased 
vascularity and endothelial permeability to the contrast molecules than that of 
normal or less aggressive malignant tissues. Weidner et al. [4] demonstrated that 
in many tumors such as breast, lung, prostate, and head and neck cancer, the 
measurements of microvascular density made on histopathological samples cor-
related closely with clinical stage and acted as an independent prognostic factor 
of considerable sensitivity. The relationship could be due to the rapid tumor 
growth which could only be supported by highly active angiogenesis. The more 
aggressive tumors were therefore associated with higher angiogenesis-related 
microvasculature abnormalities. On the basis of this histopathological evidence 
it had been suggested that DCE-MR might be able to provide additional inde-
pendent indices of angiogenic activity and therefore acted as a prognostic indi-
cator in a broad range of tumor types. DCE-MR time intensity curve (TIC) pat-
terns are categorized to three types: type 1, persistently enhancing (progressive), 
which is suggestive of less angiogenic; type 2, plateau type, which has an inter-
mediate probability for malignancy; and type 3, washout type, which is indica-
tive of malignancy with a lot of angiogenesis [2] [5]. DCE-MR is also useful to 
predict tumor response to anticancer therapy and monitoring the tumor re-
sponse to the therapy [6] [7] [8]. 

This study tried to explore the possible role of DCE-MR in the diagnosis and 
treatment response monitoring of childhood and young adult extra-cranial tu-
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mors in routine clinical setting. 

2. Materials and Methods 
2.1. Subjects 

This was a prospective study. From 2014 to 2016, all children and young adults 
younger than 20 years old attending the oncology clinic with suspected extra- 
cranial tumors were recruited for MR examinations. All examinations were done 
in the Department of Radiology in our local institution, involved patients in-
cluding newly diagnosed or follow-up cases of malignant tumors. Follow-up 
cases were those who underwent neoadjuvant chemo- or radiotherapy. This 
study was approved by the Institutional Review Board in our hospital. Informed 
consent was obtained from the parents. Newly diagnosed cases with no diagnos-
tic biopsy and follow-up cases with no post-treatment operation were excluded. 

2.2. MR Imaging 

MR imaging was performed using a 1.5T superconducting whole-body imager 
(GE Signa Horizon Echospeed, Milwaukee). Conventional MR examinations in-
cluding T1W and T2W images were performed and dynamic axial scan was then 
conducted using three-dimensional FSPGR sequences (TR: 200 - 300 ms, TE: 2 
ms, flip angle:70 degrees, slice thickness: 5-10mm depending on the size of tu-
mour, imaging matrix: 256 × 128 − 160, No. of excitation: 1) after intravenous 
injection of 0.1 mmol/kg Gadolinium contrast. The size of the needle was 22 
Gauge with an injection rate about 2 ml/second. For very small children, we 
used hand injection. The image acquisition time of each phase was 15 s - 30 s 
depending on the number of slices. Images were taken immediately after the in-
jection and continued up to 5 minutes. 

2.3. MRI Quantitative Analysis 

Post data analysis was conducted using Functool software. A region of interest 
(ROI) was placed in the lumen of the nearest large artery to evaluate the arterial 
input function. Consecutively, perfusion and tissue-blood ratio were calculated 
and colour mapping was generated. ROIs were drawn around its highest vascu-
larised and different parts of the tumour or mass according to the different dis-
tribution on the colour map. Additional ROIs were also placed at adjacent nor-
mal muscle or tissue for comparison. Signal intensity (SI) values were measured 
in operator-defined ROIs. The SI values derived from the ROIs were plotted 
against time as time intensity curve (TIC). TIC was plotted and the enhance-
ment patterns were divided into type 1, 2 and 3 curves. Type 1 curve showed a 
gradual continual persistent rise after the arrival of the arterial bolus (progres-
sive). Type 2 curve showed relatively rapid increase after the arrival of the arteri-
al bolus and then became plateau or static. Under Type 3 curve, TIC demon-
strated a sharp rise of contrast enhancement in the tumor after the arrival of the 
arterial bolus and then followed by a steeper wash-out (Figure 1). 
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Figure 1. Schematic diagram showing different patterns of curves: Type 1 (black), Type 2 
(blue) and Type 3 (red). 

 
The curve patterns and maximal enhancement intensity (SImax) were corre-

lated with the type of tumours (pathological confirmed) in first diagnosed cases. 
For those follow-up cases of tumors after neoadjuvant chemo or radiotherapy, 

MR was performed within a few days before the operation. The tumour inactive 
area was defined by the area of lack of signal changes on the color map and TIC 
curve. The percentile of tumour inactive area was defined as the ratio between 
inactive area and the overall tumour volume. The preoperative percentile of in-
active area on the colour map was compared with the necrotic areas on his-
tologic sections of the resected specimens. 

2.4. Statistical Analysis 

Statistical analyses were performed using SPSS version 15.0. Pearson Chi-square 
test 

( )2
2 _O E

E
χ = ∑                         (1) 

was used to test the dependence of types of tumor upon types of curve. The ob-
served frequency (O) and the expected frequency (E) for each type of curves 
were used to calculate the χ2 value. 

Unpaired two-sample t-test 

2 2

1_ 2

1 2 )
1 2

x x

s s
N

T

N
+

=                         (2) 

was used to analyse the relationship between type of tumor and the SImax ( 1x  = 
SImax mean of benign tumor, 2x  = SImax mean of malignant tumor, s1 = SD of 
benign tumor, s2 = SD of malignant tumor, N1 = samples size of benign tumor, 
N2 = samples size of malignant tumor) The calculated T statistic value was used 
to decide if there is a significant difference in the SImax between the benign and 
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malignant tumor. 
A p-value < 0.05 (two-tail) was considered to be statistically significant. 

3. Results 

A total of 36 studies (M = 29, F = 7) were performed, with average age 9.87 yrs 
old and with ages ranging from 1 month to 20 years old. There were 28 malig-
nant cases and 8 benign cases (Table 1). 

3.1. Newly Diagnosed Cases 

There were 21 newly diagnosed cases including 3 intra-abdominal, retroperitoneal  
 

Table 1. Demography of all patients including newly diagnosed and follow-up cases. 

Type of Tumor Sex Age (Years) Follow-up with repeat study 

Chronic granulomatous tissue M 4 No 

Osteomyelitis M 1.6 No 

Stress fracture F 9 No 

Neurofibroma M 20 No 

Neurofibroma M 2.8 No 

Thigh Fat necrosis M 10 No 

Ganglioneuroma M 0.7 No 

Fibromuscular tissue F 7 No 

Osteogenic sarcoma M 10 Yes 

Pelvic neuroblastoma M 0.2 Yes 

Neuroblastoma F 3 Yes 

Arm pPNET M 15 Yes 

Osteogenic sarcoma F 6 Yes 

Osteogenic sarcoma M 13 Yes 

Langerhans cell of Histiocytosis M 4 No 

Neuroblastoma M 4 Yes 

Paraspinal PNET M 14 Yes 

Paraspinal PNET M 15 Yes 

Osteogenic sarcoma M 14 Yes 

Carcinoma pancreas M 18 No 

Rhabdomysarcoma F 6 No 

Ewing sarcoma M 20 Yes* 

Neuroblastoma M 8 Yes* 

Osteogenic sarcoma M 12 Yes* 

Neuroblastoma M 8 Yes* 

Neuroblastoma M 3 Yes* 

*Follow-up cases only. 
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or pelvic neuroblastoma; 4 distal femur or fibular osteogenic sarcoma, 1 Lan-
gerhans cell Histiocytosis in femur, 1 upper limb and 2 paraspinal peripheral 
primitive neuroectodermal tumour (pPNET), 1 parapharyngeal rhabomyosar-
coma. They all showed type 3 curve at the most active area (Figure 2). 

Their mean SImax was about 712 (range = 200 - 1200). There was 1 case of car-
cinoma of pancreas which showed a type 2 curve. The SImax was 200. There were 
8 benign cases (fibular osteomyelitis = 1, jaw chronic granulomatous tissue = 1, 
paraspinal ganglioneuroma = 2, submandibular fibromuscular tissue = 1, sub-
mandibular neurofibroma = 1, fracture tibia = 1, thigh fat necrosis = 1). They all 
demonstrated type 1 curve patterns and the mean SImax was about 350 (range = 
200 - 400). There was statistical significance (p = 0.0391, <0.05) in the correla-
tion of type 3 curve with malignant tumor and type 1 curve with benign tumor 
by using chi-square test. By applying the unpaired two-sample t-test, the means 
of the SImax had significant difference (p < 0.05) between the benign (mean = 
333) and malignant (mean = 572) groups (Figure 3). The negative predictive 
value of type 1 curve (Figure 4) was 100%. 

3.2. Post-Treatment Cases  

There were 15 post-chemotherapy cases and 16 follow up scans (neuroblastoma 
= 6, pPNET = 3, osteogenic sarcoma = 5, pelvis Ewing sarcoma = 1). The max-
imal enhancement intensity (SImax) of all cases was about 300 - 400 on the follow 
up scans. Due to the different patterns of enhancement in different tumours and 
different patients, we compared the enhancement patterns within the same pa-
tients. 

Among 6 cases of intra-abdominal, retroperitoneal or pelvic neuroblastoma, 
there were 2 type 1 curves and 4 type 2 curves after treatment. They all showed 
greater than 50% central necrosis according to the color map. Among 3 pPNET,  

 

 
(a)                                      (b) 

Figure 2. 3-year-old boy with Pelvic Neuroblastoma. DCE-MR axial image before che-
motherapy. (a) Axial Color image showing area of maximal enhancement (Yellow to red). 
No significant non-active area seen. Region of interest was placed at the hypervascular 
area and showed (b) Type 3 curve, a sharp rise followed by a steeper wash-out. The hori-
zontal red line is arrival time of the arterial bolus. Maximal enhancement intensity (SImax) 
was 850. 
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Figure 3. The pathological findings versus maximal enhancement intensity graph show-
ing benign tumors had lower maximal enhancement intensity (SImax) compared to malig-
nant tumors. 

 

 
(a)                                       (b) 

Figure 4. 7-year-old girl with benign fibromuscular tumor of left submandibular gland. 
DCE-MR axial images of the tumor. (a) Axial Color image showing area of maximal en-
hancement (Yellow) and (b) type 1 curve. The horizontal red line is arrival time of the 
arterial bolus. Maximal enhancement intensity (SImax) was 400. 

 
one arm pPNET case showed heterogeneous peripheral type 3 curve with center 
type 1 - 2 curve during the first scan, but type 1 - 2 curve on the second fol-
low-up scan irrespective of the increasing size of the tumor. Peripheral type 3 
curve with center type 1 - 2 curve with area of necrosis was noted on the third 
scan. It was found that an enlarged axillary lymph node compressed onto the 
axillary vessels during the second scan and it reduced in size during the third 
scan. The other 2 paraspinal pPNET cases showed type 1 curves with greater 
than 90% necrosis on the follow-up. The pelvic Ewing sarcoma showed type 1 
curve with greater than 90% central necrosis. For the 5 cases of osteogenic sar-
coma, 4 cases showed type 1 curve with greater than 90% central necrosis and 1 
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case showed peripheral type 3 curve with 50% central necrosis. Surgical resec-
tions were performed after chemotherapy and the percentage of central necrosis 
was correlated well with the pathology findings (accuracy = 93.3%, n = 14/15) 
(Figure 5, Figure 6, Table 2). 

 

 
(a)                                      (b) 

Figure 5. 15-year-old boy with arm peripheral primitive neuroectodermal tumor 
(pPNET). DCE-MR axial image before chemotherapy. (a) Axial image showing region of 
interest at hypervascular region (No 1) and near necrotic area (No 2) (38%) (b) type 3 
curve at hypervascular region (No 1) (SImax 750) and type 1 curve at necrotic area (No 2) 
Maximal signal intensity (SImax) was 350. 

 

 
(a)                                       (b) 

Figure 6. 15-year-old boy with arm peripheral primitive neuroectodermal tumor 
(pPNET). DCE-MR axial images at the third follow-up before surgery. (a) Axial Color 
image showing hypervascular region (red) and (b) type 2 curve at most active area (SImax 
380). 

4. Discussion 

In our study, most of the tumors were peripheral solid tumors of musculoskelet-
al or blastoma origins. The initial result was encouraging. We found that type 3 
curve pattern applied to many newly diagnosed malignant extra-cranial solid tu-
mors irrespective of their location, such as Ewing sarcoma, pPNET, Langerhans  
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Table 2. Comparison between pre- and post-treatment follow-up DCE-MRI in 15 patients. 

Type of 
Tumor 

Pre-treatment 
Curve type 

Post-treatment 
Curve type 

Pre- 
treatment 

Mean SImax 

Post-treatment 
Mean SImax 

Pre-treatment 
Mean 

percentile of 
not active area 

Post-treatment 
Mean 

Percentile of 
not active area 

Post-treatment 
Pathology 

percentile of 
necrotic area 

(a) 

Neurobststoma 3 (n = 6) 1 (n = 2) 

2 (n = 4) 

700 

700 

350 (periphery) 

350 (periphery) 

0% 

0% 

50% 

50% 

50% 

50% 

Arm PNET 3 (n = 1) Periphery Type 3 
& central type 1/2 

(n = 1) 

750 
(periphery) 

380 (periphery) 38% 70% 50% 

Spinal PNET 3 (n = 2) 1 (n = 2) 400 300 (periphery) 20% 90% 90% 

Pelvic Ewing sarcoma 3 (n = 1) 1 (n = 1) 700 300 (periphery) 0% 90% 90% 

Osteogenic sarcoma Periphery type 3 & 
central 1/2 (n = 5) 

Periphery type 3 & 
central 1/2 (n = 5) 

1050 
(periphery) 

600 (periphery) 48% (n = 4) 
17% (n = 1) 

90% (n = 4) 
50% (n = 1) 

90% (n = 4) 
50% (n = 1) 

a. Correlation with the pathology findings accuracy = 93.3% (n = 14/15). 
 

cell of Histiocytosis, rhabomyosarcoma, intra-abdominal and pelvic neuroblas-
toma. All of our first diagnosed osteogenic sarcoma showed type 3 malignant 
curve patterns at the peripheral active area. 

The Ewing’s family tumors including Ewing’s sarcoma and peripheral primi-
tive neuroectodermal tumor (pPNET) are the second most common malignant 
osseous tumors in children and adolescents. The pre-operative chemotherapy 
response by histological analysis is of prognostic value. The standard threshold 
separating good responders from poor is greater than 90% necrosis (less than 
10% viable tumor) [9]. Neuroblastoma and other solid tumors are similar to 
other muscular tumors and response to chemotherapy is also considered good if 
there is significant tumor necrosis. Our study demonstrated the usefulness of 
DEC-MR in the prediction of different degree of necrosis or response to treat-
ment on the follow-up scans. The degree of necrosis correlated well with the pa-
thology findings except for 1 case of pPNET in the arm. This was probably due 
to an enlarged axillary lymph node compressing on axillary vessels, thus im-
pairing the flow dynamic of TIC. 

Osteogenic sarcoma often requires biopsy for definitive diagnosis. Evaluating 
response of bone sarcoma to initial chemotherapy by imaging methods is a chal-
lenge. Even with large necrotic area inside the tumor bulk, the tumor may not 
shrink significantly. This is due to the extensive osteoid and bony matrix which 
will remain static after chemotherapy [10]. At present, the gold standard for as-
sessing the effects of chemotherapy is still histological examination of the re-
sected tumor [6] [11] [12] [13]. Response is considered favorable if there is at 
least 90% tumor cell necrosis [14]. The degree of response is an important 
prognostic factor that can be used to plan post-surgical treatment and to optim-
ize the timing of surgery [6] [7] [14] [15]. 

DCE-MR of osteogenic sarcoma had been performed and validated against 
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histological analyses of en bloc resections following initial chemotherapy. The 
results of these studies had demonstrated accuracies of approximately 90% for 
discrimination of response [16] [17] [18] [19] [20]. One study showed DCE-MR 
was a prognostic factor for event-free survival and overall survival before treat-
ment, and was indicative of histologic response to neoadjuvant therapy [21]. In 
the assessment of the percentile of necrosis and thus the degree of response to 
the chemotherapy in our follow up scans, all of our cases correlated well with the 
pathology findings. Our findings in osteogenic sarcoma were comparable with 
the other studies. 

We demonstrated that all benign tumors showed type 1 curves and all of their 
maximal enhancement signals (SImax) were less than 350. Though limited in 
number, the cases in our study showed that the negative predictive value of type 
1 curve for malignant tumor was 100%. It is therefore tempting to suggest that 
type 1 curve together with SImax < 350 may be reliable indicators to differentiate 
benign from malignant tumors in pre-treatment cases. This is particularly useful 
for the planning of operation. 

However, there were limitations in our study. Our sample size and characte-
ristics of the samples were small. Our samples were a mixture of different tu-
mors. The number of paired pre and post-treatment patients were small and li-
mited. A larger sample size is desirable to further confirm our findings and to 
improve statistical power. In one case of intra-abdominal carcinoma of pancreas, 
type 2 curve was found. We considered that the TIC for this kind of tumor was 
not specific. DCE-MR might not be useful in this kind of intra-abdominal tu-
mor. In one case of arm pPNET tumor, the presence of axillary lymph node im-
paired the blood flow, thus affecting our accuracy. 

5. Conclusion 

Despite small sample size, our results were very encouraging. In routine clinical 
practice, our study showed that DEC-MR might be useful in the differentiation 
of benign and malignant extra-cranial solid tumor in children and young adults. 
Based on our findings, type 1 curve with SImax less than 350 is suggested as an 
additional indicator to assist in the differentiation of benign tumors in 
pre-treatment cases. We also think that DEC-MR may have a possible role in the 
monitoring of treatment response in extra-cranial childhood solid tumors. The 
lack of irradiation has an advantage over CT or PET in pediatric applications. 
However, a larger study is needed to further confirm our findings. 
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Abstract 
Background: Plain radiography usual method to detect degeneration in the 
subtalar and talonavicluar joints. MRI is a better way to fully characterise 
non-ossified structures, such as articular cartilage, marrow tissue and synovi-
al fluid and therefore detect changes of arthritis. The motivation behind this 
study was to develop a quantitative way to score arthritic changes to the sub-
talar and talonavicular joints using MRI. The developed system will then be 
used as a research tool and in the close assessment and monitoring of patients 
with hindfoot degenerative disease. Methods: The MRI scans of thirty con-
secutive subjects with foot and ankle pain were retrospectively evaluated. Im-
ages were interpreted independently by three musculoskeletal radiologists in 
order to determine intra-observer reliability as well as the inter-observer re-
liability of the score. Five features of osteoarthritis were scored in the Subtalar 
joint and the Talonavicular joint. These were cartilage morphology, subarti-
cular marrow, subarticular cyst, marginal osteophytes and synovitis. Results: 
For the 30 MRI scans the mean score for the Subtalar joint ranged from 11.7 
to 14.4 and for the Talonavicular joint ranged from 3.7 to 5.6. The in-
ter-observer correlation for the Subtalar joint between the three readers 
ranged between 0.53 and 0.83 for the individual features but overall was ex-
cellent at 0.76. For the Talonavicular joint the total correlation was good at 
0.67. The inter-observer ICC for the total score was 0.75 which showed excel-
lent agreement between the three readers. The total intra-observer correlation 
was excellent. Conclusions: The current work has shown excellent reliability 
for the scoring system. It will be a useful tool to diagnose and monitor disease 
progression of the Subtalar and Talonavicluar joints. 
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1. Introduction 

The sublatar joint is formed by the articulation of the talus and the calcaneus or 
talocalcaneal joint (TCJ). The calcaneus has three facets: posterior, middle and 
anterior that articulate with the talus (Figure 1). The anterior facet is also con-
tinuous with the navicular articulation called the talonavicular joint (TNJ) (Figure 
2). The TNJ and calcaneocuboid joints (CCJ) are also called the transverse tarsal or 
Chopart joint (articulation tarsi transversa). Together, the TCJ, TNJ and CCJ are 
collectively known as the triple joints as they closely interact with each other. The 
subtalar joint proper however should be defined from a functional point of view as 

 

 
Figure 1. Illustration of the inferior articulating surfaces of the talus (left image) and su-
perior articulating surfaces of the calcaneum (right image), showing eight regions in 
which the subtalar joint was scored. Surfaces 8, 6, 4 & 3 articulate with 7, 5, 2 & 1 respec-
tively at the Talocalcaneal Joint (TCJ). The posterior facet is comprised of 1, 2, 3 & 4 and 
the middle facet of surfaces 5 & 6, and the anterior facet of surfaces 7 & 8. 

 

 
Figure 2. Illustration of the articulating surfaces of the navicular (left image) and anterior 
talus (right image) showing the 2 regions in which the talo-navicular joint was scored. 
Surfaces 9 & 10 articulate at the talonavicular joint. 
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the osteoligamentous complex formed by the talus, the calcaneus, and the navi-
cular, and the corresponding ligamentous complex. 

Plain radiography is the usual method to detect degeneration in these joints, 
however since plain films do not permit full characterisation of non-ossified 
structures, such as articular cartilage, marrow tissue and synovial fluid any early 
change of degeneration can be missed. In addition, the bones and joints have 
complicated shapes making diagnosis of joint space narrowing or degeneration 
difficult to diagnose on plain standing radiographs without special views. 

MRI scoring systems for hip and knee denegation have been used in research 
and clinical practice for some time [1] [2]. To our knowledge, no MRI scoring 
system for the Subtalar joint and talonavicular joint exist. The aim of this study 
was to develop a quantitative way to score arthritic changes to the subtalar joints 
(TCJ and TNJ) using MRI that is usable, repeatable and reliable. The study 
formed part of the feasibility phase for an NIHR HTA funded clinical trial 
(ISRCTN60672307) [3]. 

2. Methods 
2.1. Subjects 

Thirty ankle Magnetic Resonance Imaging (MRI) examinations performed at the 
Royal National Orthopaedic Hospital (RNOH), Stanmore, UK were retrospec-
tively evaluated. Fifteen patients were known to have subtalar (TCJ or TNJ) OA. 
Fifteen controls were included with no known subtalar pathology. Exclusion cri-
teria included previous foot and ankle surgery and patients under the age of 18 
years. 

2.2. MRI Protocol 

MRI images were obtained using 1.5-T MRI (Achieva, Philips, The Netherlands) 
with an extremity surface coil. A standard protocol was used in all patients, con-
sisting of four sequences: sagittal proton density-weighted (PDW) fast spin echo 
(FSE) [TR/TE 2000-3000/20, slice thickness = 3 mm], sagittal short tau inversion 
recovery (STIR) [TR/TE 3000-4000/60, slice thickness = 3 mm], axial PD FSE 
[TR/TE 3000-4000/30, slice thickness = 3 mm] and coronal PD FSE fat sup-
pressed images [TR/TE 3000-4000/25, slice thickness = 4 mm]. 

2.3. Image Analysis 

MR images were interpreted independently by a musculoskeletal radiology fel-
low (JF) and two specialised, fellowship-trained musculoskeletal radiologists 
(RH and MC). In order to determine intra-observer reliability as well as the in-
ter-observer reliability two of the readers independently scored the studies twice, 
more than 14 days apart. 

2.4. Development of Score 

Based on a review of the literature and expert opinion obtained using a modified 
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Delphi Method [4] (five features were identified that reflect the process of os-
teoarthritis (OA) in the subtalar joint (Table 1) [5] [6] [7] [8]. 

The first of these features was cartilage morphology which was scored 0-3, 
representing the spectrum of normal cartilage to diffuse full thickness loss 
(Figure 3). Subarticular marrow was the second feature to be assessed, with ab-
normality defined as poorly marginated areas of increased signal intensity in the 
normally fatty subarticular marrow on fat-suppressed or STIR images. This was 
scored 0 - 3 and covered a spectrum from normal to sclerosis and bone marrow 
oedema (Figure 4). The third feature was subarticular cysts scored 0 to 2, with 0 
meaning none and 2 meaning multiple cysts (Figure 5). These were identified  

 
Table 1. Table of the features assessed in the scoring system. 

Features scored with Stanmore scoring system 

Feature Range Scoring 

Cartilage 0 - 3 0—Normal thickness and signal 
1—Partial thickness loss 
2—Focal full thickness loss 
3—Diffuse full thickness loss 

Subarticular marrow abnormality 0 - 3 0—None 
1—Oedema 
2—Oedema and sclerosis 
3—Sclerosis 

Subarticular cysts 0 - 2 0—None 
1—Present 
2—Multiple cysts 

Marginal osteophytes 0 - 1 0—None 
1—Present 

Synovitis 0 - 1 0—Normal 
1—Present 

 

 
Figure 3. Sagittal MR image demonstrating diffuse areas of full thickness cartilage loss 
along the talonavicular joint. 
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Figure 4. Sagittal STIR MR image of the subtalar joint showing subarticular bone marrow 
oedema. 

 

 
Figure 5. Sagittal STIR MR image showing multiple cysts along the talo-navicular joint 
margins. 

 
typically as ovoid foci of fluid signal intensity in the subarticular bone. Osteo-
phytes along joint margins were scored, graded from 0 (none) or 1 (present), 
representing the fourth feature assessed (Figure 6). The fifth graded feature was 
synovitis which was graded 0 (absent) or 1 (present) (Figure 7). 

The TCJ was scored in eight different regions (Figure 1) and TNJ in two 
(Figure 2). Five features were scored in each region (Table 1). The maximum 
score for both regions combined was 100 with higher scores representing more 
severe osteoarthritis. 

2.5. Statistical Analysis 

Scores were summarized as mean and standard deviations for each reader. Inter-  
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Figure 6. Sagittal PD weighted MR image showing osteophytes associated with the dorsal 
margin of the talo-navicluar joint. 
 

 
Figure 7. Sagittal STIR MR image showing synovitis at the posterior subtalar joint in the 
form of synovial stranding within a joint effusion. 

 
and intra-observer agreement was based on the exact rating of each feature, not 
just the presence or absence of each feature of the scoring system. The data was 
treated as a continuous variable and therefore intraclass correlation coefficients 
(ICC) were the most appropriate test in order to calculate correlation. Cut-offs 
were used to grade inter- and intra-observer agreement. ICC values less than 
0.40 were poor, between 0.40 and 0.59 were fair, values between 0.60 and 0.74 
were good, and values between 0.75 and 1 excellent [9]. 
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2.6. Results 

The mean age of the cohort was 51 years (range 21 - 77) with 56% of patients 
being female. Indications for the MRI studies included assessment of known 
subtalar arthritis (n = 15) as well as a range of other indications in the group 
which were treated as normal controls (n = 15); these included: assessment of 
Achilles tendon pathology (5 patients), peroneal tendon problems (4 patients), 
general ankle pain (4 patients) and pes cavus (2 patients). 

For the scan performed for known TCJ or TNJ OA the mean total score was 
30.1. This was statistically significantly higher than the score of 14.7 for the con-
trol scans (Table 2), showing the ability of the scoring system to detect abnormal 
pathologies in the TCJ and the TNJ. 

The overall inter-observer correlation for the TCJ between the three readers 
was excellent at 0.76 (Table 3). For the TNJ the total correlation was good at 
0.67 (Table 3). The inter-observer ICC for the total score was 0.75 which showed 
excellent agreement between the three readers. 

The total intra-observer correlation was excellent (Table 4) for the subatalar 
and talonavicular scores for the two readers (JF and RH) who repeated their as-
sessments on two separate occasions. 

3. Discussion 

The current work describes the development and reliability of an MRI scoring 
system for subtalar arthritis. We have demonstrated an excellent overall ICC for 
inter- and intra-observer reliability that is as good as any previous MRI systems 
used to score knee arthritis [10]. The score has also been shown to detect pa-
thology in the TCJ & TNJ compared with controls. 

 
Table 2. Mean talonavicular joint (TNJ), talocalcaneal joint (TCJ) and total scores for 15 
known TCJ/TNJ OA patients compared with 15 scans performed in the control group for 
other reasons. 

 Number Mean TNJ score Mean TCJ score Mean total score P-value 

Known TCJ/TNJ OA 15 8.1 22.0 30.1  

Other reason for MRI 15 4.1 10.6 14.7 p = 0.0006 

 
Table 3. Inter-observer reliability for scoring the talocalcaneal joint and talonavicular 
joint. The p value for all ICCs was less than 0.001. 

Feature Talocalcaneal Joint Talonavicular Joint 

Cartilage 0.83 (CI 0.68 - 0.92) 0.62 (CI 0.43 - 0.71) 

Bone Marrow 0.62 (CI 0.32 - 0.8) 0.60 (CI 0.47 - 0.74) 

Cysts 0.66 (CI 0.47 - 0.8) 0.71 (CI 0.53 - 0.85) 

Osteophytes 0.53 (CI 0.27 - 0.64) 0.57 (CI 0.36 - 0.74) 

Synovitis 0.56 (CI 0.36 - 0.78) 0.55 (CI 0.34 - 0.63) 

Total 0.76 (CI 0.54 - 0.84) 0.67 (CI 0.41 - 0.77) 
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Table 4. Intra-observer reliability for the subtalar joint and talonavicular joint for two 
readers scoring 14 days apart using intra-class correlation (ICC). The p-value for all ICCs 
was less than 0.001. 

Feature 
Talocalcaneal Joint Talonavicular Joint 

Reader 1 Reader 2 Reader 1 Reader 2 

Cartilage 0.88 (CI 0.76 - 0.94) 0.95 (CI 0.9 - 0.98) 0.43 (CI 0.1 - 0.7) 0.88 (CI 0.76 - 0.94) 

Bone Marrow 0.85 (CI 0.68 - 0.93) 0.97 (CI 0.94 - 0.99) 0.4 (CI 0.04 - 0.64) 0.82 (CI 0.66 - 0.91) 

Cysts 0.6 (CI 0.23 - 0.75) 0.87 (CI 0.74 - 0.94) 0.62 (CI 0.33 - 0.8) 0.74 (CI 0.61 - 0.89) 

Osteophytes 0.6 (CI 0.3 - 0.8) 0.9 (CI 0.8 - 0.95) 0.73 (CI 0.51 - 0.9) 0.89 (CI 0.78 - 0.95) 

Synovitis 0.74 (CI 0.5 - 0.9) 0.88 (CI 0.76 - 0.94) 0.72 (CI 0.5 - 0.9) 0.76 (CI 0.56 - 0.88) 

Total 0.9 (CI 0.84 - 0.96) 0.97 (CI 0.92 - 0.99) 0.8 (CI 0.6 - 0.9) 0.91 (CI 0.83 - 0.96) 

 
Currently, the main system available to score arthritis is the radiographically 

based Kellgren and Lawrence Grading System (KLGS) [11]. Many studies have 
looked at the reliability of this system. Mayich et al. found the KLGS to have 
only moderate inter- and intra-observer reliability with no way of taking into 
account any inflammatory component to the arthritis that may be present [12]. 
A more recent study looking at KLGS with post-traumatic subtalar joints found 
the reliability to be good with correlation to clinical scores [13]. 

MRI has many advantages over plain radiographic analysis in this context. 
Specifically, MRI identifies soft-tissue changes, hyaline cartilage defects, synovi-
tis and bone marrow lesions. These cannot be visualised on routine radiographs, 
and therefore are not taken into account when grading a disease process using 
plain radiographs alone. 

Between the readers the overall inter-observer reliability for the TCJ was ex-
cellent (0.76) and for the TNJ joint was good (0.67) and certainly is improved on 
the KLGS which has only moderate inter- and intra-observer reliability with no 
way of taking into account any inflammatory component [12]. The increased 
variation when scoring the TNJ using MRI may be as a result of its size as small 
joint surfaces or close opposition making accurate evaluation more difficult. The 
inter-observer error for the recognition of changes in cartilage, bone marrow 
and cysts was good to excellent for both of the scored joints. 

A limitation of this work is that we did not include the calcaneocuboid joint in 
analysis. Although some textbooks describe this joint as being part of the subta-
lar joint complex, the description of the talus and the way that it articulates with 
the surrounding bones is controversial in both the anatomic and clinical litera-
ture [14]. In general, the anatomic literature distinguishes between individual 
joints and separates out the talocalcaneal navicular joints (subtalar) from the 
TNJ and CCJ (Chopart articulation). The Chopart articulation is responsible for 
the motion between the hindfoot and the midfoot. The general consensus how-
ever is that the subtalar joint describes the motion of the talus with the cal-
caneum to which the navicular is directly connected hence we elected to focus 
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on these joints for analysis in order to keep the scoring system as simple and 
hence as practicable as possible. In addition, some pilot analyses we performed 
suggested that the CCJ was less commonly involved and mainly in cases of se-
vere trauma or longstanding inflammatory arthropathy with hindfoot collapse 
and was invariably obvious on radiographic assessment. Given that this system 
was being developed with the aim of supporting a clinical study to compare the 
outcomes of ankle replacement and ankle fusion, where, in the absence of major 
deformity, adjacent joint arthritis appears to mainly affect the TCJ and TNJ, it 
was considered important to ensure a methodology that was not too cumber-
some, and hence that could have utility for clinical practice or clinical trials. 
Further work however is necessary to document the CCJ pathology appearances 
on MRI. A further limitation of our work is that we have not attempted to cor-
relate MRI scores to clinical outcomes but this will become the focus of future 
work. 

4. Conclusion 

We have developed and validated a novel MRI scoring system for subtalar joint 
arthritis that is easy to perform and demonstrates excellent reliability and believe 
would be a useful tool for clinical trials and other studies to diagnose and moni-
tor disease progression. 
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Abstract 
Degenerative disc disease is the most common cause of low back pain. Inter-
vertebral disc abnormalities are commonly evaluated by magnetic resonance 
imaging (MRI), and Pfirrmann’s system involves the use of T2-weighted im-
ages (T2WI) to classify disc degeneration. However, as this classification is 
based on visual evaluation, it is not possible to quantify degeneration using 
this method. The present study was performed to establish an MRI-based in-
tervertebral disc classification system using diffusional kurtosis imaging 
(DKI), to quantify intervertebral disc water content according to the Pfirr-
mann classification. Sagittal mean diffusional kurtosis (MK) mapping was 
performed for the L3/4, L4/5, and L5/S1 intervertebral discs in 32 patients (15 
female, 17 male; age range, 24 - 82 years; mean age, 57.7 years). The degree of 
disc degeneration was assessed in the midsagittal section on T2WI according 
to the Pfirrmann classification (grade I - V). The relationships between MK 
values, which are correlated with intervertebral disc composition changes, 
and grade of degeneration determined using the Pfirrmann classification 
were analyzed. The MK values tended to decrease with increasing grade of 
degeneration, and differed significantly between grades I and IV, but not be-
tween grade IV and V (P < 0.05, Mann-Whitney U test). DKI is an effective 
means of detecting the early stages of disc degeneration. Therefore, DKI may 
be a useful diagnostic tool for quantitative assessment of intervertebral disc 
degeneration. 
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1. Introduction 

Low back pain is one of the most common causes of disability in the work-
ing-age population, and has a number of known causes [1] [2], the most com-
mon of which is degenerative disc disease [3] [4]. Magnetic resonance imaging 
(MRI) is a useful noninvasive tool for clinical assessment of intervertebral disc 
pathology, and T2-weighted images (T2WI) reflect changes in discs due to aging 
or degeneration, and allow determination of disc degeneration. The normal disc 
has a central portion of high signal intensity and a peripheral portion of de-
creased signal intensity [5] [6] [7]. Changes in MRI signal strength in the nuc-
leus pulposus can indicate disc degeneration. MRI is a useful tool to quantify 
degenerative intervertebral discs [8] [9]. Pfirrmann et al. developed a system for 
classifying the degree of disc degeneration based on T2WI findings [10] [11] 
[12]. However, as this classification is based on visual evaluation, it is not possi-
ble to quantify the degree of degeneration using this method. Mean diffusional 
kurtosis (MK) mapping is an MRI technology that allows quantification of water 
content, and can be used for the early detection of abnormalities in the cartilage 
as well as to track the responses to therapy. As the MK value is a quantitative 
parameter that varies with collagen and water contents in cartilage and interver-
tebral discs, it may be useful for characterizing the etiology of lower back pain 
and disc degeneration [13]. However, previous studies regarding the correlation 
between MK value and disc degeneration did not investigate the classification 
boundaries based on quantitative evaluation. A quantifiable method for classifi-
cation of disc degeneration may be useful for research regarding disc abnormali-
ties. The present study was performed to establish an intervertebral disc MRI 
classification system using diffusional kurtosis imaging (DKI), with an emphasis 
on the evaluation of early intervertebral disc degeneration, by quantifying disc 
water contents according to the Pfirrmann classification. 

2. Materials and Methods 
2.1. Participants 

All patients provided written, informed consent prior to enrollment, and the 
study protocol was approved by the Ethics Committee of Juntendo University. A 
total of 32 patients (female, 15; male, 17) 24 - 82 years old (mean age, 57.7 years, 
standard deviation [SD] ± 17.8) with single or recurrent episodes of low back 
pain and leg numbness and tingling, including pain, were examined using an 
Achieva whole-body 3.0 T MR scanner (Philips Medical Systems, Best, The 
Netherlands) with a phased array spine coil (Table 1). Subjects were excluded if  

 
Table 1. Demographic characteristics of the subjects. 

Sex (male:female) 15:17 

Mean Age (SD) 57.7 (17.8) 

Symptoms (low back pain) 32 
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they had other intraspinal diseases, such as tumors, a history of lumbar surgery 
for any disease, or if image quality was unsatisfactory for diffusion metrics cal-
culation [14] [15]. 

2.2. Image Acquisition 

Images were acquired on an Achieva 3.0 T MR scanner (Philips Medical Sys-
tems) with the following imaging parameters for DKI: repetition time/echo time, 
10,758/88 ms; number of excitations, two; slice thickness/gap, 4/0 mm; number 
of slices, 32; field of view, 64 × 64 mm; matrix, 128 × 128 reconstructed; imaging 
time, approximately 13 min; and four b-values (0, 700, 1400, and 2100 s/mm2) 
with diffusion encoding in six directions for each b-value. The gradient length 
(δ) was 9.8 ms and the time between the two leading edges of the diffusion gra-
dient (Δ) was 44.1 ms. Image quality was improved by using a reduced field-of-view 
technique [14] [16] [17]. Prior to DKI, conventional turbo spin echo T1- and 
T2-weighted sagittal and axial images were obtained. For sagittal images, the 
imaging parameters were: repetition time/echo time, 400/10 ms for T1WI and 
3246/128 ms for T2WI; echo train length, 4 for T1WI and 36 for T2WI; number 
of excitations, two; slice thickness/gap, 3/0.3 mm; number of slices, 11; field of 
view, 250 × 250 mm; and matrix, 512 × 512. For axial images, the following im-
aging parameters were used: repetition time/echo time, 726/10 ms for T1WI and 
6196/93 ms for T2WI; echo train length, 5 for T1WI and 36 for T2WI; number 
of excitations, two; slice thickness/gap, 4/0.4 mm; number of slices, 24; field of 
view, 160 × 160 mm; and matrix, 512 × 512. 

2.3. Analyses of DKI 

The free software dTV II FZRx and Volume-One 1.72 (Image Computing and 
Analysis Laboratory, Department of Radiology, The University of Tokyo Hos-
pital, Tokyo, Japan) [18] were used for analyses of DKI on a PC running Win-
dows (Microsoft, Redmond, WA). Disc degeneration was classified as grade I -V 
on the Pfirrmann classification in the midsagittal section on T2WI in a blinded 
manner (Figure 1 and Table 2). The MK map was generated using the MK values 
in the midsagittal section from sagittal sections centered on the lumbar midline 
region. The mean values in the regions of interest (ROI) were measured in the 
middle of five equal areas on three slices of the midsagittal section (Figure 2). 
Analyses were performed for each Pfirrmann grade to determine the MK values in 
the nucleus pulposus region [19]. 

2.4. Statistical Analysis 

The Mann-Whitney U test was used for statistical analyses with IBM SPSS Statistics 
version 23.0. In all analyses, P < 0.05 was taken to indicate statistical significance. 

 

 
Figure 1. Pfirrmann classification [11] [12]. 
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Table 2. Classification of intervertebral disc degeneration as reported by Pfirrmann et al. [13] [20]. 

Grade Structure 
Distinction of the  

nucleus and annulus 
Signal intensity 

Height of the  
intervertebral disk 

I: Homogeneous, bright white Clear Hyperintense, isointense to CSF Normal 

II: Heterogeneous with or without  
horizontal bands 

Clear Hyperintense, isointense to CSF Normal 

III: Heterogeneous, gray Unclear Intermediate Normal to slightly decreased 

IV: Heterogeneous, gray or black Lost Intermediate or hypointense Normal to moderately decreased 

V: Heterogeneous, black Lost Hypointense Collapsed disk space 

 

 
Figure 2. Measurement of the intervertebral disc. Discs were divided into five equal areas, 
and we measured the middle fifth of the nucleus pulposus midsagittal section on the MK 
map. The mean values were measured in the same ROI as in areas. 

3. Results 

Sagittal MK mapping was performed for the L3/4, L4/5, and L5/S1 intervertebral 
discs in 32 patients, total 96 discs. The distribution of T2WI-based Pfirrmann 
grade classification was as follows: grade I, 6 discs; grade II, 18 discs; grade III, 
25 discs; grade IV, 32 discs; and grade V, 15 discs. DKI data with good image 
quality could not be obtained in some discs. The results of DKI analyses of suc-
cessfully imaged discs were as follows: grade I, 4 discs; grade II, 10 discs; grade 
III, 16 discs; grade IV, 15 discs; and grade V, 1 disc. Detection rates of DKI were 
as follows: grade I, 66.7%; grade II, 55.6%; grade III, 64%; grade IV, 46.9%; and 
grade V, 6.7% (Table 3). The MK values measured in each grade in the nucleus 
pulposus are shown in Figure 3. The MK values (mean ± standard deviation) for 
discs were as follows: grade I, 1.994 ± 0.433; grade II, 1.413 ± 0.249; grade III, 
1.19 ± 0.255; grade IV, 1.848 ± 0.735; and grade V, 1.743 (Table 4). MK values  
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Table 3. Detection rate of DKI: grade I, 66.7%; grade II, 55.6%; grade III, 64%; grade IV, 
46.9%; grade V, 6.7%; and total 47.9%. 

Pfirrmann classification Grade I Grade II Grade III Grade IV Grade V Total 

Lumbar discs 6 18 25 32 15 96 

MK map discs 4 10 16 15 1 46 

Detection rate (%) 66.7 55.6 64 46.9 6.7 47.9 

 

 
Figure 3. Relationship between Pfirrmann classification grade and MK value. In the nuc-
leus pulposus, MK values tended to decrease with increasing grade, and there were sig-
nificant differences from grades I to IV, but not between grades IV and V. 

 
Table 4. MK values tended to decrease with increasing grade, and MK values were signif-
icantly different from grades I to IV, but not between grades IV and V. 

Pfirrmann classification Grade I Grade II Grade III Grade IV Grade V 

MK map discs 4 10 16 15 1 

MK values 1.994 1.413 1.19 1.848 1.743 

±SD 0.433 0.249 0.255 0.735 
 

P-value 
 

0.024 0.027 0.002 
 

 
tended to decrease with increasing grade, and were significantly different from 
grades I to IV, but not between grades IV and V (P < 0.05, Mann-Whitney U 
test). 

4. Discussion 
4.1. Intervertebral Disc Degeneration 

A highly organized framework of collagen fibrils, representing the main macro-
molecular component of the intervertebral disc [20], anchors the disc to the 
bone and provides tensile strength. The highest levels of collagen are seen in the 
outer annulus of the disc (as much as 70% by dry weight), which decreases to 
approximately 20% - 30% by dry weight in the nucleus of the adult human lum-
bar disc [21]. 
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Proteolysis of matrix macromolecules plays a role in intervertebral disc dege-
neration, with the proteolytic products slowly diffusing out of the disc leading to 
a loss of matrix integrity, failure of biomechanical load response, and ultimately 
to the morphological features associated with degeneration. The sequential 
changes that occur in this process are still not well understood, but the earliest 
and most marked degenerative change in disc composition is the loss of glyco-
saminoglycan (GAG) [22], which decreases in parallel with increasing grade of 
disc degeneration. The loss of GAG results in a drop in swelling pressure [23], 
loss of hydration, and loss of disc height, with resulting adverse effects on the 
ability of the disc to respond appropriately to applied biomechanical loads. Disc 
degeneration also results in disorganization and destruction of the collagen net-
work [24], and is generally classified based on T2WI findings using the system 
described by Pfirrmann et al. [10] [11] [12]. However, this classification is based 
on visual evaluation, and therefore it cannot be used to quantify the degree of 
degeneration. The water and proteoglycan contents within tissues can be 
quantified by magnetic resonance T2 mapping, and this method can be used to 
detect early cartilage abnormalities as well as to track responses to therapy 
[19]. The T2 value tended to decrease with increasing Pfirrmann classification 
grade, and T2 values differed significantly from grades I to IV, but not grades IV 
and V [5]. 

4.2. Diffusional Kurtosis Imaging (DKI) 

Diffusion-weighted imaging (DWI) [25], including diffusion tensor imaging 
(DTI) [26], is based on the Gaussian distribution and random movement of wa-
ter molecules, while DKI [27] visualizes non-Gaussian water diffusion, and has 
been applied clinically for the characterization of normal and abnormal tissues. 
In contrast to the mature metrics of DTI, such as fractional anisotropy (FA), 
DKI and its derived parameters are currently still in the developmental stage 
[28] [29]. However, a number of reports have indicated important features of 
DKI for clinical applications, such as its potential usefulness in diagnostic imag-
ing for the evaluation of neurological issues associated with aging [30] as well as 
various disorders, such as stroke, Alzheimer’s disease, schizophrenia, glioma 
[31] [32], Parkinson’s disease [33], and attention deficit hyperactivity disorder. 
There have also been trials to examine the applicability of DKI in the liver [34] 
and spine [18], and DKI may facilitate estimation of conventional DTI parame-
ters with improved accuracy [35]. 

4.3. Classification of Intervertebral Disc Degeneration  
Based on MK Values 

Intervertebral disc degeneration is commonly classified according to the method 
of Pfirrmann et al. [11], which involves determination of the amount of water in 
the disc based on the T2WI signal intensity, as the water content decreases with 
both age and disc degeneration [36]. Although T2WI is used clinically for evalu-
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ation of disc degeneration [37] [38] [39], it is not possible to determine the ab-
solute signal intensity [40]. In the present study, we performed MK mapping to 
determine the MK value of the water content in intervertebral discs according to 
the Pfirrmann classification. Our results indicated that the MK values tended to 
decrease with increasing Pfirrmann classification grade in the nucleus pulposus, 
which may reflect reductions of both proteoglycan and water contents [8] [9]. 
However, there was no significant difference in MK value between grade IV and 
V of the Pfirrmann classification, and therefore it may be difficult to distinguish 
between these two grades based on the MK values. In most previous studies, the 
ROI was selected manually, which has low reproducibility due to the poor diffe-
rentiation of the central nuclear region from the peripheral annulus. In the 
present study, the ROI was selected by measuring small equally divided areas. 
This technique has improved reproducibility compared to the manual approach 
as well as minimal measurement bias. In the present study, the MK values were 
shown to decrease with increasing Pfirrmann classification grade in the nucleus 
pulposus, which probably reflected decreases in both proteoglycan and water 
contents. Grade IV and V of the Pfirrmann classification increased MK values, 
since the spatial resolution was not sufficient, it would be difficult to draw an 
ROI on grade IV and V. Here, we proposed boundaries of the classification 
based on quantitative evaluation, and therefore our findings suggested that de-
termination of intervertebral disc water content based on the MK value may be 
useful in clinical research regarding degenerative disc diseases. 

5. Conclusions 

• The present study was performed to establish an MRI-based classification 
system for intervertebral disc degeneration using DKI. 

• Our results indicate that DKI was effective for detecting the early stages of 
disc degeneration. 

• DKI may be useful as a diagnostic tool for quantitative assessment of inter-
vertebral disc degeneration. 

• The use of MRI represents an effective objective rating system for studies of 
new surgical techniques or for drug-based therapies to prevent intervertebral 
disc degeneration. 
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Abstract 
Objective: To date, few studies have compared the diagnostic performance 
and visibility of microcalcifications obtained using digital breast tomo-
synthesis (DBT) with those obtained from full-field digital mammography 
(FFDM). The visualization and characterization of microcalcifications with 
DBT remain controversial. The purpose of this study was to compare the 
visibility of microcalcifications and determine whether DBT exhibits a 
diagnostic advantage for visualizing microcalcifications over FFDM. Me-
thods: We retrospectively reviewed 120 cases including DBT and FFDM 
imaging (60 histologically verified as breast cancers and 60 as benign mi-
crocalcifications or normal). DBT images with a wide scan-angle of 50˚ and 
FFDM images were obtained using a flat-panel system (MAMMOMAT In-
spiration, Siemens). Images were independently reviewed by four board- 
certified radiologists and evaluated for the presence of microcalcifications, 
probability of malignancy (BI-RADS classification), and visibility. Results: 
In predicting the malignancy of detected microcalcifications, no significant 
difference was found between readers’ areas under the receiver operating 
characteristic curve for DBT and FFDM (p = 0.068). The visibility scores of 
detected microcalcifications were 3.74 ± 1.06 for DBT and 3.46 ± 0.93 for 
FFDM, respectively. The visibility of microcalcifications when using DBT 
was found to be significantly superior to that of FFDM (p < 0.05). Conclu-
sion: Our results suggest that the image quality of DBT with a wide scan- 
angle is comparable or superior to that obtained with FFDM in terms of 
both visibility and assessment of microcalcifications. 
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1. Introduction 

Digital breast tomosynthesis (DBT) is an increasingly used technique for both 
breast cancer screening and assessment, and it has shown promise in improving 
the visualization and characterization of lesions [1] [2] [3]. DBT is a 3-dimensional 
(3D) X-ray breast imaging method wherein high spatial resolution tomographic 
images of the breast are reconstructed from multiple low-dose projection images 
by rotating an X-ray tube in an arc around a digital detector. DBT provides in-
formation regarding the 3D aspect of the underlying tissue by imaging the breast 
in thin slices so that tissue is not superimposed. The advantage of DBT in the 
evaluation of mass, asymmetry, and architectural distortions has been well known, 
with reproduced findings showing them exceeding the worth of conventional 
mammographic images [4]. DBT shows a higher detection rate and diagnostic 
accuracy for both benign and malignant mass-like lesions, with better sensitivity 
and specificity and lower recall rates [5]. The combination of FFDM and DBT 
improved breast cancer accuracy, decreased the false-negative rate, and in-
creased the sensitivity relative to using only FFDM [6]-[11]. However, this does 
not apply to the assessment of microcalcifications and the detectability of mi-
crocalcifications using DBT remains controversial. 

Mammography is considered the most important diagnostic tool in the detec-
tion and characterization of microcalcifications. Suspicious malignant microcal-
cifications usually present with specific morphologic features [12]. Approx-
imately 40% of breast cancers present microcalcifications [13], and more 90% of 
ductal carcinoma in situ (DCIS) are diagnosed by the visualization of microcal-
cifications on mammography [14]. A careful characterization of microcalcifica-
tions morphology and distribution is essential to stratify the risk of malignancy 
and to guide clinical management decisions, such as core needle biopsy or va-
cuum-assisted biopsy. 

There are a few studies that mention the value of DBT in the visualization and 
characterization of microcalcifications [15] [16] [17] [18] [19]. There is a dis-
crepancy of opinions regarding the value of DBT. Some authors suggest that 
DBT underestimate microcalcification cluster classification relative to FFDM 
[16] [17] [18] [19]. Therefore, recent studies have shown no definitive consensus 
regarding the use of DBT in characterizing and detecting microcalcifications. 
These studies opened the discussion about whether DBT is suitable for the in-
vestigation of microcalcifications. Notably, most studies used acquisition para-
meters characterized by relatively narrow scan angles and repetitively evaluated 
DBT in association with 2D imaging [16] [17] [18]. Conversely, to date, the 
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evaluation of microcalcifications using DBT with a wide scan-angle has been 
scarce. 

The scan-angle, along with the number of projections and distribution, is one 
of the main acquisition parameters that affect the image quality of DBT [20] 
[21]. The scan-angle is characterized by a high variability depending on the de-
vice, ranging from 15˚ (narrow angle) to 50˚ (wide angle). A wider angular range 
is expected to enhance in-depth resolution. However, the optimal combination 
with various acquisition parameters is currently a topic of intense discussion 
[20]. 

The purpose of this study is to assess the performance of DBT with a wide 
scan-angle for the detection and characterization of microcalcifications and to 
compare the visibility of microcalcifications by DBT with that on FFDM, and to 
investigate whether the information of DBT has an impact on the diagnostic ad-
vantage for microcalcifications. 

2. Material and Methods 
2.1. Case Selection 

The institutional ethics committee approved this retrospective study. The need 
for informed consent was waived. Inclusion criteria for the microcalcification 
group were as follows: 1) availability of images from at least one breast with two 
views in FFDM and DBT examinations; 2) histopathological verification of mi-
crocalcifications; and 3) From January 2014 to December 2016, 818 patients un-
derwent combined FFDM and DBT for diagnostic purposes. Finally, 246 exami-
nations performed in 244 patients (age, 26 - 82 years; mean age, 51 years) were 
selected. A radiologist (N.U), who was not involved in interpreting for the study, 
reviewed for appropriate case selection to create the data set. 

The study cohort included 60 cases that were verified to have breast cancer by 
histopathology and 47 cases of microcalcifications assessed as benign following 
image-guided biopsy (Table 1). Propensity score matching was used to match 
the cancer group in a 1:1 ratio with 13 normal cases from the screening exami-
nations performed at our institution during the study period. Normal cases were 
defined by a final BI-RADS (Breast Imaging Reporting and Data System) score 
of 1. Age and mammographic density were considered for matching. The final 
study cohort included 120 patients. This selection process did not necessarily 
cover the full range of lesions usually encountered in a clinical setting. 

2.2. Image Acquisition 

The patients underwent FFDM and DBT imaging of both breasts in the crani-
ocaudal (CC) and mediolateral oblique (MLO) positions using a standard DBT 
system (Mammomat Inspiration, Siemens, Erlangen, Germany), that acquires 25 
projections with a scan-angle of 50˚. Two bilateral views were obtained in com-
bo mode (acquisition of 2D plus 3D images in the same session). An anode/filter 
combination W/Rh was used with the same tube voltage as that for FFDM.  
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Table 1. Histology results of the 107 cases that presented with microcalcifications selected 
for the study. 

 Histology N 

Malignant Ductal carcinoma in situ 38 

 Invasive ductal carcinoma 19 

 Invasive lobular carcinoma 1 

 Mucinous carcinoma 1 

 Invasive micropapillary carcinoma 1 

  (60) 

Benign Fibrocystic changes 23 

 Atypical ductal hyperplasia 3 

 Sclerosing adenosis 3 

 Papilloma 2 

 Hyperplasia without atypia 2 

 Fibroadenoma 2 

 Unspecified benign lesions 12 

  (47) 

Total  107 

 
These images were automatically reconstructed into a series of 1 mm-thick slices 
using the filtered back projection technique. 

2.3. Image Assessment 

Four radiologists specialized in breast imaging performed the readings (R.M., 
H.T., T.Y., and I.M.). All readers had at least 8 years of clinical experience with 
DBT. Readers were aware of the aim of the study, but they were blinded to the 
presence and type of lesions, patients’ clinical history, or diagnosis. 

All images were analyzed using a dedicated digital mammography worksta-
tion (Plissimo MG, Panasonic, Osaka, Japan) with a set of 5-MP monochrome 
LCD monitors (MFGD5621HD, 2048 × 2560 pixels, 21.3 inch; BARCO, Tor-
hout, Belgium). Each reader conducted a separate analysis in a routine mammo-
graphy reading room. Every reader performed two reading sessions. During each 
reading session, all the patients were randomized to 60 cases with FFDM and 60 
cases with DBT. DBT readings were performed by scrolling through the exami-
nation. In addition, readers were allowed to use the magnification function for 
both FFDM and DBT. Additional images (e.g., magnification views) were not 
included in the present study. Similarly, slabs or other reconstructed images 
were not available. To minimize the effects of learning and memory, a time gap 
of least 4 weeks was imposed between reading sessions. 

During interpretation, readers were asked to indicate whether they detected 
microcalcification clusters. Readers were instructed to grade according to the 
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American College of Radiology Breast Imaging reporting and data system 
(BI-RADS) lexicon. Subsequently, readers were asked to assign rating on visibil-
ity (from 0 = no microcalcifications to 5 = microcalcifications clearly visible). 
Visibility of microcalcifications was defined as sharper visualization with better 
contrast against the background of breast parenchyma. 

2.4. Statistical Analysis 

All statistical calculations were performed on a per breast basis (taking the most 
suspicious finding into consideration) using Ekuseru-Toukei 2015 (Social Survey 
Research Information Co., Ltd., Japan). For the detection of microcalcifications 
and the prediction of malignancy, BI-RADS scores were evaluated with a receiv-
er operating characteristic (ROC) analysis of variance. Curve fitting followed a 
nonparametric trapezoidal method. Areas under the ROC curve (AUC) were 
computed for each reader in each mode. To evaluate microcalcification conspi-
cuity and visibility, visibility scores of the microcalcifications detected with 
FFDM and DBT were compared by paired t-test for each reader. A p-value of 
less than 0.05 (two-sided) was considered statistically significant. 

3. Results 
3.1. Characteristics of the Microcalcifications 

The distribution of microcalcifications among 107 cases was diffuse or regional 
in 10 cases (9.3%), grouped in 52 (48.6%), and segmental in 45 (42.1%). Micro-
calcifications were classified as having coarse heterogeneous shape in 28 cases 
(26.2%), amorphous shape in 57 (53.3%), fine pleomorphic shape in 14 (13.1%), 
and fine linear shape in 8 (7.4%). 

3.2. Average Glandular Dose (AGD) 

The mean compressed breast thickness was 42.1 mm and 39.1 mm for CC and 
MLO views, respectively. The mean AGD values in FFDM were 1.82 mGy 
and 1.94 mGy for CC and MLO views, respectively. The mean AGD values in 
DBT were 2.53 mGy and 2.63 mGy for CC and MLO views, respectively 
(Table 2). 

 
Table 2. Average glandular dose (AGD) for each projection in FFDM and DBT imaging 
after correction for the actual breast composition. 

Projection CBT (mm) AGD of FFDM (mGy) AGD of DBT (mGy) 

RCC 42.3 ± 11.7 (21 - 86) 1.03 ± 0.26 (0.66 - 1.88) 1.54 ± 0.49 (0.93 - 2.61) 

LCC 42.0 ± 11.0 (17 - 69) 1.00 ± 0.25 (0.59 - 1.86) 1.52 ± 0.36 (0.88 - 2.68) 

RMLO 39.0 ± 11.2 (18 - 78) 1.03 ± 0.25 (0.60 - 1.94) 1.54 ± 0.45 (0.90 - 2.68) 

LMLO 39.1 ± 10.8 (15 - 69) 1.02 ± 0.26 (0.58 - 1.86) 1.52 ± 0.38 (0.87 - 2.80) 

Data are presented as mean ± SD (min.-max.). RCC: right craniocaudal, LCC: left craniocaudal, RMLO: 
right mediolateral oblique, LMLO: left mediolateral oblique, CBT: compressed breast thickness. 
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3.3. Diagnostic Performance and Descriptors 

Results of the ROC analysis based on the BI-RADS score are shown in Table 3. 
The mean AUC was 0.810 (range, 0.736 - 0.885) for DBT and 0.778 (range, 0.715 
- 0.842) for FFDM. When comparing ROC curves, no significant differences 
between modalities were found between readers (P = 0.148) (Table 3). 

Diagnostic accuracy was 78.3% (mean; range, 71.0 - 82.2) for DBT and 70.6% 
(mean; range, 66.4 - 95.2) for FFDM. The sensitivity was 63.3 - 88.3 for DBT and 
55.7 - 81.7 for FFDM. The specificity was 84.5 - 88.7 for DBT and 83.0 - 89.4 for 
FFDM. 

3.4. Visibility 

The visibility scores for microcalcifications with FFDM and DBT is shown in 
Table 4. Visibility score was 3.74 ± 1.06 for DBT and 3.46 ± 0.93 for FFDM. The 
visibility of DBT was significantly superior to that for FFDM (P = 0.019). For 
malignant lesions, the DBT score was also significantly higher than the FFDM 
score (P < 0.05) (Figure 1, Figure 2). Of note, DBT scores for malignant lesions 
were significantly higher than those for benign lesions (4.08 ± 0.93 vs. 3.29 ± 
1.06; P < 0.05). 

4. Discussion 

The main purpose of this study was to understand whether microcalcifications, 
once identified, are better seen with DBT. Our results demonstrate that micro-
calcifications of all types are seen as well or with greater clarity on DBT studies 
than on 2D mammography FFDM. 

The accurate detection and evaluation of microcalcifications are important for  
 

Table 3. Readers’ AUCs based on the BI-RADS score for FFDM and DBT. 

 FFDM DBT 

 AUC S.E 95% CI AUC S.E 95% CI 

Reader 1 80.5 3.8 73.0 - 87.8 85.5 3.6 78.5 - 92.5 

Reader 2 74.5 4.2 66.2 - 82.7 79.4 3.9 71.8 - 86.9 

Reader 3 82.1 3.5 75.3 - 88.8 84.1 3.3 77.5 - 90.6 

Reader 4 74.4 4.0 66.5 - 82.3 75.3 4.1 67.3 - 83.2 

FFDM: full-field digital mammography, DBT: digital breast tomosynthesis, AUC: area under the curve, CI: 
confidence interval, S.E.: standard error. 

 
Table 4. Mean visibility score ratings for FFDM and DBT. 

 FFDM DBT  

Total microcarcifications 3.46 ± 0.93 3.74 ± 1.06 P = 0.019* 

Malignant lesions 3.73 ± 0.92 4.08 ± 0.93 P = 0.025* 

Benign lesions 3.11 ± 0.84 3.29 ± 1.06 P = 0.335 

Data are presented as mean ± SD. 
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Figure 1. Images from a 49-year-old woman with ductal carcinoma in situ show amorphous 
to fine pleomorphic calcifications in a segmental distribution in the left breast. (Left) 
Full-field digital mammography (FFDM). (Right) The digital breast tomosynthesis (DBT) 
study shows the calcification more clearly as seen on this single slice. 

 

  
Figure 2. Images from a 53-year-old woman with ductal carcinoma in situ show amorph-
ous to coarse heterogeneous calcifications in a grouped distribution in the right breast. 
(Left) Full-field digital mammography (FFDM). (Rjght) The digital breast tomosynthesis 
(DBT) study shows the calcification more clearly as seen on this single slice. 
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the diagnosis of breast lesions. Some studies demonstrated that FFDM appears 
to be more sensitive than DBT for the detection of calcification. Spangler et al. 
reported that FFDM sensitivity was higher than DBT sensitivity (84% and 75%) 
[16]. The result is similar to that of a comparative study by Poplack et al. [18]. 
They showed that in 73% of the cases, microcalcifications were seen with inferior 
image quality with DBT. Tagliafico et al. also reported that malignant clusters of 
microcalcifications could be undetected with DBT but could be easily detected 
with FFDM [19]. They performed the study using DBT with a narrow scan-angle 
(15˚ projections). Conversely, Kopans et al. reported that the clarity of DBT im-
ages in 92% cases was equal to or better than that of FFDM and was judged to be 
better than FFDM in almost half of cases [15]. A more recent study by Byun et 
al. compared DBT and FFDM with a wide scan-angle obtained from specimens. 
They also found that DBT image quality appeared to be comparable with or bet-
ter than FFDM image quality in demonstrating microcalcifications [22]. These 
studies showed that, with an adequate image acquisition and reconstruction 
protocol, DBT and FFDM performance in the visualization of microcalcifica-
tions was comparable [23] [24]. 

Our results from using DBT with a wide scan-angle (50˚) confirm the useful-
ness of DBT in the detection and classification of microcalcifications. A wide 
scan-angle allows the acquisition of more data and an increased contrast and 
better separation of soft tissue lesions from the normal parenchyma [21]. In the 
preliminary phantom study comparing narrow-angle and wide-angle DBT, nar-
row-angle DBT was reported to visualize a finer diameter than wide-angle DBT 
[25]. Our results, as well as those of other studies, support the use of DBT in the 
diagnoses of microcalcifications, and might suggest the possibility of using DBT 
as a stand-alone technique [26] [27] [28]. 

The visibility rating of DBT was significantly superior to that of FFDM. In ad-
dition, the visibility scores were lower for benign microcalcifications. We hy-
pothesized this could be related to the microcalcification distribution (i.e., dif-
fuse and regional microcalcifications may be more difficult to assess on DBT 
slices than segmental or grouped microcalcifications) or on the variable nature 
of the microcalcifications and their association with surrounding soft tissue 
findings, such as masses, asymmetries, or architectural distortions [29]. Micro-
calcifications partially obscured by normal breast tissue were not clearly visible 
on FFDM. DBT generates multiple projections by rotating the X-ray arm over a 
limited angular range. Therefore, by reducing the structural noise of the normal 
breast, microcalcifications that were hidden on FFDM were more clearly visible 
on DBT [30] [31]. 

Our study has a number of limitations. First, the study was a retrospective 
analysis of cases performed at a single center, and the patients were not rando-
mized, which may not accurately represent the clinical problem. Second, our in-
stitution is a referral hospital which in itself might affect the study population as 
we have a higher proportion of patients with malignant lesions. Therefore, the 
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proportion of malignancy in our cohort is higher than that in the general popu-
lation. This question would require a much larger and more complex review. 
Third, we only tested one DBT system; consequently, our results may not be 
transferable to other DBT systems with detector characteristics, angular scan 
range, reconstruction algorithms, and image noise. 

5. Conclusion 

DBT with a wide scan-angle enables the visualization and characterization of 
microcalcifications at a level comparable to that of FFDM. The image quality of 
DBT with a wide scan-angle is comparable to or better than that obtained with 
FFDM, both in terms of observation and visibility of microcalcifications. There-
fore, DBT can be considered appropriate for the evaluation of microcalcifica-
tions. 
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Abstract 
Background: Numerous studies have demonstrated increasing evidence for 
cataractogenesis at lower levels of ionizing radiation than previously believed, 
with some suggesting possible absence of a threshold. Genetic differences 
between individuals also result in increased susceptibility in some operators, 
who might not be aware. European occupational exposure limits have been 
reduced and operators are seeking protective measures. Objective: To eva-
luate the protective effect of a face-shield equipped suspended protection sys-
tem (Zero-Gravity®, TIDI Products, Neenah, WI) along with adherence to 
safety practices against radiation dose to the eye lens for an interventional ra-
diologist performing a wide variety of procedures. Materials and Methods: 
In this institutional review board-approved single-institution study, one in-
terventional radiologist wore a highly sensitive personnel monitoring dosi-
meter badge on the cap near the left eye while performing 299 procedures 
(3690 fluoroscopy minutes) over 18 consecutive months while utilizing the 
suspended protection system along with adherence to other generally rec-
ommended safety practices and movement away from the field during angio-
graphic power injections. Dosimetry reports and procedural information 
were retrospectively reviewed. Results: Total lens dose equivalent to the left 
eye over 18 months was 0.11 mSv (annualized dose = 0.073 mSv, or 7.3 
mRem). The patient-dose-area product standardized dose of 0.00576 μSv/Gy·cm2 
is well below reports of conventional lead aprons, shields, and protective 
eyewear. Conclusion: Eye exposures were kept to near-background levels 
using the materials and methods of this study while performing a wide variety 
of complex procedures from all positions around the patient. 

How to cite this paper: Kwarcinski, T.J., 
Lichliter, A., Oros, J., KC, N., Yoder, B. and 
Rees, C.R. (2020) Occupational Eye Lens 
Radiation Dose While Performing Inter-
ventional Procedures over 18 Months Us-
ing a Face-Shield Equipped Suspended 
Radiation Protection System. Open Journal 
of Radiology, 10, 101-114. 
https://doi.org/10.4236/ojrad.2020.102011 
 
Received: April 29, 2020 
Accepted: June 15, 2020 
Published: June 18, 2020 
 
Copyright © 2020 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/  

  
Open Access

https://www.scirp.org/journal/ojrad
https://doi.org/10.4236/ojrad.2020.102011
https://www.scirp.org/
https://doi.org/10.4236/ojrad.2020.102011
http://creativecommons.org/licenses/by/4.0/


T. J. Kwarcinski et al. 
 

 

DOI: 10.4236/ojrad.2020.102011 102 Open Journal of Radiology 
 

Keywords 
Lens Dose Reduction, Radiation Safety, Radiation-Induced Cataractogenesis, 
Suspended Protection System 

 

1. Introduction 

Many studies have suggested that based on epidemiological evidence, cataracts 
may occur following exposure to lower doses of ionizing radiation than pre-
viously believed and may occur in a stochastic manner [1] [2] [3] [4]. Genetic 
predispositions such as defects of repair genes complicate the establishment of 
effective safety guidelines, which currently presume radiation sensitivity homo-
geneity among different populations [5]. Consequently, in 2012 the International 
Commission on Radiological Protection (ICRP) revised threshold absorbed dose 
for radiation-induced cataracts to 0.5 Gy for prolonged or acute exposure and 
markedly reduced the annual occupational exposure limit from 15,000 mrem 
(150 mSv) to 2000 mrem (20 mSv) averaged over 5 years, with no single year ex-
ceeding 50 mSv [1]. The European Union (EU) responded to the new ICRP 
recommendation by incorporating the new dose limits into the current Euro-
pean basic safety standard, while in the United States the National Council on 
Radiation Protection and Measurements (NCRP) has not advocated a reduction 
from the 7.5 fold higher annual limit of 15,000 mrem (150 mSv) [6] [7]. 

This information has led interventional radiologists, interventional cardiolo-
gists and radiological technologists to revisit protective measures to combat rad-
iation-induced cataractogenesis [4] [5] [8] [9]. A 2015 study concluded that any 
lens exposure may have associated cataract risk and suggested that intervention-
al radiology work increases probability of cataract development [9]. Employing 
protective measures such as leaded glasses, patient-supported protective blan-
kets, and suspended ceiling shields have shown to reduce lens doses [7]. Howev-
er, these measures are not always achieved in practice, and multiple studies have 
revealed that the occupational exposure limit may still be exceeded [8] [10] [11] 
[12] [13]. One study showed the exposures to the lenses to be higher than any 
other tissue of the head and neck when unprotected [14]. 

Lead glasses provide incomplete protection due to the incident angles of scat-
ter radiation during clinical use, as well as substantial secondary scatter from the 
tissues of the head and neck [14] [15] [16] [17] [18]. Dose reductions of 44%, 
53%, and 27% - 62% for the tube-side eye were shown in three different studies 
of many types of lead glasses and various tube angles [15] [16] [17]. Reductions 
to the contralateral (typically the right) eye were 0% - 12% due to unfavorable 
geometry [14] [16]. A thin 0.1 mm Pb equivalent head-supported partial face 
shield outperformed all lead glasses of 0.75 mm equiv, showing the importance 
of extremely broad coverage of the eyes and surrounding tissues from very wide 
angles [18]. The importance of scatter geometry was also demonstrated in a 
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study of radioprotective surgical caps, which showed only a 3.3% reduction in 
brain dose due to incident angles [16]. 

Concurrent use of other shields is generally recommended to supplement lead 
glasses [15] [16] [18] [19]. Mobile lead-acrylic shields provide dose reduction to 
the eyes of approximately 56% when used in a variety of projections and geome-
tries [19]. Protection is variable due in part to differences in how they are used 
and limitations of their positioning during work which sometimes preclude their 
use [18] [20]. When using SPS, the authors recommend using the mobile lead- 
acrylic shield when available and not cumbersome, in keeping with the prin-
ciples of ALARA (as low as reasonably achievable) and to reduce exposure to the 
secondary operator and circulating personnel. Lead glasses are generally not 
used at the study institution when using SPS due to the low ocular exposures 
demonstrated, however they have been considered at other institutions with dif-
ferent experiences [21]. Users of SPS may estimate their own ocular exposures 
by wearing their “collar” badge on the cap near the eye as described in this study, 
in compliance with standard practice. 

A suspended personal radiation protection system (SPS) (Zero-Gravity®, TIDI 
Products, Neenah WI) has shown improved radiation protection for multiple 
body parts including the eye compared to conventional lead-apron with mobile 
suspended leaded-acrylic shields [21]-[27]. The purpose of this study was to 
evaluate the protective effect of a face-shield equipped SPS along with adherence 
to safety practices against radiation dose to the eye lens for an interventionalist 
performing a variety of procedures. 

2. Methods 
2.1. Study Design 

IRB-approved retrospective review of dosimetry reports and corresponding 
procedural technical information was performed corresponding to a consecutive 
18-month period (March, 2016 through August, 2017) for a single interventional 
radiologist at a large teaching institution. The operator wore the institution’s 
standard personnel-monitoring dosimeter during all procedures included in this 
study. Although generally worn at the collar by most personnel, the study oper-
ator wore theirs near their left eye as detailed below. The operator performed the 
standard procedures and duties as an attending physician and full-time inter-
ventionalist working weekdays and on call. 

This study includes all the results of the dosimeters worn by the study opera-
tor when using the SPS during the study period. The procedures represent all 
consecutive cases performed by the operator using the SPS at the single institu-
tion. Only one SPS was available in the procedure room, and generally it is used 
by the primary operator since they are closest to the scatter source. For simpler 
procedures where the trainee was expected to occupy the primary operator posi-
tion, the trainee used SPS while the study operator used a conventional lead 
apron. Although not quantified, this was a minority of procedures. More com-
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monly when working with a trainee, the study operator used the SPS and as-
sumed the primary position, occasionally stepping over into secondary position 
while still using SPS for a minority but unquantified proportion of the proce-
dure. The operator had separate dosimeters for use with conventional lead 
aprons, and only the results of the dosimeters used with SPS are included in this 
study. Therefore, this study reports all eye lens dose received by the study oper-
ator for all procedures using SPS over the 18-month period, with corresponding 
fluoroscopy times and patient dose information. 

A ceiling-mounted mobile lead-acrylic shield (Mavig, Munich, Germany) was 
used according to operator preference when possible or not cumbersome. An 
under-table leg shield on the right side of the table was permanently present in 
all procedures, however it provided no protection for the operator when stand-
ing at the head or on the left side of the patient. Lead eyeglasses and patient- 
supported attenuating pads were not used. 

The operator performed the listed procedures in their standard ways without 
any changes related to the study. Operator position relative to the patient and 
equipment was the same as it would have been if using a conventional lead 
apron, varying according to procedure type and not specifically recorded. When 
possible, patients were positioned to prevent positioning of the operator on the 
left side of the table where mobile and table shields were not present. 

It is the general practice at the study site to move away from the radiation field 
to a location behind a leaded wall during imaging series acquisitions utilizing a 
power injector in order to further reduce occupational exposures as reported by 
Layton et al. [28]. This practice was facilitated by the magnetic attachment sys-
tem of the SPS as demonstrated in Figure 1, which allows rapid engagement and 
disengagement while remaining sterile. 

2.2. Device Descriptions 

The SPS included a 1 mm lead apron and a 0.5 mm Pb-acrylic face-shield en-
compassing an arc covering the front and sides of the operator’s head. The in-
terventionalist wore a lightweight fabric mesh vest which magnetically con-
nected to the SPS at the appropriate height to maintain its constant position rel-
ative to the operator’s head and body as seen in Figure 1. The device moved in 
all three spatial planes with the operator, who magnetically engaged or disen-
gaged as needed, while maintaining sterile field. 

The imaging unit was a single-plane Philips Allura FD-20 fixed C-arm X-ray 
system (Philips Healthcare, Best, Netherlands). The dosimeters (Optically Sti-
mulated Luminescence, Luxel®+, Landauer, Glenwood, IL) were positioned ad-
jacent to the left eye, on the head cap (Figure 1), at the point of maximum ex-
posure where it is closer to the scatter source for most procedures [10]. The do-
simeters were standard at the institution during the study period for all person-
nel at risk of exposure, and were handled in the standard manner, changed 
monthly, and delivered to the manufacturer along with controls for subtraction  
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(a) 

 
(b) 

Figure 1. (a) The operator is using SPS while wearing dosimeter near the eye (short ar-
row). The top of the face-shield is positioned immediately below the line of site (dashed 
lines) with the monitor, permitting clear view while shielding the head from the up-
ward-directed scatter field (long arrows). (b) The steel strike-disc on the light-weight vest 
will attach to the magnet on the SPS (double arrow) through the gown and drape. Each 
user may adjust the heights of the magnet on the SPS, and the strike-disc on the vest to 
provide optimum shield height. Suspension of the unit was adjusted to prevent sag. 

 
of background according to manufacturer methods. The manufacturer main-
tained a valid NVLAP accreditation to demonstrate the validity of the measure-
ments. According to the manufacturer’s published specifications, the badge has a 
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minimum reportable dose of 1 mrem (10 μSv), and a precision of ±2 mrem (20 
μSv) [29]. 

2.3. Procedures 

A wide variety of vascular diagnostic, vascular interventional, and non-vascular 
interventional procedures were performed as summarized in Table 1. No pro-
cedures were excluded due to inability to use the SPS for a procedure or a por-
tion of a procedure, as the SPS could be used for the entirety of all the types of 
procedures. 

2.4. Dose-Reduction Practices 

The subject attempted to practice according to widespread recommendations 
regarding patient and operator dose reductions through optimization of selecta-
ble controls such as image magnification, collimation, pulsed fluoroscopy, use of 
lower dose settings when feasible, minimization of fluoroscopy duration, and at-
tention to table height and source-to-receptor distance [30] [31]. Most vascular 
imaging acquisitions were at 2 - 3 frames per second, with a minority being 
higher or lower. X-ray tube outputs are automatically determined by the unit 
depending on operator-selected variables and specified patient body part. 

2.5. Outcomes Assessed 

Fluoroscopy time, total patient dose-area-product (DAP), and fluoroscopic  
 

Table 1. Procedures comprising the study by type (N = 299). 

Type of Procedure N 

Chemoembolization, radio-embolization 39 

Transjugular Porto-Systemic Shunt placement or revision 8 

Transjugular liver biopsy with or without pressure measurements 23 

Genitourinary (nephrostomy, nephrostomy exchange,  
ureteral stent, suprapubic catheter placement) 

37 

Biliary interventions 34 

IVC filter placement or retrieval 21 

Gastrostomy and related interventions 9 

Splenic artery embolization, spleno-renal shunt embolization 13 

Gastrointestinal angiography, embolization, or vascular stent placement 19 

Abscess drainage or tube manipulation 15 

Hepatic angiography, hepatic artery stent, hepatic embolization 27 

Renal angiography or embolization 6 

Endoleak interventions procedures including trans-lumbar embolization 10 

Tunneled central venous catheter placement 6 

Extremity angiography or vascular intervention 8 

Miscellaneous (embolization, venous sampling, fiducials, venograms, other) 24 
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dose-area product (fDAP, defined below) values were obtained from the imaging 
equipment reports for each procedure. Results for operator eye exposure are re-
ported as deep dose equivalent (DDE) and lens dose equivalent (LDE), as pro-
vided by the manufacturer’s monthly reports. The sums of values were used to 
provide standardized doses (LDE/DAP, DDE/DAP) in the manner of most re-
ports of occupational eye exposure [8] [20] [21] [23] [32]-[39]. Standardization 
to DAP is described as the most effective and accepted method to report opera-
tor exposures [33] [34] [40]. Standardization to fDAP, corresponding to the pa-
tient DAP obtained only during fluoroscopy and not during serial image acqui-
sitions, is also reported in this study due to the practice of movement away from 
the radiation field during imaging acquisition in the interventional radiology 
department of the study institution. 

2.6. Comparison to Background Radiation 

Background exposures at the study institution are not available since the manu-
facturer uses this information to calculate above-background doses without pro-
viding the background readings to the user, as per industry standard. Estimation 
is therefore based on reported values of annual background exposure to the av-
erage U.S. individual of 320 mrem whole-body effective dose, or 80 mrem (800 
μSv) without radon [41]. We are not aware of data specifically showing back-
ground population lens dose. 

3. Results 

Two hundred and ninety-nine vascular and non-vascular procedures of the 
chest, abdomen, pelvis, and extremities were performed over 18 months, as de-
tailed in Table 1. Arterial vascular procedures were performed via femoral 
access with uncommon exceptions. Procedures performed from the head of the 
table, which are associated with higher exposures than standing at the patient’s 
side, included transjugular intrahepatic portosytemic shunts, trans-jugular liver 
biopsies, IVC filter retrievals, and line placements [27]. A minority of body in-
terventions were performed from the left side of the table which lacked mobile 
or table-mounted shields. The study included several biliary and abdominal in-
terventional procedures, which are shown to be associated with higher operator 
exposures [32]. 

Cumulative DDE and LDE to the eye over 18 months were both 11 mrem 
(0.11 mSv). Cumulative fluoroscopy duration was 3690 minutes (61.5 hours), 
cumulative patient-DAP was 19,093 Gy·cm2, and cumulative patient-fDAP was 
7663 Gy·cm2. 

LDE standardized to patient DAP was 0.00576 μSv/Gy·cm2. LDE standardized 
to month, year, fluoroscopy minutes, and patient fDAP were, respectively: 6.1 
μSv (0.61 mRem) per month, 73.2 μSv (7.32 mRem) per year, 0.03 μSv per fluo-
roscopy minute, and 0.01435 μSv per Gy·cm2. 

Comparisons to available studies of operator eye dose standardized to patient 
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DAP are depicted in Figure 2, which includes interventional cardiology, inter-
ventional neuroradiology, and interventional radiology centers. Comparing to 
studies using conventional lead aprons combined with mobile acrylic shield (all 
14 studies) and lead glasses (6 studies), the DAP standardized dose in the current 
study of 0.00567 μSv/Gy·cm2 was < 1% of the mean of those with conventional 
shields (mean = 0.987, median = 0.830), and 3.8% of the lowest of the compari-
son studies (range = 0.153 to 3.37 μSv/Gy·cm2) [8] [10] [20] [21] [23] [32]-[39] 
[42]. Annualized eye dose was 0.1% to 15% of those reports that included this 
information (range = 0.5 - 71.6 mSv/year) [8] [20] [33] [35] [38] [43]. 

DAP standardized dose was also considerably lower than with the radiopro-
tective cabin (0.421 μSv/Gy·cm2), and slightly lower than 2 other studies of SPS 
(0.017 and 0.123 μSv/Gy·cm2) [21] [23] [39]. Compared to the reported back-
ground dose without radon, the operator received an additional 9% of back-
ground due to the study exposure [41]. 

4. Discussion 

This study demonstrated very large reductions in lens doses compared to clinical  
 

 
Figure 2. Operator eye dose standardized to patient DAP for the current study and other 
available reports. Current study and Savage et al. used the SPS for interventional radiolo-
gy, Haussen et al. used the SPS for interventional neuroradiology with biplane fluorosco-
py, Dragusin et al. used a radio-protective cabin for interventional cardiology, and the 
value on the far right represents the mean and median for available studies of interven-
tional cardiology, interventional radiology, and interventional neuroradiology using con-
ventional mobile lead-acrylic shields in all studies [8] [10] [20] [21] [23] [32]-[39] [42] 
and leaded glasses in some studies [8] [10] [33] [37] [38] [42]. 

https://doi.org/10.4236/ojrad.2020.102011


T. J. Kwarcinski et al. 
 

 

DOI: 10.4236/ojrad.2020.102011 109 Open Journal of Radiology 
 

reports of conventional shields and lead glasses. The resultant eye dose was only 
9% above background, and only 0.4% of the annual occupational limit in the EU, 
so the operator could not realistically perform enough procedures under similar 
circumstances to approach the limit.  

These results were achieved with the use of the SPS, the practice of moving 
out of the radiation field during power injected image sequence acquisitions, and 
careful attention to operator-controlled machine variables and other basic radia-
tion protection methods [30] [31]. The important impact of the SPS is evident 
when comparing the great differences between the reports of SPS compared to 
all other shielding methods as demonstrated in Figure 2. The impact of moving 
out of the field during power injections depends on the proportion of the pro-
cedures performed by the operator where this is feasible, since it may be very 
useful with many vascular procedures but of little or no use on non-vascular 
procedures. In our study, the substantial difference between patient DAP vs. pa-
tient fDAP suggests that this practice should have had considerable impact. Of 
note, lens dose standardized to fDAP in this study was still far lower than lens 
dose standardized to DAP in non-SPS studies, further suggesting a large protec-
tive impact of using SPS. 

Eye doses in this study were slightly lower than other SPS reports [21] [23]. 
Factors known to impact operator exposure which might have contributed to 
differences between SPS studies include careful attention to use of the magnetic 
vest and proper fitting to maintain the shield height at the optimal locations 
(Figure 1), as well as known factors such as frequency of use of biplane or lateral 
projections, settings of operator-selectable controls, patient size, location and 
type of dosimeter, types of procedures performed, and the practice of leaving the 
area during power-injected acquisitions [20] [27] [28] [30] [31]. Whereas one of 
the SPS studies used bi-plane fluoroscopy and imaging frequently, the current 
study was performed in a single plane room [21]. 

The SPS provides effective eye protection due to its constant geometric orien-
tation relative to the user, with a face-shield that extends at least partially to-
wards the side of the head and is contiguous with the lead apron, creating a con-
sistent barrier to the upward-directed scatter in the interventional suite [44]. 
Prior to the development of SPS, a similar gap-free protection of the head and 
eyes was provided by a face-shield which was supported by the chest and shoul-
ders of the operator and was shown to provide significantly improve protection 
of the eye and head tissues compared to conventional aprons and lead glasses; 
however, it did not gain widespread use most likely due to the burden of weight 
on the user [45]. Since the scatter radiation reaching the operator’s head is pre-
dominantly arising from the patient below, the face-shield and contiguous apron 
must extend below the head and neck, and the top of the shield does not need to 
extend as high as the crown of the head to provide optimal protection to the en-
tire head [44]. A properly fitted face-shield not only prevents geometric gaps in 
protection of the eyes from the primary scatter radiation, but additionally pro-
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tects the head and neck, reducing secondary scatter to the eyes from those tis-
sues [45]. 

The positioning of the dosimeter in this study is consistent with the guidelines 
of manufacturer-specified use, and according to ICRP and state recommenda-
tions [29] [46] [47]. State Regulations require the positioning of the dosimeter at 
the estimated location of the highest whole-body exposure, not necessarily at the 
collar where it is often convenient [46]. The SPS provides wider protection 
compared to a lead apron so measurement of exposure above the lead drape is 
reasonable. Manufacturer reported deep dose equivalent (DDE), lens dose 
equivalent (LDE) and shallow dose equivalent (SDE) are simply related to the 
defined depth of measurement in tissue which is 10 mm, 3 mm, and 0.07 mm 
respectively. Personal dosimeters have been shown to be satisfactory for the de-
tection of scattered X-ray fields in interventional radiology and cardiology [48]. 
The revised ICRP 20 mSv annual limit to the eye is based on equivalent dose, 
which is not directly measurable within the exposed individual [49]. Personal 
dose equivalent Hp at a depth of 3 mm, corresponding to the radiation sensitive 
lens epithelium, is used for monitoring eye exposures in radiation workers, and 
may be measured with dosimeters designed to measure Hp for skin dose [50]. 
LDE is the most appropriate operational quantity to monitor eye lens dose [50] 
[51]. 

The study is limited to one operator at a single institution whose procedural 
case mix, protection methods, equipment, and patient populations may differ 
from others in ways that could affect their eye exposures. 

5. Conclusions 

• Lens cataracts may occur following exposure to lower doses of ionizing radi-
ation dose to the eye than previously believed. 

• Consequently, the ICRP revised threshold absorbed dose for radiation-induced 
cataracts. 

• Interventional workers have revisited protective measures to the eye lens to 
combat radiation-induced cataractogenesis. 

• The findings from this study show that proper fit and use of the SPS com-
bined with avoidance of unnecessary exposure and adherence to standard 
safety practices make it possible to reduce radiation dose to the eye lens to 
near-background doses. 
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