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Abstract:
Objective: Diagnosis of a distal end radius fracture relies on various imaging studies. However, the relative usefulness 
of these studies is still a matter of some controversy. The aim of this study was to compare the intra-observer and 
inter-observer reliability of plain radiographs, standard computed tomography (CT) scans and mobile CT scans in the 
assessment of distal radius fractures as categorized by the Fernandez classification method. The secondary objective 
was to compare the dosages of radiation between the different imaging modalities.
Material and Methods: Sixteen fresh cadaveric wrist bones were used in this experimental study. The desired 
fractures were created in the bones to mimic Fernandez types I-V fractures and plain radiographs were taken in 4 
views. Standard CT and mobile CT scans were also taken with the fractured bones in the same four positions. Inter-
observer reliability was assessed using Kappa statistics to determine the diagnostic consistency among the nine 
observers. Inter-observer agreement was assessed based on the Fernandez classification system diagnoses. 
Results: Overall, the inter-observer agreement was substantial for the Fernandez classifications (Kappa range 
0.636-0.727) in all types of imaging. For intra-observer agreement, the analysis found higher agreement for both 
standard CT scans and mobile CT scans. The standard CT images imparted a higher average dose of radiation 
than both the mobile CT scans and the plain radiographs.
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Conclusion: The mobile CT scan can provide an alternative imaging method for precise diagnosis of distal end radius 

fractures, with the additional benefits of mobility and lower radiation exposure. 

Keywords: computed tomography, distal radius fractures, Fernandez classification, imaging

inter-observer reliability of plain radiographs, standard CT 

scans and mobile CT scans in the assessment of distal 

radius fractures as categorized by the Fernandez classifi-

cation method. The secondary objective was to compare 

the dosages of radiation between the different imaging 

modalities.

Material and Methods
  Approval for the study was obtained from the 

Institutional Review Board of the Human Research 

Ethics Committee, Faculty of Medicine, Prince of Songkla 

University (REC 60-397-11-1). Sixteen fresh cadaveric wrist 

bones from legally donated cadavers were obtained 

for the study. The desired fractures were created in the 

bones to mimic the Fernandez classifications types I-V. 

The fracture patterns were created in 5 groups: (a) extra-

articular distal end radius fractures (4 specimens), 

(b) shearing type distal end radius fractures (4 specimens), 

(c) axial compression type distal end radius fractures 

(4 specimens), (d) avulsion type distal end of radius 

fractures (2 specimens), and (e) combined distal end of 

radius fractures (2 specimens).

 Three imaging studies were performed on each 

fractured bone, a plain radiograph (digital radiograph, 

Samsung, series/GC85A), a Multi-detector computed 

tomography machine (MDCT) (Toshiba Aquilion Prime 

with 80 row detector), and a mobile CT scanner (Mobii

Scan version 1.1 and MobiiScan Software Version 2.0). 

The plain radiographs were taken in 4 positions, postero- 

anterior (PA) and lateral views, semi-pronated 45° and 

semi-supinated 45°. Standard CT and mobile CT scans 

Introduction
 Diagnosis of distal end radius fractures does not 

need a computed tomography (CT) scan. CT scans are 

usually obtained for better assessment of the fracture 

pattern for complex intra-articular fractures. There are 

various types of imagings used for this purpose, most 

commonly plain radiographs, standard CT scans, and 

mobile CT scans. The main benefit of a plain radiograph 

is that it is convenient. However, some types of fractures 

can be missed when using this investigation, and the 

standard CT scan has become an integral part of modern 

treatment for most fractures, including complex distal 

radius fractures, because it provides high quality images, 

allowing a more precise diagnosis and thus optimal 

treatment.1 There are some disadvantages to a standard 

CT scan, however, notably that it is costly, and also 

exposes the patient to a higher dose of radiation than the 

traditional X-ray. In recent years, the mobile CT has 

become increasingly popular in dental and maxillofacial 

applications due to its low cost, small machine size, and 

3D data information.2,3 Due to its mobility, it can be used 

to provide better and faster images for patients at various 

clinical sites, for example in the operating room for pre- 

and post-operation imaging without moving the patient 

out of the operating room, which reduces the risk asso-

ciated with patient transport to the radiology department, 

especially in emergency and critical situations. 

  To date there have been no studies comparing 

the reliability of the mobile CT scan versus the standard 

CT scan in the assessment of distal radius fractures. The 

aim of this study was to compare the intra-observer and 
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were also taken with the fractured bones in the same four 

positions.

 The standard CT scanner was operated in the 

helical scanning mode with kilo-voltage peak (kVp) of 

120 kVp, tube current (milliampere; mA) of 80 mA, rotation 

time of 0.5 seconds, and slice width collimation of 0.5×

80.0 millimeter (mm). The mobile CT scans were acquired 

using a kVp of 90 kVp, tube current (mA) of 6 mA, slice 

thickness of 0.3 mm/pixel, and diameter and height of 

voxel of 12 centimeter each. The plain PA radiographs in 

the semi-pronated oblique and semi-supinated oblique 

positions used a kVp) of 50 kVp and mA-seconds (mAs) 

of 3.2 mAs while the lateral images were taken at 54 

kVp and 3.2 mAs.

 For estimates of the effective dose (E), dose-

length product (DLP) conversion factors for standard 

CT and mobile CT were used, while the plain radiographs 

used dose-area-product (DAP) and conversion factors 

to determine the E.

 All radiographs and standard CT and mobile CT 

scans were rendered unidentifiable and assigned random 

numbers by an independent person. The same person 

was responsible for the collection of the responses from 

the assessors and for collating the radiographs, CT scans 

and mobile CT images at the end of the classification 

process. The evaluations of the radiographs, standard CT 

scans and mobile CT images were performed in different 

sessions in order to reduce outcome bias. The assessors 

were divided into 3 groups. The 1st group comprised 

3 Orthopedic senior residents, the 2nd group had 3 

general orthopedic surgeons with less than 5 years of 

experience in wrist surgery, and the last group had three 

orthopedic hand surgeons. All assessors were asked to 

individually classify the fractures according to the 

Fernandez classification system, and were provided with a 

written and illustrated description of the system to facilitate 

the evaluation process and increase the accuracy of their 

evaluation. The evaluations were conducted in three different 

periods. The 1st period was used for interpretation of the 

mobile CT scans, 1 week later the plain radiographs 

were evaluated, and again 1 week later the standard CT 

scans were evaluated. The benchmark for all assess-

ments was the actual record of the created fractures. 

 Inter-observer reliability analysis was measured 

using Kappa statistics to determine consistency among 

the observers. Inter-observer agreement was assessed 

based on the Fernandez classification system diagnoses. 

 Kappa values can range from -1.0 to 1.0, with 

-1.0 indicating perfect disagreement below chance, 0.0 

indicating agreement equal to chance and 1.0 indicating 

perfect agreement above chance. A Kappa of 0.700 or 

above indicates adequate inter-observer agreement.4 The 

range of Kappa values is divided into 6 categories, Kappa 

<0.000 (poor agreement), Kappa 0.000-0.200 (slight 

agreement), Kappa 0.210-0.400 (fair agreement), Kappa 

0.410-0.600 (moderate agreement), Kappa 0.610-0.800 

(substantial agreement), and Kappa 0.810-1.000 (perfect 

agreement). 

Results
 The diagnostic performances of each test follow-

ing the Fernandez classification are presented in Figures 

1, 2, and 3. The level of intra-observer agreement among 

the plain radiographs, CT scans and mobile CT scans 

using the Fernandez classification system is presented in 

Table 1. 

  Overall, the inter-observer agreement was sub-

stantial for the Fernandez classifications (Kappa range 

0.636–0.727) for the X-rays, standard CT scans and 

mobile CT scans. The best values for the Fernandez 

classification system were found for the standard CT 

scans (Kappa=0.727), while the poorest agreements 

were found for the mobile CT scans (Kappa=0.636).
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Table 1 Intra-observer agreement between each imaging format compared against the actual fracture according to 

 the Fernandez classification of distal radius fractures

Observer

Plain radiography Stand CT scan Mobile CT scan

Percent of 

intraobserver 

agreement (%)

Kappa

Percent of 

intraobserver 

agreement (%)

Kappa 

Percent of 

intraobserver 

agreement (%)

Kappa 

1 81.3 0.754 81.3 0.755 93.8 0.920
2 75.0 0.675 93.8 0.918 87.5 0.838
3 81.3 0.754 87.5 0.837 87.5 0.838
4 75.0 0.675 81.3 0.755 93.8 0.919
5 56.3 0.404 68.8 0.590 56.2 0.434
6 50.0 0.323 68.8 0.574 68.8 0.568
7 68.8 0.598 81.3 0.755 75.0 0.672
8 75.0 0.680 68.8 0.604 93.8 0.918
9 68.8 0.588 75.0 0.667 75.0 0.667
Means 70.1 0.600 78.5 0.717 81.3 0.752

CT=computed tomography

Observers number 1-3 were hand surgeons, 4-6 senior residents, and 7-9 orthopedic surgeons with 5 or less years experience

Figure 1 Diagnostic assessments of the observers using 

 plain radiography for the 5 types of Fernandez 

 classification distal radius fractures   

Figure 2  Diagnostic assessments of the observers 

 using standard computer tomography for the 5 

 types of Fernandez classification distal radius 

 fractures   
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Figure 3  Diagnostic assessments of the observers using 

 mobile computer tomography for the 5 types of 

 Fernandez classification distal radius fractures   

  Looking closer at the subgroups, for intra-observer 

agreement, the study found that the senior hand surgeons 

group (observers 1-3) had substantial agreement (Kappa 

range 0.675-0.754) when using plain radiography, while 

interpretation of standard CT scans showed almost perfect 

agreement with Kappa scores ranging from 0.755-0.918, 

and mobile CT scans had even higher agreement scores 

of 0.838–0.920. Regarding the senior orthopedic residents 

group (observers 4-6), they overall showed fair to sub-

stantial agreement (Kappa range 0.323-0.675) for plain 

radiographs, and higher agreement for both standard CT 

scans (0.574–0.755) and mobile CT scans (0.434-0.919). 

For the general orthopedic group (observers number 7-9), 

the analysis found moderate to substantial agreement 

for plain radiographs (Kappa range 0.588-0.680) and 

again increased Kappa scores for standard CT scans 

(0.604-0.755) and mobile CT scans (0.667-0.918). 

  Comparing average radiation doses, the standard 

CT images imparted a higher average dose than both 

the mobile CT and the plain radiograph. The difference 

between the standard CT and mobile CT was significant 

with a p-value<0.001. The mean CT dose-indext volumes 

(CTDIvols) of the standard CT and mobile CT were 5.20 and 

2.35 milligrays (mGy) and the DLPs were 85.360±0.720 

(83.000-86.200) and 28.16 mGy.cm, respectively. For the 

plain radiographs, the mean DAP±S.D. and ranges of 

PA, LAT, semi-pronated oblique and semi-supinated 

oblique were 0.060±0.002 (0.050-0.060), 0.090±0.010 

(0.060-0.110), 0.060±0.004 (0.050-0.070), and 0.060±0.005 

(0.040-0.070) dGy.cm2, respectively.

  In terms of image quality, we found that the mean 

signal to noise ratios (SNR) of standard CT and mobile 

CT scans were 1.600±0.370, 3.110±1.010, and of the plain 

radiographs in the PA, lateral and semi-pronated oblique 

and semi-supinated oblique positions were 12.370±

1.780, 14.390±3.420, 11.010±3.620 and 11.570±3.520, 

respectively.

Discussion 
  The purpose of this study was to compare the 

accuracy of X-rays, standard CT scans and mobile CT 

scans when diagnosed by differently experienced ortho-

pedists according to the Fernandez classification system 

which is commonly used to assess distal end of radius 

fractures. The Fernandez classification was chosen 

because it is relatively easy to use and is commonly 

used in practice.

  Many studies5-8 have compared the various classifi-

cation systems used to assess distal radius fractures 

and assessed the validity and reliability among them. 

Our study focused on the accuracy of diagnosis of each 

type of Fernandez classification fracture, which is based 

on mechanism of injury9, according to the type of imaging 

study used. It is notable that the lowest sensitivity in 

all images was found in the Fernandez type IV fractures. 

We believe this is because the Fernandez type IV 

fractures are the least common fractures, and many 



Suwannaphisit S, et al.Reliability of Radiographic Assessment in Distal Radius Fracture

Journal of Health Science and Medical Research                                                    J Health Sci Med Res 2020;38(1):53-5958

doctors are less concerned about this type of fracture 

and tend to assign them a type III classification.  

  The use of CT scans can help reduce the 

frequency of this misdiagnosis, particularly with small 

degree fractures or with a fracture line extending to the 

sigmoid notch, which are most commonly misdiagnosed by 

more inexperienced surgeons. Harness et al.9 suggested 

that three-dimensional reconstruction (3D/CT) should 

be performed if possible, as this technique improves the 

identification of the fracture fragments and thus influences 

treatment decisions and patient outcomes.10 Our results 

are similar to other studies regarding the addition of 3D/

CT and its ability to increase intra-observer reliability.5,11

However, our results are in contrast to a study by Arealis 

et al.4, which found that the Fernandez classification was 

less affected by an additional CT scan. This might be 

related to the experience of the doctors, as in our study

the senior doctors had more accurate readings the first time 

with the plain radiography and the MDCT scans may be 

helpful only for diagnosis of intra-articular distal end radius 

fractures. For the more common extra-articular fractures, 

the MDCT, mobile CT and plain radiographs are equally 

reliable. 

  The results of our study suggest that the use of 

a mobile CT scanner can provide similar diagnostic 

accuracy as a standard CT scanner. However, CT scans 

do have limitations that must be considered, in that they 

expose the patient to a higher dose of radiation and are 

more expensive than the traditional X-ray. 

 The major benefit of the mobile CT scan is its 

mobility, as it gives the physician better and faster access 

to CT images for patients at various clinical sites, for 

example, in the operating room both pre- and post-

operatively without needing to move a patient out of the 

operating room, reducing the risk associated with tran-

sporting the patient to the radiology department, 

especially in emergency and critical situations. 

  The radiation doses for standard CT and mobile 

CT scanners are reported as the CTDIvol and DLP, and 

measured in mGy. For each modality, the CTDIvol is 

presented the same in all studies because the para-

meters are constant. The DLP of the standard CT shows 

slight differences in reported studies due to scan length. 

In contrast, the DLPs in mobile CTs are the same 

because of its constant field of view (FOV). The CTDIvol 

and DLP of the standard CT give higher radiation doses 

than the mobile CT due to higher voltage (kVp) tube 

current (mA). 

  The radiation doses for plain radiography are 

reported as DAP. In the current study, the positions used 

for the plain radiographs were PA, lateral, semi-pronated 

oblique and semi-supinated oblique. The DAPs of the 

lateral position had higher radiation doses because of the 

greater thickness than in the other positions. The image 

quality was reported in terms of signal to noise ratio (SNR). 

The SNRs for standard and mobile CTs were calculated 

by means of the CT number in the region of interest 

divided by S.D., while the SNRs of the plain radiographs 

were calculated using pixel values in units of US divided 

by S.D. The plain radiographs had the highest SNRs, 

while the standard CTs had slightly lower SNRs than the 

mobile CTs. All imaging modalities had good SNR values 

(SNR>1). However, the mobile CT had some limitations 

such as FOV. 

  In our study, the radiation doses to patients from 

the mobile CT were lower than from the standard CTs. 

However, the medical staff received higher doses of 

scatter radiation from the mobile CTs than from the 

standard CTs. Thus, the medical staffs, operated a Mobile 

CT should use radiation shielding material such as 

a lead apron and thyroid shield to minimize their 

exposure to the scatter radiation. 

  The main limitation of this study was that it was a 

cadaveric study, and thus the findings may not apply to 
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all clinical settings. Further studies in real clinical settings 

are needed.

Conclusion
  The mobile CT scan can provide an alternative 

imaging method for precise diagnosis of distal end of 

radius fractures, with the additional benefits of mobility 

and lower radiation exposure. 
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