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INTRODUCTION 

Lead aprons are the major protective item of the medical staff whose work involves x-ray exposure. Heart 

catheterization and angiography procedures represent the most common exposures of the medical staff. The 

lead equivalent thickness of lead aprons worn by the medical staff is defined by many national standards. 

The frontal side of the aprons should be 0.25 mm lead equivalent at working conditions under 100 kV, 0.35 

mm for working conditions above 100 kV, and 0.5 mm for heart catheterization and angiography. The back 

side of the body needs less protection and usually is covered by 0.25 mm of lead equivalent. The lead 

equivalent thickness is defined at the 80 kV level. 

 

Most of the hospital's lead aprons are purchased with general specifications and some of them too narrow 

and aren’t suitable for the body of specific members of the medical staff. It can be assessed in Israel that at 

least 10% of the medical staff in fluoroscopy rooms are using lead aprons that are too narrow. 

 

Most of the lead aprons in Israeli medical institutions are built in a way that the needed protection of the 

apron is obtained from two protective layers, each of half the needed lead equivalent thickness. The 

overlapping of these two layers gives the needed thickness and staff protection. The requirement for the two 

layer's thickness extends from one side of the body (R LAT) to the other side of the body (L LAT). When the 

body size is too large for a given apron, the overlapping width of the two layers is reduced and the two 

lateral sides of the body (along the whole body) get only the half needed protective lead equivalent thickness. 

 

This work is based on Monte Carlo simulation under PCXMC 2.0 software
1
. The effective dose calculations 

were performed for a reference adult (73.2 kg, 178.6 cm), 100 kV, focus to skin distance (FSD) of 100 cm, 

and entrance surface air kerma of 1 mGy. The number of photons in the simulation was 250,000 (the 

simulation error was ±0.3%). 

The radiation spectrum was formed by filtration of a 2.5 mm Al and tungsten target. 

 

The main location of the x-ray source for the medical staff is the imaging volume of the patient, which 

causes scattered radiation. The simulation radiation angle towards the medical staff was taken as -20º in the 

cranial-caudal direction (z-axis) and +45º and -45º in the lateral direction (xy plane). These directions were 

chosen as the typical exposure angles of the staff. 

 

The simulation was performed for whole body radiation (at the above angles) and for partial exposure of the 

lateral side to simulate the over-exposed area and only one apron layer protection (the field size width at this 

part of the simulation was one half of the body at LAT view, towards the back, along the full body length). 

This partial area simulates the half thickness of the protective apron. 

 

The next step after the effective dose simulation was to calculate x-ray penetration through the apron. The 

calculations were performed for direct x-ray spectrum, using an IPEM spectrum processor
2
. The calculation 

results give entrance surface air kerma after full apron protection (0.5 mm lead equivalent) and half 

protection (0.25 mm lead equivalent). Inputs to the calculations include similar kV and basic filtration that 

are used in the PCXMC 2.0 Monte Carlo simulation. Calculations of the final staff effective dose were 

obtained from the sum of the full body irradiation and the partial irradiation, using the shielding influence of 

the full and half protection protective clothing. 
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RESULTS 

X-ray transmission through the protective apron is presented in Table 1. 

 

Table 1: x-ray transmission through the lead apron. 

 

X-RayShielding thickness

transmission (%)(mm lead equivalent)

9.610.25

3.020.5  
 

The overall effective dose was calculated by the effective dose differences of the partial shielding (0.25 mm) 

and full shielding (0.5 mm) plus the whole body effective dose calculation with full shielding. Table 2 shows 

the calculation results.  

 

Table 2: Staff effective dose per 1 mGy air kerma outside the apron and 

projection of -20º in the z-axis. 

 

mSv/mGy*ProjectionLead Apron 

0.0152APFull cover

0.0116Partial cover

0.0106Full cover

0.0134Partial cover

0.0122Full cover

45º to right

45º to left
 

 

It is clearly shown that partial apron cover raises the effective dose of the medical staff. 

 

CONCLUSIONS 

It can be assessed in Israel that at least 10% of the medical staff in fluoroscopy rooms are using lead aprons 

that are too narrow. The medical staff effective dose while wearing inappropriate lead aprons was assessed 

as an excess of 9-10% under 100 kV x-ray radiation. It can be compared to about double the dose of not 

wearing thyroid shielding during x-ray fluoroscopy procedures. 
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