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This study aimed to in ves ti gate the level of ex po sure of eye lenses in or tho pe dic sur geons per -
form ing rou tine clin i cal work and to de ter mine fu ture mon i tor ing prac tice, as Ser bian ra di a -
tion pro tec tion law still em ploys higher lim its. The dose was mea sured monthly in terms of
Hp(0.03) with three dif fer ent do sim e ters placed on a 3-D-printed head band, worn on a fore -
head by three or tho pe dic sur geons, dur ing all pro ce dures in volv ing flu o ros copy. The mean
dose for the left and right eye was 271 ±109 mSv and 269 ±101 mSv, re spec tively, with no sig -
nif i cant dif fer ence (p-value 0.977) be tween the left and right eye ob served. Con sid er ing the
high est re corded monthly value, the an nual dose is ex pected to be 4.85 mSv with out pro tec -
tive items, well be low the new ICRP limit of 20 mSv. There was no ob served cor re la tion be -
tween eye lens dose and both flu o ros copy time and ex po sure pa ram e ters. Con sid er ing the cu -
mu la tive im pact of dose and the ev i dence point ing to an el e vated in ci dence of len tic u lar
opac i ties for cu mu la tive doses ex ceed ing 10 mSv, it is ad vis able to in sti tute on go ing mon i tor -
ing, es pe cially when new sur geons in cor po rate im age-guided pro ce dures or when novel tech -
niques are in tro duced into sur gi cal prac tice.
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IN TRO DUC TION

While X-ray us age is pri mar ily as so ci ated with
ra di ol ogy, it ex tends be yond the con fines of the im ag -
ing de part ment, find ing ap pli ca tions in var i ous other
fields. Ever since fluoroscopic im ag ing was in tro -
duced in or tho pe dic op er at ing the aters in the 1980, its
use has been only in creas ing since it en ables im age
guid ance to sur geon's ma nip u la tions with min i mal
invasiveness, as it rep re sents 8.4 % of all flu o ros -
copy-guided pro ce dures in the USA ac cord ing to the
In ter na tional Com mis sion on Ra di a tion Pro tec tion
(ICRP) Re port 117 [1].

Or tho pe dic sur gi cal prac tice of ten re quires an
op er a tor to stand close to the pa tient while X-rays are
be ing emit ted, and as a con se quence, their tis sues and
or gans get ex posed not only to ra di a tion scat tered from 
the pa tient but also to the pri mary beam. Ad di tion ally,

prox im ity to the pa tient and op er at ing ta ble does not
al low pro tec tive screens to be po si tioned be tween the
op er a tor and the X-ray source. This man ner of per -
form ing pro ce dures, al though ben e fi cial from a med i -
cal point of view, co mes with an im posed risk of po ten -
tially harm ful ef fects of ion iz ing ra di a tion to both
pa tients and med i cal staff.

Al though the wear rate of lead aprons and neck
guards by phy si cians per form ing ra di ol ogy pro ce -
dures is higher than 90 %, the wear rate of lead glasses
is 30-52 % [2, 3]. More over, de spite the abil ity of
lead-con tain ing ceil ing-mounted ra di a tion shield ing
screens to re duce eye lens ex po sure by over 70 %
[4-10], these screens are not al ways used ap pro pri -
ately in ac tual med i cal pro ce dures [5].

The fac tors in flu enc ing the eye lens dose can be
grouped into a few main cat e go ries: beam ori en ta tion,
ac cess route, flu o ros copy set tings, op er at ing mode,
use of pro tec tive tools (shield ing screens, glasses), and 
fi nally fac tors re lated to the op er a tor such as work -
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load, skill and train ing [4]. Mul ti ple stud ies, based on
Monte Carlo tech niques or mea sure ments per formed
ei ther on phan toms or on op er a tors, have stressed the
im por tance of pro tec tive equip ment, such as ceil -
ing-sus pended shields and lead glasses [11-15]. In
gen eral, a typ i cal dose re duc tion fac tor for a sin gle
shield ing tool is 5-25 and for a com bi na tion of tools is
25 or more, even up to a fac tor of 1000 [15, 16].

Pre vi ously, len tic u lar opac i ties in duced by ion -
iz ing ra di a tion were con sid ered to be the strictly de ter -
min is tic ef fect of ra di a tion ex po sure with a thresh old
of 0.5-2 Gy for acute and 5 Gy for cu mu la tive ex po -
sure, while vi su ally dis abling cat a ract was re ported to
have a thresh old of 2-10 Gy for acute and 8 Gy for long 
term ex po sure, hence the an nual limit for eye lens dose 
was set to be 150 mSv [17]. In a state ment on tis sue re -
ac tions pub lished in 2011, as a re sult of var i ous in ves -
ti ga tions, ICRP de ter mined that the thresh old dose for
ra di a tion-in duced cat a racts is con sid ered to be 0.5 Gy
for both acute and pro longed ex po sures, and hence
rec om mended equiv a lent dose limit for the lens of the
eye for oc cu pa tional ex po sure in planned ex po sure sit -
u a tions to be low ered to 20 mSv per year [18].

Lit er a ture data re gard ing the ex po sure of or tho pe -
dic sur geons is scarce, but the con cerns in their pro fes -
sional com mu nity are grow ing [19-22]. Cheriachan [23]
pro vided the data from a to tal of 131 pro ce dures. The
mean ra di a tion dose de tected at the eye level of the pri -
mary sur geon was 0.02 mSv (SD = 0.05 mSv) per pro ce -
dure. Ra di a tion at eye level was only de tected in 31 of
131 cases. The high est reg is tered dose for a sin gle pro ce -
dure was 0.31mSv. Fur ther more, Ono et al. [24] have
shown that the av er age ex po sure dose per ver te bral body
was 1.46 mSv for the fin ger (70 mm dose equiv a lent),
0.24 mSv for the lens of the eye (3 mm dose equiv a lent),
0.11 mSv for the neck (10  mm dose equiv a lent), and 0.03 
mSv for the chest (10 mm dose equiv a lent) un der the
pro tec tive suit. In their study, the es ti mated cu mu la tive
ra di a tion ex po sure dose of 23 cases of bal loon
kyphoplasty (BKP) was cal cu lated to be 50.37 mSv for
the fin gers, 8.27 mSv for the lens, 3.91 mSv for the neck,
and 1.15 mSv for the chest. Suzuki et al. [25] have re -
ported 0.8 mSv per month and 0.66 mGy per month as
the max i mum equiv a lent dose to the eye lens and the
max i mum kerma, re spec tively. On the other hand,
Romanova et al. [26] have found the high est mean value
of the eye lens dose of 47.2 mSv and higher mean flu o -
ros copy time of 3 min, as well as the cor re spond ing high -
est max i mum val ues of 77.1 mSv and 5.0 min for the
Fractura femoris pro ce dure. Con sid er ing all of this, it
should be noted that the de sign of pre vi ously con ducted
stud ies is quite di verse. Some of them ob serve a sin gle
pro ce dure [26, 27], while many use only one do sim e ter
[23, 26-28], ac tive or pas sive. In some, a do sim e ter was
worn on a col lar [25], many mea sured eye lens dose in
terms of Hp (0.07) [21, 26, 28], while some per formed
only one mea sure ment for sev eral months [21, 27, 28].

This study aimed to: mea sure monthly eye lens
dose in rou tine clin i cal work of or tho pe dic sur geons

for all pro ce dures in volv ing flu o ros copy, in ves ti gate
the dose dis tri bu tion be tween the left and right eye, to
de ter mine the best po si tion for eye lens dose mea sure -
ment, and pro vide in for ma tion and rec om men da tions
for in di vid ual mon i tor ing pro gram in or tho pe dic the -
aters.

MA TE RI ALS AND METH ODS

The study was con ducted in the Clin i cal Cen tre
of Vojvodina, Novi Sad, from Sep tem ber 2022 un til
June 2023, while ra di a tion ex po sure was per formed
us ing two Philips BV Endura mo bile C-arms.

Each month, the sur geon was pro vided with
three do sim e ters. Do sim e ters were placed on the head -
band warn at the eye brow level, with the min i mum
pos si ble dis tance be tween the do sim e ter and eye lens,
fig. 1. These three do sim e ters were placed in the mid -
dle of the head band (cen ter line of the op er a tor's nose)
and equi dis tantly to the left and right (near the edge of
the fore head). This po si tion ing pro vides the best es ti -
mate of the eye lens doses [29, 30]

The dose to the left and right eye lens was cal cu -
lated as the av er age value from the left and cen ter do -
sim e ter and right and cen ter do sim e ter, re spec tively (no
ad di tional do sim e ter was used as it would not give an
in crease in ac cu racy of the cal cu lated eye lens dose).

The mon i tor ing pe riod was ten months (Sept.
2022 – June 2023) dur ing which do sim e ters were read
af ter each month.

De tec tors based on LiF: Mg, Cu, P (DXT-100H,
Thermo Fisher Sci en tific, USA) were placed in ring hold -
ers (part num ber 500608, cap – 500597, Thermo Fisher
Sci en tific, USA) that were cut-off and only left with
dosemeter place ment sec tion. The read outs were done by
Harshaw 6600 plus an au to mated TL reader (Thermo
Fisher Sci en tific, USA). The reader was cal i brated in the
137Cs ref er ence ra di a tion field (S-Cs ra di a tion qual ity),
with 1 mSv ref er ence Hp(3) dose. The ac qui si tion was
con trolled by WinREMS soft ware (ver sion 8.2.3.0) and
set with the next pa ram e ters: tem per a ture rate – 15 °C per
sec ond, tem per a ture range – 50 °C – 250 °C, and read out
time – 23 sec onds. All 200 ac qui si tion chan nels were
used, and no pre heat ing was set.
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Fig ure 1. Three TLD se cured on a head band in left,
mid dle, and right po si tion, worn on a fore head, ap prox i -
mately 1 cm above the eye brows



RE SULTS

Ta ble 1 pres ents col lected data from the pro ce -
dures re gard ing ex po sure pa ram e ters in the form of
fluoroscopic time, ex am i na tion dose, and cu mu la tive
dose-area prod uct (DAP), as well as read ings from
each of the three do sim e ters (left, cen ter, and right).

Fig ures 2-4 pres ent left and right eye lens dose (cal -
cu lated from the do sim e ters read ings) as a func tion of each 
of the three pro ce dure ex po sure pa ram e ters col lected.

DIS CUS SION

The mean dose for the left eye was 271 ±109 mSv,
rang ing from 169 mSv to 457 mSv, while the mean dose
for  the  right  eye  was  269  ± 101  mSv,  rang ing  from
158 mSv to 438 mSv. No sig nif i cant dif fer ence (p-value
0.977) be tween doses for the left and right eye was ob -
served in this work, be ing in good agree ment with data
avail able in [21]. This could be due to an ob ser va tion
that or tho pe dic sur geons tend to op er ate with equal fre -
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Ta ble 1. Col lected ex po sure pa ram e ters for pro ce dures and do sim e ter read outs

Month To tal num ber of
pro ce dures

To tal fluoro
time [s]

Ex am i na tion
dose [mGy]

Cu mu la tive DAP
[Gycm2]

Left TL
do sim e ter [µSv]

Mid dle TL
do sim e ter [µSv]

Right TL
do sim e ter [µSv]

1 11 416 67,9 18,1 280,1 306,0 317,7

2 14 315 24,7 6,6 196,8 210,4 167,3

3 10 407 434,1 6,1 246,6 210,9 182,2

4 10 206 21,8 5,8 214,6 183,1 227,8

5 9 167 6,9 4,5 163,1 146,8 169,3

6 8 149 30,0 8,2 190,4 219,4 239,5

7 6 125 2,9 0,8 165,5 173,3 222,8

8 4 101 4,6 1,2 439,8 352,5 388,5

9 5 87 14,0 3,8 446,5 468,4 407,7

10 4 145 58,0 15,4 408,4 391,9 403,1

Fig ure 2. Left and right eye lens dose as a func tion of to tal 
flu o ros copy time (R2 is 0.09811 and 0.13182,
re spec tively)

Fig ure 3. Left and right eye lens dose as a func tion of
ex am i na tion dose (R2 is 0.011 and 0.04499, re spec tively) 



quency on both the left and right sides of pa tients' bod -
ies, ad just ing their po si tion ac cord ingly.

Tak ing into ac count the high est re corded monthly
dose for eyes of 441 mSv, as an av er age of doses for the
left and right eye, the an nual eye lens dose for an or tho pe -
dic sur geon, for 11 months, is ex pected to be 4.85 mSv,
as sum ing no pro tec tive eyewear was used. Other au thors
reposted this value to be in the range of 1 to 35.5 mSv,
con sid er ing many dif fer ent clin i cal sce nar ios.
Romanova et al. [26] state that the mean an nual eye lens
dose could achieve 16.2 mSv or even 35.5 mSv as sum ing 
a very large num ber of op er a tions of only one type
(fractura femoris) to be per formed, putt ing op er a tors at
risk of over run ning the an nual limit set by the ICRP.
How ever, the au thors state this ap proach to be very con -
ser va tive and rather un re al is tic. Suzuki et al. [25] re port a 
max i mum lens equiv a lent dose of 9.6 mSv for one year,
in volv ing sur ger ies mostly per formed on the feet. On the
other hand, Apelmann et al. [28] showed no sig nif i cant
dif fer ence be tween the val ues from the eye do sim e ter
and ref er ence do sim e ter, kept in the ward robe dur ing the
study, in di cat ing an ex pected max i mum an nual lens dose
in the range of 1-1.3 mSv. Cuenca et al. [21] also show a
max i mum an nual dose to be 1.4 mSv in var i ous types of
pro ce dures.

No cor re la tion be tween eye lens dose and flu o ros -
copy time, fig. 2, ex po sure dose, fig. 3, or cu mu la tive
DAP, fig. 4, was ob served, for nei ther left nor right eye
for the avail able data. This was no sur prise, con sid er ing
the study de sign that in cluded di verse pro ce dures and all
the dif fer ent sce nar ios that could hap pen dur ing clin i cal
work. There are many fac tors in flu enc ing the amount of
ra di a tion reach ing a sur geon, such as his po si tion rel a tive
to the pa tient and X-ray beam dur ing im ag ing, a
cross-sec tion of the pa tient's body be ing im aged, and the
ori en ta tion of the C-arm. In some cases op er a tor needs to
se cure the po si tion of a limb or piece of sur gi cal equip -
ment dur ing im ag ing, re quir ing him to stand close to
sources of ra di a tion, while in oth ers they may step back,
even for a cou ple of me ters, dur ing ex po si tion. In both
cases, val ues of flu o ros copy time, ex po sure dose and cu -
mu la tive DAP will in crease, while it is ob vi ous that in the 
first case sur geon would re ceive a cer tain dose to the eye
lens, and in the sec ond he would n't. In a sim i lar set ting,
for sur geons with dif fer ent work ex pe ri ence, Suzuki et
al. [25] found weak to no cor re la tion be tween eye lens
dose and flu o ros copy time (R2 = 0.509 and R2 = 0.021 for 
more and less ex pe ri enced op er a tors), while Romanova
et al. [26] finds a good cor re la tion for Fractura cruris, and 
no cor re la tion for Fractura femoris type of sur gery, stat -
ing it is prob a bly due to the com plex ity of the lat ter one.
Cheriachan [23] de scribe the cor re la tion be tween eye
dose and flu o ros copy time, us ing Spearman's rho co ef fi -
cient, as weak pos i tive (0.29), and be tween eye dose and
DAP as pos i tive (0.34). With the val ues of –0.38, 0.17,
and 0.23 de scrib ing the cor re la tion be tween lens dose
and flu o ros copy time, ex am i na tion dose, and DAP, re -
spec tively, data col lected for this study show no cor re la -
tion through this pa ram e ter. The rea sons are prob a bly the
same as pre vi ously de scribed, while a low num ber of
mea sure ments may pres ent a lim i ta tion.

Ob serv ing a to tal of 81 pro ce dures, the mean eye
lens dose per pro ce dure was 33.5 mSv, align ing closely
with pre vi ously re ported val ues of 0.09 mSv [23] and
50 mSv [7]. It has been shown that pro ce dure type and
com plex ity, among other things, could sig nif i cantly in -
flu ence  the  dose to the eye [26]. Suzuki et al. [25] re -
ports av er age monthly doses for eye lenses to be 0.41 ±
0.21 mSv and 0.22 ± 0.16 mSv, for more and less ex pe -
ri enced sur geons, re spec tively. In their work, a higher
dose for ex pe ri enced sur geon may come as a sur prise,
but, as stated, this might be be cause more ex pe ri enced
sur geon per forms more com pli cated pro ce dures. With
all this in mind, it is clear that dif fer ences in val ues re -
ported by dif fer ent au thors may be large, de pend ing on
the study de sign and the type of pro ce dures ob served.
When op er at ing on a spine or pel vis, an X-ray beam
passes through a large cross-sec tion of the pa tient's
body, cre at ing a larger amount of scat ter us ing higher
im ag ing pa ram e ters than dur ing ex trem ity im ag ing, so
one could ar gue that in this type of pro ce dure in creased
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Fig ure 4. Left and right eye lens dose as a func tion of cu -
mu la tive DAP (R2 is 0.03311 and 0.06196, re spec tively)



ex po sure of both pa tient and op er a tor could be ex pected 
[28]. The ma jor ity of pro ce dures ob served in the pres -
ent study were per formed on the limbs.

Copeta et al. [31] found an in creased risk of len tic -
u lar opac i ties as so ci ated with cu mu la tive eye lens doses
over 10 mSv and ex po sure for more than 10 years. In re -
cent stud ies, [32, 33] it has been shown that a small per -
cent age of or tho pe dic sur geons use as signed TLD or ra -
di a tion pro tec tion gar ments. Nev er the less, re ported data
state that 85 % of re spon dents never used lead pro tec tive
glasses [32]. With an ex pected work ing life of ap prox i -
mately 30 years as an or tho pe dic sur geon, thresh old
doses for the oc cur rence of len tic u lar opac i ties and cat a -
racts could be eas ily achieved. There fore, more ra di a tion
pro tec tion care should be paid to the eyes of an ex posed
pro fes sional. 

CON CLU SION

The av er age re corded dose for the left and right
eye lens was 271 ±109 mSv and 269 ±101 mSv, re spec -
tively, and no sig nif i cant dif fer ence was ob served be -
tween left and right eye ex po sure. Tak ing into ac count
the high est re corded monthly dose value, the dose for
one year is ex pected to be 4.85 mSv with out the use of
pro tec tive equip ment, which is sig nif i cantly be low the 
new dose limit of 20 mSv per year. No cor re la tion was
iden ti fied be tween the eye lens dose val ues and both
the to tal flu o ros copy time and pa ram e ters char ac ter iz -
ing the pa tient's ex po sure. In the light of cu mu la tive
dose ef fect and the ob served rise in lens opacification
in ci dence for cu mu la tive doses sur pass ing 10 mSv, it
is jus ti fied to im ple ment mon i tor ing of lens dose in im -
age-guided or tho pe dic pro ce dures.
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PROCENA  DOZE  ZA  O^NO  SO^IVO  U  SLIKOM
VO\ENIM  ORTOPEDSKIM  PROCEDURAMA

Kqu~ne re~i: doza za o~no so~ivo, ortopedska hirurgija, fluoroskopija, za{tita od
..........................jonizuju}eg zra~ewa

 Ciq ovog istra`ivawa bio je da se ispita nivo izlo`enosti o~nog so~iva kod hirurga ortopeda tokom obavqaqa razli~itih operacija u rutinskom radu, kao i da se ustanovi da li postoji potreba za daqim pra}ewem. Doza za o~no so~ivo merena je na mese~nom nivou kao veli~ina 
Hp(0.03), pomo}u tri dozimetra postavqena na rajf, {tampan 3-D {tampa~em, koji su tri hirurga nosili na ~elu tokom svih procedura koje su vr{ili uz upotrebu jonizuju}eg zra~ewa. Prose~na zabele`ena doza za levo i desno o~no so~ivo bila je 271 ± 109 µSv i 269 ± 101 µSv, respektivno, i pritom nije prime}ena zna~ajna razlika izme|u izlo`enosti levog i desnog oka (p-vrednost 0.977). Uzimaju}i u obzir najvi{u zabele`enu mese~nu vrednost doze, o~ekivano je da doza za godinu dana iznosi 4.85 mSv bez upotrebe za{titnih sredstava, {to je zna~ajno ispod nove granice doze od 20 mSv godi{we. Ustanovqeno je da ne postoji korelacija izme|u vrednosti doze za o~no so~ivo i ukupnog vremena fluoroskopirawa, kao ni parametara koji opisuju ekspoziciju pacijenta. Imaju}i u vidu kumulativan efekat doze, kao i dokaze o postojawu pove}ane incidence zamu}ewa o~nog so~iva za kumulativne doze ve}e od 10 mSv, i u budu}nosti je opravdano sprovoditi monitoring doze za o~no so~ivo, posebno u slu~ajevima kada novi ortopedi zapo~iwu slikom vo|enu praksu ili se uvodi nova procedura koja ukqu~uje slikom vo|ene procedure ili nove tehnike.


