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X-Ray in Neonatal Intensive Care Units: Does it go to the right direction?
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ABSTRACT

Aim: Radiation safety is a current and important problem for both patients and staff 
in Neonatal Intensive Care Units (NICUs). In this study we mainly intend to evaluate 
the quality of radiographic examinations performed in a NICU of a children’s hos-
SLWDO��DV�ZHOO�DV�GH¿QH�WKH�DPRXQW�RI�VWDII�H[SRVXUH��%\�SHUIRUPLQJ�WKLV�VWXG\��ZH�
also want to create awareness about the importance of an adequate radiographic 
examination of a preterm infant and radiation safety in NICUs.

Materials and Methods: Direct portable radiographs performed in NICUs between 
January 2017-January 2020 were retrospectively evaluated. The researchers have 
evaluated the quality of the radiographs by proper positioning, proper collimation 
(excluding head and gonadal areas, including only the demanded area), overall qu-
ality of the radiograph for adequate interpretation (good, acceptable, bad), evidence 
RI�VWDII�H[SRVXUH��DGXOW�¿QJHUV�LQ�WKH�UDGLRJUDSK��

Results: 7333 radiographs of 1438 newborns were evaluated. Mean number of per-
formed direct radiographs for a newborn was 5.1 times. 83.8 % of the radiographs 
were properly collimated. Amount of properly collimated radiographs increased over 
WKH�\HDUV���������RI� WKH�DOO� UDGLRJUDSKV�ZHUH�FODVVL¿HG�DV�EDG�IRU� LQWHUSUHWDWLRQ��
Overall quality of the radiographs was also increased over the years. 87.8 % of the 
UDGLRJUDSKV�GLG�QRW�FRQWDLQ�DQ\�DGXOW�¿QJHUV�LQ������

Conclusion: Effective use of ionizing radiation is an important matter for NICUs. 
The overall quality of the radiographs has become better by time, especially number 
of properly collimated radiographs was increased. Exposure of the staff to ionizing 
radiation has begun to decrease. 
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INTRODUCTION
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Ionizing radiation has provided a great opportunity in diagnostic 
and therapeutic aspects of medicine. On the other hand, harm-
IXO�XQLQWHQGHG�HIIHFWV�RI�WKH�LRQL]LQJ�UDGLDWLRQ�KDYH�EHHQ�VWLOO�D�
popular problem. Avoiding unnecessary exposure to diagnostic 
radiation is a worldwide accepted principle. Using ionizing radi-
ation according to “as low as reasonably achievable (ALARA)” 
SULQFLSOH�LV�FUXFLDO�IRU�D�VDIH�GLDJQRVWLF�LQWHUYHQWLRQDO�SURFHGX-
re. A special attention should be given to the pediatric examina-

tions, and especially premature babies (1).

Nearly 12% of all births are premature, approximately 2% of 
WKHVH�SUHPDWXUH�LQIDQWV�ZHUH�ERUQ�OHVV�WKDQ����ZHHNV�RI�JHV-
tation. Lately, the survival rates of preterm infants have been 
ULVLQJ��QHDUO\�XS�WR������$SSURSULDWH�QHRQDWDO�FDUH�KDV�SOD\HG�
an important role in this increase. These premature infants ge-
nerally are prone to a variety of diseases such as respiratory 
distress syndrome, bronchopulmonary dysplasia, patent ductus 
arteriosus, necrotizing enterocolitis etc. As a result of diverse 
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medical problems, these infants might stay at Neonatal Inten-
sive Care Units (NICUs) for long. During their prolonged stay, 
these children are exposed to diagnostic procedures involving 
ionizing radiation. Moreover, due to high incidence of respira-
tory disease and other comorbidities, these infants continue to 
be exposed diagnostic procedures with ionizing radiation du-
ring their early childhood (2,3)

It is reported in the literature that the exposed x-ray dose for 
D�1,&8� LQIDQW� LV�DSSUR[LPDWHO\������ WR������P6Y� IRU�D�FKHVW�
UDGLRJUDSK�DQG������WR������P6Y�IRU�D�FKHVW�DQG�DEGRPHQ�H[D-
PLQDWLRQ�� ,QWHUQDWLRQDO� &RPPLVVLRQ� RI� 5DGLRORJLF� 3URWHFWLRQ�
�,&53��UHFRPPHQGV�DQ�XSSHU�OLPLW�RI��P6Y�SHU�\HDU�����P6Y�
DYHUDJH�RYHU���\HDUV�DQG�D�PD[LPXP�RI���P6Y�LQ�D�VLQJOH�\HDU�
for the general population (4). Considering these recommenda-
tions in line with exposure rates of NICUs, the importance of 
GLDJQRVWLF�H[SRVXUH�ZLOO�EHFRPH�PRUH�VLJQL¿FDQW���6HHLQJ�WKDW��
LW� LV� LPSRUWDQW� WR�DFTXLUH�D�TXDOL¿HG�DQG�VXI¿FLHQW� WR� LQWHUSUHW�
radiograph. 

Another radiation safety problem about NICUs is exposure of 
WKH�VWDII��3XEOLVKHG�GDWD�LQGLFDWHG�WKDW��LI�VWDII�VWD\�DW�RQH�PHWHU�
distance when a radiograph is performed, scatter doses of ra-
GLDWLRQ�DUH�DW�DFFHSWDEOH�OHYHOV��EHWZHHQ�������X*\�������X*\�
(5). However, it can be clearly understood that staff generally 
stays much closer than one meter during a radiographic exami-
QDWLRQ��3UHYLRXV�VWXGLHV�UHSRUWHG�WKDW���������RI�UDGLRJUDSKV�
SHUIRUPHG�LQ�1,&8V�FRQWDLQ�DQ�H[WUD�DGXOW�¿QJHU��LQGLFDWLQJ�WKH�
exposure of staff indirectly (6,7). 

Radiation safety is a current and important problem for both 
patients and staff in NICUs. In this study we mainly intend to 
evaluate the quality of radiographic examinations performed in 
D�1,&8�RI�D�FKLOGUHQ¶V�KRVSLWDO��DV�ZHOO�DV�GH¿QH�WKH�DPRXQW�RI�
VWDII�H[SRVXUH��%\�SHUIRUPLQJ�WKLV�VWXG\��ZH�DOVR�ZDQW�WR�FUHDWH�
awareness about the importance of an adequate radiographic 
examination of a preterm infant and radiation safety in NICUs. 

Current retrospective study was approved by the Institutional 
5HYLHZ�%RDUG�� ,QIRUPHG�FRQVHQW�ZDV�ZDLYHG�EHFDXVH�RI�UHW-
rospective nature. 

Direct portable radiographs performed in NICUs between Janu-
ary 2017-January 2020 were retrospectively evaluated by two 
radiologists. All the radiographs were evaluated by both radi-
RORJLVWV�DQG�¿QDO�GHFLVLRQV�ZHUH�PDGH�E\�DJUHHPHQW�� ,Q� WKH�
cases that the researchers could not agree, the opinion of a 

third radiologist were acquired. 

The researchers have evaluated the quality of the radiographs 
by proper positioning, proper collimation (excluding head and 
gonadal areas, including only the demanded area), overall qua-
lity of the radiograph for adequate interpretation (good, accep-
WDEOH��EDG���HYLGHQFH�RI�VWDII�H[SRVXUH��DGXOW�¿QJHUV�LQ�WKH�UDGL-
ograph). In addition, the rate of babygrams were recorded. The 
number of radiographic examinations performed for a child, age 
and sex of the children were also noted. 

All the radiographs were acquired with portable Roentgen 
GHYLFH��6KLPDG]X��08;�����.\RWR��-DSDQ��7XEH�VHWWLQJV�DQG�
exposure parameters, including tube voltage, tube current was 
recorded.

7KH�VWXG\�ZDV�FRQGXFWHG�LQ�DFFRUGDQFH�ZLWK�WKH�+HOVLQNL�'HF-
laration and ethical permission was obtained from ethical re-
YLHZ�ERDUG�RI�(WOLN�=�EH\GH�+DQÕP�:RPHQ¶V�+HDOWK��7UDLQLQJ�
DQG�5HVHDUFK�+RVSLWDO��������������1R����������

6WDWLVWLFDO� DQDO\VLV�� 'DWD� ZHUH� DQDO\]HG� XVLQJ� 3DFNDJH� IRU�
6RFLDO� 6FLHQFHV� �6366�� ��� IRU� :LQGRZV� �,%0� 6366� ,QF���
Chicago, IL). Normal distribution of the data was evaluated 
ZLWK� WKH�.ROPRJRURY�6PLUQRY� WHVW�� � 1XPHULFDO� YDULDEOHV�ZLWK�
normal distribution were shown as mean ± standard deviati-
on. The variables not with normal distribution were shown as 
minimum-maximum values. Categorical variables were shown 
DV�QXPEHU�DQG�SHUFHQWDJH��.UXVNDO�:DOOLV� WHVW�ZHUH�XVHG� WR�
evaluate the change of the evaluated parameters according to 
\HDUV��6SHDUPDQ�FRUUHODWLRQ�DQDO\VLV�ZDV�XVHG� WR�GH¿QH� WKH�
correlations between age, sex and evaluated quality parame-
WHUV��.DSSD�FRUUHODWLRQ�DQDO\VLV�ZDV�XVHG�WR�GH¿QH�LQWHUREVHU-
ver variability between two radiologists. 

7333 radiographs of 1438 newborns were evaluated. Median 
DJH�RI� WKH�QHZERUQV�ZHUH����GD\V�������GD\V���������������
QHZERUQV�ZHUH� IHPDOH�DQG����� ������QHZERUQV�ZHUH�PDOH��
,PDJLQJ�SDUDPHWHUV�ZHUH������������N9S�DQG�������±�����P$V�
at our portabl machine with no grid.

Mean number of performed direct radiographs for a newborn 
was 5.1 times for whole population. It was 5.8 times in 2017, 
����WLPHV�LQ������DQG�����WLPHV�LQ�������0HGLDQ�QXPEHU�RI�SHU-
IRUPHG�UDGLRJUDSKV�ZHUH�VLJQL¿FDQWO\�UHGXFHG�RYHU�WKH�\HDUV�
(p=0.01).

������������������RI�WKH�UDGLRJUDSKV�ZHUH�FKHVW�UDGLRJUDSKV��

-LQHNRORML���2EVWHWULN�YH�1HRQDWRORML�7ÕS�'HUJLVL�������9ROXPH�����6D\Õ��� -LQHNRORML���2EVWHWULN�YH�1HRQDWRORML�7ÕS�'HUJLVL�������9ROXPH�����6D\Õ���
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730 of them were babygrams, 483 of them were direct abdomi-

nal radiographs, 63 of them cranial radiographs and 52 of them 

were performed for extremities. Amount of babygrams were 

GHFUHDVHG�RYHU�WKH�\HDUV��WKH�UDWH�ZDV�������LQ������������LQ�
�����DQG������LQ�������S ��������

������ RI� WKH� UDGLRJUDSKV� ZHUH� SURSHUO\� SRVLWLRQHG�� 3URSHU�
positioning rate of the radiographs in 2017 is 76.4%, in 2018 

LV�������� LQ�������������3URSHU�SRVLWLRQLQJ� UDWH�RI� WKH� UDGL-
RJUDSKV� GLG� QRW� FKDQJH� VLJQL¿FDQWO\� RYHU� WKH� \HDUV� �S ������
(Figure 1). 

Figure 1�� $� SURSHUO\� SRVLWLRQHG� �D�� DQG� D� PLVSRVLWLRQHG� �E��
chest radiograph.

�������RI� WKH�UDGLRJUDSKV�ZHUH�SURSHUO\�FROOLPDWHG��3URSHUO\�
collimated radiographs rate in 2017 78.4%, in 2018 84.8%, in 

������������$PRXQW�RI�SURSHUO\�FROOLPDWHG�UDGLRJUDSKV�LQFUHD-

sed over the years (p=0.00) (Figure 2).

Figure 2: 3RRUO\�FROOLPDWHG�UDGLRJUDSKV���D��$Q�DEGRPLQDO�UDGL-
ograph was demanded however a babygram was acquired. (b) 

Head is completely included into a chest radiograph.

������RI�WKH�DOO�UDGLRJUDSKV�ZHUH�FODVVL¿HG�DV�EDG�IRU�LQWHUS-

retation. Overall quality of the radiographs was also increased 

over the years (p=0.00) (Table 1).

Table 1: Overall quality of the radiographs according to years

Exposure of the staff to ionizing radiation did not change betwe-

HQ������DQG�������KRZHYHU�LW�ZDV�UHGXFHG�LQ�������S �������
������RI� WKH�UDGLRJUDSKV�GLG�QRW�FRQWDLQ�DQ\�DGXOW�¿QJHUV� LQ�
�����

1R�VLJQL¿FDQW�FRUUHODWLRQ�ZDV�GHWHFWHG�EHWZHHQ�DJH��VH[�DQG�
the evaluated quality parameters. 

.DSSD� YDOXHV� IRU� DJUHHPHQW� DERXW� SURSHU� SRVLWLRQ�� SURSHU�
collimation and overall quality of the radiographs between two 

radiologists were almost perfect (0.88, 0.87, 0.82 accordingly). 

:H�PDLQO\�DLPHG�WR�UHYLHZ�RXU�SHUIRUPDQFH�DERXW�SRUWDEOH�UD-

diographs performed in NICUs. Over the years, from 2017 to 

������ RYHUDOO� TXDOLW\� IRU� LQWHUSUHWDWLRQ� DQG� SURSHU� FROOLPDWLRQ�
JUDGXDOO\� LQFUHDVHG��6WDII� H[SRVXUH� WR� LRQL]LQJ� UDGLDWLRQ�GHF-

UHDVHG� LQ�������+RZHYHU��D�VLJQL¿FDQW�SURJUHVV�FRXOG�QRW�EH�
achieved in proper positioning of newborns. Our imaging pa-

UDPHWHUV������������N9S�DQG�������±�����P$V�ZHUH�FRPSDWLEOH�
with, Comission of European Communities recommendations 

������N9S�IRU�QHRQDWDO�DQG�7XUNLVK�UHIHUHQFH�VWXG\��������N9S�
DQG���������P$V��������

Radiation safety and concerns about side effects of ionizing ra-

GLDWLRQ�DUH�SRSXODU�VXEMHFWV�WKDW�KDYH�EHHQ�DWWUDFWLQJ�DWWHQWLRQ�
RI� WKH�ERWK�KHDOWK�FDUH�SURIHVVLRQDOV�DQG�SXEOLF��6HHLQJ� WKDW�
newborns are a sensitive group for the harmful effects of ioni-

zing radiation, quality of the radiographic examinations became 

important to acquire as much information as possible with a 

single radiograph or fewer radiographs (10,11).

 According to our results, a newborn received a radiograph for 

a mean of 5.1 times during their hospitalization, and the mean 

times of receiving a radiograph has decreased over years. In 

the literature, a mean number of received radiographs for a 

QHZERUQ�� FKDQJHV� EHWZHHQ� ������� WLPHV� ��������� RXU� UHVXOWV�

-LQHNRORML���2EVWHWULN�YH�1HRQDWRORML�7ÕS�'HUJLVL�������9ROXPH�����6D\Õ���

Years Quality Percentage (%)
2017 Good 43.3

Acceptable 25.8
Bad 29.9

2018 Good 50
Acceptable 24.1
Bad 26.9

2019 Good 53.8
Acceptable 22.9
Bad 23.3
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are closer to lower bound. Considering along with the literature, 
efforts has been made to lower the numbers of radiographic 
examinations to decrease exposure to ionizing radiation. Our 
data reveals that, our institution is in a relatively better position 
according to number of radiographs. Mean value of the radiog-
UDSKV�GHFUHDVHG�RYHU�WKH�\HDUV��ZH�FDQQRW�¿QG�D�VLPLODU�UHVXOW�
in the literature about the annual changes of the performed ra-
GLRJUDSKV��:H�FRQVLGHU�WKLV�GHFUHDVH�DV�DQ�LPSRUWDQW�VLJQ�IRU�
the increasing awareness about radiation safety (for both clini-
FLDQV�DQG�UDGLRORJLVWV��DQG�H[DPLQDWLRQ�TXDOLW\��:H�DUH�DZDUH�
that the number of performed radiographs is closely correlated 
ZLWK�WKH�FOLQLFDO�FRQGLWLRQ�RI�WKH�QHZERUQV��:H�FDQQRW�RIIHU�D�
detailed information about clinical conditions of the participating 
newborns, however our NICU is an important equipped nati-
onwide center and related with that from a long period of time, 
a wide range of seriously conditioned newborns has been fol-
ORZHG��6HHLQJ�WKDW��ZH�KXPEO\�EHOLHYH�WKDW�VHULRXVQHVV�RI�WKH�
clinical conditions has minimal effect on our data.

In line with the literature (11,12) most of the evaluated radi-
RJUDSKV�ZHUH�FKHVW�UDGLRJUDSKV��IROORZHG�E\�EDE\JUDPV��%D-
E\JUDPV�UHIHU� WR� UDGLRJUDSKLF�H[DPLQDWLRQV� WDNHQ�E\�XVLQJ�D�
YHU\�ODUJH�¿HOG�RI�YLHZ��JHQHUDOO\�ZKROH�ERG\�RI�WKH�QHZERUQV��
%DE\JUDPV�FUHDWHV�DQ� LPSRUWDQW�DPRXQW�RI� LRQL]LQJ�UDGLDWLRQ�
EXUGHQ�� VXFK� DV� D� FKHVW� UDGLRJUDSK� FUHDWHV� D� GRVH� RI� �����
�����P*\��DQ�DEGRPLQDO�UDGLRJUDSK�����������P*\��RQ�WKH�RW-
her hand a babygram creates a dose of approximately 0.024 
P*\���������$V�D�FRPPRQ�KDELW��UDGLRORJ\�WHFKQLFLDQV�WHQG�WR�
FUHDWH�D�EDE\JUDP�ZKHQ�D�FKHVW�DQG�RU�DEGRPLQDO�UDGLRJUDSK�
LV�WDNHQ��$V�UDGLRORJ\�GHSDUWPHQW��VLQFH�������ZH�KDYH�EHHQ�
warning our technical team not to shoot unnecessary babyg-
UDPV��%DE\JUDPV�FDQ�EH�FUHDWHG�E\�RQO\�WKH�VSHFL¿F�GHPDQG�
RI�WKH�FOLQLFLDQ�DQG�RU�UDGLRORJLVW�VLQFH�������$V�D�UHVXOW�RI�WKH-
se warnings, we have managed to decrease the number of ba-
E\JUDPV�RYHU�\HDUV��:H�FDQQRW�¿QG�D�VLPLODU�VWXG\�LQ�(QJOLVK�
literature to examine the change of babygrams in time.

3URSHU�SRVLWLRQLQJ�RI�D�UDGLRJUDSK�LV�LPSRUWDQW�IRU�DQ�DGHTXDWH�
interpretation. However, when it comes to newborns, it can be 
GLI¿FXOW� WR�REWDLQ�D�SURSHUO\�SRVLWLRQHG� UDGLRJUDSK��HVSHFLDOO\�
ZKHQ�LW�LV�D�SRUWDEOH�UDGLRJUDSK��6LPLODU�ZLWK�WKH�OLWHUDWXUH������
ZH�FDQQRW�GHWHFW�D�VLJQL¿FDQW�FKDQJH�DERXW�WKH�DPRXQW�RI�SUR-
perly positioning radiographs. To obtain a properly positioned 
radiograph, occasionally, NICU staff or radiology technicians 
put the newborns. In these cases, we have the opportunity for 
a better radiograph, however the amount of staff exposure to 
LRQL]LQJ�UDGLDWLRQ�LQFUHDVHV��6LQFH�������ZH�RFFDVLRQDOO\�ZDUQ�

UDGLRORJ\�WHDP�DQG�1,&8�VWDII�WR�NHHS�D�VDIH�GLVWDQFH��DW�OHDVW�
RQH�PHWHU��ZKHQ�D�SRUWDEOH�UDGLRJUDSK�LV�REWDLQHG��:H�UHJXODU-
O\�FKHFN�WKH�SUHVHQFH�RI�DGXOW�¿QJHUV�LQ�1,&8�UDGLRJUDSKV�DQG�
do the necessary warnings. As a result, we managed to decre-
DVH�WKH�DPRXQW�RI�UDGLRJUDSK�ZLWK�DQ�DGXOW�¿QJHU�LQ�������DQG�
relatively we managed to decrease the amount of occupational 
H[SRVXUH�RI�WKH�VWDII��,Q�SUHYLRXV�VWXGLHV�����������VLPLODU�ZLWK�
RXU�GDWD��DGXOW�¿QJHUV�LQ�UDGLRJUDSKV�ZHUH�FRQVLGHUHG�DV�D�VLJQ�
for occupational exposure and a common effort has been made 
to reduce the exposure of the staff. In line with our data, radia-
WLRQ�VDIHW\�HGXFDWLRQV�GHFUHDVH�WKH�QXPEHU�RI�DGXOW�¿QJHUV�LQ�
UDGLRJUDSKV��������

/DUJH�¿HOG�VL]HV�DUH�D�UHVXOW�RI�SRRU�RU�LQDSSURSULDWH�FROOLPDWL-
on. Inappropriate collimation gives rise to an unnecessary high 
SDWLHQW�GRVH��DV�ZHOO�DV�GHWHULRUDWHV�WKH�LPDJH�TXDOLW\��6HHLQJ�
that bad collimation is not consistent with agreement with the 
$/$5$� SULQFLSOH�� ,Q� %DGHU� HW� DO�¶V� VWXG\� ����� LW� LV� VWDWHG� WKDW�
most of the included NICU radiographs was inappropriately col-
OLPDWHG��:DOOLQJIRUG�DW�DO������FRXOG�QRW�PDQDJH�WR�LQFUHDVH�WKH�
quality of collimation after a radiation safety education. On the 
other hand, the quality of the collimation has gradually increa-
VHG�DIWHU�DQ�HGXFDWLRQ� LQ�+HOOZLJ�HW�DO�¶V�VWXG\������$FFRUGLQJ�
to our results, we have managed to decrease the amount of 
inappropriately collimated radiographs over the examined ye-
DUV��:H� WKLQN� WKDW� WKLV� UHVXOW� LV� WKH�FRQVHTXHQFH�RI�RXU� UDGL-
ologists’ close follow up and repeated warnings about proper 
collimation. 

$�TXDOL¿HG�UDGLRJUDSK�HQDEOHV�UDGLRORJLVWV�D�JRRG� LQWHUSUHWD-
tion and it can reduce the need for further examinations (15). 
Along with the general improvements in radiographs performed 
in NICU, overall quality of the radiographs has increased gra-
GXDOO\�IURP������WR�������7KLV�NLQG�RI�LQFUHDVH�ZDV�DOVR�QRWHG�
ZLWK�UDGLDWLRQ�VDIHW\�HGXFDWLRQV�LQ�D�SUHYLRXV�VWXG\�����

7KLV�VWXG\�KDV�VRPH�OLPLWDWLRQV�ZRUW�PHQWLRQLQJ��:H�KDYH�RQO\�
evaluated the radiographs performed in a limited time, between 
�����������2XU�GDWD�EHORQJV� WR�RQO\�RQH�FHQWHU��PXOWLFHQWULF�
UHVHDUFK�PLJKW�FKDQJH�WKH�UHVXOWV��:H�GLG�QRW�LQFOXGH�FOLQLFDO�
LQIRUPDWLRQ� RI� WKH� QHZERUQV� LQWR� WKH� VWXG\�� FOLQLFDO� FRQGLWLRQ�
might affect the number and overall quality of the radiographs. 
:H�RQO\�VWULFWO\�IROORZHG�XS�WKH�TXDOLW\�RI�WKH�UDGLRJUDSKV�DQG�
ZDUQHG�RXU�WHDP�IRU�QHFHVVDU\� LVVXHV��:H�GLG�QRW�SHUIRUP�D�
scheduled education program. A study performed short after a 
planned education program might change the results. 

&RQFOXVLRQ��(IIHFWLYH�XVH�RI� LRQL]LQJ�UDGLDWLRQ� LV�DQ� LPSRUWDQW�
matter for NICUs. The overall quality of the radiographs has be-
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come better by time, especially number of properly collimated 
radiographs was increased. Exposure of the staff to ionizing 
radiation has begun to decrease. 
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