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Introduction

Scie ntific e vide nce  h as  re ve ale d cance r as  one  of
th e  top caus e s  of de ath  in th e  w orld,1,2,3,4 and am ong
th e  m any ris k  factors  of ge tting cance r is  radiation
s uch  as  ultraviole t, x-rays  and gam m a rays .5 De ath s
from  cance r are  proje cte d to continue  ris ing by about
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BACKGROUND: Th is  s tudy w as  m otivate d by th e  h igh  incide nce  of cance r and th e  rapid grow th  of th e  radio-
diagnos tic indus try in th e  Nige ria and globally. OBJECTIVES: To inve s tigate  th e  e rrors  during q uality control
te s ts  conducte d on th re e  x-ray units . METH ODS: k Vp accuracy: e xpos ure s  w e re  m ade  on th e  RMI m ultifunction
m e te r Mode l 240 s tarting from  50 k Vp w ith  incre m e nts  of 10 k Vp. k Vp re producibility: five  e xpos ure s  w e re  als o
m ade  at 70 k Vp and 20 m As . Filtration ch e ck : th re e  e xpos ure s  w e re  m ade  on a unive rs al s urve y m e te r (RADOS
RDS 120) w ith  diffe re nt alum inium  th ick ne s s  place d on it. m As  / e xpos ure  tim e r line arity: th re e  e xpos ure s  w e re
m ade  on th e  unive rs al s urve y m e te r at 70 k Vp for e ach  m As  s e le cte d. m As  / e xpos ure  tim e r re ciprocity: th re e
e xpos ure s  w e re  m ade  on th e  unive rs al s urve y m e te r at 80 k Vp w ith  th re e  diffe re nt com binations  of m A and
e xpos ure  tim e  to yie ld 20 m As . Radiation out-put re producibility: five  e xpos ure s  w e re  m ade  on th e  unive rs al
s urve y m e te r us ing cons tant e xpos ure  factors . Be am  alignm e nt: e xpos ure  w as  m ade  on an 18 x 24 cm  x-ray film
w ith  four coins  place d on e ith e r e dge  of th e  ligh t fie ld to m ak e  contact w ith  e ach  oth e r. Radiation le ak age : w ith
th e  s h utte rs  tigh tly clos e d, th e  unive rs al s urve y m e te r place d at 100cm  from  th e  x-ray tube  w as  e xpos e d at 125
k Vp and 250 m As . RESULTS: Sh im adz u and DM-105N x-ray units  faile d k Vp accuracy te s t w ith  05.06%  and -8.58%
e rror re s pe ctive ly. Als o, th e  Sie m e ns  faile d th e  m As  re ciprocity w ith  0.36%  e rror. H ow e ve r, th e  th re e  x-ray
m ach ine s  pas s e d th e  oth e r re m aining QC te s ts . CONCLUSIONS: Th e  re s ults  obtaine d de m ons trate d an acce ptable
condition for all th e  x-ray m ach ine s .
Ke yw ords : Optim iz ation, x-ray, q uality control (QC) te s ts .
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70%  in 2030 w h ich  is  e s tim ate d to 13.1 m illion de ath s
w orldw ide .2 Th e  National Council on Radiation
Prote ction and M e as ure m e nts  NCRP6 and Inte r-
national Com m is s ion on Radiological Prote ction ICRP-
1057 re porte d m e dical e xpos ure  as  th e  m ajor w orld-
w ide  s ource  of radiation e xpos ure .
Furth e rm ore , biological e ffe cts  of radiation are  clas s i-
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fie d as  de te rm inis tic and s toch as tic. De te rm inis tic
e ffe cts  are  e ffe cts  induce d afte r a ce rtain radiation
abs orbe d dos e  th re s h old is  e xce e de d; Se ve rity of
de te rm inis tic e ffe cts  de pe nds  on dos e . W h ile  th e
s toch as tic e ffe cts  are  probabilis tic e ffe cts  w h ich  are
not de pe nde nt on abs orbe d dos e  th re s h old; th e
s e ve rity of s toch as tic e ffe cts  is  inde pe nde nt of th e
abs orbe d dos e .8,9 ,10 De te rm inis tic e ffe cts  are  not of
m ajor conce rn in diagnos tic im aging, rath e r th e  s to-
ch as tic e ffe cts ; s ince  low  dos e s  of radiation are
involve d in diagnos tic im aging and th e  probability of
cance r occurre nce  incre as e s  w ith  a continuous  accu-
m ulation of radiation dos e  ove r a pe riod of tim e .9 ,10,11

Optim iz ation of practice  is  one  of th e  cardinal principle s
in radiation prote ction w h ich  e ns ure s  th at w h ile
radiation is  be ing us e d, th e  lik e lih ood of ge tting
e xpos e d, th e  num be r of pe ople  e xpos e d, and th e
m agnitude  of th e ir individual dos e s  s h ould all be  k e pt
as  low  as  re as onably ach ie vable  (ALARA), w ith
e conom ic and s ocie tal factors  tak e n into cons ide ra-
tion.12,13 ALARA in diagnos tic im aging can be  ach ie ve d
th rough ; q uality as s urance  program , m inim iz ing radia-
tion e xpos ure  tim e , m axim iz ing dis tance  from  th e
radiation s ource , re ducing s catte re d radiation, us e
of s h ie lding (s uch  as  le ad apron and w all le ad lining)
and s o on.13,14

H ow e ve r th e  radiation dos e  re ce ive d; w h e th e r large
or s m all, it is  ne ce s s ary th at q uality as s urance  program
is  im ple m e nte d in radio-diagnos tic facilitie s  and th e
various  q uality control te s ts  are  conducte d pe riodically
as  s tipulate d in th e  q uality as s urance  program . Th is
s tudy e valuate d th e  radiation s afe ty condition of s om e
conve ntional x-ray m ach ine s  th rough  q uality control
te s ts  in orde r to e ns ure  optim iz ation of radiation
prote ction.

Mate rials  and M e th ods

As s e s s m e nt 1(a): k Vp Accuracy

Obje ctive : To inve s tigate  th e  variation be tw e e n th e
pe ak  voltage  (k Vp) s e t on th e  control pane l w ith  th at
re corde d by th e  RMI m ultifunction m e te r, th at is  th e
m e as ure d k Vp.

Mate rial: RMI m ultifunction m e te r Mode l 240

Proce dure :
1.  Th e  RMI m ultifunction m e te r w as  place d on th e
x-ray table
2.  Expos ure s  w e re  m ade  on th e  RMI m ultifunction
m e te r s tarting from  50 k Vp w ith  incre m e nts  of 10
k Vp.
3.  Th e  re adings  dis playe d on th e  ligh t e m itting diode
(LED) of th e  RMI m ultifunction m e te r w e re  re corde d.
4.  Th re e  diffe re nt e xpos ure s  for e ach  k Vp s e t w e re
m ade  and ave rage  tak e n.
5.  Th e  SID/ FFD w as  m aintaine d at 100 cm .

Pe rform ance  as s e s s m e nt: Tole rance  lim it of five
pe rce nt (5% ) and th e  Variations  be tw e e n th e  k Vp s e t
and th e  be am  q uality dis playe d on th e  RMI m ulti-
function m e te r w as  de te rm ine d us ing th e  e q uation
be low ;15,16

As s e s s m e nt 1(b): k Vp Re producibility
Obje ctive : To inve s tigate  th e  cons is te ncy in th e
m e as ure d k Vp w ith  th e  s e t k Vp.

Mate rial: RMI m ultifunction m e te r M ode l 240
Proce dure :
1. Th e  RMI m ultifunction m e te r w as  place d on th e  x-
ray table
2. Expos ure s  w e re  m ade  on th e  RMI m ultifunction
m e te r w ith  th e  k Vp s e t at 70 k Vp and 20 m As
3. Th e  re adings  dis playe d on th e  LED of th e  RMI
m ultifunction m e te r w e re  re corde d.
4. Five  diffe re nt e xpos ure s  for th e  s e t k Vp and m As
w e re  m ade .
5. Th e  SID/ FFD w as  m aintaine d at 100 cm .

Pe rform ance  as s e s s m e nt: Tole rance  lim it of tw o
pe rce nt (2% ) and th e  variations  of th e  k Vp w as  de te r-
m ine d us ing th e  e q uation be low ;17

As s e s s m e nt 2: Filtration Ch e ck  (H VL inve s ti-
gation)
Obje ctive : To de te rm ine  th e  h alf value  laye r (H VL).
Th is  is  to e ns ure  th at low  ph oton e ne rgie s  w h ich  con-
tribute  to e xce s s  dos e  are  re m ove d. Th is  w ill e ns ure
th at th e  patie nt’s  s k in dos e  is  re duce d.

%  e rror = m e as ure d value  - s e t value
s e t value

x100% (1)

k Vp Re producibility variance  = (k Vpm ax - k Vpm in)
(k Vpm ax +  k Vpm in)

(2)
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Mate rials : Unive rs al s urve y m e te r (RADO S RDS
120), various  th ick ne s s  of alum inium  s h e e ts  ranging
from  1 to 5 m m  in incre m e nts  of 1 m m , le ad apron
and Adh e s ive  tape .

Proce dure :
1. Unive rs al s urve y m e te r w as  place d on th e  x-ray
table  on top of a le ad apron (to pre ve nt back s catte r).
2. Th e  Unive rs al s urve y m e te r-to-tube  dis tance  w as
adjus te d be tw e e n 60 and 80 cm , be caus e  value s
from  30 to 100 cm  s h ow  a variation of le s s  th an
4.1% .18

3. Th e  Unive rs al s urve y m e te r w as  place d w ith in th e
adjus te d fie ld s iz e  of collim ator.
4. Expos ure s  w e re  m ade  w ith  diffe re nt alum inium
th ick ne s s  (s tarting from  1 m m ) at 80 k Vp and 50 m As
and th e  unive rs al s urve y m e te r re adings  w e re
re corde d pe r e xpos ure .
5. Th e  diffe re nt alum inium  plate s  w e re  place d be tw e e n
th e  collim ator and th e  Unive rs al s urve y m e te r.
6. Th e  proce dure  w as  re pe ate d w h ile  adding
alum inium  plate s  in an incre m e nt of 1 m m .
7. A graph  of x-ray inte ns ity (unive rs al s urve y m e te r
re ading) ve rs us  abs orbe r m as s  th ick ne s s  w as  plotte d.
8. Th e  H VL w as  de te rm ine d from  th e  graph  by tracing
h alf of th e  m axim um  unive rs al s urve y m e te r re ading
a line  from  th is  point on th e  Y axis  to th e  curve  and
th e n anoth e r line  from  th is  point on th e  curve  dow n
to th e  X axis . Th e  value  on th e  X axis  re pre s e nte d
th e  H VL.

Pe rform ance  as s e s s m e nt: Th e  H VL s h ould h ave  a
m inim um  value  of 2.3m m  at 80 k Vp.19

As s e s s m e nt 3(a): m As / e xpos ure  tim e r line arity
m As  Line arity re fe rs  th at s e q ue ntial incre as e  in m As
s h ould produce  s e q ue ntial incre as e  in radiation
e xpos ure  produce d. But s ince  q  = it (m As ), th e re fore
it is  als o a te s t for th e  e xpos ure  tim e r. W h e re  i and t
are  curre nt and e xpos ure  tim e , re s pe ctive ly.

Obje ctive : To de te rm ine  if th e  radiation e xpos ure
produce d com plim e nt th e  incre as e  in m As .

Mate rials : Unive rs al s urve y m e te r (RADO S RDS
120), Le ad apron

Proce dure :
1. Th e  unive rs al s urve y m e te r w as  place d on th e  le ad

apron w h ich  w as  on th e  x-ray table .
2. Th re e  e xpos ure s  for e ach  m As  s e le cte d w e re  m ade
at 100 cm  FFD w ith  th e  e xpos ure  factors  s e t at 70
k Vp and m As  of 5, 10. 20 and 40.
3. Th e  unive rs al s urve y m e te r re ading from  e ach
e xpos ure  w as  re corde d and th e n divide d th e  s e t m As
to yie ld m R pe r m As .
4. Th e  m inim um , m axim um  and ave rage  re adings  of
th e  four e xpos ure s  w e re  de te rm ine d.

Pe rform ance  as s e s s m e nt: Th e  line arity variance
w as  calculate d us ing th e  e q uation be low . Line arity is
ade q uate  w h e n th e  value  is  le s s  th an 10%  (0.1).15

As s e s s m e nt 3(b): m As  and e xpos ure  tim e r re cip-
rocity
Re ciprocity re fe rs  to th e  s am e  m As  be ing s e le cte d
but w ith  diffe re nt s e le ctions  of m A and e xpos ure
tim e .19

Obje ctive : To de te rm ine  th e  radiation output accuracy
at diffe re nt com binations  of m A and tim e  to give  ris e
to s am e  m As .

Proce dure :
1. A le ad apron w as  place d on th e  x-ray table .
2. Unive rs al s urve y m e te r (RADOS RDS 120) w as
place d on th e  le ad apron.
3. Th re e  e xpos ure s  for e ach  m As  s e le cte d w e re  m ade
at 80 k Vp and 20 m As , th e  s e t k Vp re m aine d cons tant
w h ile  th re e  diffe re nt com binations  of m A and e xpos ure
tim e  w e re  s e t to yie ld 20 m As .
4. Th e  unive rs al s urve y m e te r re adings  w e re  re corde d
and th e  unive rs al s urve y m e te r w as  re s e t afte r e ach
e xpos ure .
5. Th e  FFD w as  m aintaine d at 100 cm .
6. Th e  unive rs al s urve y m e te r re adings  dis playe d
from  e ach  e xpos ure  w e re  th e n divide d th e  s e t m As
to yie ld m R pe r m As .
7. Th e  m inim um , m axim um  and ave rage  re adings  of
th e  five  e xpos ure s  w e re  de te rm ine d.

Pe rform ance  as s e s s m e nt: Th e  re ciprocity variance
w as  calculate d us ing th e  e q uation be low .
Th e  re ciprocity variance  s h ould be  le s s  th an 0.1
(10% ).15

Line arity variance  =  2

ave rage
m R
m As( )

m R
m As( )m ax - m R

m As( )m in
(3)
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As s e s s m e nt 4: Radiation Output Re producibility
Obje ctive : To inve s tigate  th e  x-ray m ach ine  out-put
production cons is te ncy.

Mate rials : Unive rs al s urve y m e te r (RADO S RDS
120) and Le ad apron.

Proce dure :
1. A le ad apron w as  place d on top of an x-ray table .
2. Unive rs al s urve y m e te r w as  place d on th e  le ad
apron.
3. Th e  ce ntral ray of th e  x-ray be am  w as  ce ntre d to
th e  Unive rs al s urve y m e te r at an FFD of 100 cm .
4. A s e rie s  of five  e xpos ure s  to th e  unive rs al s urve y
m e te r w e re  done  us ing th e  s am e  m ach ine  param e te rs
of 80 k Vp, 100 m A and 100 m s  s e t at s am e  dim e n-
s ions .
5. Afte r e ach  e xpos ure  be fore  anoth e r one  w as  m ade ,
th e  pre vious  re ading w as  re corde d and th e n th e
unive rs al s urve y m e te r re s e t for a fre s h  e xpos ure .
Pe rform ance  crite ria: Th e  e q uation be low  w as  us e d
to obtain th e  re producibility variance . Th e  re produ-
cibility variance  s h ould be  le s s  th an 0.05 (or 5% ).15

(e xam ple  65 k Vp, 4 m As ) and x-ray film  w as  de ve -
lope d.
6. Th e  dis tance s  be tw e e n th e  ligh t (w h e re  th e  coins
touch ) and x-ray fie lds  for all coin locations  w e re
m e as ure d.

Pe rform ance  as s e s s m e nt: Th e  ligh t and x-ray fie ld
m is alignm e nt doe s  not e xce e d 2%  of 100cm  in e ith e r
th e  le ngth  or th e  w idth  of th e  film .20

As s e s s m e nt 6: Radiation Le ak age

Obje ctive :  To de te rm ine  th e  le ve l of radiation le ak age
from  th e  x-ray tube  as  th is  le ak age  radiation w ill
incre as e  th e  patie nt and s taff dos e s , re s pe ctive ly.

Mate rials : Me te r rule  and a Unive rs al s urve y m e te r
(RADOS RDS 120).

Proce dure :
1. Th e  collim ator s h utte r of th e  x-ray tube  w as
com ple te ly clos e d and th e  x-ray tube  turne d ve rtically
dow nw ard pos ition.
2. A unive rs al s urve y m e te r w as  place d at 100 cm
from  th e  x-ray tube  and at 4 diffe re nt s ide s  of th e
tube  to m e as ure  le ak age  radiation.
3. Five  e xpos ure s  w e re  m ade  us ing 125 k Vp and 250
m As .
4. Th e  unive rs al s urve y m e te r re adings  for e ach  of
th e  diffe re nt pos itions  of th e  unive rs al s urve y m e te r
w e re  re corde d.
5. Th e  ave rage  of th e  five  re adings  w as  de te rm ine d.

Pe rform ance  as s e s s m e nt:  Th e  le ak age  radiation
at 100 cm  s h ould be  0.1 Rh -1 w h e n tube  is  ope rate d
at m axim um  tube  curre nt and pote ntial.21,22

As s e s s m e nt 5: Be am  Alignm e nt Te s t
Obje ctive : To as s ure  th at th e  ligh t fie ld accurate ly
de fine s  th e  x- ray fie ld.

Mate rials : nine  coins , m e as uring tape  and loade d x-
ray cas s e tte

Proce dure :
1. A loade d cas s e tte  w as  place d on th e  x-ray table
at SID/FFD of 100 cm .
2. Th e  ligh t fie ld s iz e  w as  adjus te d to be  s m alle r th an
th e  film  (18 x 24 cm  or 24 x 30 cm ).
3. Four coins  w e re  place d on th e  ins ide  e dge  of th e
ligh t fie ld at th e  ce ntre  of e ach  dim e ns ion, and th e
oth e r four on th e  outs ide  e dge  in contact w ith  th e
inne r coins .
4. A ninth  coin w as  place d in th e  ligh t fie ld tow ards
th e  cath ode  e nd of th e  x-ray tube  to de m ons trate  on
th e  im age  th e  dire ction of th e  m is alignm e nt.
5. X-ray e xpos ure  w as  m ade  us ing low  e xpos ure s

Figure  1: Nine  Pe nny Te s t

Coins

X-ray cas s e tte

Ligh t fie ld

Re ciprocity variance   =  2

ave rage
m R
m As( )

m R
m As( )m ax - m R

m As( )m in
(4)

Re producibility variance  = (m Rm ax - m Rm in)
(m Rm ax +  m Rm in)

(5)
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Re s ults

Table  1A: k Vp accuracy on Sh im adz u x-ray m ach ine  in facility I.
Th is  s h ow s  a m axim um  variation of + 7 %  at 100 k Vp but th e  x-
ray s h ow s  an acce ptable  le ve l of k Vp accuracy w ith  m e an variation

of about + 3.5%

Table  1B: k Vp re producibility on Sh im adz u x-ray m ach ine . Th is
s h ow s  a re producibility variation of 0.003 w h ich  is  be low  th e

acce ptable  variation of 2% . Th e re fore , th e  m ach ine  h as  pas s e d
th e  te s t.

kVp
Station

Measured kVp

RMI multifunction meter readings Mean SD() Error(%)

70.00 72.20 72.20 71.90 71.98 0.22 0.003

< ±02.00Acceptable Variation or Error (%)17

71.70 71.90

kVp
Station

Measured kVp

RMI multi function meter
readings

Mean SD() Error(%) Tolerance
(%)15,16

60

70

80

90

100

64.60

72.20

82.70

95.00

107.50

62.80

72.20

82.90

94.90

107.00

62.60

71.90

82.90

95.30

108.20

63.33

72.10

82.83

95.07

107.57

1.10

0.17

0.11

0.21

0.60

+ 05.56

+ 03.00

+ 03.54

+ 05.63

+ 07.56

+ 05.06

< ±05.00

< ±05.00

< ±05.00

< ±05.00

< ±05.00

Mean kVp variation or error (%)

Table  2A: k Vp accuracy on Sie m e ns  x-ray m ach ine  in facility I.
Th is  s h ow s  a m axim um  variation at 60 k Vp and m inim um  variation
at 100 k Vp. Th e re fore , m e an variation is  w ith in acce ptable  lim its .

kVp
Station

Measured kVp

RMI multi function meter
readings

Mean SD() Error(%) Tolerance
(%)15,16

60

70

80

90

100

64.50

71.60

80.50

88.30

101.40

64.70

70.60

80.20

88.10

100.30

64.80

71.00

79.60

89.80

100.30

64.67

71.07

80.10

88.73

100.30

0.15

0.50

0.46

0.93

0.64

+07.78

+01.52

+00.13

-01.41

+00.67

+01.74

< ±05.00

< ±05.00

< ±05.00

< ±05.00

< ±05.00

Mean kVp variation or error (%)

Table  2B: k Vp re producibility on Sie m e ns  x-ray m ach ine . Th is
s h ow s  th at th e  variation is  w ith in acce ptable  lim its .

kVp
Station

Measured kVp

RMI multifunction meter readings Mean SD() Error(%)

70.00 71.60 70.60 71.00 71.30 0.48 0.012

< ±02.00Acceptable Variation or Error (%)17

71.60 71.70

Table  3A: k Vp accuracy on DM- 105N x-ray m ach ine  in facility II.
Th is  s h ow s  a m axim um  k Vp variation of 17 at 100 and le as t

variation at 60 k Vp.

kVp
Station

Measured kVp

RMI multi function meter
readings

Mean SD() Error(%) Tolerance
(%)15,16

60

70

80

90

100

61.90

65.50

72.00

78.50

82.70

62.70

65.00

71.40

77.90

83.00

63.20

65.20

71.70

78.70

83.00

62.60

65.23

71.70

78.37

83.00

0.54

0.21

0.24

0.34

0.14

+04.33

- 06.81

- 10.38

- 12.93

- 17.10

- 08.58

< ±05.00

< ±05.00

< ±05.00

< ±05.00

< ±05.00

Mean kVp variation or error (%)

Table  3B: k Vp re producibility on DM- 105N x-ray m ach ine . Th is
s h ow s  th at th e  x-ray m ach ine  h as  pas s e d th e  k Vp re producibility

te s t.

kVp
Station

Measured kVp

RMI multifunction meter readings Mean SD() Error(%)

70.00 65.50 65.00 65.20 65.18 0.24 0.005

< ±02.00Acceptable Error or Tolerance (%)17

65.30 64.90

120

100

80

60

40

20

0
60 70 80 90 100

Set kVp

measured kVp A

measured kVp B

measured kVp C

Figure  2: k Vp variations  com pare d for th e  diffe re nt x-ray m ach ine s
A - C. k Vp affe cts  th e  pe ne tration of th e  x-rays . Variations  at low e r
k Vps  w ould re s ult in de cre as e d x-ray pe ne tration th e re by incre as ing
patie nt dos e . H igh e r k Vp variations  w ould re s ult in incre as e d x-
ray pe ne tration th e re by de cre as ing patie nt dos e . H ow e ve r, th is
e ffe ct m ay affe ct th e  im age  q uality le ading to re pe at e xpos ure

and indire ctly incre as ing patie nt radiation dos e .

Table  4: Filtration value s  for H VL e s tim ation. Th is  s h ow s  th e
various  m e as ure m e nts  at diffe re nt th ick ne s s  of alum inium . Th e

m e as ure m e nts  are  plotte d agains t th e  s e ve ral th ick ne s s  of
alum inium . Th e  unive rs al s urve y m e te r (RADOS RDS 120) did
re gis te r any re ading for DM-105N at 5m m  alum inium  th ick ne s s .

Thickness of
Aluminium (mm)

Mean universal survey meter readings (R/min)

01.00

02.00

03.00

04.00

05.00

0.324

0.257

0.205

0.169

0.150

0.533

0.445

0.388

0.334

0.299

0.154

0.127

0.102

0.083

   -

(A) Shimadzu (B) Siemens (C) DM- 105N
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Figure  3: H VL graph  for Sh im adz u (x-ray unit A) and th is  s h ow s
a H VL of about 4.4 m m  at 80 k Vp. Th e  H VL s h ould h ave  a

m inim um  of 2.3 m m  Alum inium  th ick ne s s  at 80 k Vp.19

Figure  4: H VL graph  for Sie m e ns  (x-ray unit B). Th is  s h ow s  a
H VL of about 5 m m  at 80 k Vp. Th e  H VL s h ould h ave  a m inim um

of 2.3 m m  Alum inium  th ick ne s s  at 80 k Vp.19

Table  5: m As  /tim e r line arity for Sh im adz u. Th is  s h ow s  a th at th e
variations  are  w ith in acce ptable  lim its .

mAs Linearity of Shimadzu X-ray Machine

200mA,20mAs,70kVp

400mA,40mAs,70kVp

0.111

0.224

0.110

0.225

0.0055

0.0056

Exposure Factors

Exposure (mR)

1st 2nd 3rd Mean mR
mAs

0.110

0.224

0.110

0.224

Linearity Variance or Error (%): 0.0045

Acceptable Error15 (%): < 0.1 (10%)

Figure  5: H VL graph  for DM-105N ( x-ray unit C). Th is  s h ow s  th at
a H VL value  of about 4 m m  at 80 k Vp. Th e  H VL s h ould h ave  a

m inim um  of 2.3 m m  Alum inium  th ick ne s s  at 80 k Vp.19

Table  6: m As  line arity for Sie m e ns . Th is  s h ow s  th at th e  m As
line arity is  w ith in acce ptable  lim its .

mAs Linearity of Siemens X-ray Machine

80mA,40mAs,70kVp

160mA,80mAs,70kVp

0.0034

0.0026

0.0035

0.0025

0.141

0.210

Exposure Factors

Exposure (mR)

1st 2nd 3rd Mean mR
mAs

0.0035

0.0026

0.0035

0.0026

Linearity Variance or Error (%): 0.074

Acceptable Error15 (%): < 0.1 (10%)

Table  7: m As  re ciprocity of Sh im adz u X-ray Mach ine

mAs Reciprocity of Shimadzu X-ray Machine

160mA,125ms,80kVp

200mA,100ms,80kVp

400mA,50ms,80kVp

0.146

0.137

0.147

0.145

0.137

0.147

0.00725

0.00685

0.00735

Exposure Factors

Exposure (mR)

1st 2nd 3rd Mean mR
mAs

0.145

0.136

0.147

0.145

0.137

0.147

Reciprocity Variance or Error (%): 0.0166

Acceptable Error15 (%): < 0.1 (10%)

Table  9 : Radiation Output Re producibility Te s t; Unive rs al s urve y
m e te r (RADOS RDS 120) re ading at cons tant k Vp and m As . Th is
s h ow s  th at all th e  th re e  x-ray m ach ine s  h ave  a radiation output
re producibility value s  w ith in th e  acce ptable  lim its . Th e  Sie m e ns
s h ow s  h igh e r variation of 0.037 follow e d by DM-105N w ith  0.013.

Universal Survey Meter Reading (R/min)

0.140

0.139

0.141

0.140

0.140

0.007

kVp: 80

mA: 100

Time(s): 0.2

mAs: 20

Shimadzu Siemens DM-105N

0.155

0.144

0.155

0.149

0.152

0.037

0.038

0.038

0.037

0.037

0.037

0.013Variance or Error (%):

Acceptable Error15: <0.05 (5%)

Exposure
Factors

Table  8: m As  Re ciprocity of Sie m e ns  X-ray Mach ine

mAs Reciprocity of Siemens X-ray Machine

20mA,0.70ms,80kVp

40mA,0.33ms,80kVp

80mA, 0.18ms,80kVp

0.010

0.091

0.298

0.009

0.090

0.300

0.0007

0.0064

0.0214

Exposure Factors

Exposure (mR)

1st 2nd 3rd Mean mR
mAs

0.011

0.090

0.300

0.010

0.090

0.300

Reciprocity Variance or Error (%): 0.36

Acceptable Error15 (%): < 0.1 (10%)
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Table  10: Th is  s h ow s  m is alignm e nt of ligh t fie ld and th e  radiation
e m itte d. All th e  th re e  x-ray m ach ine s  pas s e d th e  te s t as  th e

m is alignm e nt is  w ith in th e  acce ptable  lim its  in both  le ngth  and
w idth  of th e  radiation fie ld.

Misalignment

SHIMADZU

SIEMENS

DM-105N

Acceptable misalignment: < 2cm (2% of 100cm) in Length and Width20

0.1

0.6

0.3

Length (cm) Width (cm) Direction

0.4

0.1

0.5

Away from the Cathode (-)

Towards the Cathode (-)

Away from the Cathode  ( -)

Dis cus s ion

k Vp accuracy and re producibility: (Tab. 1A) is  a
table  of k Vp accuracy of m ach ine  A (Sh im adz u). It
s h ow s  th at th e  m ach ine  pre s e nte d w ith  gre ate r ripple
(e rror) th an e xpe cte d at 60, 9 0 and 100 k Vps . Th is
im plie s  th at th e  s ubje ct e xpos e d w ith  th is  m ach ine
w ould re ce ive  a dos e  h igh e r th an e xpe cte d as  th e
dos e  is  e xpone ntial to th e  k Vp.23 Th e  k Vp e rror w ould
als o affe ct th e  im age  q uality16 w h ich  m ay ne ce s s itate
th e  ne e d for a re pe at e xpos ure , invariably incre as ing
th e  patie nt radiation dos e . H ow e ve r, th e  m ach ine
pas s e d th e  k Vp re producibility te s t as  s h ow n in
(Tab.1B).
Furth e rm ore , as  s h ow n in (Tab. 2A), th e  Sie m e ns
m ach ine  in room  B s h ow s  a prom is ing re s ult w ith  an
e rror only at 60 k Vp. Th e  k Vp accuracy ch e ck  con-
ducte d s h ow e d th at DM-105N (in facility 2) pre s e nte d
w ith  a ripple  gre ate r th an th e  acce ptable  value  (as
s h ow n in Tab. 3A). Th e re fore , th e  x-ray m ach ine s  B
pre s e nte d w ith  acce ptable  k Vp ripple  w h ile  m ach ine
A and C faile d th e  te s t. Th is  e rror m ay affe ct th e
im age  q uality re s ulting to e ith e r ove re xpos e d or
unde re xpos e d im age  w h ich  m ay le ad to re pe at
e xpos ure  th e re by le ading to incre as e d patie nt dos e .
Ne ve rth e le s s , all th re e  x-ray m ach ine s  in th e  s tudy
s h ow e d acce ptable  k Vp re producibility (s e e  Tab. 1B,
2B and 3B).

Filtration and h alf value  laye r H VL: It is  im portant
th at x-rays  produce d are  filte re d in orde r to re m ove
th e  s oft x-rays , be caus e  if s uch  s oft x-rays  are  not
re m ove d, th e ir e ne rgy w ould be  de pos ite d on th e
s k in and oth e r organs  on th e ir w ay th e re by incre as ing
th e  pote ntial radiation ris k s  to s uch  tis s ue s  and organs
of th e  body. H alf value  laye r te s t is  th e  te s t conducte d
to ch e ck  if th e  x-rays  are  ade q uate ly filte re d or not.
(Fig. 6, 7 and 8) s h ow e d th at all th e  x-ray m ach ine s
ade q uate ly filte r th e ir x-rays  as  th e y pre s e nte d w ith
H VL value s  gre ate r th an th e  m inim um  value  of 2.3
m m  of alum inum  th ick ne s s  at 80 k Vp.19  Th e re fore ,
th e  h igh e r th e  H VL above  th e  m inim um , th e  low e r
th e  radiation dos e  re ce ive d.

m As  line arity and re ciprocity ch e ck  w as  pe rform e d
on th e  tw o x-ray m ach ine s  in facility (1), but not on
th e  DM -105N (in facility 2). Th is  w as  be caus e  th e
DM-105N gave  little  room  for m anipulation of e xpos ure
factors . Furth e rm ore , th e  Sie m e ns  m ach ine  (in room
B) faile d th e  m As  re ciprocity te s t as  s h ow n in (Tab.8).
Th is  m e ans  th at for s am e  ch oice  of m As , th e re  is  no
ce rtainty th at th e  tube  output w ould be  s im ilar. Th is
w ould le ad to m ore  re pe at e xpos ure  th e re by incre as ing
th e  ris k  for s toch as tic e ffe ct of radiation.24

Radiation out-put re producibility: All th e  th re e
m ach ine s  pas s e d th e  radiation out-put re producibility
te s ts  (s e e  Tab. 9 ). Th is  im plie s  th at for a particular
s e le ction of e xpos ure  factors , if s uch  factors  are
ch os e n in th e  future , s im ilar e xpos ure  w ould re s ult.
Th e re fore , if th e  e xpos ure  factors  us e d are  re corde d,
in th e  future , s uch  factors  could s till be  us e d by th e
ope rator of th e  x-ray. Th is  w ould invariably re duce
re pe at e xpos ure  for th e  patie nt th e re by re ducing th e
radiation dos e  re ce ive d.

Be am  m is alignm e nt te s t: Th is  te s t w as  pe rform e d
to ch e ck  if th e  radiation be am  by th e  x-ray m ach ine
is  de line ate d by th e  ligh t be am . All th e  th re e  x-ray
m ach ine s  pre s e nte d w ith  acce ptable  m is alignm e nts
of le s s  th an 2 cm  (s e e  table  10), th at is  2 pe rce nt of
th e  FFD. Be am  m is alignm e nt m ay be  as  a re s ult of
dis lodge m e nt of th e  m irror in th e  ligh t be am  dia-
ph ragm ; w h ich  m ay re s ult in cut off of an anatom ical
are a of inte re s t or ove r collim ation in orde r to include
th e  ne e de d anatom ical are a th e re by including s om e
unne e de d anatom ical are a. Cons e q ue ntly, th is  m ay

Table  11: Radiation le ak age  te s t; th is  s h ow s  th at th e  radiation
le ak age s  from  all th e  x-ray m ach ine s  are  be low  th e  m axim um

acce ptable  value  of < 0.1 at100cm . But DM-105N s h ow s  th e  value
follow e d by th e  Sie m e ns .

Radiation Leakage

DM-105N

SHIMADZU

SIEMENS

Acceptable Leakage21,22

Universal Survey Meter Reading(R/min)

0.004

0.001

0.002

< 0.1 R/h
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le ad to re pe at radiation e xpos ure  w h e n th e re  is  cut
off of anatom ical are a of inte re s t; le ading to m ore
dos e  load on th e  patie nt. In a s ituation w h e re  m ore
anatom ical are a is  include d in orde r to im age  th e
ne e de d anatom ical are a; m ore  s catte r radiation w ould
be  ge ne rate d w h ich  w ould de grade  th e  radiograph ic
im age  q uality.25

Th is  s tudy h as  re ve ale d th at x-ray m ach ine s  A, B
and C pas s e d th e  total QC te s ts  w ith  87.5% , 87.5%
and 62.5%  re s pe ctive ly. Conducting a pe riodic QC
te s ts  w ould re ve al th e  fault in an x-ray m ach ine  th e re by
re q uiring th e  atte ntion of a s e rvice  e ngine e r. Th e re fore ,
k now ing th e  w ork ing condition of th e  x-ray m ach ine
is  ve ry vital to e ns uring th at th e re  are  no unne ce s s ary
re pe at e xpos ure s  of radiograph ic proce dure s  w h ich
invariably w ould incre as e  th e  patie nt and s taff radiation
dos e . Furth e rm ore , conducting a q uality as s urance
program  is  prim e  in e ns uring th e  radiation s afe ty of
patie nt and s taff.
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