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Young patients with rheumatoid arthritis and other chronic diseases of 
the skeleton are increasingly being operated on with replacement of 
major joints. The great number of associated X-ray examinations per- 
formed on these patients has caused some anxiety amongst orthopaedic 
surgeons. Two patients with juvenile rheumatoid arthritis have been 
studied. An attempt was made to calculate the total radiation dose to 
bone marrow and gonads. For lack of recommendations for  the maxi- 
mum permissible radiation dose to patients, the dose calculated has 
been compared with the maximum permissible dose of radiation 
workers, and with the dose limit for non-occupational irradiation of 
individuals. The yearly absorbed dose in  these two patients is much 
lower than the maximum permissible dose of radiation workers and 
only slightly higher than the dose limit for non-occupational exposure 
of individuals. 
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Many patients suffer from chronic skele- 
tal disease with an uncertain prognosis 
as regards cure, although the disease 
may not greatly shorten the expected life 
span. Rheumatoid arthritis is a typical 
example of such a disease. 

These patients often undergo repeated 
orthopaedic operations. Before being op- 
erated on, they are usually X-rayed 
several times in order to follow the 
pathological changes. Postoperative ra- 
diography is often necessary. After total 
hip or knee replacement, X-ray examina- 
tions must be done at intervals for a long 

time, in order to detect complications, 
such as infection, at  an early stage. The 
intervals between X-ray examinations 
vary greatly from one hospital to an- 
other. 

Some of these chronic diseases en- 
gaging the skeleton also cause patho- 
logical changes in organ systems other 
than the locomotor system. Examples of 
this are renal amyloidosis in rheumatoid 
arthritis and aortic insufficiency in an- 
kylosing spondylitis. 

There may also be adverse effects of 
the treatment of these diseases, e.g., gas- 
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tric ulceration may result from adminis- 
tration of antiinflammatory drugs such 
as corticosteroids and salicylates. 

Confinement to bed can predispose the 
patient to urinary infection and urinary 
stone formation. The diagnosis and treat- 
ment of these changes and complications 
usually necessitates further X-ray inves- 
tigations. 

Chronic skeletal disease often affects 
young people and children. These pa- 
tients are at an early age subjected to a 
great number of radiological investiga- 
tions.The chronic nature of their disease, 
and the prospect of continuing treatment 
and X-ray investigations of the same pa- 
tient for many decades, makes knowledge 
of the accumulated radiation dose im- 
portant. In addition to the risks of malig- 
nancy from radiation, attention has been 
drawn to the possibility of retarding ske- 
letal growth by irradiation of the growth 
zones (International Commission on Ra- 
diological Protection 1969). 

Table 1. 

Patient no. 530202 9 R.A. 

Operations: 
Onset 1957 a t  the age of 4 years. 

Removal of kidney stone 
Adductor tenotomy 
Total hip replacement 
Osteotomy of tibia 

Patient no. 581002 8 R.A.  

Operations: 
Onset 1960 at  the age of 1% years. 

Synovectomy both wrists 
and several finger joints 

Resynovectomy one wrist 
and several finger joints 

Adductor tenotomy 
Synovectomy both elbows 
Synovectomy of knee 

1959 
1962 
1974 
1975 

1967 

1968 
1971 
1971 
1973 

PATIENTS 

This study comprises calculations, based on 
published dose values, of the total radiation 
dose absorbed by two young patients with 
juvenile rheumatoid arthritis. They were chosen 

because of their chronic disease, their youth and 
the exceptionally high number of X-ray exam- 
inations. Both patients have undergone repeated 
operations (Table 1) .  

METHODS 
Absorbed dose estimation 

Radiation absorbed doses in  patients from 
X-ray investigations are often reported. Apart 
from skin doses, gonad and bone marrow doses 
are often mentioned. However, we have not been 
able to find any publications dealing with the 
subject of this article, i.e., the accumulated 
radiation doses to patients with chronic skeletal 
disease. 

Two papers by Hashizume et al. (1972 a, b )  
reporting gonad dose and mean bone marrow 
dose (local dose to  bone marrow averaged over 
the whole active marrow) were made use of for 
our calculations. The estimated doses in  these 
reports are  based on phantom measurements and 
are given for one radiograph (or fluoroscopy 
procedure) in  different types of examinations 
and for  four different age groups. In  this study, 
the ages of the patients a t  the time of the X-ray 
investigations and the number of radiographs 
are known. Therefore, Hashizume’s data  are 
suitable for  our calculations. Registered gonad 
doses to men in  our hospital (Gustafsson 1976) 
are in  reasonably good agreement with the data 
of Hashizume et al. (1972 a, b). 

Considering the number of radiographs kept 
and the age of the patient a t  the examinations 
we thus calculated the gonad dose and the mean 
bone marrow dose for  each patient. The results 
are given in  Tables 2 and 3. 

The absorbed dose from fluoroscopy was 
estimated according to measurements in  our 
hospital of the total absorbed energy (integral 
dose) to the patient from examinations of the 
gastrointestinal tract, showing that doses from 
fluoroscopy and ~ radiography are about equal 
(Gustafsson 1975). 

RESULTS 

Estimating that one out of six radio- 
graphs taken is discarded because of bad 
quality or ,because i t  did not contribute 
to the making of a diagnosis, the total 
absorbed doses will be 

Patient Mean bone marrow dose Gonad dose 
number (rad) (rad) 
530202 9.3 12.0 
581002 5.8 5.3 
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Table 2. Estimated mean bone marrow dose and gonad dose t o  patient no. 530202, $2, f rom X-rarj 
examinations performed during the period November 1957-October 1975. (-) means less than 

10 mrad .  

Examination Mean bone Gonad dose Number of 
Number Of radiographs marrow dose (mrad) kept (mrad) examinations 

Heart, lung 23 
Cervical spine 8 
Dorsal spine 5 
Lumbar spine, lumbosacral joints 8 
Hip, pelvis 23 
Knee, foot 18 
Shoulder, arm, hand 10 
Urinary tract 31 
Stomach, abdomen, barium meal 7 

Others 5 

71 390 
50 430 
19 700 
22 920 
47 1040 
74 220 
40 250 

132 2480 
36 + fluoros- 1140 

17 150 
COPY 

140 
- 
.- 

1460 
2360 

220 

4550 
1310 

- 

Total 138 508 + fluoros 7720 10040 
COPY 

Table 3.  Estimated mean bone marrow dose and gonad dose to patient no. 581002, 8, f rom X-ray 
examinations performed during the period June 1965-May 1974, (-) means less than I 0  mrad.  

Examination 
Number of Mean bone 

Number Of radiographs marrow dose 'Onad dose (mrad) kept (mrad) examinations 

Heart, lung 
Cervical spine 
Dorsal spine 
Lumbar spine 
Hip, pelvis 
Knee, foot 
Shoulder, arm, hand 
Urinary tract 
Stomach, abdomen 

Others 

22 
8 
2 
3 
4 - 19 

25 
1 
5 

3 

51 
54 
6 

12 
9 

122 
121 

14 
36 + fluoros- 

COPY 
9 

290 
460 
280 
500 
260 
220 
820 
240 

1660 

70 

40 
- 
- 

2 40 
1170 
2130 

150 
650 

- 

Total 92 433 + fluoros- 4800 - 4380 
COPY 

These figures should only be regarded as 
rough estimates of the real absorbed 
doses. Recalculations were done from 
median values of gonad doses reviewed 
by United Nations Scientific Committee 
on the Effects of Atomic Radiation 
(1972) and from bone marrow dose es- 
timations for the United Kingdom (Com- 
mittee on Radiological Hazards to Pa- 
tients 1966) and the Netherlands (Weber 

1964).  The greatest deviation found was 
a 70 per cent higher mean bone marrow 
dose calculated from the U.K. data for 
patient no. 530202. This difference is 
partly explained by the fact that the U.K. 
data are not specified for children. 

From Table 2, for patient 530202, it 
can be seen that examinations of the 
urinary tract contribute about 45 per 
cent to the estimated gonad dose and 
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about 32 per cent to the mean bone mar- 
row dose, compared with 23 and 13 per 
cent, respectively, from hip and pelvis 
examinations. It is also evident that rela- 
tively few examinations of the gastro- 
intestinal tract give a high percentage of 
the absorbed dose. 

For  patient 581002, stomach examina- 
tions make the dominating contribution, 
35 per cent of the mean bone marrow 
dose. The high gonad dose figure in 
Table 3 for the knee and foot examina- 
tions could well be an overestimation, 
since no dose values were available for 
examinations of the knee joint. 

We also estimated the highest locally 
absorbed dose in bone marrow. This was 
done in two ways: 1 )  by relating the 
mean bone marrow dose in Tables 2 and 
3 to the distribution of active bone mar- 
row in the body (according to Hashizume 
et al. 1972 b )  ; 2 )  by using exposure fac- 
tors and radiation output values accor- 
ding to the International Commission on 
Radiological Protection (1970) and per- 
centage depth dose factors according to 
Trout et al. (1952) .  Method 2 )  gave a 
25-50 per cent higher estimated absorbed 
dose than method 1 ). 

In patient 530202, the lumbar spine 
received the highest dose, about 25 rad 
and in patient 581002 a maximum ab- 
sorbed dose of 15 rad was estimated for 
the lower part of the dorsal spine and 
upper part of the lumbar spine. 

Averaged over the period studied, pa- 
tient 530202 has received about 0.5 rad 
per year mean bone marrow dose and 0.7 
rad per year gonad dose, from X-ray 
examinations. Patient 581002 has re- 
ceived about 0.6 rad per year to bone 
marrow as well as gonads. 

DISCUSSION 

Radiological e f fects  
The main reason for this study was to 

estimate the absorbed dose in these 

young patients from their frequent X-ray 
examinations. When calculating radia- 
tion doses in patients we always have the 
genetic and carcinogenic effects in mind. 
To calculate an expected risk for these 
patients of radiation induced cancer we 
would need dose figures also for  breasts, 
lungs, thyroid and other organs and 
these data are not yet available. 

Another factor of importance in ir- 
radiating children is the potential effect 
on growth when the growth zones receive 
high doses. The most frequently exam- 
ined joint in each patient has had 30 to 
40 radiographs which should not result 
in more than 10 rad to the growth zones 
and probably much less. The minimum 
stunting dose to  children has been estim- 
ated to be well above 100 rad (Inter- 
national Commission on Radiological 
Protection, 1969).  

Radiation dose f r o m  postoperative 
X-ray investigations 

Another point of interest is how much 
is added to the total radiation doses by 
the postoperative X-ray examinations. 
Assuming that a patient has both hip 
joints and both knee joints replaced and 
there is a postoperative follow-up pro- 
gram with five X-ray examinations of 
each hip and five X-ray examinations of 
each knee, that would add about 0.5 rad 
to  the mean bone marrow dose, about 1 
rad to the female gonad dose and about 
5 rad to the male gonad dose. The male 
gonad dose could be reduced consider- 
ably by using an appropriate gonad 
shield or by pulling the testes out of the 
radiation field. 

Radiation dose comparison 
ICRP has not made any recommenda- 

tions for a maximum permissible radia- 
tion dose to patients from X-ray exam- 
inations. Instead it is stated that “the 
level should be as low as is consistent 
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with obtaining the required diagnostic 
information”. (International Commission 
on Radiological Protection, 1970).  

The International Commission on Ra- 
diological Protection recommendations 
for exposure of individuals (International 
Commission on Radiological Protection, 
1966) implies that the maximum permis- 
sible dose to radiation workers is 5 rad 
per year and that no individual should 
receive more than 0.5 rad per year non- 
occupationally. Excluded from these 
yearly doses are natural irradiation and 
irradiation of a person as a patient. 
These dose limits are set for planning 
purposes and at levels considered to re- 
sult in acceptable risks for radiological 
effects. 

The average yearly doses of 0.5-0.7 rad 
to gonads and bone marrow calculated 
for the two patients could also be com- 
pared with the mean absorbed dose from 
natural sources which is about 0.09 rad 
per year (United Nations Scientific Com- 
mittee on the Effects of Atomic Radia- 
tion, 1972). 

Follow-up X-ray investigations 
When planning a follow-up program, 

for instance after total hip replacement, 
the frequency of the X-ray examinations 
must be determined. Various factors 
should be considered; not only the type 
of operation done and the complications 
that may arise but also the age of the 
patient and the total radiation dose, In 
a follow-up program for young patients 
it is especially important to minimize the 
absorbed dose from X-ray examinations. 
This is done by effective shielding of 
organs not being examined, by reducing 
the number of projections and by using 
the most sensitive X-ray recording sys- 
tem that gives the information required. 
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