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INTRODUCTION 

The main purpose of  f r a c t u r e  epidemiology a s  w e l l  a s  epidemio- 

l o g i c a l  s t u d i e s  i n  g e n e r a l  i s  t o  f i n d  t h e  e t i o l o g y  of  d i s e a s e  o r  

a t  l e a s t  a d i r e c t i o n  i n  which t o  s e a r c h  f o r  t h e  e t i o l o g y .  S t u d i e s  

on f r a c t u r e  epidemiology have, s o  f a r ,  been almost  e n t i r e l y  l i m i -  
t e d  t o  a d u l t s  and have d e a l t  w i t h  t h e  e t i o l o g i c a l  f a c t o r s  t h a t  

cause loss of bone mass w i t h  age and w i t h  f r a g i l i t y  f r a c t u r e s  such 

a s  f r a c t u r e  of t h e  upper end of  t h e  femur and t h e  humerus, v e r t e -  

b r a l  c r u s h  f r a c t u r e s  and f r a c t u r e  of t h e  d i s t a l  end of  t h e  f o r e -  

arm (Buhr & Cooke 1959, Bauer 1 9 6 0 ,  Alffram & Bauer 1 9 6 2 ,  Alffram 

1 9 6 4 ,  Horak & Ni l s son  1975, N i l s son  & West l in  1 9 7 7 ) .  I t  has been 

p o s s i b l e  t o  p o i n t  o u t  s e v e r a l  e t i o l o g i c a l  f a c t o r s  such as v a r i o u s  

types  of d i s e a s e  and medicat ion,  g a s t r i c  r e s e c t i o n ,  a l coho l i sm,  
arrhythmia and p a r i t y  (Ni l s son  1 9 6 9 ,  N i l s son  1 9 7 0 ,  Lidgren & 

Walloe 1 9 7 7 ,  Abdon & Ni l s son  1980, Kr i s t ensson  e t  a l .  1980) .  

F r a c t u r e s  i n  c h i l d r e n  have i n  t h i s  r e s p e c t  a t t r a c t e d  ve ry  l i t t l e  

a t t e n t i o n .  Even i f  t h e  l i t e r a t u r e  d e s c r i b i n g  a c c i d e n t s  i n  c h i l d r e n  

i s  abundant and f r a c t u r e  rates are u s u a l l y  c a l c u l a t e d ,  t h e  denomi- 
n a t o r  - t h e  popu la t ion  a t  r i s k  - has  g e n e r a l l y  n o t  been known o r  

a t  least n o t  used and i n c i d e n c e  numbers a r e  t h e r e f o r e  n o t  a v a i l -  

a b l e .  One excep t ion  i s  Wong (19651, who knew t h e  popu la t ion  a t  
r i s k  f o r  h i s  d a t a ,  n o t  on ly  by age,  s ex  and number bu t  a l s o  by 

e t h n i c  group. Also,  Karrholm e t  a l .  (1982) d e s c r i b e d  t h e  inc idence  
of  ank le  and t i b i a  f r a c t u r e s  i n  c h i l d r e n .  I n  work concerned w i t h  

a c c i d e n t  p reven t ion  i n  c h i l d r e n  t h e  measurement of r e s u l t s  - t h e  

monitor ing procedure - i s  complicated by v a r i a t i o n s  i n  t h e  popula- 

t i o n  a t  r i s k  and a l s o  by t h e  a t t i t u d e s  towards a c c i d e n t s  w i t h i n  

t h e  medical s o c i e t y  ( p a r t i c u l a r l y  t h o s e  a c c i d e n t s  w i thou t  s e v e r e  

consequences) and by t h e  a v a i l a b i l i t y  and o r g a n i z a t i o n  of  t h e  

medical  s e r v i c e s .  R e g i s t r a t i o n  r o u t i n e s  are a l s o  of importance 

(Berfenstam 1957, Gustafsson 1 9 7 2 ) .  Apart  from m o r t a l i t y ,  f r a c t u r e s  

a r e  probably one of  t h e  most r e l i a b l e  parameters  of danger f a c t o r s  

i n  t h e  l i v e s  of c h i l d r e n .  It would a l s o  be of i n t e r e s t  t o  i n v e s t i -  

g a t e  f a c t o r s  o t h e r  t h a n  trauma t h a t  may i n f l u e n c e  o r  modify t h e  
f r a c t u r e  p a t t e r n s  i n  c h i l d r e n .  . 
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The o b j e c t i v e  of t h i s  ep idemiologica l  s tudy  was, i n  a popula t ion  
previous ly  used f o r  s t u d i e s  on f r a c t u r e  epidemiology, a l s o  t o  
i n c l u d e  c h i l d r e n  i n  an at tempt  t o  ana lyse  t h e  age and sex  s p e c i f i q  
inc idence  of common f r a c t u r e s ,  t h e  c o n t r i b u t o r y  f a c t o r s  and, i f  
p o s s i b l e ,  t h e  s e c u l a r  changes i n  t h e  popula t ion  a t  r i s k .  

S p e c i f i c  i s s u e s  t o  be addressed were: 

1 .  H a s  t h e r e  been any t r e n d  of change i n  t h e  inc idence  of f r a c t u r e s  
i n  c h i l d r e n  such as has been found o r  suspected i n  some 
f r a c t u r e s  i n  a d u l t s ?  

2 .  Is t h e  t r e n d  of change, i f  any, l i m i t e d  t o  s p e c i f i c  f r a c t u r e  
types  o r  is  it a g e n e r a l  phenomenon? 

3 .  D o  t h e  f r a c t u r e  p a t t e r n s  o r  p a t t e r n  changes sugges t  changes i n  
t h e  exposure of  c h i l d r e n  t o  r i s k s ?  

4 .  D o  c h i l d r e n ,  i n  analogy w i t h  a d u l t s ,  p r e s e n t  f r a c t u r e  p a t t e r n s  
i n d i c a t i n g  bone f r a g i l i t y  i n  i n d i v i d u a l  s u b j e c t s ?  

5. D o  f rac ture-prone  c h i l d r e n  e x i s t ?  
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MATERIAL AND METHODS 

Population at risk 
Malmo, situated in Southern Sweden, is the third largest city in 
the country with 235.111 inhabitants on January lst, 1980. 
The city is a centre of industry and commerce and located in a 
low land region of old farming country. The weather conditions 
are of a coastal type with an annual average precipitation of 
600 mm:s, most of which is rain. The winters are usually mild and 
there is only occasionally snow for short periods. The city area 
is 154  km with a population density of 1,527 inhabitants/km . 
On January lst, 1980, the juvenile population below the age of 
1 7  years was 41,553; 18 per cent of the total number of inhabitants 
of the city. The population has decreased slightly over the years, 
in spite of the fact that a partly rural surrounding area with a 
total population of approximately 9,000 has been incorporated. 
The loss is mainly due to housing policy - to find their own homes 
young families have moved to suburban areas served by other 
hospitals. There have also been changes in the population of 
growing individuals, age 16 or less, for the same reasons and 
because of lower birth rates (Figure 1). During the years 1975 - 
1979  the population of children in the city was composed as 
demonstrated in Figure 2 and Table A:I. 
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Figure 1. Nwnber of chiZdren in M a h O  1950-1979, 
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Figure 2 .  Average annual age and sex d i s t r i b u t i o n  of chi ldren i n  Ma iil1975-1979 

For more t h a n  a decade t h e  popu la t ion  o f  t h e  c i t y  has been 
cont inuously monitored so t h a t  t h e  age and s e x  d i s t r i b u t i o n i s  

a v a i l a b l e  f o r  any s i n g l e  yea r .  Before t h a t ,  however, t h e r e  w a s  
a popu la t ion  census every f i v e  yea r s .  For t h e  purpose of  t h i s  

s tudy  d a t a  from 1950, 1955, 1960 and 1965 has been used. 

Hosp i t a l  f a c i l i t i e s  

The Department of D iagnos t i c  Radiology and t h e  Emergency rooms 

of t h e  General Hosp i t a l  i n  Malmo s e r v e  t h e  popu la t ion  of t h e  c i t y  
of Malmo i n  p r a c t i c a l l y  a l l  c a s e s  of  medical emergencies. I n  t h e  

Department of  D iagnos t i c  Radiology t h e  roentgen f i l m s  a r e  classi-  
f i e d  according t o  t h e  outcome of t h e  d i a g n o s t i c  procedure - a l l  
f r a c t u r e s  r e c e i v e  t h e i r  own code l e t te r  and a r e  then  f i l e d  

according t o  t h e  organ system o r  anatomical  l o c a t i o n .  The radio-  

l o g i c a l  r eco rd  room a l s o  c o n t a i n s  all t h e  roentgen r e f e r r a l s  t o  

t h e  Department from 1950 onwards w i t h  s h o r t  case h i s t o r i e s  and 

d e s c r i p t i o n s  of t h e  c a u s a l  trauma. S u r g i c a l  procedures  and 
a u t o p s i e s  are also repor t ed  and s t o r e d  i n  t h i s  r e g i s t e r .  There 

a r e ,  however, s e v e r a l  o t h e r  roentgen d i a g n o s t i c  u n i t s  i n  t h e  

c i t y :  i n  t h e  G e r i a t r i c  and P s y c h i a t r i c  H o s p i t a l s  and i n  two 
p r i v a t e  o f f i c e s ,  a l l  w i t h  a f a i r  t u rnove r  of examinat ions.  N o  
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ch i ld ren  were examined i n  t h e  G e r i a t r i c  o r  Psychia t r ic  Hospi ta ls ,  

and i n  t h e  p r iva t e  o f f i c e s  emergency trauma i n  ch i ldren  i s  r a r e l y  

t r e a t e d  and f r a c t u r e s  i n  ch i ldren  a r e  p r a c t i c a l l y  always r e fe r r ed  

t o  t h e  General Hospi ta l .  

Data co l l ec t ion  procedure 

The r e g i s t e r s  w e r e  searched f o r  f r a c t u r e s  i n  ind iv idua ls  of 1 6  

years  of age o r  less, r e s iden t s  of t h e  c i t y  of Malm6, f o r  

information with regard t o  f r a c t u r e s  and t h e  following f a c t s  
w e r e  noted: 

Age a t  f r a c t u r e  

Sex 
Type of f r a c t u r e  

Frac ture  s i d e  

Type of trauma 
Environmental f a c t o r  

Sever i ty  of trauma 

Treatment 

Concomitant d i sease  
Accumulated number of f r a c t u r e s  

Recent f r a c t u r e  on t h e  same s i t e  

I n  many ins tances  t h e  information could,  however, not  be obtained 

from t h e  record room of t h e  Department of Diagnostic Radiology. 

In  such cases  t h e  f i lms  were a l s o  reviewed and t h e  record rooms 

of t h e  Departments of Orthopaedic Surgery, General Surgery, 
Plast ic  Surgery, Hand Surgery and ENT were searched. A l s o ,  when 

t h e  f r a c t u r e  type and l o c a l i z a t i o n  could not be determined from 

t h e  wr i t t en  r epor t  t h e  f i lms  - v i r t u a l l y  a l l  f i lms  w e r e  ava i l ab le  - 
were reviewed. Whenever t h e  o r i g i n a l  f r a c t u r e  diagnosis  was 
uncer ta in ,  t h e  f i lms  were reviewed by a r ad io log i s t  . In  t h i s  

search,  a b e t t e r  than 90  per  cent  completion of t h e  da t a  was 

achieved. 

* 

Spec i f i ca t ion  of f r a c t u r e s  

B i l a t e r a l  f r a c t u r e s  of t h e  same bones of both limbs w e r e  recorded 

as two f r a c t u r e s .  Two f r a c t u r e s  of t h e  same bone w e r e  recorded as  

one f r a c t u r e  and f r a c t u r e s  of e .g .  t h e  rad ius  and t h e  ulna of t h e  

* C.G. Cedertmd, F.D. and HoZger Petterseon, M.D. 
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same arm, again,  as one f r a c t u r e .  Mult iple  f r a c t u r e s  of t h e  s m a l l  
bones of t h e  hand and foo t  were recorded a s  one f r a c t u r e  regard- 
less of t h e  number of f r ac tu red  phalanges - t h e  ca rpa l  and t h e  
metacarpal bones w e r e  taken toge the r  and one o r  more f r a c t u r e s  
of t hese  bones i n  one hand were recorded as one f r a c t u r e .  The 
exception was t h e  scaphoid bone f o r  which f r a c t u r e s  were recorded 
sepa ra t e ly .  I n  t h e  f o o t ,  t h e  0 s  calcis and t h e  t a l u s  have been 
recorded sepa ra t e ly ,  whereas o t h e r  tarsal  bones and t h e  me ta t a r sa l  
bones were taken toge ther .  Frac tures  of r i b s  and t e e t h  w e r e  not  
s tud ied .  

C l a s s i f i c a t i o n  of trauma s e v e r i t y  
The s e v e r i t y  of t h e  trauma w a s  c l a s s i f i e d  as s l i g h t ,  moderate o r  
severe : 

S l i g h t :  The i n j u r y  w a s  caused by fo rces  exer ted  by t h e  in ju red  
ind iv idua l :  t y p i c a l  i s  f a l l i n g  t o  t h e  ground from 
standing on t h e  same l e v e l .  However, t o  t h i s  group w e r e  
a l s o  r e fe r r ed  most of t h e  s p o r t  i n j u r i e s  which a r e  usual-  
l y  of a low energy type  i n  ch i ld ren ,  e.g.  b a l l  s p o r t s ,  
ska t ing ,  sk i ing ,  wres t l i ng ,  judo, ka ra t e  and gymnastics 
but  not  f a l l s  from he ights .  Skateboard and r o l l e r  ska t ing  
i n j u r i e s  w e r e  a l s o  included i n  t h i s  group toge the r  wi th  
most playing i n j u r i e s ,  inc luding  playground s c u f f l e s ,  
but  a l s o  f a l l i n g  from less than  0.5 metre ( f a l l i n g  from 
s t o o l s ,  c h a i r s  o r  beds ) .  It  must be recognized t h a t  
s i n c e  t h i s  i s  a r e t rospec t ive  s tudy t h e  degree of 
v io lence  was d i f f i c u l t  t o  eva lua te  i n  many ins tances  and 
impossible i n  o t h e r s .  

Moderate: Fa l l i ng  from between 0.5 - 3 metres o r  trauma caused by 
such v e l o c i t i e s  as those  involved i n  f a l l i n g  from a 
bunk-bed, o r  a baby being dropped t o  t h e  f l o o r  by an 
a d u l t ,  f a l l i n g  downstairs ,  from a b icyc le ,  from horse- 
back, from swings and s l i d e s  o r  s i m i l a r  playing equip- 
ment and t h e  ch i ld  being h i t  by a b icyc le .  
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Severe: F a l l i n g  from a he ight  exceeding 3 metres which inc ludes  
most f a l l s  from windows o r  roofs .  All t r a f f i c  acc idents  
- excluding c y c l i n g  a c c i d e n t s  - o r  being h i t  by a moving, 
heavy o b j e c t .  

I n  some i n j u r i e s  t h e  degree of energy i n  t h e  c a u s a t i v e  trauma 
w a s  impossible  t o  e v a l u a t e  - t h e s e  were b i r t h  i n j u r i e s ,  being 
caught i n  doors o r  involvement wi th  var ious  types  of household 
equipment. 

A d e t a i l e d  breakdown of t h e  c l a s s i f i c a t i o n  i s  shown i n  Table A:II. 

R e g i s t r a t i o n  e r r o r s  
Out of t h o s e  cases  r e g i s t e r e d  a s  f r a c t u r e s  i n  t h e  Department of 
Diagnost ic  Radiology only  6 (0.7 pro m i l l e )  could not  be r e t r i e v e d  
and w e r e ,  t h e r e f o r e ,  considered t o  have been miscoded o r  m i s f i l e d .  
Although t h e  r e v e r s e ,  f r a c t u r e s  not  f i l e d ,  cannot be examined, it 
must be  concluded t h a t  coding and f i l i n g  errors should n o t  be 
considered i n  t h e  f u r t h e r  a n a l y s i s  of t h e  d a t a .  This survey,  it 
appears ,  i s  a c t u a l l y  d e a l i n g  w i t h  almost a l l  f r a c t u r e s  i n  c h i l d r e n  
below 17 t h a t  w e r e  diagnosed by a roentgen examination during t h e  

per iod  covered by t h e  s tudy.  

S t a t i s t i c a l  methods 
For t h e  purpose of  c a l c u l a t i n g  t h e  c u r r e n t  inc idence  of var ious  
types  of  f r a c t u r e  i n  c h i l d r e n ,  a l l  f r a c t u r e s  recorded because 
of  a roentgen d iagnos is  dur ing  t h e  5 y e a r s  from 1975 t o  1979 
were included:  a t o t a l  of 4,621 f r a c t u r e s  i n  4,115 i n d i v i d u a l s .  
The age d i s t r i b u t i o n  w a s  represented  as one 3-year group - 0-2 - 
t h e r e a f t e r  2-year groups. 

For t h e  purpose of  s tudying  p o s s i b l e  t r e n d s  of  change, f r a c t u r e s  
recorded dur ing  t h e  y e a r s  1950, 1955, 1960, 1965 and 1970 - 
4,061 f r a c t u r e s  i n  3,846 i n d i v i d u a l s  - w e r e  added, providing f o r  
t h e  t r e n d  s tudy  a t o t a l  of  8,682 f r a c t u r e s .  For s t a t i s t i ca l  
a n a l y s i s  t h e  d a t a  has a l s o  been subdivided i n t o  " t h e  f i r s t  t w o  
decades" (1950, 1955, 1960, 1965) and " t h e  l as t  decade" (1970, 
1975, 1976, 1977, 1978, 1979).  
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For d a t a  coding and p rocess ing ,  a H e w l e t t  Packard 9845B desk  t o p  

computer equipped w i t h  HP 9895A f l e x i b l e  d i s k  memory and t h e  

NMSP s t a t i s t i c a l  a n a l y s i s  package was used. 
* 

For t h e  s t u d i e s  of d i f f e r e n c e s  between inc idences  t h e  Chi-square 

and Poisson ana lyses  w e r e  used. 

* 
New MathematicaZ S t a t i s t i c s  Package. Tore Persson, I n s t i t u t e  of Mathematical 
S t a t i s t i c s ,  Universi ty  of Lund. 
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RESULTS: General 

Age and sex specific incidence 
The risk of fracture increased in children of both sexes up to the 
age of 11-12 years and then decreased in girls but further in- 
creased in boys (Figure 3 ) .  Fractures were more common among boys 
in all age groups, and after 1 1 - 1 2  they became twice as common as 
in girls (p < 0 . 0 0 1 ) .  The overall annual incidence in boys was 
257, in girls 1 6 5  and in both sexes 212  per 10,000. 

Amxlal incidence/ 10.000 

\ 
b 

0-0 Girls 

-Boys /" 
-I I I 

0 5 10 15 

Figure 3. Age and sex s p e c i f i c  incidence - all f rac tures .  

The accumulated risk of having at least one fracture from birth to 
the age of 16 was 4,201 per 10,000 ( 4 2  per cent) in boys and 2,727 

per 1 0 , 0 0 0  ( 2 7  per cent) in girls. 

In all, 62 per cent of the fractures occurred. in boys and there 
was no significant change in this sex difference throughout the 
decades studied (Figure 4 ) .  

Comment: The predominance of boys is a common finding in recent as 
well as earlier investigations of fractures in childken (Bruns 
1886 ,  Hanlon & Estes 1954-, Lichtenberg 1954,  Pellerin et al. 1971 ,  

Iqbal 1974,  Reed 1977, Sano & Kitamura 1 9 7 9 ) .  
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Figure 4. Incidence o f  f rac ture  i n  r e l a t i o n  t o  t ime over th ree  decades. 

In the age specific incidence of all types of childhood accidents, 
also other than fractures, there is a peak about age 2 and usually 
another at the age of 11-14.  There seems to be no deviation from 
this pattern in reports from Scandinavian countries (Hindmarsh et 
al. 1946,  Berfenstam et al. 1957,  K$lle-J$rgensen 1971,  Gustafsson 
1975, Nathorst Westfelt 1982)  

Secular trend 
The risk of fracture in the c ty increased during the 30 years 
covered by this study in boys as well as in girls ( p  < 0 .001)  

(Figure 4 ) .  Comparing the last decade with the first two decades, 
increase in fracture rate in the 70's was most obvious in the 
older children, particularly in the boys (Figure 5). The risk of 
fracture had - all age groups included - been almost doubled. 

Severity of trauma 
During the period 1975-1979,  the fractures were caused by trauma 
classified as slight in 66 per cent, moderate in 19  per cent, 
severe in 7 per cent and not classified or unknown in 8 per cent. 
This pattern had changed over the years: during the 30-year- 
observation period, the annual incidence of fractures caused by 
slight trauma increased three times (p < 0 . 0 0 1 ) .  The more severe 
types of trauma increased only slightly, although significantly, 
over the years (p < 0.001)  (Figure 6 ) .  The increase in the risk of 
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f r a c t u r e  caused by s l i g h t  trauma was s i g n i f i c a n t  i n  bo th  s e x e s  and 
t h e  i n c r e a s e  du r ing  t h e  l a s t  decade w a s  g r e a t e r  i n  boys. A l l  t y p e s  
of trauma w e r e  more f r e q u e n t  i n  boys than  i n  g i r l s ,  a l s o  i n  cases 
of severe trauma t h e  boys were predominant ( p  < 0 . 0 0 1 ) .  However, 
t h e  more s e v e r e  t y p e s  of  trauma d i d  n o t  change much over  t h e  30- 
year-per iod under s t u d y  (F igu re  7 ) .  
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Boys 1950. 1955. 1960. 1965 
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Figure 5. Incidence change - t he  l a s t  decade compared w i th  the  f i r s t  two - 
boys and g i r l s ,  separately .  

Figure 6 .  Trauma 
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Figure 7 .  Trauma sever i t y  i n  r e l a t i o n  t o  t ime,  sex and age. 

Frequency of fracture types. 
The most common fracture in children was fracture of the distal 
end of the forearm which contributed almost 1 / 4  of all fractures 
followed by fractures of the hand phalanges and of the carpal and 
metacarpal region. The ten most common types of fracture, the 
least common of these being the supracondylar fracture of the 
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humerus, contributed 8 3  per cent to the total number. Eighty-nine 
per cent of the fractures were considered to be represented in a 
sufficient number for calculation of the age and sex specific 
incidence, the least common of these being femur shaft fractures, 
75 fractures (Table 1 ) .  

Table 1. The frequency of various f rac ture  types. 

-Distal  forearm 

Hand, phalanges 

Carpal-metacarpal 
(scaphoid excluded) 

Clavicle 

Ankle 

Tibia ,  diaphysis 

Tarsal-met a t a r s a l  
( t a l u s ,  0 s  c a l c i s  excluded) 

Foot, phalanges 

Radius-ulna, diaphysis 

Supracondylar region of t h e  
humerus 

Proximal end of t h e  humerus 

Facial  skeleton 

Skul l  

Femur shaf t  

Radial neck f rac ture  

Vertebral f rac ture  

Per cent 

22.7 

18.9 

8.3 

8.1 

5.5 

5.0 

4.5 

3.4 

3.4 

3.3 

2.2 

2.1 

1.8 

1.6 
1.2 

1.2 

Comment: The frequency of the various types of fracture in 
children is by and large the same, comparing investigations from 
different parts of the world such as USA (Lichtenberg 1 9 5 4 1 ,  

England (Buhr & Cooke 1 9 5 9 ) ,  East Germany (Panzner 19661 ,  

Czechoslovakia (Engler 1 9 6 7 ) ,  Australia (Lopez & Rennie 1 9 6 9 1 ,  

Denmark (Kblle-Jmrgensen 1 9 7 1 )  and Malaysia (Iqbal 1 9 7 4 ) .  However, 
there are some noteworthy exemptions from this general pattern: 

In the large Austrian survey of more than a quarter of a million 
childhood accidents (Jonasch & Bertel 1981)  6 2 , 0 0 0  were bone 
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injuries and the most frequently affected bone was the tibia, 
contributing 13 per cent. The most common single cause of 
fracture, all types included, was skiing in 2 0  per cent and 
skiing was also the dominant factor in the production of tibial 
fractures - 70 per cent. The French investigation by Pellerin et 
al. (1971) revealed an unusually high number of fractures of the 
humerus diaphysis, this localization being more frequent than 
fractures of the proximal end of the humerus and of the supra- 
condylar region as well. However, their data was collected in a 
centre for pediatrkc surgery with severe trauma cases referred 
from other hospitals. 

The data collection procedure probably also influences the number 
of fractures in other reports which could to some extent explain 
for instance the high frequency of skull fractures in the study 
by Reed (1977) from W nnipeg, Canada, in a hospital to which all 
severe injuries were referred. Therefore, one may conclude that 
the fracture pattern n children is virtually the same in various 
parts of the world and that differences in frequencies may be 
explained by external factors and variations in registration 
procedures rather than genetic factors. This is in contrast to 
old age injuries, for example hip fractures, where ethnic factors 
play a role (Moldawer et al. 1965, Wong 1966). 

Activity and environmental factors 
In 3 4  per cent of the fractures there was no known relationship 
to any specific activity or environment. Playing, sports and 
traffic contributed 2 4 ,  21 and 12 per cent, respectively. The 
details of this and the fractures typical of the various 
activities are presented in Tables 2 and 3. More than 90 per cent 
of the fractures sustained during fighting were localized to the 
hand and the facial skeleton. Forty per cent of the fractures 
sustained during skiing were fractures of the tibial shaft and 
nearly 1 / 4  of the fractures associated with horse-riding were 
fractures of the proximal end of the humerus. 
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Table 2. The contr ibut ion of various environmental fac tors  and a c t i v i t i e s  t o  

t h e  t o t a l  number of f rac tures  1975 - 1979. 

Home 

Nursing home, day-care centre  

School, school yard 

Traf f ic  accidents  

Bicycle 
Pedestrian h i t  by vehicle 

Moped, motorcycle (dr iver  o r  passenger) 
Car passenger 

Spoke injury 

Playing accidents  
Playground 

Scuff les  

Tricycles ,  peds cars ,  s :ighs 

Skateboard, r o l l e r  skates 

Other 

Sport accidents 
Ball sports 

Ice-hockey , skating 

Equestrian sports  
Skiing 

Wrestling, boxing, kara te  et c e t e r a  

Gymnastics 

Per cent 

- 5 

1 

4 

12 

6 
2 

2 

1 

1 

24 

9 
3 
2 

2 

8 

21 
10 

3 

3 
2 

2 

1 

- 

- 

- 

- 

- 

No known re la t ionship  with any spec i f ic  a c t i v i t y  
or  environment a1 f a c t  o r  34 
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Table 3. The t h r e e  most common f rac ture  types f o r  various types of a c t i v i t i e s .  

Per cent within each group. 

Sleighs,  pedal c a r s ,  t r i c y c l e s  Skateboard, roller skates 

Distal forearm 21% Distal forearm 66% 
Tibia ,  diaphysis 17% Ankle 13% 

Femur s h a f t ,  Hand, phalanges 11% 

hand phalanges, each 8% 

Fights Bicycle accidents 

Carpal-met ac a rpa l  71% Dis ta l  forearm 27% 

Facial skeleton 1 1 %  Hand, phalanges 13% 

Hand, phalanges 9% Clavicle 11% 

Pedestrian h i t  by vehicle  Moped, motorcycle 

Tibia, diaphysis 26% Dis ta l  forearm 17% 
Clavicle 12% Tibia ,  diaphysis 13% 

Pelvis 7% Ankle 11% 

Ball sports  Skiing 

Hand, phalanges 49% Tibia ,  diaphysis 40% 

Dis ta l  forearm 18% Hand, phalanges 17% 

Ankle 6% Ankle 10% 

Ice-hockey , skat in& Horse-riding 

Distal  forearm 50% Proximal end of humerus 28% 

Carpal-metacarpal 1 1 %  Dis ta l  forearm 22% 

Clavicle 9% Clavicle 9% 

T r a f f i c  a c c i d e n t s  caus ing  f r a c t u r e s  (F igu re  8 )  i n c r e a s e d  ove r  t h e  

30 y e a r s  by 1 / 3  i n  boys ( p  < 0 . 0 1 ) .  G i r l s ,  who ove r  t h e  y e a r s  

maintained a r i s k  of t r a f f i c  f r a c t u r e s  of less than  h a l f  of t h a t  

of  t h e  boys, n e v e r t h e l e s s  i n c r e a s e d  t h e i r  r i s k  by approximately t h e  
same r a t e  ( p  < 0 . 0 0 1 ) .  I n  bo th  s e x e s  t h e  i n c r e a s e  i n  t h e  r i s k  o f  

t r a f f i c  a c c i d e n t s  was i n  t h e  o l d e r  age groups,  t h e  young pre-school  
c h i l d r e n  d i d  n o t  i n c r e a s e  t h e i r  r i s k .  
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Figure 9. Bicycle accidents, incidence i n  relat ion t o  time, age and sex. 

Bicycle acc idents  (Figure 9 ) ,  i n  p a r t i c u l a r ,  changed i r r e g u l a r l y  
over t h e  years  but with an increas ing  tendency ( p  < 0 . 0 0 1 ) .  

Throughout t h e  period under observat ion b icyc le  acc idents  were 
more frequent  i n  boys (p < 0 . 0 0 1 ) .  During t h e  more recent  p a r t  of 
t h e  per iod a bimodal age d i s t r i b u t i o n  w a s  found with an ea r ly  and 
a l a t e  maximum. 
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Figure 10. Moped and mtorcycZe in jur ies ,  incidence i n  relat ion t o  t h e ,  age 
and sex. 

Moped and motorcycle i n j u r i e s  (F igure  1 0 )  w e r e  observed only i n  
t h e  15-16-year-olds except  i n  a few c a s e s  of  i l l e g a l  d r i v i n g  by 
younger c h i l d r e n .  The inc idence  i n c r e a s e d  by a f a c t o r  of 6 dur ing  
t h e  f i r s t . 1 0  y e a r s  under o b s e r v a t i o n ,  which co inc ided  wi th  t h e  
i n t r o d u c t i o n  of t h e  moped and has  s i n c e  then  remained f a i r l y  
cons tan t  b u t  w i t h  a tendency of dropping o f f  m o r e  r e c e n t l y  i n  
boys ( n . s . ) .  
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Figure 11. Fractures sustained by passive traffic participants, incidence in 
relation to time, age and sex. 

The p a s s i v e  p a r t i c i p a n t s  i n  t r a f f i c  a c c i d e n t s  - p e d e s t r i a n s  and 
passengers  i n  v a r i o u s  motor v e h i c l e s  ( exc lud ing  mopeds and 
motorcycles)  - changed bu t  l i t t l e  ove r  t h e  y e a r s  (F igu re  1 1 ) .  

There w a s ,  however, a d e c r e a s i n g  tendency i n  boys ( p  < 0 .01)  and 
an i n c r e a s i n g  tendency i n  g i r l s  ( p  < 0 . 0 5 )  so t h a t  t h e r e  appea r s  
t o  be no d i f f e r e n c e  between t h e  sexes  i n  t h i s  r e s p e c t  i n  r e c e n t  
y e a r s .  Comparison w i t h i n  age groups r e v e a l e d  t h a t  l i t t l e  boys are 
doing b e t t e r  (0-8 y e a r s ,  p < 0 . 0 1 )  w i t h  r ega rd  t o  t r a f f i c  f r a c t u r e s  
today  t h a n  i n  t h e  1950's and 1960's whereas o l d e r  g i r l s  - 9 t o  1 6  - 
a r e  doing worse ( p  < 0 . 0 0 1 ) .  
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Figure 12 .  Sport accidents ,  incidence i n  r e l a t i o n  t o  t ime,  age and sex.  

F r a c t u r e s  due t o  s p o r t  a c c i d e n t s  (F igu re  12), r e c e n t l y  21 p e r  c e n t  
of t h e  f r a c t u r e s ,  have i n c r e a s e d  by a f a c t o r  of  approximately 5 
du r ing  t h e  30 y e a r s .  The change was more pronounced i n  t h e  o l d e r  
age groups and more obvious i n  boys t h a n  i n  g i r l s .  The r i s k  of  
s p o r t  i n j u r i e s  i n  g i r l s  w a s  approximately half of t h a t  i n  boys 
( p  < 0 . 0 0 1 )  w i t h  a d e c r e a s i n g  tendency i n  t h e  o l d e s t  age groups.  
Out o f  t h e  v a r i o u s  t y p e s  of s p o r t ,  f o u r  were analysed s e p a r a t e l y :  
b a l l  games ( s o c c e r ,  h a n d b a l l ,  v o l l e y b a l l ,  b a s k e t b a l l ,  F igu re  13) , 
s k i i n g  (down-hill  and c ross -coun t ry ,  F i g u r e  1 4 )  , i c e - s k a t i n g  
i n c l u d i n g  ice-hockey (F igu re  1 5 ) .  and e q u e s t r i a n  s p o r t s  (F igu re  1 6 )  . 
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Figure 13. Ball  game accidents ,  incidence in r e l a t i o n  t o  t ime ,  age and sex .  
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Figure 14. Ski ing accidents ,  incidence i n  r e l a t i o n  t o  t ime, age and sex. 
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Figure 16 .  Equestrian sports accidents, incidence in relut ion t o  time, age 
and sex. 
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Playing (Figure 1 7 )  involves  a var iety  of a c t i v i t i e s ;  i n  t h i s  
study four were s e l e c t e d  for analys is :  s c u f f l e s  among children 
(Figure 18)  , skateboard and rol ler-skat ing  i n j u r i e s  (Figure 79) , 
i n j u r i e s  caused by f i x t u r e s  and equipment i n  playgrounds(Figure 2 0 )  

and i n j u r i e s  i n  which t o y s  or equipment such a s  t r i c y c l e s ,  pedal- 
cars ,  s l e i g h s  e t  cetera  were involved (Figure 2 1 ) .  
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Figure 18.  ScuffZe accidents, incidence i n  reZation t o  time, age and sex. 
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Figure 19. Skateboard and ro l l e r  skate accidents, incidence i n  relat ion t o  
time, age and sex. 
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Figure 20. Playground equipment accidents ,  incidence i n  r e l a t i o n  50 t ime ,  
age and sex.  
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Figure 21. Toy acc iden t s ,  incidence i n  r e l a t i o n  t o  t ime,  age and sex.  
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Comment: The ball games contribute most to sport fractures: in 
older boys, ball games only contribute today as many fractures 
as traffic. A l s o ,  in girls, however, there has been a striking 
increase in the number of fractures caused by ball games (p < 
0.001). Skating injuries, including ice-hockey have changed very 
little over the years - although the incidence drop in girls was 
significant (p < 0.001)  - in spite of an increase in the facili- 
ties and interest for these sports. Sustaining a skiing fracture 
in an area without hills and usually also without snow should be 
almost impossible - the slowly increasing risk of skiing injuries 
( p  < 0.001) mostly reflects the growing number of children 
travelling to ski resort areas. Horseback riding and riding 
accidents causing fracture are, in the city, almost entirely a 
female affair and appear to be limited to approximately a period 
of 5 years in the lives of these girls - the increase was signi- 
ficant (p < 0.001). 

In playing injuries, contributing about 2 4  per cent of all 
fractures in children, a highly significant increase was seen - 
about 5 times over the 30 years. The increase was significant only 
in boys (p < 0 . 0 0 1 ) ,  particularly in the older boys. In the oldest 
girls playing injuries were rare. 

Special activities were analysed with regard to their contribution 
to the playing injuries: Fractures caused when using playground 
fixtures (swings, slides etc.) increased somewhat in recent years 
(p < 0 . 0 5 ) ,  the victims being usually the younger children. 
Fractures caused by various privately owned playing equipment such 
as sleighs, pedal cars and tricycles have also increased somewhat 
in boys (p < 0.001) as well as in girls (p < 0 .05 ) .  Fights among 
children have lately become a more common cause of fracture, 
particularly in the young teen-age boys. In the later years of the 
period under observation there was a break-through for the skate- 
boards and roller skates which also left their contribution to the 
fracture pattern in the older boys. In fact these three factors - 
injuries caused by the various types of playing equipment, 
fighting and the roller skate and skateboard crazes - account for 
most of the increase observed in playing injuries. 
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S ide  preponderance 

There w a s  a s i g n i f i c a n t  prepruletrance f o r  l e f t - s i d e d  f r a c t u r e s  

w i t h  a l e f t / r i g h t  r a t i o  o f  1.3/1 ( p  < 0.001) .  Most f r a c t u r e s ,  
however, had no s i g n i f i c a n t  s i d e  preponderance,  t h e  excep t ions  

t o  t h i s  r u l e  a r e  l i s t e d  i n  Table 4 .  

Table 4. Side preponderance f o r  some f r a c t u r e s  of t h e  appendicu3Lar skeleton.  

Left/Righf r a t i o  

Supracondylar f r a c t u r e  of  t h e  humerus 1.511 p < 0.05 

F rac tu re  of t h e  la teral  humerus condyle 2.311 p < 0.05 

Distal  forearm 1.511 p < 0.01 

Carpal-metacarpal 0.5/1 p < 0.01 

Ankle f r a c t u r e s  0.611 p < 0.05 

Comment: L e f t - s i d e  preponderance f o r  f r a c t u r e s  i n  chi ldhood has  

a l s o  been observed i n  Pennsylvania ,  USA (Hanlon & E s t e s  19541, 

Malaysia ( I q b a l  1 9 7 4 )  and Canada (Reed 1 9 7 7 ) .  

F r a c t u r e s  i n  t h e  upper ex t r emi ty  a r e  i n  t h e  m a j o r i t y  of  cases 
a f f e c t i n g  t h e  l e f t  s i d e ,  p o s s i b l y  because t h e  r i g h t  arm i s  o t h e r -  

w i s e  occupied. Holmberg (1945) and Henrikson (1966) have r e p o r t e d  

supracondylar  f r a c t u r e s  of t h e  humerus t o  be more common on t h e  

l e f t  s i d e .  Contrary t o  t h e  upper e x t r e m i t y ,  f r a c t u r e s  of t h e  

ank le  w e r e  s i g n i f i c a n t l y  more o f t e n  observed on t h e  r i g h t  s i d e .  
However, Vahvanen & Aalto (1980) i n  an i n v e s t i g a t i o n  of  310 a n k l e  

f r a c t u r e s  i n  c h i l d r e n  found a l e f t / r i g h t  r a t i o  of 1 .4/1.  

Seasonal  v a r i a t i o n  

The occur rence  o f  f r a c t u r e s  v a r i e d  w i t h  t h e  seasons  w i t h  peak 

va lues  i n  May, low v a l u e s  d u r i n g  June and J u l y  and, a g a i n ,  a high 

r i s k  i n  t h e  autumn which dropped o f f  t o  become low a g a i n  i n  

December (F igu re  2 2 ) .  T h i s  f l u c t u a t i o n  w a s  h i g h l y  s i g n i f i c a n t  

( p  < 0 . 0 0 1 ) .  When t h e  s e a s o n a l  v a r i a t i o n  was s t u d i e d  i n c l u d i n g  

a l l  f r a c t u r e s ,  also t h o s e  c o l l e c t e d  f o r  s e c u l a r  t r e n d  s t u d i e s ,  

t h e  p a t t e r n  remained unchanged, and t h e  same was found when only 
t h e  f i r s t  two decades w e r e  s t u d i e d .  Even i f  on ly  f r a c t u r e s  t h a t  

had been t r e a t e d  w i t h  r educ t ion  were ' included t h e  p a t t e r n  
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remained unchanged.The seasonal variation of physeal fractures 
was the same as for the whole material (Figure 2 3 ) .  

'1: Jon Fcb Mar Apr Hay Jun Jul Aug Sep Oct NOY Oec Hsnth 

Figure 22. Seasonal variation ( fractures  1975 - 1979) .  
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Figure 23. Seasonul etariation of physeal fractures (1975 - 19791. 

Comment: This pattern of seasonal variation is a constant finding 
in Scandinavian surveys of childhood accidents also including 
injuries other than fractures and is usually assumed to be an 
effect of summer holidays when a considerable part of the urban 
child population is leaviny the city for vacation (Berfenstan et 
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a l .  1957, Kblle-Jdrgensen 1 9 7 1 ,  Gustafsson 1975, Na thor s t  Wes t f e l t  
1982) .  I n  t h e  Gtjteborg s t u d y  by Na thor s t  W e s t f e l t  (1982) t h e  
frequency of a c c i d e n t s  i n  J u l y  was t h e  same a s  t h e  frequency 

recorded i n  June and August when 4 0 0  mis s ing  c a s e s  t r e a t e d  i n  

h o s p i t a l s  o u t s i d e  Goteborg w e r e  added t o  t h e  observed number. 
Hindmarsh e t  a l .  ( 1 9 4 6 ) ,  i n  a . r e p o r t  of  c h i l d  a c c i d e n t s  from a 

r u r a l  area i n  Sweden i n  t h e  1930’s found t h a t  c h i l d  a c c i d e n t s  

w e r e  more common i n  summer. However, f r a c t u r e s  r e q u i r i n g  reductiolh 

i n  t h e  p r e s e n t  s tudy  would, m o s t  l i k e l y ,  have r e t u r n e d  f o r  

roentgen c o n t r o l s  i n  t h e  c i t y  - n e v e r t h e l e s s  such f r a c t u r e s  a l s o  

v a r i e d  wi th  t h e  seasons.  Ep iphyseo lys i s  of  t h e  femoral head i s  
more f r e q u e n t  i n  summer, p o s s i b l y  because of  a weakening of t h e  

growth p l a t e  ( A n d r h  & Borgstrtjm 1958) .  However, t rauma-related 

physeal  f r a c t u r e s  fo l low c l o s e l y  t h e  p a t t e r n  of o t h e r  f r a c t u r e s .  

Month of b i r t h  and r i s k  of f r a c t u r e  

The seasona l  v a r i a t i o n  of  b i r t h s  du r ing  1975 - 1979  and t h e  month 
of b i r t h  of t h e  c h i l d r e n  wi th  f r a c t u r e s  caused by s l i g h t  trauma 

are i l l u s t r a t e d  i n  F igu re  24.  

I o--9 Births per mmth 1975-1979 -.-. Seasonal voriotim of mmth 

Month 

Figure 24.  Seasonal var ia t ion  o f  b i r t h s  i n  Malmd: compared w i th  the  var ia t ion  
observed in chi ldren w i th  f rac tures  caused by  s l i g h t  trauma. 
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Comment: In an investigation of hip fractures in the elderly, 
Alffram ( 1 9 6 4 )  found that the risk of sustaining a hip fracture 
in old age was significantly higher among persons born in the 
autumn. This finding suggests a seasonal postnatal effect on 
the skeleton persisting in old age. If this effect still exists 
it does not interfere with the fracture risk in children. 

Birth fractures 
In the study altogether 3 8  fractures were encountered, which had 
occurred in immediate conjunction with birth. The annual number 
of births in the city varied between 2,400 and 4,000 over the 
years. The observed incidence of birth fractures calculated per 
10,000 live births is demonstrated in Figure 25 and the various 
types of fractures in Table 5. The number of roentgen-diagnosed 
birth fractures suggests an increasing risk over the years, the 
incidence being 5 times higher at the end of the 1970’s as 
compared with 1950 .  

~ ~~ ~~ ~ 

lncidenceA0.000 live births 

0 4- 1950 

Year 

Figure 25.  Incidence of b i r th  f rac tures .  
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Table 5. Birth fractures. 

Fracture type 

Clavicle 

Humerus, diaphysiz 

Skull 

Forearm, diaphysis 

IVumb e r 

27 

6 
4 
1 

Comment: The changes i n  d e l i v e r y  t echn iques  over  t h e  l a s t  decades 

wi th  i n c r e a s i n g  use  of Caesa r i an  s e c t i o n  and dec reas ing  use of 

f o r c e p s  should lower t h e  r i s k  of b i r t h  f r a c t u r e s .  However, i n  t h e  

e a r l y  p a r t  of t h e  pe r iod  under i n v e s t i g a t i o n ,  f r a c t u r e  of t h e  

c l a v i c l e ,  a s  an example, was probably regarded a s  a normal e v e n t  

which d i d  n o t  war ran t  roentgen examination. Farkas  & Levine (1950) 

examined 300 consecu t ive ,  l i v i n g  t e r m  b a b i e s ,  who w e r e  d e l i v e r e d  
by v e r t e x  p r e s e n t a t i o n ,  w i th  roentgen f o r  f r a c t u r e  of t h e  c l a v i c l a  

F ive  c l a v i c l e  f r a c t u r e s  w e r e  discovereii . , l .7 p e r  c e n t ,  none of  

which had even been suspec ted  i n  t h e  postpar tem and subsequent  

p e d i a t r i c  examinat ions.  Thus, t h e  inc idence  encountered by Farkas 

& Levine (1950)  c o n s i d e r i n g  o n l y  f r a c t u r e  of t h e  c l a v i c l e  w a s  far 
beyond t h e  t o t a l  i nc idence  i n  t h i s  series. The re fo re ,  t h e  p r e s e n t  
d a t a  might simply r e f l e c t  an i n c r e a s i n g  tendency of roentgen-  

examinat ion of t h e  new-born. 

F r a g i l i t y  f r a c t u r e s  

I n  o l d  age  c e r t a i n  f r a c t u r e s  such a s  h i p  f r a c t u r e ,  v e r t e b r a l  

compression f r a c t u r e ,  f r a c t u r e  of t h e  d i s t a l  end of t h e  forearm 

and t h e  proximal end of t h e  humerus a r e  b e l i e v e d  t o  be due t o  

bone f r a g i l i t y  and a r e  a l s o  a s s o c i a t e d  wi th  a below average bone 

mine ra l  c o n t e n t  (Vose & Lockwood 1965, N i l s son  & Westl in  1 9 7 7 ) .  

I n  o r d e r  t o  i n v e s t i g a t e  whether any of t h e  f r a c t u r e s  i n  c h i l d r e n  

could meet t h e  c r i t e r i a  of a f r a g x l i t y  f r a c t u r e  t h e  percentage of 

t h e  t h r e e  deg rees  of trauma s e v e r i t y  was c a l c u l a t e d  f o r  each 
f r a c t u r e  (Table  6 ) .  Also,  t h e  v a r i o u s  f r a c t u r e s  were ranked 

w i t h i n  t h e  groups of trauma s e v e r i t y  (Table  7 ) .  F r a c t u r e s  of t h e  

carpal-metacarpal  r e g i o n ,  hand and f o o t  phalanges,  ank le  and 

d i s t a l  forearm were t o  a g r e a t e r  e x t e n t  produced by low energy 
trauma than  t h e  o t h e r s .  The most f r e q u e n t l y  f r a c t u r e d  r e g i o n  f o r  
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a l l  degrees of trauma s e v e r i t y  was, however, t h e  d i s t a l  end of t h e  

forearm. F r a c t u r e s  of t h e  s k u l l  and t h e  femur w e r e  more o f t e n  

produced by h ighe r  energy l e v e l s .  I n  t h e  upper ex t r emi ty  f r a c t u r e s  

of t h e  c l a v i c l e ,  t h e  proximal end of t h e  humerus and t h e  supra-  
condylar r eg ion  of t h e  humerus w e r e  comparat ively more o f t e n  

caused by higher  energy l e v e l s  t h a n  f r a c t u r e s  of t h e  d i s t a l  f o r e -  

arm, f a l l s  s t i l l  being t h e  most common cause i n  a l l  i n s t a n c e s .  

Table 6. The d i s t r i b u t i o n  of t h e  d i f f e r e n t  degrees o f  trauma s e v e r i t y  wi th in  

t h e  va r ious  types  of f r a c t u r e .  The d a t a  d i d  n o t  permit eva lua t ion  of 

t h e  degree of trauma i n  a l l  cases .  

Skull 

Proximal end o f  t h e  humerus 

Clavic le  

Supracondylar reg ion  of t h e  humerus 

Radius-ulna, d iaphys is  

Distal forearm 

Carpal-metacarpal 

Hand, phalanges 

Femur, d iaphys is  

T ib ia ,  d iaphys is  

Ankle 

Tarsal-metat arsal 

Foot,  phalanges 

S l i g h t  

31 
46 
61 
57 
62 

a1 

71 

75 
52 
53 
72 

58 
73 

Per cent  

Moderate 

45 
45 
25 
37 
26 
22 

9 
7 

16 

19 
16 
34 
8 

Severe 

19 
5 
5 
1 

3 
4 
4 
2 

25 
19 
8 
6 

11 

Table 7. The t h r e e  most common types  of f r a c t u r e  f o r  each degree of trauma 

s e v e r i t y .  

S l i g h t  

Distal forearm 

Hand, phalanges 

Carpal-metacarpal 

Moderate 

D i s t a l  forearm 

Clav ic l e  

Tars al-met at a r s a l  

Severe 

D i s t a l  forearm 

T ib ia ,  d i aphys i s  

C lav ic l e  
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Also,  t h e  d i s t r i b u t i o n  between v a r i o u s  f r a c t u r e  types  was t h e  
same i n  c h i l d r e n  wi th  more than  one f r a c t u r e  a s  o v e r a l l  even when 

on ly  low energy trauma was inc luded .  

F r a c t u r e  r e p e a t e r s  

I n  1975, 869 c h i l d r e n  p resen ted  wi th  f r a c t u r e .  I n  t h i s  s tudy  

t h e s e  same c h i l d r e n  could be observed f o r  an a d d i t i o n a l  2,760 
c h i l d - r i s k  y e a r s .  During t h i s  obse rva t ion  pe r iod  1 0 7  of t h e  869 

had a t  l e a s t  one more f r a c t u r e ,  s i g n i f i c a n t l y  more than  expected 

i n  t h e  popu la t ion  a t  r i s k  ( p  < 0 . 0 1 ) .  I n  Table 8 t h e  o v e r a l l  

f r a c t u r e  r i s k  i n  c h i l d r e n  i n  t h e  c i t y ,  i s  compared wi th  t h e  

r i s k  of c h i l d r e n  who a l r e a d y  have had a f r a c t u r e .  The d e v i a t i o n  

i n  t h e  r i s k  of  having an a d d i t i o n a l  f r a c t u r e  was g r e a t e s t  i n  t h e  

ve ry  young c h i l d r e n .  Also,  boys w e r e  more o f t e n  r e p e a t e r s  t han  

g i r l s ,  i f  a l l  c h i l d r e n  who were r e g i s t e r e d  because of  a f r a c t u r e  
i n  1979  w e r e  reviewed f o r  f r a c t u r e s  e a r l i e r  i n  l i f e  (p  < 0.05)  

(F igu re  26 ) .  

Table 8. Incidence of another  f r a c t u r e  i n  ch i ld ren  with one f r a c t u r e  compared 

w i t h  t h e  o v e r a l l  incidence.  

1 - 2  

3 - 4  

5 - 6  
7 - 8  
9 - 10 

11 - 12 

1 3 -  14 

1 5 -  16 

Annual f r a c t u r e  incidence pe r  10,000 

Overal l  2 1 previous f r a c t u r e  

82 270 

124 467 
179 386 

170 141 

21 1 345 

284 348 

35 1 54 5 
297 314 

Rela t ive  r i s k  

3.3 

3.8 

2.2 

0.8 

1.6 

1.2 

1.6 

1.1 

p-value 

n.s .  

p <0.001 

p < 0.05 

n.s.  

n.s.  

n .s .  

p < 0.05 

n . s .  
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Numb” ol individuals 

Figure 26. Number of f rac ture  episodes i n  ckiZdren w i th  f rac ture  i n  1979. 

Minor f r a c t u r e s  

It  has  been of s p e c i a l  i n t e r e s t  t o  s tudy  those  minor f r a c t u r e s  
which could most e a s i l y  e scape  d i a g n o s i s ,  p a r t i c u l a r l y  du r ing  

t h e  f i r s t  p a r t  of t h i s  s tudy .  These should be t h e  f r a c t u r e s  wi th  

a l i m i t e d  p e r i o d  of  p a i n  and d i scomfor t  f o r  t h e  c h i l d .  Some of 
t h e s e  f r a c t u r e s  have, no doub t ,  increased. more t h a n  average over  

t h e  p e r i o d  under o b s e r v a t i o n .  The three f r a c t u r e s  most l i k e l y  t o  

remain unde tec t ed  would probably be: a v u l s i o n  f r a c t u r e s ,  i n c l u d i n g  

only a small  fragment r e g a r d l e s s  of  l o c a l i z a t i o n ,  unrezuced 

f r a c t u r e s  o f  t h e  d i s t a l  forearm and unreduced f r a c t u r e s  of  t h e  

phalanges of t h e  hand. I n  F igu re  27 t h e  t o t a l  i nc idence  of such 
f r a c t u r e s  i n  c h i l d r e n  i s  p resen ted  i n  r e l a t i o n  t o  t i m e  and over-  

a l l  f r a c t u r e  inc idence .  When t h e s e  f r a c t u r e s  w e r e  s u b t r a c t e d  from 

t h e  t o t a l  t h e  i n c r e a s i n g  t r e n d  w a s  less pronounced b u t  s t i l l  
s i g n i f i c a n t  ( p < 0 . 0 0 1 ) .  However, t h e  changes wi th  t i m e  i n  such 

minor f r a c t u r e s  may be i n c o n s i s t e n t .  I n  t h e  m o s t  common a v u l s i o n  

f r a c t u r e s ,  f o r  example a v u l s i o n s  i n  t h e  a r e a  of t h e  a n k l e  and t h e  
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hand, there was a difference: the hand injuries had increased with 
time but not the ankle injuries (Figure 2 8 ) .  

Annual incidence/l0.000 ,..i\ 
Unreduced fractures of the 
dtstal forearm 

Unreduced fractures of the 
phalanges of the hand 

Year 

Figure 27.  The overa l l  fracture incidence w i th  the  d i s t r i b u t i o n  of minor 
f rac tures  indicated.  

Annual IncidenceA 0.000 

H Hand 
0-0 Ankle 

Year 

Figure 28. Avulsion f rac tures  of  t h e  hand and ankle in r e l a t i o n  t o  t ime. 
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Treatment trends 
Although the incidence and the number of fractures had increased 
over the last three decades, the number requiring reduction had 
remained fairly constant over the years. There are no objective 
reasons to believe that the attitude towards treatment has changed 
but rather that the fractures not requiring reduction, open or 
closed, have increased the most (Figure 2 9 ) .  

Annual incidence/lO 000 

Closed reduction including traction 

0 1950 
Year 

Figure 29. Treatment trends. 

Concomitant disease 
Various diseases in childhood have been shown to be associated with 
a bone mineral content below the average: renal disease (Chesney 
et al. 1 9 7 7 ) ,  cystic fibrosis (Mischler et al. 19791 ,  diabetes 
mellitus (Shore et al. 19811,  growth hormone deficiency (Shore et 
al. 1 9 8 0 ) ,  Turner’s syndrome (Shore et al. 1 9 8 3 )  and anticonvulsantr 
induced osteomalacia (Barden et al. 1 9 8 3 ) .  

Some childhood disorders and diseases which hypothetically could 
carry an increased risk of fracture are listed in Table 9. 



e 9. The number of f r a c t u r e s  sus t a ined  by ch i ld ren  with var ious d i so rde r s .  

The r a t i o  of s l i g h t  trauma/moderate + severe trauma. The degree of  

trauma could not be determined i n  a l l  cases .  

r d e r  

ogenesis irnperfecta 

hological"  f r a c t u r e s  

o l o g i c a l  d i so rde r  
as c e r e b r a l  pa l sy ,  

epsy, he red i t a ry  
opathy,myelomeningocele 

matoid a r t h r i t i s  

a1 retardat ion 

e t e s  rnel l i tus  

1 osteodystrophy 

c r i n e  d i sease  

bsorption 

e n i t a l  malformation 
rome 

rs (e.g.  leukemia, 
.isone t r ea tmen t )  

1 

No. of f r a c t u r e s /  S l i g h t  trauma/moderate + 
Fo. of ind iv idua l s  severe trauma 

13/2 

7/7 

22/15 

94/63  

9 14 

5 / I  

= : F r a c t u r e s  i n  t h e  e l d e r l y  such a s  h i p  f r a c t u r e s  (Alffram 
4 )  and f r a c t u r e s  of  t h e  proximal end of t h e  humerus (Horak & 

sson 1 9 7 5 )  o f t e n  co inc ide  wi th  o t h e r  d i s e a s e s .  The low number 
f r a c t u r e s  s u s t a i n e d  by i n d i v i d u a l s  w i th  concomitant d i s e a s e  i n  

s series merely r e f l e c t s  t h e  s c a r c i t y  of  t h e s e  c o n d i t i o n s  and 
i c a t e s  t h a t  t h i s  c h i l d  popu la t ion  was on t h e  whole f r e e  from 
2rders w i th  an inc reased  r i s k  of f r a c t u r e .  

t h e  whole series i n  1975 - 1 9 7 9 ,  4,621 f r a c t u r e s  w e r e  observed 
4,115 i n d i v i d u a l s .  I n  t h e  c o n d i t i o n s  l i s t e d ,  9 4  f r a c t u r e s  w e r e  
:ained by 63  i n d i v i d u a l s  which i s  a h ighe r  number of f r a c t u r e s  
I expected a s  compared with t h e  rest of t h e  f r a c t u r e  popu la t ion  

lou t  any known concomitant d i s o r d e r  ( p  < 0 .05) .  

most of t h e  c o n d i t i o n s  l i s t e d  i n  Table 9 our  knowledge of t h e  

ralence i s  incomplete.  For mental  r e t a r d a t i o n  and. d i a b e t e s  i n  
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children - conditions in which the prevalence for the country and 
the city may be calculated with some confidence (Grunewald 1979, 
Dahlqvist et al. 1982) - the risk of fracture does not seem to be 
increased. 
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RESULTS: Epidemiology of s p e c i f i c  f r a c t u r e  types  

Of t h e  1 4  most common f r a c t u r e  types  ( l o c a t i o n s )  13 w e r e  s e l e c t e d  
f o r  i nc idence  s t u d i e s  - f r a c t u r e s  of  t h e  f a c i a l  s k e l e t o n ,  being a 

heterogeneous group, were excluded. A l t o g e t h e r  89 p e r  c e n t  of t h e  

f r a c t u r e s  encountered 1975 - 1 9 7 9  were included f o r  t h e  purpose.  

F r a c t u r e  of t h e  d i s t a l  end of  t h e  forearm 

Included i n  t h i s  group w e r e  a l l  d i s t a l  metaphyseal f r a c t u r e s  o f t h e  

r a d i u s ,  of t h e  u lna  and of  t h e  s t y l o i d  p rocesses .  I n  f r a c t u r e s  

which were on t h e  b o r d e r l i n e  t o  d i a p h y s e a l  f r a c t u r e s ,  t h e  p o i n t  
a t  which t h e  c o r t e x  had a t t a i n e d  a c o n s t a n t  t h i c k n e s s  w a s  chosen 

a s  t h e  l i m i t .  

This  w a s  t h e  m o s t  common f r a c t u r e  i n  i n d i v i d u a l s  below t h e  age of 

1 7  and c o n t r i b u t e d  21  pe r  c e n t  - i n c l u d i n g  physeal  i n j u r i e s  2 3  

p e r  c e n t .  The b o y / g i r l  r a t i o  was 1 .6 /1 .  The r i s k  was h i g h e s t  i n  

age 9 - 1 0  i n  g i r l s  and 13 - 1 4  i n  boys and t h e  d i f f e r e n c e  i n  

t o t a l  r i s k  was e n t i r e l y  due t o  t h e  high r i s k  i n  t h e  o l d e r  boys 

(F igu re  30, Table  A : I I I ) .  A f t e r  1 4  t h e  f r a c t u r e  w a s  t h r e e  t i m e s  a s  

f r e q u e n t  i n  boys as i n  g i r l s  ( p  < 0.001 1 .  

Almost h a l f  of t h e  f r a c t u r e s  w e r e  caused by f a l l i n g  wi thou t  any 

s p e c i f i c  environmental  f a c t o r  be ing  recorded.  B a l l  games, b i c y c l e  

a c c i d e n t s ,  playground and ska teboa rd  a c c i d e n t s  t o g e t h e r  c o n t r i -  

buted 2 5  p e r  c e n t  of t h e  c a s e s .  

The t r a f f i c  a c c i d e n t s ,  excep t  t h o s e  invo lv ing  b i c y c l e s ,  w e r e  on ly  

o c c a s i o n a l l y  observed a s  a cause of f r a c t u r e .  F r a c t u r e  i n  t h i s  
r eg ion  w a s  predominantly a s s o c i a t e d  w i t h  low energy trauma, 

s e v e r e  trauma c o n t r i b u t e d  o n l y  4 pe r  c e n t  of t h e  c a s e s .  

Removing f r a c t u r e s  caused by r o l l e r  s k a t e s ,  ska t eboa rds ,  moped 

a c c i d e n t s ,  b a l l  games, w r e s t l i n g  and s k a t i n g ,  d r a s t i c a l l y  reduced 

t h e  s e x  d i f f e r e n c e .  Only f r a c t u r e s  due t o  ho r se  a c c i d e n t s  w e r e  
more common i n  g i r l s .  
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t ime. 

The r i s k  of  f r a c t u r e  of t h e  d i s t a l  end of t h e  forearm inc reased  

s l i g h t l y  bu t  s i g n i f i c a n t l y  ove r  t h e  y e a r s  (F igu re  3 0 ) .  The 

i n c r e a s e  occur red  i n  t h e  o l d e r  boys ( p  < 0 . 0 0 1 )  and i n  t h e  
younger g i r l s  ( p  < 0 . 0 0 1 )  and could be r e l a t e d  t o  t o y s  and 

o t h e r  equipment. 
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Physeal f r a c t u r e  of  t h e  d i s t a l  end of  t h e  r a d i u s  w a s  t h e  s i n g l e  

most common physeal  i n j u r y ,  c o n t r i b u t i n g  more t h a n  h a l f  of  t h i s  
group. The inc idence  peak v a l u e s  c o i n c i d e  w i t h  t h o s e  o f  t h e  

f r a c t u r e s  and t h e  p a t t e r n  was on  t h e  whole s i m i l a r  (F igu re  31, 
Table A : I V ) .  Also,  t h e  t r e n d  of  change w a s  s imilar t o  t h a t  of 

o t h e r  d i s t a l  forearm f r a c t u r e s .  

Comment: Buhr & Cooke (1959) found a sex  d i f f e r e n c e :  f r a c t u r e s  

of t h e  d i s t a l  end of  t h e  forearm w e r e  t w i c e  a s  f r e q u e n t  i n  boys 

a s  i n  g i r l s .  The p r e s e n t  s t u d y  had a s i m i l a r  t r e n d  - t h e  

d i f f e r e n c e  w a s ,  however, o n l y  appa ren t  i n  t h e  o l d e r  c h i l d r e n .  

The a b s o l u t e  inc idences  cannot  be compared w i t h  t h o s e  o f  Buhr & 

Cooke (1959) because o f  d i f f e r e n c e s  i n  t h e  sampling procedure.  
Alffram & Bauer ( 1 9 6 2 )  found no d i f f e r e n c e  between t h e  sexes 
al though t h e y  had s t u d i e d  t h e  ve ry  same popu la t ion ;  t h e i r  a b s o l u t e  

inc idence ,  however, was i n  good agreement w i t h  t h e  o b s e r v a t i o n s  
from t h e  f i r s t  p a r t  of t h e  t i m e  pe r iod  covered by t h e  p r e s e n t  

s tudy  . 
F r a c t u r e  of t h e  d i s t a l  end of  t h e  forearm i . e .  t h e  Colles '  

f r a c t u r e  may be a s i g n  of  reduced bone m a s s ,  a " f r a g i l i t y  f r a c t u r e "  

which may be an e a r l y  - even t h e  ear l ies t  - s i g n  of  o s t e o p o r o s i s  

(Bauer 1960, Alffram & Bauer 1962, N i l s son  & Westl in  1 9 7 4 ) .  

I n  c h i l d r e n ,  t h i s  f r a c t u r e ,  t h e  most common, i s  n o t  so obviously 
r e l a t e d  t o  t h e  q u a l i t y  of  t h e  s k e l e t o n .  

N e e r  & Horwitz (1965) found i n  a survey o f  2 , 5 0 0  physeal  f r a c t u r e s  

t h a t  t h e  d i s t a l  end of  t h e  r a d i u s  c o n t r i b u t e d  4 6  p e r  c e n t  - t h e  

p ropor t ion  was 4 1  p e r  c e n t  i n  t h e  p r e s e n t  s tudy.Also,  Pe te r son  & 

Pe te r son  (19721, i n  a d e t a i l e d  a n a l y s i s  of  physeal  i n j u r i e s ,  i n -  

c l u d i n g  t h e  hand and t h e  f o o t ,  found t h e  d i s t a l  r a d i a l  phys i s  t o  

be t h e  one most f r e q u e n t l y  i n j u r e d  - 30 p e r  c e n t .  

The age d i s t r i b u t i o n  o f  t h e  physeal  f r a c t u r e s  i s  t h e  same a s  t h a t  
of t h e  metaphyseal.  I f  t h e  i n c r e a s i n g  f r a c t u r e  r a t e  and t h e  s e x  

p a t t e r n  a r e  caused by growth s p u r t s  t h e n  t h e  e f f e c t s  on growth 

c a r t i l a g e  and metaphyseal bone a.ppear t o  be t h e  same. 
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Frac tures  of t h e  phalanges of t h e  hand 

Frac tures  of t h e  phalanges of t h e  hand were t h e  second most 

common f r a c t u r e  and cont r ibu ted  1 9  per  cent .  The r a t i o  boys /g i r l s  

w a s  1 .3/1.  The incidence increased s t eep ly  t o  peaks of about 

11 - 14 years .  Af te r  age 12 t h e  f r a c t u r e s  w e r e  about 4 0  per  cen t  
more frequent  i n  boys than i n  g i r l s  (Figure 3 2 ,  Table A:V). 
I n  t h e  age group 1 3  - 1 6 ,  t h e  sex  d i f f e rence  could be explained 

by contac t  s p o r t s ,  ska t ing ,  ice-hockey, playing and s c u f f l e s  bu t  

not  by t h e  b a l l  games. I n  both sexes, t h e  r i s k  of f r a c t u r e  more 

than doubled over t h e  30 years  under observat ion ( p  < 0.001) 
(Figure 3 2 ) .  There was no s i g n i f i c a n t  i nc rease  wi th  time i n  t h e  

youngest ch i ld ren  but  a f t e r  age e i g h t  t h e r e  was a s i m i l a r  

i nc rease  i n  both sexes (p < 0.001) (Figure 32).  S ign i f i can t  changes Over 

t h e  years w e r e  recordedwith regard t o  a c t i v i t i e s  causing f a l l s ,  
b icyc le  acc idents ,  i n j u r i e s  t o  passengers i n  automobiles,  b a l l  

games, gymnastics,  a t h l e t i c s ,  con tac t  s p o r t s  and sk i ing ,  a l l  

s i g n i f i c a n t l y  increas ing  between t h e  f i r s t  two decades and t h e  

l a s t  decade of t h e  per iod under s tudy.  

Comment: I n  boys aged 13 - 14 yea r s ,  t h e  observed incidence w a s  
104 per  10,000, which i s  t h e  h ighes t  r i s k  of any f r a c t u r e  type 

per age group recorded i n  t h i s  s tudy .  Buhr & Cooke (1959) a l s o  

found a high incidence of f r a c t u r e s  of t h e  phalanges of t h e  hand - 
i n  t he i r s tudy  t h e  most common f r a c t u r e  type dur ing  childhood and 
adolescence toge ther  wi th  supracondylar f r a c t u r e  of t h e  humerus - 
t h e  f r a c t u r e  rate was near ly  t w i c e  t h a t  recorded f o r  f r a c t u r e s  

of t h e  d i s t a l  end of t h e  forearm. 

Carpal - metacarpal f r a c t u r e s  
These f r a c t u r e s  ( inc luding  t h e  ca rpa l  and metacarpal bones and 

excluding t h e  scaphoid) cont r ibu ted  8.3 per  cent  of t h e  f r a c t u r e s  

i n  ch i ld ren ,  ranking number 3. There was a s t e e p  inc rease  i n  r i s k  

a f t e r  t h e  age of 7 - 8 i n  boys (Figure 33, Table A:VI). These 

f r a c t u r e s  w e r e  8 t i m e s  more common i n  boys than  i n  g i r l s  i n  these  

age groups. Scuf f l e s  cont r ibu ted  1 /3  of t h e  carpal-metacarpal 

f r a c t u r e s ,  95 per  cen t  of t h e  s c u f f l e  f r a c t u r e s  were i n  boys. 

In  f r a c t u r e s  caused by o t h e r  a c t i v i t i e s  such a s  f a l l s , b i c y c l e  

acc idents ,  b a l l  games, s k i i n g ,  ska t ing  e t  c e t e r a ,  t h e  preponderance 
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f o r  boys w a s  s i m i l a r  i n  a l l  age  groups.  Over t h e  y e a r s  t h e  c a r p a l -  

metacarpal  f r a c t u r e s  i n  boys i n c r e a s e d  by a f a c t o r  of approximate- 

l y  t h r e e  (p < 0 . 0 0 1 )  whereas t h e r e  w e r e  no changes i n  g i r l s  

(F igu re  3 3 ) .  The change w i t h  t i m e  occu r red  almost e n t i r e l y  i n  
c h i l d r e n  o v e r  t h e  age of  10 (F igu re  3 3 ) .  The m o s t  obvious causes  

of t h e  i n c r e a s e d  r i s k  of  f r a c t u r e  i n  boys w e r e  s c u f f l e s ,  s k i i n g  

and s k a t i n g .  
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Comment:The age and s e x  d i s t r i b u t i o n  i s  i n  accordance w i t h  t h a t  

found by Buhr & Cooke (1959) .  Kq5lle-J$rgensen(1971) a l s o  found 

t h a t  metacarpal  f r a c t u r e s  w e r e  f r e q u e n t l y  encountered i n  s c u f f l e s ,  

p a r t i c u l a r l y  i n  o l d e r  boys. 

F r a c t u r e  of  t h e  c l a v i c l e  

F r a c t u r e s  of  t h e  c l a v i c l e  c o n t r i b u t e d  8.1 pe r  c e n t  of  a l l  

f r a c t u r e s ,  ranking number 4 .  The f r a c t u r e  was s i g n i f i c a n t l y  
( p  < 0 . 0 0 1 )  more common i n  boys t h a n  i n  g i r l s  ( 1 . 5 / 1 ) .  There was 

a bimodal a g e - s p e c i f i c  i n c i d e n c e  i n  bo th  sexes  w i t h  t h e  peak 

va lues  a t  t h e  age of 3 - 6 and 13 - 14,and w i t h  an i n t e r v e n i n g  

pe r iod  of  decreased inc idence .  Below t h e  age o f  11,  t h e r e  w a s  no 

s i g n i f i c a n t  d i f f e r e n c e  between t h e  sexes  (F igu re  3 4 ,  Table A : V I I ) .  

I n  younger c h i l d r e n  under 10 ,  t h e  non- spec i f i c  f a l l s  were t h e  

most common c a u s e  of i n j u r y ,  i n  boys a s  w e l l  a s  i n  g i r l s .  Only a 

few had been h i t  by motor v e h i c l e s .  A f t e r  1 0 ,  a c t i v i t i e s  
such as b a l l  games and c o n t a c t  s p o r t s  became s i g n i f i c a n t l y  more 

common ( p  < 0.001),boys dominat ing t h i s  group completely.  Only 
ho r se  a c c i d e n t s  w e r e  s i g n i f i c a n t l y  more f r e q u e n t  i n  g i r l s  

( p  < 0 . 0 5 ) .  The t r e n d  of  change ove r  t h e  yea r s  w a s  a s l i g h t  bu t  

s i g n i f i c a n t  i n c r e a s e  ( p  < 0.05) i n  bo th  sexes, f a i r l y  evenly 

d i s t r i b u t e d  between age groups (F igu re  3 4 ) .  

Comment: This  bimodal age d i s t r i b u t i o n  has  a l s o  been found by 

Kdlle-J#rgensen (1971) who recorded a predominance f o r  boys. 
The r a t i o  b o y s / g i r l s  i n  t h e  p r e s e n t  s tudy  w a s  v i r t u a l l y  t h e  same 

as found by Buhr & Cooke (1959) .  

Ankle f r a c t u r e s  

Ankle f r a c t u r e s ,  i n c l u d i n g  a l s o  a v u l s i o n  of fragments from t i b i a  

o r  f i b u l a  and f r a c t u r e s  i n c l u d i n g  t h e  physes i n  t h e  d i s t a l  ends o f  

t h e  t i b i a  and t h e  f i b u l a ,  c o n t r i b u t e d  5.5 pe r  c e n t  and ranked 

number 5 i n  f requency.  The sex r a t i o  w a s  1 /1  and bo th  sexes  

i n c r e a s e d  t h e i r  r i s k  r a p i d l y  w i t h  i n c r e a s i n g  age  (F igu re  35, 

Table  A : V I I I ) .  

Below t h e  age of 7, t h e  most f r e q u e n t  cause of  a n k l e  f r a c t u r e s  
was a f o o t  caught  i n  a b i c y c l e  wheel,  t h i s  t ype  of a c c i d e n t  having 
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remained unchanged o v e r  t h e  y e a r s .  I n  o l d e r  c h i l d r e n ,  u n s p e c i f i c  
f a l l s  w e r e  t h e  most commonly recorded cause ,  bu t  b a l l  games, 
ska t eboa rd ,  roller s k a t e ,  moped, motorcycle ,  s k i i n g ,  s k a t i n g ,  
c y c l i n g  and p l ay ing  a c c i d e n t s  a l s o  c o n t r i b u t e d .  

Over t h e  y e a r s  t h e  i n c i d e n c e  of a n k l e  i n j u r i e s  had more t h a n  
doubled (F igu re  35) (p < 0 . 0 0 1 ) .  B a l l  games, moped, motorcycle  
and f a l l i n g  from playground f i x t u r e s - h a v e  c o n t r i b u t e d  t o  t h i s  
increase.Those i n j u r i e s  which were c l a s s i f i e d  a s  ank le  f r a c t u r e s  
merely because of a n  a v u l s i o n  of a bony fragment from t h e  t i b i a  
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o r  t h e  f i b u l a  d i d  n o t  change i n  inc idence  o v e r  t h e  y e a r s  

(F igu re  2 8 ) .  

Comment: Karrholm e t  a l .  (1982) r e c e n t l y  c a l c u l a t e d  t h e  ank le  

f r a c t u r e  inc idence  i n  c h i l d r e n  of  t h e  a r e a  su r round ing  t h e  c i t y  

of  Malmo. The inc idence  was somewhat lower,  t h e  p a t t e r n  was 
similar.  

F r a c t u r e  of  t h e  s h a f t  of  t h e  t i b i a  

Included w e r e  t h e  d i a p h y s e a l  t i b i a l  f r a c t u r e s  w i t h  o r  w i thou t  

f r a c t u r e  of  t h e  f i b u l a .  The t i b i a l  f r a c t u r e s  c o n t r i b u t e d  5.0 p e r  

c e n t  t o  t h e  f r a c t u r e s  i n  c h i l d r e n ,  number 6 i n  r ank ,  w i t h  a sex- 

r a t i o  of 2 . 2 / 1 .  There w a s  an appa ren t  three-modal d i s t r i b u t i o n  o f  

f r a c t u r e s  o v e r  t h e  age-per iods (F igu re  3 6 ,  Table A:IX), t h e  

modal i ty  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  Eoys had m o r e  
f r a c t u r e s  from a l l  s o r t s  of a c t i v i t i e s  and no p a r t i c u l a r  t i b i a l  
f r a c t u r e  c a u s a l  a c t i v i t y  was d e t e c t e d .  However, i n  younger 

c h i l d r e n ,  t h e  f r a c t u r e s ,  p a r t i c u l a r l y  i n  boys,  were r e l a t e d  t o  
t o y s  and s p o r t i n g  equipment i n c l u d i n g  b i c y c l e s ,  t h e  danger of 

which a p p a r e n t l y  has  dec reased  i n  t h e  age group 11  - 1 2  where 

boys and g i r l s  had s i m i l a r  r i s k s .  L a t e r  i n  l i f e ,  however, t h e r e  

were motorcycle and ska teboa rd  a c c i d e n t s ,  p a r t i c u l a r l y  i n  boys, 

who w e r e  now a c t i v e  p a r t i c i p a n t s  i n  t r a f f i c .  

There w a s  a tendency o f  i n c r e a s e  ( p  < 0.05) w i t h  t i m e  i n  t h e  r i s k  

of t i b i a  s h a f t  f r a c t u r e s  i n  boys w i t h  l a r g e  f l u c t u a t i o n s ,  whereas 

i n  g i r l s  t h e r e  was a slow bu t  s i g n i f i c a n t  dec rease  ( p  < 0.05) 

(F igu re  3 6 ) .  

Comment: Karrholm e t  a l .  (1982) found a similar p a t t e r n  b u t  a 

g e n e r a l l y  lower inc idence .  A l s o ,  f o r  t h i s  f r a c t u r e  t h e  s e x  r a t i o  

was t h e  same a s  found by Buhr & Cooke (1959) more t h a n  2 0  y e a r s  

ago. Kdlle-Jdrgensen ( 1 9 7 1 )  observed 9 4  cases of  t i b i a l  s h a f t  
f r a c t u r e s  w i t h  an age and s e x  d i s t r i b u t i o n  s i m i l a r  t o  t h i s  series. 
Jonasch & B e r t e l  (1981) - A u s t r i a  - found a s t e a d y  i n c r e a s e  of 

t h i s  f r a c t u r e  type  w i t h  age i n  a group of mainly s k i i n g  i n j u r i e s .  
The age d i s t r i b u t i o n  of t i b i a l  s h a f t  f r a c t u r e s  i n  Singapore (Wong 

1965) i s  similar t o  t h a t  observed i n  t h e  p r e s e n t  series w i t h  t h e  
h i g h e s t  i nc idence  i n  t h e  age group 5 - 9 .  From t h e  inc idence  
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numbers provided by Wong ( 1 9 6 5 )  t h e  r i s k  of  t i b i a 1  f r a c t u r e  w a s  
more t h a n  t w i c e  as g r e a t  i n  Malrno a s  i n  Singapore.  
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Figure 36. Tibia fractures, incidence i n  relation to age, sex and time. 
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T a r s a l  - m e t a t a r s a l  f r a c t u r e s  
Included i n  t h i s  group were a l l  f r a c t u r e s  of t h e  bones of  t h e  f o o t  

excluding t h e  phalanges,  t h e  t a l u s  and t h e  ca l caneus .  T h i s  group 

c o n t r i b u t e d  4.5 p e r  c e n t  and was number 7 i n  rank of  frequency. 
The b o y / g i r l  r a t i o  was 1 . 4 / 1 .  There w a s  a tendency towards a 
bimodal age d i s t r i b u t i o n  (F igu re  37, Table A:X) w i t h  p lay ing  

f r a c t u r e s  i n  t h e  young c h i l d r e n  and f a l l s ,  games, moped, motor- 

c y c l e  and b i c y c l e  a c c i d e n t s  i n  t h e  o l d e r  group. The s e x  d i f f e r e n c e  
could n o t  be exp la ined  by any p a r t i c u l a r  t y p e  of a c c i d e n t .  

Over t h e  y e a r s  t h e r e  w a s  an i n c r e a s e  i n  boys as w e l l  as i n  g i r l s ,  

s i g n i f i c a n t ,  however, on ly  i n  g i r l s  (F igu re  37) ( p  < 0 . 0 0 1 ) .  

Comment: D a t a  on t h e  occur rence  of t h e s e  f r a c t u r e s  is  rare. 
Lichtenberg (1954) - USA - r e p o r t e d  i n  a survey of 2 ,532  

f r a c t u r e s  i n  c h i l d r e n ,  t h e  frequency o f  f r a c t u r e s  of t h e  f o o t ,  
t o  be 1 . 9  p e r  c e n t .  P e l l e r i n  e t  a l .  (1971) - P a r i s  - found 2 . 2  pelr 

c e n t  f o o t  f r a c t u r e s  among 3,458 f r a c t u r e s  i n  c h i l d r e n .  I n  t h e  

Aus t r i an  survey by Jonasch & B e r t e l  (1981) metatarsal f r a c t u r e s  

comprised 3 p e r  c e n t  w i t h  a peak v a l u e  of occur rence  a t  t h e  age 

of  13, s i m i l a r  t o  t h e  r e s u l t  i n  t h e  p r e s e n t  s tudy .  

F r a c t u r e s  of  t h e  t o e s  

Included w e r e  a l l  roentgen-diagnosed f r a c t u r e s  of  t h e  toes. 
F r a c t u r e s  of t h e  phalanges o f  t h e  f o o t  c o n t r i b u t e d  3.4 pe r  c e n t  

and ranked number 8 i n  f requency.  The b o y / g i r l  ra t io  was 1 .5 /1 .  
The inc idence  i n c r e a s e d  r a p i d l y  w i t h  age  t o  13 - 14 (F igu re  38, 

Table A : X I ) .  I n  t h e  o l d e r  c h i l d r e n  it w a s  m o s t  common i n  boys,  

due t o  b a l l  games. Otherwise t h e r e  w a s  no sex  d i f f e r e n c e .  There 

was a s i g n i f i c a n t  i n c r e a s e  i n  t h e  number of diagnosed t o e  

f r a c t u r e s  ove r  t h e  y e a r s  i n  boys ( p  < 0.001) a s  w e l l  a s  i n  g i r l s  

(p  < 0 .001) ,  b a l l  games being one cause  of t h e  i n c r e a s e .  Other 

causes  cou ld  n o t  be ana lysed  (F igu re  3 8 ) .  
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F r a c t u r e  o f  t h e  s h a f t  of  r a d i u s  and/or  u l n a  
Included i n  t h i s  group w e r e  a l l  f r a c t u r e s  o f  t h e  r a d i u s  d i s t a l  

t o  t h e  r a d i a l  t u b e r o s i t y  and proximal t o  t h e  d i s t a l  metaphysis .  

Also,  a l l  f r a c t u r e s  a f f e c t i n g  u l n a  excep t  f r a c t u r e s  of t h e  

olecranon and t h e  d i s t a l  metaphyseal r e g i o n ,  were inc luded .  

Diaphyseal f r a c t u r e s  of  t h e  forearm accounted f o r  3.4 p e r  c e n t  of 

t h e  t o t a l  number of f r a c t u r e s  r ank ing  number 9 .  The b o y / g i r l  
r a t i o  w a s  2 / 1 .  The inc idence  f o r  boys had a bimodal shape w i t h  

one peak i n  t h e  age  of 5 - 8 y e a r s  and ano the r  peak i n  t h e  age  of 

13 - 1 4  y e a r s .  

The d i p  i n  i n c i d e n c e  i n  boys aged 9 - 1 2  was s i g n i f i c a n t  

(p < 0.05) .  I n  g i r l s  t h e r e  w a s  no second inc idence  peak and t h e i r  

h i g h e s t  i n c i d e n c e  occur red  i n  a g e  group 5 - 6 (F igu re  39, Table  
A:XII). 

By and l a r g e  t h e  e t i o l o g y  w a s  i n  t h e  m a j o r i t y  of cases f a l l s  

without  any s p e c i f i c  environmental  f a c t o r s .  B icyc le  a c c i d e n t s  

c o n t r i b u t e d  10 p e r  c e n t .  Before t h e  age of  1 0  non-spec i f i c  f a l l s  

were t h e  cause of f r a c t u r e  i n  50 p e r  c e n t ,  followed by gymnast ics ,  

s p o r t  and b i c y c l e  a c c i d e n t s ,  each c o n t r i b u t i n g  an equa l  amount. 

I n  boys t h i s  t ype  o f  f r a c t u r e  a f t e r  t h e  age  of 11 became s i g n i -  

f i c a n t l y  m o r e  f r e q u e n t  - s p o r t  a c c i d e n t s  and a c c i d e n t s  due t o  
f a l l s  being more common t h a n  i n  g i r l s .  S u b t r a c t i n g  such f r a c t u r e s  
reduced t h e  s e x  d i f f e r e n c e ,  which, however, remained s i g n i f i c a n t  

( p  < 0 . 0 5 ) .  

Comparing t h e  l as t  decade w i t h  t h e  f irst  two decades a s i g n i f i c a n t  

r e d u c t i o n  i n  i n c i d e n c e  of t h i s  f r a c t u r e  t y p e  had t aken  p l a c e  

( p  < 0.05)  (F igu re  3 9 ) .  I n  5-10-year-old boys,  f r a c t u r e s  caused 

by f a l l s  decreased s i g n i f i c a n t l y  (50 p e r  c e n t ,  p < 0 . 0 1 )  r e s u l t i c y  
i n  a decreased t o t a l  i n c i d e n c e  (F igu re  3 9 ) .  Otherwise,  no 

s t a t i s t i c a l l y  s i g n i f i c a n t  change was recorded f o r  any environ- 
mental  f a c t o r s .  I n  age 11 - 1 6 ,  t h e r e  was a s i g n i f i c a n t l y  
( p  < 0.01) h i g h e r  i nc idence  of  f r a c t u r e s  s u s t a i n e d  d u r i n g  s p o r t ,  

which, however, could n o t  e x p l a i n  t h e  e n t i r e  i n c r e a s e  i n  t h e  

o l d e s t  boys. There w e r e  a l s o  minor a l t e r a t i o n s  i n  o t h e r  environ-  

mental  f a c t o r s .  I n  g i r l s ,  a lower i n c i d e n c e  w a s  s een  i n  t h e  age 
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of 9-12 (F igu re  3 9 ) ,  t h e  r e d u c t i o n  was, however, n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t .  
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Figure 39. Fractures of the s h a f t  of radius and/or ulna,  incidence i n  i?eZation 
t o  age, sex and t ime. 
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Comment: The peak i n c i d e n c e  v a l u e  f o r  boys aged 13 - 14 found i n  

t h i s  series d u r i n g  t h e  last  f i v e  y e a r s  of  t h e  1970’s d i d  n o t  

e x i s t  1950-65 when t h e  p a t t e r n  was s imilar  t o  t h a t  found by 

Wong (19651 1962-63 i n  Singapore.  The annual  i nc idence  i n  c h i l d r e n  

0 - 1 4  u s ing  t h e  d a t a  of  Wong was 6 / 1 0 , 0 0 0  among t h e  c h i l d r e n  

w i t h  Ind ian  o r i g i n  and 4/10,000 i n  Malay c h i l d r e n ;  t h e  l a t t e r  was 

h a l f  of t h e  e a r l y  Malmo inc idence  i n  t h e  same age groups.  Varia-  

t i o n s  w i t h  age and t h e  d i f f e r e n c e  between boys and g i r l s  appear  
t o  be s i m i l a r  i n  Singapore and Malmo. Jonasch & B e r t e l  (1981) 

- A u s t r i a  - found an age-dependent v a r i a t i o n  of t h e  inc idence  

wi th  peak va lues  a t  t h e  age of  8 f o r  boys a s  w e l l  a s  f o r  g i r l s ;  

l a t e r  t h e  inc idence  decreased i n  g i r l s  so t h a t  t h i s  f r a c t u r e  
became 7 t i m e s  more common i n  boys. The s e x  d i f f e r e n c e  was twice 
t h a t  recorded i n  t h e  same age groups of  t h e  p r e s e n t  series. 
I n  t h e  Aus t r i an  r e p o r t  1 7  pe r  c e n t  of t h e  f r a c t u r e s  were caused 

by v a r i o u s  s p o r t s .  

Supracondylar f r a c t u r e  of t h e  humerus 

Included w e r e  f r a c t u r e s  w i t h  t h e  f r a c t u r e  l i n e  i n  t h e  metaphyseal 

r eg ion  and proximal t o  t h e  ep iphysea l  p l a t e  - condy la r  f r a c t u r e s  

w e r e  n o t  i nc luded .  The supracondy la r  f r a c t u r e s  c o n t r i b u t e d  3.3 

p e r  c e n t  of a l l  f r a c t u r e s  i n  c h i l d r e n ,  r ank ing  number 1 0 .  I n  young 

c h i l d r e n  t h e r e  was no s e x  d i f f e r e n c e .  A f t e r  t h e  age of  10 t h e r e  

was a sma l l  bu t  s i g n i f i c a n t  preponderance f o r  boys ( p  < 0 . 0 1 ) .  

The o v e r a l l  b o y / g i r l  r a t i o  w a s  1 .3/1.  The maximum inc idence  

occurred a t  t h e  age o f  5 - 6 .  This  f r a c t u r e  was r a r e  i n  t h e  ve ry  
young and i n  t h e  o l d e r  c h i l d r e n  and i n  g i r l s  ove r  t h e  age of 1 2  

it d i d  n o t  occur  a t  a l l .  A tendency of b imoda l i ty  i n  g i r l s  

appeared t o  be due t o  a change i n  behaviour ,  g i r l s  I - 8 were 
less l i k e l y  t o  f a l l  from h e i g h t s  (F igu re  4 0 ,  Table A : X I I I ) .  

Th i s  b imoda l i ty ,  however, w a s  no t  s t a t i s t i c a l l y  s i g n i f i c a n t .  

The f r a c t u r e  inc idence  remained f a i r l y  c o n s t a n t  over  t h e  y e a r s  

(F igu re  4 0 )  - i n  boys t h e  r i s k  decreased s l i g h t l y  bu t  s i g n i f i c a n t -  

l y  ( p  < 0 . 0 5 ) .  This r e d u c t i o n  i n  r i s k  was mainly due t o  changes 

between t h e  age of  6 and 11  ( F i g u r e  4 0 )  when f a l l s  decreased i n  

importance ( p  < 0 .01) .  
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Comment: Henrikson (1966) i n  a l a t e  review of t h e  r e s u l t s  of 

supracondylar  f r a c t u r e s  of t h e  humerus i n  c h i l d r e n  t r e a t e d  i n  

Goteborg 1930 - 5 0 ,  found a peak inc idence  a t  t h e  age of 6 s i m i l a r  

t o  t h i s  s tudy .  Henrikson a l s o  found t h a t  t h i s  f r a c t u r e  was produced 
by trauma w o r s e  t h a n  f a l l i n g  i n  t h e  same l e v e l  - cl imbing be ing  

the predominaat cause.  Traffic in juries c o n t r i b u t e d  t o  a m i n o r i t y  
of  the c a s e s  i n  s p i t e  of t h e  i n c r e a s i n g  i n t e n s i t y  of t r a f f i c  du r ing  
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t h e  t i m e  p e r i o d  s t u d i e d  and t h e  i n c r e a s e  i n  t h e  number o f  v e h i c l e s  

on t h e  roads  had b u t  l i t t l e  i n f l u e n c e  on t h e  number o f  supracondy- 

l a r  f r a c t u r e s .  I n  1930 - 5 0  t h e r e  w a s  an i n c r e a s e  i n  r i s k .  The 

i n c i d e n c e  r eco rded  i n  Goteborg d u r i n g  1950 w a s  v i r t u a l l y  t h e  same 
a s  i n  M a l m o .  Buhr & Cooke (1959) p r e s e n t e d  a s i m i l a r  a g e  d i s t r i -  

b u t i o n  f o r  t h i s  f r a c t u r e  and i n  t h e i r  s t u d y  it w a s  t h e  most common 

f r a c t u r e  i n  c h i l d r e n  t o g e t h e r  w i t h  f r a c t u r e s  o f  t h e  hand pha langes .  

The a g e  d i s t r i b u t i o n  w a s  i n  acco rdance  w i t h  r e p o r t s  from o t h e r  
p a r t s  o f  t h e  wor ld  such  as Stockholm (Holmberg 1 9 4 5 ) ,  S ingapore  

(Wong 1965, 1 9 6 6 ) ,  P a r i s  ( P e l l e r i n  e t  a l .  1971) and A u s t r i a  

( Jonasch  & B e r t e l  1 9 8 1 ) .  Also, t h e  predominance of boys over g i r l s  

w a s  obse rved  i n  t h e s e  s t u d i e s .  From t h e  d a t a  o f  Wong ( 1 9 6 5 ) ,  t h e  

i n c i d e n c e  of sup racondy la r  f r a c t u r e s  of t h e  humerus i n  I n d i a n  and 

Malay c h i l d r e n  i n  S ingapore  may be  c a l c u l a t e d .  The annua l  r i s k  f o r  

I n d i a n  c h i l d r e n  i n  S ingapore  of s u s t a i n i n g  a f r a c t u r e  of t h e  
s u p r a c o n d y l a r  r e g i o n  o f  t h e  humerus w a s  6/10,000 and f o r  Malay 

c h i l d r e n  4 /10 ,000 ,  as compared w i t h  8 .6 /10 ,000  f o r  t h e  c h i l d r e n  
i n  Malmo i n  1965. 

F r a c t u r e  o f  t h e  p rox ima l  end of t h e  humerus 

T h i s  group i n c l u d e d  t h e  f r a c t u r e s  o f  t h e  s u r g i c a l  neck ,  b u t  a lso 
p h y s e a l  f r a c t u r e s  and c o n t r i b u t e d  2 . 2  p e r  c e n t  be ing  t h e  1 1 t h  

among f r a c t u r e s  i n  c h i l d r e n .  T h i s  w a s  t h e  o n l y  one  o f  t h e  more 
common f r a c t u r e s  i n  c h i l d r e n  w i t h  a s i g n i f i c a n t  predominance f o r  

g i r l s ,  b o y / g i r l  r a t i o  0.6/1 ( p  < 0 .001) .  The s e x  d i f f e r e n c e  was 

found e n t i r e l y  a t  t h e  a g e  o f  9 - 1 4 ;  b e f o r e  and a f t e r  t h a t  a g e  
t h e r e  w a s  no d i f f e r e n c e  between t h e  s e x e s  ( F i g u r e  4 1 ,  Tab le  A : X I V ) .  

N o t  less t h a n  32 o f  1 0 1  f r a c t u r e s  were caused  i n  h o r s e - r i d i n g  

a c c i d e n t s , a t  t h e  age  of 9 - 1 2  h o r s e s  were i n v o l v e d  i n  h a l f  of t h e  

cases. Removing a l l  horse-back  i n j u r i e s  from t h e  d a t a  ( F i g u r e  4 1 )  

changed t h e  p a t t e r n  c o n s i d e r a b l y ,  however, t h e  preponderance  o f  

g i r l s  i n  t h i s  age  group remained s i g n i f i c a n t  ( p  < 0 . 0 1 ) .  

The re  w a s  no  change over t h e  years i n  t h e  i n c i d e n c e  i n  boys: i n  

g i r l s  from 1970 onwards t h e  i n c i d e n c e  doubled  ( F i g u r e  411 
( p  < 0 . 0 0 1 ) .  T h i s  w a s  e n t i r e l y  e x p l a i n e d  by a c c i d e n t s  a s s o c i a t e d  

w i t h  h o r s e - r i d i n g .  
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Comment 

The age d i s t r i b u t i o n  of t h i s  f r a c t u r e  was v i r t u a l l y  t h e  same a s  

i n  Oxford (Buhr & Cooke 1959) , Sidney (Lopez & Rennie 1969) , 
P a r i s  ( P e l l e r i n  e t  a l .  1971) and A u s t r i a  (Jonasch & B e r t e l  1981) .  

However, comparing t h e  d i s t r i b u t i o n  between t h e  sexes, t h e  Malmo 

g i r l s  w e r e  unique i n  so f a r  t h a t  t hey  had more f r a c t u r e s  of  t h e  
proximal end of t h e  humerus t h a n  t h e  boys. I n  England, i n  t h e  

1950's, t h i s  f r a c t u r e  w a s  t w i c e  as common i n  boys as i n  g i r l s .  

Apparently,  t h e  i n t e r e s t  f o r  h o r s e - r i d i n g  among t h e  Malmo g i r l s  
w a s  r e s p o n s i b l e  f o r  t h e  major p a r t  of t h e  d i sc repancy .  I n  a s tudy  
on r i d i n g - a c c i d e n t s  i n  Malmo, Danielsson & West l in  (1973) found t h e  

proximal end of t h e  humerus t o  be t h e  most f r e q u e n t l y  f r a c t u r e d  

r e g i o n ,  t o g e t h e r  w i t h  t h e  d i a p h y s i s  of t h e  forearm. Eight  p e r  
c e n t  of t h e  p a t i e n t s  s eek ing  medical  a d v i c e  a f t e r  f a l l i n g  from 

horse-back had f r a c t u r e  of  t h e  neck of  t h e  humerus. Gustafsson 

(19751, i n  a s t u d y  o f  childl-ood a c c i d e n t s  i n  Uppsala, a l s o  s t r e s s e d  
t h e  overwhelming predominance of  g i r l s  i n  r i d i n g  a c c i d e n t s  - 5 0  o u t  
of  53 c h i l d r e n  i n j u r e d  i n  horse-back r i d i n g  w e r e  g i r l s .  

F r a c t u r e  of t h e  upper end o f  t h e  humerus has  been ranked among 

t h e  " f r a g i l i t y  f r a c t u r e s ' l i n  a d u l t s .  I n  young g i r l s ,  however, 

t h e  caus ing  trauma i s  u s u a l l y  g r e a t e r  t h a n  average.  

S k u l l  f r a c t u r e s  

Roentgen-diagnosed f r a c t u r e s  of  t h e  s k u l l  c o n t r i b u t e d  1.8 p e r  c e n t  
pf  a l l  f r a c t u r e s  i n  c h i l d r e n  d u r i n g  t h e  t i m e  pe r iod  1975 - 1 9 7 9  

r ank ing  number 13. The age and s e x  s p e c i f i c  i nc idence  i s  demon- 

s t r a t e d  i n  F igu re  42, Table A:XV). The f r a c t u r e s  w e r e  m o s t  common 

, in  t h e  ve ry  young c h i l d r e n  and s i g n i f i c a n t l y  more common i n  boys 

than  i n  g i r l s  , b o y / g i r l  r a t io  1 . 8 / 1  ( p  < 0 . 0 5 ) .  

I n  t h e  young c h i l d r e n ,  b e f o r e  t h e  age of 5 ,  f a l l s  w e r e  t h e  most 

common trauma. A f t e r  t h e  age of 4 t h e  a c t i v i t y  of  t h e  c h i l d  and 

environmental  f a c t o r s  became more impor t an t ;  playground i n j u r i e s ,  

b i c y c l e s ,  h i t  by cars and,  i n  a few i n s t a n c e s ,  s p o r t  a c c i d e n t s .  

I n  t h e  a n a l y s i s  o f  t h e  p o s s i b l e  t r e n d s  of  change a slow bu t  s i g n i -  

f i c a n t  r e d u c t i o n  was seen  (F igu re  4 2 )  ( p  < 0 . 0 1 ) .  The r e d u c t i o n  was 
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obvious only in the younger children below 10 (Figure 42). When 
cases of fracture in pedestrians and car passengers were sub- 
tracted from both periods there was no difference. 
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Comment: S k u l l  f r a c t u r e s ,  diagnosed by roen tgen ,  a r e  common i n  

t o d d l e r s  and f a l l s  a r e  t h e  predominant trauma. When a c t i v i t y  

f a c t o r s  become more impor t an t ,  m o r e  f r a c t u r e s  occur  i n  boys. 

The r e d u c t i o n  of  s k u l l  f r a c t u r e s  ove r  t h e  y e a r s  w a s  most ly  seen  

i n  t h e  h igh  energy i n j u r i e s  such as t r a f f i c  a c c i d e n t s  which impl i e$  

t h a t  an a c t u a l  d e c r e a s e  i n  t h e  trauma inc idence  r a t h e r  t h a n  a 

change i n  t h e  a t t i t u d e  t o  s k u l l  roentgen i s  t h e  cause,  even i f  i n  

r e c e n t  y e a r s  arguments have been p resen ted  a g a i n s t  u n s e l e c t i v e  
roentgen examinat ions a f t e r  s k u l l  trauma (Bergstrom e t  a l .  1975, 

Borgstrom 1975, Palmertz 1975) - t h o s e  e scap ing  roentgen examina- 

t i o n  r e c e n t l y  should have been t h o s e  w i t h  a less s e v e r e  trauma. 

F r a c t u r e  of t h e  s h a f t  of t h e  femur 

Included w e r e  t h e  s u b t r o c h a n t e r i c  and t h e  supracondylar  r e g i o n s :  

excluded t h e  c e r v i c a l ,  t h e  t r o c h a n t e r i c  and t h e  condylar  f r a c t u r e s .  

These f r a c t u r e s  c o n t r i b u t e d  1.6 p e r  c e n t  and ranked number 14. 

The b o y / g i r l  r a t i o  was 2.3/1. The inc idence  appeared t o  have a 

bimodal d i s t r i b u t i o n  w i t h  a peak v a l u e  i n  young c h i l d r e n  and one 

i n  t h e  young t e e n a g e r s  (F igu re  43, Table A : X V I ) .  The boys were 
predominant on ly  among t h e  younger c h i l d r e n .  

The m o s t  f r e q u e n t  c i rcumstances of  i n j u r y  w e r e  a c c i d e n t s  a t  home i n  

con junc t ion  w i t h  p l a y i n g  and f a l l i n g .  There w e r e  a l s o  a c c i d e n t s  

r e l a t e d  t o  s l e i g h s ,  peda l  c a r s  e t  c e t e r a  - t h e s e  w e r e  on t h e  whole 
low energy trauma whereas i n  t h e  o l d e r  c h i l d r e n  t r a f f i c  a c c i d e n t s  

w e r e  t h e  most common cause  of  femur f r a c t u r e s .  

There w a s  a s i g n i f i c a n t  ( p  < 0 . 0 0 1 )  i n c r e a s e  i n  t h e  r i s k  of femur 

f r a c t u r e  i n  c h i l d r e n  ove r  t h e  y e a r s  (F igu re  43 ) .  The i n c r e a s e  w a s  
most obvious i n  young boys and i n  o l d e r  g i r l s  (F igu re  4 3 ) .  I n  t h e  

younger age  groups t o y s  and p l a y i n g  equipment c o n t r i b u t e d  most t o  
t h e  i n c r e a s e  i n  r i s k .  Otherwise t h e  d a t a  do n o t  permit  f u r t h e r  

a n a l y s i s .  

Comment: The s e x  d i s t r i b u t i o n  ag rees  w i t h  t h e  d a t a  presen- 
t e d  on t h i s  f r a c t u r e  from A u s t r i a  (Jonasch & B e r t e l  1981) .  The 

peak inc idence  i n  Singapore (Wong 1.965, 1966) was . in  o l d e r  c h i l d r e n  

- t h e  t o t a l  i n c i d e n c e  was one  t h i r d  of t h a t  i n  MalmS. 
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Figure 43. Femur diaphysis f m c t u r e s ,  incidence i n  r e l a t i o n  t o  age, sex and 
t ime. 



7 4  

Other types  of f r a c t u r e  

Apart from t h e  1 3  t y p e s  of  f r a c t u r e  analysed it may be of i n t e r e s t  

t o  c a l c u l a t e ,  roughly,  t h e  t o t a l  i nc idence  a l s o  of  some f r a c t u r e s  

t h a t  d i d  n o t  occur  i n  s u f f i c i e n t  numbers f o r  s u b d i v i s i o n  i n  age 

and s e x  groups.  These f r a c t u r e s  a r e  l i s t e d  i n  Table 1 0  and f o r  

t h e  inc idence  c a l c u l a t i o n  a l l  1 0  y e a r s  under o b s e r v a t i o n  (1950 ,  

1955,  1960 ,  1965 ,  1 9 7 0  and 1975-1979)  w e r e  used. 

Table 10. Incidence of  o t h e r  f r a c t u r e s  (8.682 f r a c t u r e s  involved) .  

Type of f r a c t u r e  

Humerus, diaphysis  

F rac tu re  of t h e  l a t e r a l  condyle 
of t h e  humerus 

F rac tu re  of t h e  medial epicondyle 
of t h e  humerus 

Radial neck 

Galeazz i 

Mon t eggia  

Scaphoid ( avu l s ions  excluded) 

Ver t eb ra l  f r a c t u r e s  

Pelvic  

Femur, c e r v i c a l  

Femur, t r o c h a n t e r i c  

T ib ia1  spine 

Talus ( avu l s ions  excluded) 

0 s  c a l c i s  (avuls ions excluded) 

Number observed 

58 
77 

62 

92 
9 
2 

48 
76 
43 
2 

2 

17 
6 
20 

Annual 
incidence 
pe r  10,000 

1.20 

1.60 

1.29 

1 .g1 

0.19 
0.04 
1 .oo 
1.58 
0.89 
0.04 

0.04 

0.35 
0.12 

0.41 
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Re- f r a c t u r e s  

Those f r a c t u r e s  o c c u r r i n g  on t h e  same s i t e  a s  a p rev ious  f r a c t u r e  

w i t h i n  one yea r  w e r e  c l a s s i f i e d  as r e - f r a c t u r e s .  This  c r i t e r i o n  

w a s  met by 21 o u t  of 4,621 f r a c t u r e s  1975-1979. The r e - f r a c t u r e  

r a t e  w a s  0.5 p e r  c e n t  and occur red  a f t e r ,  on average,  4 .1  3 . 3  

months. The v a r i o u s  t y p e s  of  r e - f r a c t u r e  and t h e  r e - f r a c t u r e  r a t e  
f o r  each f r a c t u r e  t y p e  are l i s t e d  i n  Table 1 1 .  

Table 1 1 .  Re-fractures of  va r ious  loca t ions .  

Clavicle  

Proximal end of t h e  humerus 

Humerus, diaphysis  

Radius-ulna, d i aphys i s  

Distal forearm 

Carpal-metacarpal (scaphoid excluded) 

T ib ia ,  diaphysis  

Tarsal-metatarsal 
( t a l u s ,  0s  c a l c i s  excluded) 

Number 

1 

1 

1 

5 
8 

3 
1 

1 

Re-fracture r a t e  
Per cent 

0.5 

1 .o 
5.3 
3.2 

0.8 

0.9 

0.4 
0.5 
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GENERAL DISCUSSION 

Incidence 

The t o t a l  i nc idence  of f r a c t u r e s  i n  childhood may be  compared 

between v a r i o u s  p e r i o d s  and v a r i o u s  p a r t s  of t h e  world (Table  1 2 ) .  

About h a l f  of t h e  i n v e s t i g a t o r s  have n o t  had access  t o  t h e  popula- 

t i o n  a t  r i s k  and t h e r e f o r e  t h e  f r a c t u r e  r i s k  can be c a l c u l a t e d  only 

a s  a percentage of t h e  t o t a l  number of a c c i d e n t s  i n  c h i l d r e n .  The 

p ropor t ion  of f r a c t u r e s  seems t o  be on average 20 pe r  c e n t  b u t  t h e  

range i s  between 7 and 3 6  p e r  c e n t ,  probably depending most ly  on 

the d e f i n i t i o n  of a c c i d e n t  i n  a c h i l d  and on t h e  o r g a n i s a t i o n  of 

t he  h e a l t h  c a r e  system. Those who p r e s e n t  frequency d a t a  and a 

denominator ob ta ined  from some s o r t  of r i s k  popu la t ion  a l s o  ag ree  
f a i r l y  w e l l  w i th  one ano the r  and with t h e  d a t a  of t h e  p r e s e n t  study. 

The Malmo d a t a  i n  Table 1 2  were chosen t o  correspond a s  c l o s e l y  a s  

p o s s i b l e  wi th  r ega rd  t o  t i m e  and age d i s t r i b u t i o n  t o  t h o s e  of t h e  
s tudy t o  be compared wi th .  I n  a few c a s e s ,  s u r p r i s i n g l y ,  d a t a  

which should be s i m i l a r  t o  t h o s e  of t h e  Malmo popu la t ion  - from 

Goteborg and Odense - more f r a c t u r e s  were found. A p o s s i b l e  

exp lana t ion  i s  t h a t  t h e  Goteborg and t h e  Odense d a t a  were ob ta ined  

from t h e  r e c o r d s  of t h e  p a t i e n t s  whereas t h e  Malmo d a t a  was based 

on d i a g n o s i s  recorded i n  t h e  Department of Diagnos t i c  Radiology. 

However, t h e  d i f f e r e n c e s  may be r e a l .  Garraway e t  a l .  ( 1 9 7 9 )  

presented d a t a  on t h e  inc idence  of limb f r a c t u r e s  from Rochester ,  

Minnesota, where t h e  c o n d i t i o n s  a r e  f avourab le  f o r  f r a c t u r e  

epidemiological  s t u d i e s ,  s i m i l a r  t o  those i n  Malmo. The r i s k  i n  

1970  of s u s t a i n i n g  a f r a c t u r e  of t h e  upper o r  lower e x t r e m i t y  was 

v i r t u a l l y  t h e  same i n  t h e  two c i t i e s  comparing age groups 0 - 1 4 .  

F r a c t u r e  p a t t e r n s  

Ruhr & Cooke (1959) managed t o  d e s c r i b e  t h e  age s p e c i f i c  

incidence a s  s p e c i f i c  p a t t e r n s  t y p i c a l  of  v a r i o u s  f r a c t u r e s .  An 
at tempt  was made i n  t h e  p r e s e n t  s tudy  t o  a r r ange  f r a c t u r e s  i n  

c h i l d r e n  i n  a s i m i l a r  way, s t a r t i n g  o u t  from t h e  v i s u a l  p a t t e r n s  

of t h e  age s p e c i f i c  i nc idence  (F igu re  4 4 ) .  The l a t e  peak p a t t e r n :  

mostly s p o r t  and equipment r e l a t e d .  The bimodal p a t t e r n  i n c l u d e s  

an e a r l y  i n c r e a s e  i n  inc idence  due t o  low energy trauma followed 

by a l a t e  i nc idence  peak due t o  high o r  moderate energy trauma, 
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0 5 10 15 age 

Figure 44 .  Fracture patterns. 

again, sports, traffic and similar. The decreasing pattern, 
typical of skull fractures only. The rising pattern is closely 
related to sports, skateboards, bicycles and similar activities 
which increase as the children grow, particularly in boys. In the 
ankle, however, within the next two years after 1 6  an adult 
pattern will be assumed (Karrholm et al. 1 9 8 2 ) .  Finally, the 
early peak pattern of the supracondylar fracture, mostly due to 
falling from higher levels, and the irregular pattern of the 
tibia shaft, again confirmed by Karrholm et al. ( 1 9 8 2 )  are 
unique for those particular fractures. 
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Secular changes 
There were in many, in fact in most, types of fracture, a signifi- 
cant increase in the incidence over the last three decades. The 
secular change for each type of fracture is demonstrated in Table 
13 .  An obvious objection is that some fractures in the early 
period under observation may have escaped detection since the 
parents may have been less inclined to seek medical advice at 
that time, and the physicians less inclined to order a roentgen 
examination. A l s o ,  the introduction of compensation for medical 
expenses might have encouraged the parents and/or physicians to 
require roentgen examinations. From January Ist, 1970 on, patients 
do not pay for roentgen examinations and in many fracture types 
and in the overall inci3ence the pattern suggests a small step- 
wise increase from that year on.--Also, -the increase was greatest 
for the undisplaced fractures that did not require reduction - 
again, such fractures may have been neglected and not diagnosed 
during the early part of the time period. Finally, diaphyseal 
fractures, usually caused by more violent trauma than the meta- 
physeal injuries, did not, on the whole, increase over the years. 

Table 13. Changes with time for various f rac ture  types. The las t  decade 

compared with t h e  two f i r s t  decades. 

Increased incidence 

D i s t a l  end of t h e  forearm 

Hand phalanges 

Carpal-metacarpal (boys 

Clavicle 

Ankle 

Tibia ,  diaphysis (boys) 

T a r  sal-met a t a r  sal ( g i r l s  ) 

Phalanges of the  foot 

Unchanged incidence 

Carpal-metacarpal ( g i r l s )  

Tarsal-metatarsal (boys) 

Supracondylar region of 
the  humerus ( g i r l s )  

Proximal end of the  
humerus (boys) 

Decreased incidence 

Tibia ,diaphysis ( g i r l s )  

Supracondylar region 
of the  humerus (boys) 

Radius-ulna,diaphysis 

Skul l  

Proximal end of t h e  humerus 
( g i r l s  ) 

Femur ; diaphy si  s 



However, t h e  d i aphysea l  f r a c t u r e s  w e r e  more f r e q u e n t l y  caused by 

h igh  energy trauma which d i d  no t  i n c r e a s e  ove r  t h e  y e a r s ,  and one 
of t h e  d i aphysea l  f r a c t u r e s  which should n o t  be p o s s i b l e  t o  

n e g l e c t  - f r a c t u r e  o f  t h e  femur s h a f t  - d i d  i n c r e a s e  and t h i s  
i n c r e a s e  could be exp la ined  by an inc reased  number of  a c c i d e n t s  

r e l a t e d  t o  t o y s  and s p o r t i n g  equipment. On t h e  whole, most o f  t h e  
changes w e r e  p o s s i b l e  t o  e x p l a i n  by environmental  f a c t o r s  o r  
cou ld ,  a t  l e a s t ,  no t  be exp la ined  by changes i n  t h e  a t t i t u d e  

towards roentgen examinations - t h e  d i f f e r e n c e s  between t h e  sexes  
w i t h  regard t o  change w i t h  t i m e ,  which w e r e  observed i n  some 

f r a c t u r e s  cannot  be exp la ined  i n  t h a t  way ( d i s t a l  end of  t h e  

forearm, ank le  and proximal end o f  t h e  humerus). 

Endogenous causes  of  f r a c t u r e  

Is it p o s s i b l e  t o  relate t h e  f r a c t u r e  r i s k  t o  p r o p e r t i e s  of  t h e  

f r a c t u r e  v i c t i m s ?  There a r e  no d a t a  on such r e l a t i o n s h i p s  i n  
c h i l d r e n  w i t h  f r a c t u r e s  bu t  a c c i d e n t  r e p e a t e r s  have been i n v e s t i -  

ga t ed  i n  t h e  p a s t .  Psychological  c h a r a c t e r i s t i c s  and p e r s o n a l i t y  
have been suggested t o  i n f l u e n c e  t h e  acc iden t  r a t e  ( F u l l e r  1948, 

K r a l l  1953, Manheimer & Mel l inge r  1 9 6 7 ) .  On t h e  o t h e r  hand ,Pad i l l a  

e t a l .  (1976)andJones  (1980) ,  i n a  review,found no d i f f e r e n c e  between 
a c c i d e n t  r e p e a t e r s  a s  compared w i t h  o t h e r  c h i l d r e n :  environmental ,  

i n c l u d i n g  s o c i a l  f a c t o r s  would r a t h e r  be t h e  cause o f  r epea ted  
a c c i d e n t s .  A l s o ,  i n  an i n v e s t i g a t i o n  of  childhood a c c i d e n t s  

Gustafsson (1972) found no psycho log ica l  d e v i a t i o n s  i n  c h i l d r e n  
wi th  a c c i d e n t s  compared wi th  a c o n t r o l  group. Nathorst  Wes t f e l t  
(1982) found t h a t  a c c i d e n t  r e p e a t e r s  i n  Goteborg were more o f t e n  

s o c i a l l y  handicapped t h a n  c h i l d r e n  w i t h  a s i n g l e  a c c i d e n t .  With 
regard t o  d e v i a t i o n s  i n  t h e  p h y s i c a l  c o n s t i t u t i o n  of  c h i l d r e n  and 

t h e  r e l a t i o n s h i p  t o  f r a c t u r e s  v e r y  l i t t l e  i s  known. The extremes 

(os t eogenes i s  imper fec t a ,  r e n a l  o s t eodys t rophy ,  h e r e d i t a r y  

r i c k e t s )  may, of cour se ,  come w i t h  numerous f r a c t u r e s  bu t  i s  t h e r e  

any v a r i a t i o n  w i t h i n  t h e  normal range? I n  t h e  e l d e r l y ,  some 

f r a c t u r e s  have been recognized t o  be t y p i c a l  of  bone f r a g i l i t y  f o r  
t h e  reason t h a t  t h e y  occur  i n  t h e  e l d e r l y  and more o f t e n  i n  women 

and t h a t  t hey  are u s u a l l y  caused by a s l i g h t  trauma. There i s  a l s o  

evidence t h a t  t h e s e  f r a c t u r e s  are a s s o c i a t e d  wi th  a below average 

bone mine ra l  c o n t e n t  (Vose & Lockwood 1965, N i l s son  & Westl in  1977). 
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I n  such p a t i e n t s  t h e  bone mine ra l  c o n t e n t -  t h e  bone m a s s  - i s  
u s u a l l y  on t h e  l o w  s i d e  w i t h i n  t h e  normal v a r i a t i o n .  Recent ly ,  
Landin & Ni l s son  (1983) found a s i m i l a r  phenomenon i n  c h i l d r e n  
who had s u s t a i n e d  f r a c t u r e  a f t e r  a s l i g h t  trauma: t h e r e  w a s  a 
r educ t ion  o f  t h e  bone mine ra l  mass which was n o t  r e l a t e d  t o  body 
s i z e  o r  s k e l e t a l  dimensions,  i n d i c a t i n g  t h a t  a l s o  among c h i l d r e n  
t h e r e  i s  a s u b s e t  which may be  f r a c t u r e - p r o n e  because of a lower 
than  average q u a l i t y  of  t h e i r  bones. The a t t e m p t  i n  t h e  p r e s e n t  
s t u d y  t o  f i n d  f r a c t u r e s  i n  c h i l d r e n  which could correspond w i t h  
t h e  f r a g i l i t y  f r a c t u r e s  i n  t h e  e l d e r l y  was n o t  v e r y  s u c c e s s f u l .  
I f  t h e r e  a r e  such f r a c t u r e s  they  are a t  l e a s t  n o t  i d e n t i c a l  w i t h  
t h o s e  i n  t h e  e l d e r l y ,  excep t  p o s s i b l y  f o r  f r a c t u r e s  of  t h e  d i s t a l  
end of  t h e  forearm which f r e q u e n t l y  are caused by low energy 
trauma i n  c h i l d r e n  as w e l l  as i n  o l d  women. T h i s  f r a c t u r e  t y p e ,  
however, i s  i n  c h i l d r e n  t h e  most common, r e g a r d l e s s  of  t h e  
s e v e r i t y  o f  t h e  trauma. Also,  a l though boys have a h i g h e r  
f r a c t u r e  r a t e ,  t h e y  a l s o  have a h i g h e r  bone mine ra l  con ten t  t h a n  
g i r l s  of  t h e  same c h r o n o l o g i c a l  age (Mazess & Cameron 1972, 
Krabbe e t  a l .  1979, Landin & Ni l s son  1981). 

Exogenous causes  of f r a c t u r e  
Whereas t h e  c h i l d  m o r t a l i t y  i n  t h i s  cen tu ry  i n  Sweden has  de- 

c reased  by a f a c t o r  of  10, t h e  a c c i d e n t  d e a t h s  have remained 
v i r t u a l l y  c o n s t a n t  ove r  t h e  y e a r s  (Ehrenpre i s  1973). During t h e  
l a s t  t h r e e  decades,  however, t h e r e  was a r e d u c t i o n  of  f a t a l  
a c c i d e n t s  - t h e  i n c i d e n c e  ra te  i n  c h i l d r e n  0-14 y e a r s  i n  1975 
was h a l f  of  t h a t  i n  1951 (Berfenstam 1979). This  may n o t  
n e c e s s a r i l y  mean t h a t  t h e  r i s k  of major i n j u r i e s  has  dec reased ,  
a l s o  modern t r e a t m e n t  o f  trauma may have improved t h e  chance of 
s u r v i v a l .  T r a f f i c  and p a r t i c u l a r l y  motor v e h i c l e  a c c i d e n t s  should 

have i n c r e a s e d  ove r  t h e  y e a r s  s i n c e  i n  30 y e a r s  t h e  abundance of  
automobiles i n  Sweden has  i n c r e a s e d  by a f a c t o r  of  9, t o  be one 
of t h e  h i g h e s t  i n  t h e  world.  The motor c y c l e s ,  on t h e  o t h e r  hand, 
have changed i n  number i n  t h e  o p p o s i t e  d i r e c t i o n ;  mopeds - l i g h t  
motor c y c l e s ,  which could be used by 15-year o l d s  wi thou t  a 
l i c e n s e  - were t h r e e  t i m e s  a s  common i n  t h e  1960’s a s  today.  
The d a t a  on f r a c t u r e s  i n  t h e  p r e s e n t  s tudy  i s  ano the r  way o f  

.+ 

Trafiksdkerhetsverket, BorZhinge, Sweden. 
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monitoring the risk introduced by the traffic to the child 
population. The most serious accidents, those involving motor 
vehicles, have not increased significantly over the years, the 
only exception being possibly the introduction of the mopeds in 
the 1950’s which caused accidents in boys. Of the total increase 
in traffic accidents, which does not nearly compare with the 
increase in traffic, bicycles rather than motor vehicles con- 
tribute most, fortunately with less severe accidents. Wallberg 
(19571 ,  Lindgren et al. ( 1 9 6 9 )  also pointed out that theintensity 
of traffic is not necessarily related to a high risk of traffic 
accidents. Also, there has been a significant reduction - 4 4  per 
cent - in the incidence of lethal traffic accidents in children 0-16 

years during the 1960’s 

Hfigard (1982)  also suggested that the decreased traffic death 
rate in children was due to better traffic planning, information 
and education of children as well as parents. Possibly, also the 
fairly constant incidence of fractures due to traffic accidents 
over the years, in spite of an increasing traffic intensity, is 
due to the efforts to separate children and motor vehicle traffic 
in the city. Bicycle injuries may have been much more frequent, 
had not efforts been made to connect housing areas, schools and 
playgrounds with bicycle paths. 

and 1970’s * (Figure 4 5 ) .  Pettersson & 

Annual incidence/100.000 

0 
1960 -70 -79 

Year 

Figure 45. Changes i n  t h e  incidence of l e tha l  t r a f f i c  i n j u r i e s  i n  chi ldren,  
0 - 1 6  years.  

.i 

S t a t i s t i c a l  Abstracts of Sweden 1961, 1966, 1971, 1976,  1977,  1978, 1979, 1980. 
Central Bureau o,f S t a t i s t i c s ,  Stockho Zm. 
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A type of injury which is probably specific for this part of the 
world is encountered by a child being a passenger on a bicycle and 
having its foot caught in the spokes of the wheel. Fractures dueto 
this were seen in just over one child per 10,000 every year in the 
city of MalmiS. Information to the public about this injury has 
changed nothing, for 30 years it has occurred with the same rate. 

The contribution of traffic to the total number of fractures in 
the present study was 12 per cent. This is an order of magnitude 
often observed in studies of accidents in children (Berfenstam et 
al. 1957, Panzner 1966, Kdlle-J$rgensen 1971,Gustafsson 1975). 

Even if traffic accidents are still a serious problem, playing and 
sports contribute a much larger quantity of accidents leading to 
fracture (Table 2 ) .  Sport injuries although contributingonly 21 per 
cent of the fractures in children, are responsible for half of the 
increase over the years. Even, as discussed above, part of the 
apparent increase in minor fractures may be due to more roentgen 
examinations, there is an increasing trend of injuries due to 
sport and other similar activities often related to various types 
of equipment. The fracture rate is a mirror of our society - 
20 per cent of 16-year-old boys are enrolled in association 
fooball and many more are playing. A l s o ,  the number of children 
enrolled in other sports have been increasing over the years. One 
example is girls playing soccer with an impressive increase in 
fracture rate as a result. 

* 

Even if we have succeedecl, to some extent, to protect our children 
from traffic accidents, our affluence has provided new dangers. 
Fortunately, these new injuries are usually less serious and 
society appears to be able to accept such morbidity in children as 
well as in adults. 

The aim of our measures must be to prevent serious injuries and 
not to put a curb on those-activities which are necessary for the 
normal development of children (Gustafsson 1972, 1975,1977, 
Ejerfenstam 1979) . 
Svenska PotboZZs fttrbundets Lrss k r i f t  19 79. 
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SUMMARY AND CONCLUSIONS 

Age, sex, type of fracture and the circumstances causing the 
injury were studied in altogether 8,682 fractures in children, 
aged 0 - 16,  which had occured 1950,  1955,  1960,  1965,  1970  and 
1975  - 1979 .  

For studies of incidence, the years 1 9 7 5  - 1 9 7 9  were chosen and 
for secular trend studies 1950,  1955,  1960,  1965,  1970  and 1975  - 
1979 .  

The following conclusions may be drawn: 

1.  The risk of fracture increased with age up to age 11 - 12 in 
girls and 1 3  - 1 4  in boys. 

2 .  The accumulated risk of fracture was 2 7  per cent in girls and 
4 2  per cent in boys. 

3. Fractures were more common in boys of all age groups. 

4. Over the last three decades the risk of fracture was doubled in 
boys as well as in girls. 

5. Over the years more and more fractures were caused by slight 
trauma whereas the more severe trauma - even if increasing 
somewhat in risk - contributed a smaller fraction of the 
in juries. 

6 .  For the various types of fracture the pattern of change could 
d.iffer - some increased in incidence, whereas some remained 
unchanged or even decreased. 

7.All types of trauma - horse riding accidents exclud.ed - were 
more frequent in boys. 

8 .  The most commonly fractured region was the distal end of the 
forearm followed by the phalanges of the hand and the bones of 
the carpal-metacarpal region. 



9 .  

10. 

1 1 .  

12. 

13. 

1 4 .  

1 5 .  

1 6 .  

1 7 .  

18.  

1 9 .  

P l ay ing ,  s p o r t s  and t r a f f i c ,  i n  t h a t  o r d e r  c o n t r i b u t e d  2 4 ,  21 
and 12 p e r  c e n t  of  t h o s e  f r a c t u r e s  i n  which t h e  c i r cums tances  

of t h e  a c c i d e n t  could be  ana lysed .  

T r a f f i c  a c c i d e n t s  i n c r e a s e d  wi th  one t h i r d  i n  boys a s  w e l l  a s  

i n  g i r l s .  

The p a s s i v e  p a r t i c i p a n t s  i n  t r a f f i c  - p e d e s t r i a n s  and passen- 

g e r s  i n  motor v e h i c l e s  - were n o t  more f r e q u e n t l y  i n j u r e d  
d u r i n g  t h e  l a t t e r  p a r t  o f  t h e  perioif under o b s e r v a t i o n  - a 

tendency of i n c r e a s e  i n  g i r l s  was compensated f o r  by a de- 

crease i n  boys. 

S p o r t s  and v a r i o u s  p l a y i n g  a c t i v i t i e s  as a cause  of  f r a c t u r e  
i n c r e a s e d  wi th  a f a c t o r  of  f i v e .  

I n  t h e  upper limb, t h e  l e f t  s i d e  w a s  most f r e q u e n t l y f r a c t u r e d .  

The occur rence  of f r a c t u r e s  v a r i e d  w i t h  t h e  seasons wi th  peak 

v a l u e s  i n  May and August and l o w  v a l u e s  i n  J u l y  and December. 

N o  f r a c t u r e  t y p e  i n  c h i l d r e n  could completely meet t h e  

c r i te r ia  of a f r a g i l i t y  f r a c t u r e  such as seen i n  o l d  age.  

S u s t a i n i n g  one f r a c t u r e  c a r r i e d  an i n c r e a s e d  r i s k  of an 

a d d i t i o n a l  f r a c t u r e  e s p e c i a l l y  i n  t h e  ve ry  young c h i l d r e n .  

F r a c t u r e s  n o t  r e q u i r i n g  r e d u c t i o n  i n c r e a s e d  t h e  most ove r  

t h e  y e a r s .  

The s u b s e t  of  c h i l d r e n  wi th  v a r i o u s  d i s e a s e s  suspec ted  t o  

i n t e r f e r e  w i t h  s k e l e t a l  development c a r r i e d  a n  i n c r e a s e d  r i s k  

of f r a c t u r e .  

Some a g e - r e l a t e d  f r a c t u r e  p a t t e r n s  could. be t r a c e d  b u t  t h e y  

w e r e  n o t  ve ry  d i s t i n c t .  
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Table A:I.The number of child r i s k  yea r s  per age group 1975 - 1979. 

Age 

0-2 

3-4 

5-6 

7-8 
9-10 

11-12 

13-1 4 

15-16 

Boys 

18,385 
12,183 
12,225 

12,377 
13,177 

14,377 
14,543 
14,463 

G i r l s  

17,457 
11,528 

11,330 

11,757 

12,597 
13,677 
14,073 
14,118 

Tot a1 

35,842 
23,711 

23,555 
24,134 

25,77b 
28,054 

28,616 

28,581 

Tota l  11 1,730 106,537 21 8,267 



98 

Table A:II. Data c o l l e c t i o n  and c l a s s i f i c a t i o n .  

Date of b i r t h  

Date of f r a c t u r e  

Type o f  f r a c t u r e  

Sku l l  

F a c i a l  bones 

Cervical  sp ine  

Thoracic sp ine  

Lumbar sp ine  

Sternum 

Sacrum 

Other p e l v i c  bones 

Scapula 

C lav ic l e  

Proximal end of t h e  humerus, epiphyseolysis  included 

Humerus, diaphysis  

Supracondylar region of t h e  humerus 

Lateral humerus condyle 

Medial humerus condyle 

Medial humerus epicondyle 

Y-shaped o r  comminuted, condyle 

Epiphyseolysis of t h e  proximal end of t h e  r ad ius  

Neck of t h e  r ad ius  

Radius, capitulum 

Olecranon 

Combinat i ons  of elbow f r a c t u r e s  

Radius-ulna, diaphysis  

Radius, diaphysis  only 

Ulna, diaphysis  only 

Monteggia f r a c t u r e  

Galeazzi f r a c t u r e  

Radius + u lna ,  d i s t a l  

Radius, d i s t a l  

Epiphyseolysis of t h e  d i s t a l  r a d i u s  

Ulna, d i s t a l ,  epiphyseolysis  included. 

Scaphoid 

Other c a r p a l  or metacarpal bones 

F rac tu re  or epiphyseolysis  of t h e  phalanges of t h e  hand 
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Cervical femoral 

Trochanteric femoral 

Subtrochanteric femoral 

Femur, diaphysis 

Supracondylar region of t h e  femur 

Medial femur condyle 

Lat era1 femur condyle 

Y-shaped o r  comminuted, d i s t a l  femur 

Epiphyseolysis of t h e  d i s t a l  femur 

Pat e l l a  

Medial t i b i a 1  condyle 

Lateral t i b i a 1  condyle 

Both t i b i a 1  condyles 

Tibia1 spine 

Epiphyseolysis of proximal t i b i a  

Proximal t i b i a  

Tibia1 tuberosi ty  

Tibia, shaf t  (with or  without injury of the  f i b u l a )  

Proximal end o r  t h e  shaf t  of t h e  f i b u l a  

Epiphyseolysis of t h e  d i s t a l  t i b i a  

Lateral malleolus 

Epiphyseolysis of t h e  l a t e r a l  malleolus 

Medial malleolus 

Bimalleolar 

Other f rac tures  of the  ankle j o i n t  

0 s  ca lc i s  

Talus 

Other f rac tures  of the  ta rsus  or  metatarsus 

Phalanges of  t h e  foot  

Severity of trauma 

Sl ight  

Moderate 

Severe 

Not c l a s s i f i e d  

Unknown 



1 0 0  

Type of trauma 

F a l l i n g  i n  t h e  same l e v e l  or similar trauma 

F a l l i n g  from height  

Caught or squeezed 

B i t e s  

Blows 

H i t  by moving ob jec t  

B i r th  i n j u r y  

Ba t t e red  c h i l d  

Repeated minor trauma - s t r e s s  f r a c t u r e  

Not c l a s s i f i e d ,  unknown 

Environmental f a c t o r  

Home 

Nursing home, day-care cen t r e  

School 

School ya rd  

School s p o r t s  

Play a c t i v i t i e s  

Play-ground 

Play-ground f i x t u r e  such as swings and s l i d e s  

S le igh  

Pedal c a r  

T r i cyc le  

Skateboard 

Roller-skates 

Play-ground s c u f f l e s  

Other play acc iden t s  

Unknown 

T r a f f i c  

Bicycle i n j u r i e s  ( s i n g l e  i n j u r i e s ,  f a l l i n g  o f f  b i cyc le ,  c o l l i s i o n  

with pedes t r i ans ,  o the r  c y c l i s t s  or unmoving o b j e c t s ,  passenger on a 

b i cyc le ,  c o l l i s i o n  of b i cyc le s  ) 

Cyc l i s t  h i t  by c a r  or o the r  heav ie r  veh ic l e  

Caught i n  b i cyc le  wheel (spoke i n j u r i e s )  

Pedes t r i an  h i t  by b i c y c l e  or moped 

Pedestr ian h i t  by c a r ,  bus,  motor-cycle or s t r e e t c a r  

Passenger or d r i v e r  of c a r  or t r a c t o r  
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Passenger o r  dr iver  of moped or motor-cycle i n  s ingle  accidents or  

co l l i s ion  with pedestr ian,  bicycle  or  unmoving obSect 

Passenger o r  dr iver  of moped or motor-cycle i n  co l l i s ion  with c a r ,  bus 

or s t r e e t c a r  

Other t r a f f i c  accidents 

Labour accidents 

Fal l ing 

I n j u r i e s  from t o o l s ,  t r a c t o r ,  harvesting machine, chain saw or other  

machinery 

Other labour accidents 

Sport i n j u r i e s  

B a l l  sports  

Skiing 

Ice-hockey - skating 

Sports re la ted  t o  water 

Gymnastics 

Contact spor t s  such as wrestling, kara te ,  judo and boxing 

Fal l ing from horse 

Horse-bites or kicks 

Other sport  i n j u r i e s  

Treatment 

Not t r e a t e d  

No reduction (with o r  without f i x a t i o n )  

Closed reduction and external  f ixa t ion  including percutaneous pin-fixation 

Open reduction with in te rna l  o r  external  f ixa t ion  

Closed reduction + osteosynthesis 

Tract ion 

Other types of treatment 

Concomitant disease 

Skeletal  disorder such as  osteogenesis imperfecta 

Local ske le ta l  disorder - "pathological" f rac ture  

Neurological disorder 

General jo in t  disorder 

Renal osteodystrophy 

Endocrine disorder 

Nutr i t ional  defect  - malabsorption 
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Congenital malformation syndrome 

Mental re tardat ion 

Diabetes 

Leukemia 

Other malignancy 

Other diseases 

Unknown 

Accumulated number of f rac tures  per individual  

Fracture on t h e  same s i t e  within a year 



103 

Table A : I I I .  DISTAL END OF THE FOREARM 1975 - 1979 (physeal f rac tures  ex- 
cluded). Age, number of f rac tures ,  annual incidence per 10,000. 

Age Boys G i r l s  

Number Incidence Number Incidence 

0-2 

3-4 
5-6 
7-8 
9-10 

11-12 

13-14 
15-16 

14 
18 

50 
60 
88 

111 

142 

99 

7.6 
14.8 
40.9 
48.5 
66.8 

77.2 
97.6 
68.5 

14 
20 

40 

53 
82 
86 

55 
21 

8.0 

17.4 

35.3 
45.1 
65.1' 
62.9 
39.1 
14.9 

Table A : I V .  PHYSEAL FRACTURES OF THE DISTAL END OF THE RADIUS 1975 - 1979. 
Age, number of f rac tures ,  annual incidence per 10,000. 

0-2 

3-4 
5-6 
7-8 
9-10 

11-12 

13-14 
15-16 

Boys 

Number 

0 

0 

3 

5 
7 

10 

22 

14 

Incidence 

0 

0 

2.5 
4.0 

5.3 
7.0 

15.1 

9.7 

Number 

0 

0 

2 

2 

10 

7 
6 
4 

Girls 
Incidence 

0 

0 

1.8 

1.7 
7.9 
5.1 
4.3 
2.8 
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Table A : V .  

0-2 

3-4 
5-6 
7-8 
9-10 

11-12 

13-14 
15-16 

PHALANGES OF THE HAND 1975 - 1979. 
Age, number of f r a c t u r e s ,  annual incidence per  10,000. 

Boys Girls 

Number Incidence Number Incidence 

6 
16 
23 

27 
52 
94 

151 

129 

3.3 
13.1 

18.8 
21.8 

39.5 
65.4 

103.8 
89.2 

9 
16 
16 

25 

47 
96 
96 
70 

5 -2  

13.9 
14.1 
21.3 
37.3 
70.2 

68.2 
49.6 

Table A : V I .  CARPAL-METACARPAL FRACTURES 1975 - 1979 (Scaphoid excluded).  
Age, number of f r a c t u r e s ,  annual incidence per 10,000. 

Age Boys Gir ls  

Number Incidence Number Incidence 

0-2 

3-4 
5-6 
7-8 
9-10 

n 1-12 

33-14 

15-16 

2 

8 
7 

12 

27 
69 

105 
108 

1.1 

6.6 

5.7 
9.7 

20.5 
48.0 
72.2 

74.7 

0 

2 

0 

6 
4 
9 

10 

14 

0 

1.7 
0 

5.1 

3.2 
6.6 

7.1 
9.9 
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Table A : V I I .  CLAVICLE 1975 - 1979. 
Age, number of' f rac tures ,  annual incidence per 10,000. 

Age Boys G i r l s  

Number Incidence Number Incidence 

0-2 

3-4 

5-6 
7-8 

9-10 

11-12 

13-14 

15-16 

Table 

0-2 

3-4 

5-6 
7-8 
9-10 

It 1-12 

13-14 

15-16 

33 

33 

36 

27 

15 

17 

32 

29 

18.0 

27.1 

29.5 

21.8 

11.4 

11.8 

22 .o 
20.1 

38 

38 

25 

5 
11 

10 

17 

7 

21.8 

33.0 

22.1 

4.3 

8.7 
7.3 

12.1 

5 .O 

A:VII I .ANKLE 1975 - 1979. 
Age, number of f rac tures ,  annual incidence per 10,000. 

Boys Gir ls  

Number Incidence Number Incidence 

1 

6 
5 
6 

17 

20 

33 

42 

0.5 

4.9 

4.1 

4.9 
12.9 

13.9 

22.7 

29.0 

0 

1 

10 

14 

19 

31 

22 

28 

0 

0.9 

8.8 

11.9 

15.1 

22.7 

15.6 

19.8 



Table A : I X .  T I B I A  DIAPHYSIS 1975 - 1979. 
Age, number of f rac tures ,  annual incidence per 10,000. 

Number 

0-2 

3-4 

5-6 
7-8 
9-10 

11-12 

,13-14 

15-16 

15 

21 

23 

18 

22 

10 

25 

26 

Boys 

Incidence 

8.2 

17.2 

18.8 

14.5 

16.7 

17.2 

18.0 

7.0 

Number 

5 
a 

14 

6 
8 

9 
14 

9 

G i r l s  

Incidence 

2.9 

6.9 
12.4 

5.1 

6.4 
6.6 

10.0 

6.4 

Pable A:X. TARSAGMETATARSAL FTiACTURES 1975 - 1979 ( t a l u s ,  0 s  c a l c i s  ex- 
cluded). Age, number of f rac tures ,  annual incidence per 10,000. 

Age Boys G i r l s  

Number Incidence Number Incidence 

0-2 

3-4 

5-6 

7-8 
9-10 

11-12 

13-14 

15-16 

4 
16 

16 

10 

7 
18 

34 

17 

2.2 

13.1 

13.1 

8.1 

5.3 

12.5 

23.4 

11 .a 

7 
7 
5 

9 
14  

29 

10 

6 

4.0 

6.1 

4.4 

7.7 
11.1 

21.2 

7.1 

4.3 
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Table A : X I .  PHALANGES OF THE FOOT 1975 - 1979. 
Age, number of f rac tures ,  annual incidence per  10,000. 

Age Boys G i r l s  

Number Incidence Number Incidence 

0-2 

3-4 

5-6 
7-8 
9-10 

11-12 

13-14 

15-1 6 

2 

2 

4 

9 
12 

18 

29 

19 

1.1 

1.6 

3.3 

7.3 

9.1 

12.5 

19.9 

13.1 

3 
2 

5 
4 

9 
16 

17 

7 

1.7 

1 .7 
4.4 
3.4 

7.1 

11.7 

12.1 

5.0 

Table A : X I I .  RADIUS-ULNA DIAPHYSIS 1975 - 1979. 
Age, number of f rac tures ,  annual incidence per 10,000. 

Age Boys G i r l s  

Number Incidence Number Incidence 

0-2 

3-4 

5-6 
7-8 
9-10 

11-12 

13-14 

15-16 

6 

9 

15 

16 

10 

15 

21 

14 

3.3 

7.4 
12.3 

12.9 

7.6 
10.4 

14.4 

9.7 

3 
6 

13 

9 
6 
6 

7 
1 

1.7 

5.2 

11.5 

7.7 
4.8 
4.4 

5.0 

0.7 



108  

Table A:XIII.SUPRACONDYLAR REGION OF THE HUMERUS 1975 - 1979. 
Age, number of  f r a c t u r e s ,  annual incidence p e r  10,000. 

A@; e Boys G i r l s  
Number Incidence Number Incidence 

0-2 

3-4 

5-6 
7-8 
9-10 

11-12 

13-14 

15-16 

3 
8 

24 

17 
17 
9 
5 
1 

1.6 
6.6 

19.6 

12.9 

6.3 

3.4 
0.7 

13.7 

2 

13 

23 

7 
18 

3 

0 

0 

1.2 

11.3 

20.3 

6.0 

14.3 

2.2 

0 

0 

Table A:XIV.  PROXIMAL ENE OF THE HUMERUS 1975 - 1979. 
Age, number of  f r a c t u r e s ,  annual incidence p e r  10,000. 

Age Boys Gi r l s  
Number Incidence Number Incidence 

0- 2 

3-4 

5-6 
7-8 
9-10 

11-12 

13-14 

15-16 

0 

1 

2 

6 
4 
6 

12 

6 

0 

0.8 

1.6 

4.9 
3.0 

4 -2 

8.3 

4.2 

2 

2 

1 

4 
15 

20 

18 

2 

1.2 

1.7 
0.9 

3.4 

11.9 

14.6 
12.8 

1 . 4  
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Table A:XV. SKULL 1975 - 1979. 
Age, number of  f r a c t u r e s ,  annual incidence per 10,000. 

Age Boys G i r l s  

Number Incidence Number Incidence 

0-2 

3-4 

5-6 
7-8 
9-10 

11-12 

13-14 

15-16 

23 

6 
5 
4 
4 
5 
5 
3 

12.5 

4.9 
4 .1  

3.2 

3.0 

3.5 
2.1 

2.1 

16 

3 

0 

2 

2 

1 

1 

5 

9 -2  

2.6 

0 

1.7 
1.6 
0.7 

0.7 

3.5 

Table A:XVI .  FEMUR DIAPHYSIS 1975 - 1979. 
Age, number o f  f r a c t u r e s ,  annual incidence pe r  10,000. 

Age Boys G i r l s  

Number Incidence Number Incidence 

0-2 

3-4 

5-6 
7-8 

11-12 

9-1 0 

13-14 

15-16 

12 

12 

a 
7 
3 
1 

2 

7 

6.5 
9.6 
6.5 
5.7 
2.3 

0.7 

1 .4  

4.8 

2.9 

0 *9  
2.7 

5.1 

0 

1 .5  

2.0 

1.4 




