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Introduction 

Femoral shaft fractures including subtrocanteric and supracondylar fractures, 
are common in children and more common the younger the child. Children’s 
bones change in characteristics, from a primarily weak bone in early child-
hood to a stronger bone in adolescents. This is due to a change in the 
morphology of the bone but also to a change in geometry. This means that 
the mechanism of injury also changes with age. A small child can sustain a 
fracture by a simple fall on level ground while playing. For the older child a 
greater degree of force is needed before a fracture occurs. Open fractures are 
seldom seen in younger children because of the flexibility of the bone, which 
tends to bend before it breaks. The thick periosteum protects the soft tissue 
and facilitates rapid union. Haemorrhage following isolated femoral shaft 
fractures in children is usually limited and less serious than in adults. Blood 
replacement is seldom needed 4, 8. 

History 
Since the origin of man, he has had to deal with broken bones. The ancient 
Egyptians treated fractures using internal and external fixation. Even in 
Sweden we have an example of internal fixation of a humerus fracture at the 
monastery at Varnhem some time between the 12th and 15th century 43. The 
18th century saw the evolution of modern concepts of rational treatment 45. 
During the 18th century femoral fractures in adults and children were treated 
in the same way, either by traction combined with splinting or simply by bed 
rest on the side with the hip and knee flexed. This treatment continued 
throughout most of the 19th century although physicians became aware that 
fractures in children behave differently than those in adults. More 
sophisticated forms of treatments developed with different kinds of splints 
and by the end of the century this also included cast immobilisation. 
Different kinds of traction, such as vertical traction introduced by Bryant for 
smaller children and a more horizontal traction developed by Buck, became 
popular as a way to controlling the restless child and facilitating nursing care 
24. Children’s fractures did well with more conservative treatment. Joint 
stiffness was not a problem, delayed union was rare and the accelerated 
growth took care of the shortening of the fractured leg. At the end of the 19th 
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century and the beginning of the 20th century some surgeons attempted open 
reduction and different kinds of internal fixation with either calf bone plates, 
intramedullary bone plugs or suturing with wire. The complications 
outweighed the advantages. Traction became the treatment of choice 
although some physicians still used plaster. 

The use of external fixation was described as early as 1853 by 
Malgaigne, who used a claw-like device to percutaneously compress and 
immobilise a fractured patella. In 1898 Parkhill 95 reported on the use of two 
half-pins above and two half-pins below the fracture in long bones, joined 
externally by an ingenious clamp. With the development of equipment the 
use of external fixation in all long bones for the treatment of fractures, 
artrodesis and leg-lengthening continued to develop during the first third of 
the 20th century with periods of enthusiastic use alternating with intervals of 
total disrepute 105. 

In 1929 Ombrédanne 92 first described the use of external fixation as a 
temporary fixation method in a variety of fractures in children, including 
femoral fractures. In a report on fixation of fractures published in 1943, 
Haynes 45 presented the treatment of a femoral fracture with an external 
fixator in a pre-school child. The aim was to achieve anatomical reduction 
by using an instrument that combined the principles of internal and external 
fixation without any need for an open operation. The principle was to anchor 
a strong pier to each fragment and to bridge the fracture with a fabricated 
steel network. Throughout the remainder of the 20th century the widely 
accepted indications for the use of external fixation of femoral fractures in 
children was open fractures with skin or soft tissue loss; head injuries with 
resultant increased motor tone, spasticity or decerebrate posturing. In 
polytrauma, external fixation was used to facilitate patient care and transport 
for diagnostic and therapeutic procedures. It has only been during the last 
decade that reports have begun to arrive from different centres on the use of 
external fixation in isolated femoral fractures in children. 

Epidemiology 
The incidence of femoral fractures in children can be described in different 
ways. In a study by Landin 68 on 8,682 fractures, femoral fractures, including 
subtrocanteric and the supracondylar regions accounted for 1.6 % of all bone 
injuries in children and ranked number 14. The annual incidence per 10,000 
varied from 2.3 to 10.8 depending on age, with the higher values in younger 
children. The boy/girl ratio was 2.3/1. Between 1950 and 1979 there was a 
significant increase in the risk of sustaining a femoral fracture in children 
due to low energy injuries. After that there was no further increase in 
fracture risk 69. In another study, covering 851 femoral fractures, the 
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incidence was reported by sex, age and cause of injury 46. The incidence 
pattern differed for different causes of injury. At the lower pre-school age, 
falls were the most common cause while traffic accidents were the most 
common in adolescents. Boys had a bimodal distribution with a peak at 2–3 
years and another peak at 16–19 years. Girls had a peak at 2-3 years and 
only a slight increase among adolescents. The same pattern was found in a 
Norwegian study of 406 femoral fractures during the period 1980-93 115. The 
mean annual incidence was 3.5/10,000, although the incidence varied over 
the years between 2.0 to 5.4/10,000. The most important risk factor for 
femoral fractures is exposure to trauma. In early infancy a significant cause 
can be child abuse 4, 19, which should always be considered. 

Treatment options 
When considering treatment for a displaced femoral fracture in a child, some 
of the factors that should be taken into account are age, type of injury, 
associated injuries, type and localisation of the fracture, psychological and 
social considerations, economic considerations and the family’s potential for 
taking care of the child. 

Traction and/or casting has for many years been the gold standard for 
treatment of all femoral fractures in children. A variety of more operative, 
therapeutic alternatives have become available, which make the choice of 
treatment more difficult. There is still a controversy about which treatment is 
the best, especially in the age group 5–12 years. 

Pavlik Harness 
Pavlik 97 originally described treatment of obstetrical fractures of the femur 
with plaster in the same position as used for the treatment of congenital 
dislocation hip (CDH). Later, the Pavlik Harness has been reported as being 
used for the treatment of femoral fractures in infants between birth and 18 
months with good results and no apparent complications 107. 

Immediate or Early Spica Casting 
Indications for the treatment are: isolated, stable femoral shaft fractures in 
children younger than 6–(10) years of age 32, 109, 119. Stability can be tested 
using the telescope test 111. The position in the cast can be either with the 
knee and hip extended or in increasing flexion and abduction up to a 90-90° 
position in the cast 27. The cast can even be combined with a pin through the 
supracondylar area 20, 79. 
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Contraindications are: shortening of more than 2 to 3 cm present, massive 
swelling of the thigh, associated injuries, abuse as a cause of injury 58 and 
poor cast technique 77. 

Advantages of the treatment are: simplicity, low cost compared with 
traction, short hospital stay, generally good results based on leg-length 
equality, healing time and motion 59. 

Disadvantages are: difficulties with transportation, the need for home 
tutoring, cast intolerance by the child, difficulty keeping the child clean, the 
need for repeated radiographs to check fracture position and the possible 
need to change the cast 54. 

Complications are: risk of shortening, angular and rotational deformities, 
cast sores or other skin problems, the need for repeated reductions, the risk 
of nerve damage from wedging of the cast, leg length discrepancy and 
residual muscle weakness 49, 50. 

Traction and/or Casting 
Indications for the treatment are: unstable femoral fractures in a child 
younger than six years of age with more than 3 cm of shortening, Femoral 
fractures that fails to maintain proper length and alignment in a spica cast, 
femoral fractures in a child 6–11 years of age without associated injuries, 
adolescents with comminute proximal femoral shaft and intertrocanteric 
fractures. Skin traction with a vertical overhead position of the legs can be 
used in children weighing <20 kg. Skeletal traction is used in children >20 
kg, either with a pin through the proximal tibia or the distal femur and the 
leg in a 45° or 90–90° position (Figure 1). The pin can be smooth or 
threaded. Traction can be follow by spica cast or spica 1½ cast after a couple 
of weeks when the fracture is “sticky”. 

Contraindications are: multiple fractures, head injuries, severe soft-tissue 
or vascular injuries, knee ligament and meniscal injuries and children with 
difficulty co-operating.  

Advantages of the treatment are: simplicity, non-invasive with no 
anaesthesia for skin traction 71, both traction and a spica cast can be used at 
home.  

Disadvantages of the treatment are: difficulties in maintaining alignment, 
costs, discomfort for the child tied to the bed, pain during nursing, risk of 
skin problems, the need for repeated radiographs and potential knee 
stiffness. 

Complications are the same as for immediate casting, i.e.: risk of 
shortening, angular and rotational deformities, leg length discrepancy, 
residual muscle weakness and knee stiffness 49, 50. Other complications with 
skin traction are: a risk of slough and blistering, compartment syndrome and 
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damage to the peroneal nerve resulting from tight bandaging 60. This might 
even occur in the non-fractured leg. With skeletal traction, complications are 
pin infection, laxidity in the knee ligaments and capsule with subluxation in 
the proximal tibia and risk of genu recurvatum 12. Re-fractures may occur 110. 

 

 
 

 
 
Figure 1. Types of traction: Modified Bryant traction and 90–90° traction 
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Intramedullary rigid fixation 
Indications for the treatment are: adolescents from the age of 12 with 
femoral fractures who do not respond to conservative treatment, with 
persistent angulation, shortening or rotation, children with multiple injuries, 
head injuries with spasticity, and open fractures 35. Nails can be reamed or 
non-reamed 9. 

Contraindications for the treatment are: younger ages, skeletally 
immature children, too narrow a femoral canal, proximal or distal fractures, 
degree of wound contamination, experience of the surgeon 9, 35. 

Advantages of the treatment are: immediate mobilisation and weight 
bearing, earlier return of function, less joint stiffness, control of leg length 
and angulation, shorter hospitalisation and reduced cost 35, 81, 99. 

Disadvantages of the treatment are: exposure to the risk of infection, the 
need for a second operation for rod removal. 

Complications of the treatment are: myositis ossificans at the entrance of 
the rod, premature closure of the greater trocanteric physis with a risk of 
asymmetry of the ATD and increased femoral neck valgus 98, avascular 
necrosis of the capital femoral epiphysis because of the type of blood 
distribution to the femoral head 22, 70, 78, 91, leg length discrepancy 35, 
neurological problems, with decreased sensation in the distribution of the 
peroneal or pudendal nerve 9. 

Intramedullary fixation with flexible nails 
Indications for the treatment are the same as for rigid nails with the 
exception that flexible nails can also be used at a younger age and in 
children with pathological fractures in osteoporotic bone 47. The nails can be 
inserted antegrade and retrograde 26, 62, 73. 

Contraindications for the treatment are: unstable comminute fractures and 
long unstable spiral fractures in which malrotation cannot be controlled and 
proximal and distal fractures near the physis. 

Advantages of the treatment are the same as for rigid fixation, with early 
mobilisation and weight-bearing 33, less radiograph examinations needed 41, 

52, short hospitalisation and reduced costs 65, less risk of growth disturbances 
and alteration of the femoral head blood supply compared with rigid 
intramedullary fixation. The fixation is relatively simple and has a short 
learning curve 33. 

Disadvantages for the treatment are: risk of infection, the need for a 
second operation for nail removal and sometimes a third operation if the 
nails migrate. 

Complications of the treatment are: re-fractures after premature nail 
removal 48, risk of angulation, malrotation and shortening18, 48, migration of 
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nails with prominence at the insertion site, pain and stiffness of the knee, 
infection 33, 72 and transient pudendal nerve palsy. 

Open reduction and internal fixation with plates and screws 
Indications for the treatment are: children aged 6 to 11 years 71 with closed 
head injuries with agitation and with spasticity or multiple injuries 66, 
pathological fractures and larger areas with bone loss for fixation and 
immediate bone grafting, old fractures with malunion or non-union 10, 85, 
problematic social circumstances and failure of spica casting 34. In recent 
years biological plate osteosynthesis with a minimal invasive technique has 
been introduced 10, 103, 113. Both interfragmentary compression and a dynamic 
compression technique may be used. 

Contraindications for the treatment are: long spiral fractures, proximal 
and distal fractures near the physis and the degree of wound contamination. 

Advantages of the treatment are: the possibility of anatomic reduction, 
simplified nursing care, rapid mobilisation, applicability to any size of 
femoral shaft, most surgeons are familiar with the treatment and decreased 
hospitalisation time. 

Disadvantages of the treatment are: open surgery is needed for two major 
operations for the insertion and removal of the plate, the need for the patient 
to be kept non-weight-bearing, a bone graft may be necessary 71. 

Complications with the treatment are: risk of infection, risk of a fracture 
below the plate, stress fractures 71, overgrowth both after the first operation 
and after plate removal 66, hard ware failure with plate breakage 34, major 
hypertrophic scars 34 and the need for blood transfusions in some cases 85.  

External fixation 
Treatment of displaced femoral shaft fractures in children with external 
fixation is the subject of this thesis and will be evaluated in different ways in 
the following papers. 



 16

Aims of the study 

The overall aim of the study was to evaluate the outcome when treating 
children for displaced femoral fractures with external fixation. The 
evaluation included clinical, radiological and functional outcome and a cost 
analysis. 

The specific aims of the studies were: 
 

• To study whether external fixation can be used as a standard treatment 
for displaced femoral fractures in children aged 3–15 years.  

 
• To study the radiological outcome after treatment of displaced femoral 

fractures in children 3–15 years of age with anatomical reduction and 
external fixation.  

 
• To study muscle strength of the quadriceps and hamstrings muscles in 

children treated with external fixation and early mobilisation for 
displaced femoral fractures.  

 
• To perform a cost analysis for three different types of treatment for 

displaced femoral fractures in children including external fixation, 
traction in hospital/at home and traction in hospital 

 
• To make a summary of the considerations and techniques that can be 

used when treating children for displaced femoral fractures with external 
fixation.  
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Patients 

The study was prospective and consecutive and included all children aged 3–
15 years admitted to either of two county hospitals with a displaced femoral 
fracture during the years 1993–2000. All patients with fractures located 
between the inferior edge of the lesser trochanter and 2 cm proximal to the 
distal femoral physis were included. They were all treated with closed 
reduction and the same kind of external fixator: the unilateral Monotube 
System (Howmedica Inc., Malmö, Sweden). The patients were followed 
clinically and radiographically for one year and a sub-group of almost half of 
the patients was followed for two years. 

The isokinetic strength of the quadriceps and hamstrings muscles was 
measured in 31 of the patients treated at one of the centres (Falun) a 
minimum of 18 months after the fracture. This was compared with the 
muscle strength in 31 children with no history of injury to the leg. 

Retrospectively, a cost analysis was performed on 51 of the patients 
living permanently in Falun during the period 1993–2000 and compared 
with two other hospitals in Sweden with other standard treatments, i.e. either 
traction in hospital or traction at home during the same time period. Costs 
included medical costs and costs for the care provider. 

Technique and considerations are based on experience from previous 
reports and the treatment of 98 fractures in 96 patients. 

Patients in the study and the different papers are shown in figure 2. 
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Figure 2. Patients in the study and the different 

 

Paper II 
Radiology 
 
97 fractures 
95 children, 65 boys, 30 girls 
 
Remodelling 1-year:  85 fractures 
Leg-length 1 year:     83 fractures 
 
Remodelling 2-years: 45 fractures 
Leg-length 2 years:    45 fractures 

Paper III 
Muscle function 
 
31 fractures 
31 children, 22 boys, 9 girls 
 
31 controls, 22 boys, 9 girls 

Paper I 
Clinical follow-up 
 
98 fractures 
96 children 
 
Falun:      70 children 
Karlstad:  26 children 
 
65 boys, 31 girls 

Excluded: 
One girl with an 
open fracture 

Excluded: 
All patients treated in Karlstad 
and patients treated in Falun 
with < 18 months follow-up 
Paper IV 
Cost analysis 
 
Hospital 1 = external fixation 
51 children 
37 boys, 14 girls, 87 parents 
 
Hospital 2 = home traction 
16 children 
12 boys, 4 girls, 29 parents 
 
Hospital 3 = traction in hospital 
23 children 
15 boys, 8 girls, 44 parents 
papers 

Paper V 
Technique and 
Considerations 
 
98 fractures 
96 children 
65 boys, 31 girls 

Excluded: 
All patients treated 
in Karlstad and 
patients treated in 
Falun but living 
elsewhere 
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Surgical technique 
The children were operated on under general anaesthetic as soon as possible 
and within 24 hours. The same kind of unilateral fixator (Monotube system, 
Stryker Howmedica Osteonics, Malmö, Sweden) was used in all children 
(figure 3). The fracture was reduced anatomically, using a closed technique 
and a traction table with extra support under the leg and an image intensifier 
before inserting the first pins. Two 4 or 5 mm Apex self-drilling and self-
tapping pins were inserted proximal and distal to the fracture. In the case of 
the smallest size of fixator, 4 mm pins were used. The first pins were 
inserted near the fracture, although at least 2–3 cm away from the fracture 
and outside the haematoma, employing a lateral approach using small 
transverse incisions and a manual drill while protecting the soft skin with a 
drill sleeve. The goal was linear placement of the pins perpendicular to the 
bone with no axial preload attempted. The fixator was adjusted to the pins 
and as the fracture was already reduced the fixator could be mounted without 
using any force and only minor adjustments of the fracture were needed. 
 

 
 
Figure 3. The fixator used in the present study. Three sizes in different colour: red, 
blue and yellow 
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Methods 

Clinical examination  
The patients were seen for clinical and radiological follow-up by one or the 
other of the principal investigators at each hospital. The first visit took place 
about two weeks after discharge from hospital and the next visit was planned 
at the estimated time of union for fixator removal under a short anaesthetic 
and as an outpatient procedure. Further visits were two weeks after fixator 
removal and at one year and for half the patients at two years. The clinical 
follow-up included registration of complications, such as pin tract 
inflammation/infection, displacement of the fracture and leg length 
discrepancy. Other parameters registered were range of motion, differences 
in FPA, muscle atrophy, scars, time for return to school or day care centre, 
use of a walking aid and remaining difficulties. 

Radiographic evaluation 

Plain radiographs 
Antero-posterior (AP) and lateral radiographs were taken on admission, 
directly after surgery, two weeks after surgery, at estimated union, at 2 
weeks after fixator removal and at one year after the injury. For a sub-group 
of 45 patients radiographs were also taken at two years after injury. After 
surgery the leg was radiographed with similar radiographic settings and in a 
standardised position with regard to rotation to enable comparison between 
examinations. 

The radiological parameters assessed on admission included fracture 
localisation, fracture type (figure 4), displacement, shortening and angulation 
in both views. The following radiographs were used to assess healing 
whereas the radiographs from the time of healing and later on were used to 
study remodelling. 

 
 

  

 

 



 
 
 

 
 
 
Figure 4. Type of fractures: A. Comminute. B. Spiral. C. Oblique. 
                D. Transverse 
 
 
 

Orthoroentgenography 
Standardised orthoroentgenog ams 1, 39, 84 of both legs using the scanogram 
technique (figure 5) moving e film cassette beneath the patient, were used 
to measure leg length discrep
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one year. To study overgrowth after one year, a sub-group of 45 patients 
treated at one of the hospitals were radiographed at two years after injury. 
Measurements on the scanograms included the length of both femurs, both 
tibias, and the total length when the femur and tibia were combined. The 
amount of overgrowth or shortening of the fractured femur, the ipsilateral 
tibia and the whole leg was calculated from the time of union to one and two 
years after the fracture. 

 

 
Figure 5. Orthoradiograph using the scanogram technique 

Muscle function 
Muscle function was measured in two ways, as a hop-index test and 
isokinetically using Cybex testing equipment. 

Hop-index testing 
The hop-index test 101 was used to assess strength in the quadriceps muscle 
as well as the patient’s confidence in the function of the injured limb. Three 
one-leg-hops were performed on each leg, after which the average hop 
distance was calculated and used for comparison (figure 6). The hop-index 
was defined as the average distance for the “fractured” leg as a percentage of 
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the distance for the uninjured leg. In children, a hop-index of 90 % or more 
is considered normal. 

 

 
Figure 6. Hop-index testing 

Cybex testing 
Muscle strength during flexion and extension of the knee was measured 
using a Cybex 6000 extremity testing and rehabilitation system (Cybex 
division of Lumex, inc, Ronkoma, NY). Two physiotherapists, who were 
familiar with the system and experienced in treating children, performed the 
testing in a standardised way 82. After warming up and performing the hop-
index test the Cybex testing was done at two test speeds 60° and 180° per 
second. The uninjured leg was tested first. The child was allowed five sub-
maximum contractions at each speed to become familiar with the system. 
During testing each child performed five consecutive repetitions at each test 
speed with a three minutes rest in between (figure 7) The peak torque 
(maximum voluntary torque output) was measured for both extensors and 
flexors of the knee. The difference between the involved and uninvolved leg 
was given as a percentage. The deficit had to be at least 15 % to be 
considered a true deficit 82. In patients the injured leg was compared with the 
uninjured leg and in controls the dominant leg was compared with the non-
dominant leg. The torque to body weight ratios (peak torque as a percentage 
of body weight) was used to compare muscle strength between patients and 
controls. The average range of motion of the five consecutive repetitions at 
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each test speed was recorded and compared with the maximum range of 
motion (0–90°). The results should not differ by more than 5° and was used 
as a control of the child’s ability to perform the test. 

 
Figure 7. Cybex-testing 

Muscular atrophy 
To measure possible muscular atrophy the thigh circumference was 
measured in both legs 10 cm proximal to the proximal edge of the patella. 

Dominance of the leg 
Dominance of the leg was determined by seeing which foot the child used to 
kick a ball 50. 

Economic evaluation 
Economic evaluation was performed by comparing three standard treatment 
modalities of femoral fractures in children aged 3–15 years at three different 
hospitals in Sweden during the same time period 1993–2000. The evaluation 
included both medical costs and costs for the care provider. Information was 
obtained from medical charts and radiographs of all children, from the 
regional insurance office and from a questionnaire sent to all the parents.  
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Cost analysis 
Cost analysis is sometimes called cost-minimisation analysis when the 
consequences of two or more alternatives are examined alongside costs in 
the same study and are shown to be equivalent 31. In this study of three 
treatment modalities the results of the treatment at the end point: one year, 
were considered equivalent, i.e. all fractures were healed and no further 
visits or treatments were expected. 

Unit costs 
Unit costs are the “prices” for each element of medical consumption, e. g 
costs per day for hospital stay or cost per minute for operations. The unit 
costs were considered true costs, including the appropriate share of overhead 
costs but not charges and complete costs or capital costs 51. Costs were 
estimated based on consumption in previous years. When comparing costs 
for each hospital the unit costs estimated at one of the study hospitals, Falun, 
were used for all calculations. All costs were calculated at 2000 values and 
in Swedish kronor (SEK). Results are also given in Euro (EUR) based on an 
exchange rate of 8.45 (exchange rate for 2000, Swedish Riksbank, Sweden). 

Costs for the care provider 
Costs for loss of earnings for the care provider for taking care of the child 
were defined as a direct cost. The unit cost was based on information in the 
Statistical Yearbook of salaries and wages for 2000, Statistics Sweden, 
which gives the average monthly salary by age, level of education and sex. 
For comparison, all parents were considered to work full-time. Costs for 
transportation were not calculated. 

Personal code numbers 
In Sweden, each citizen is given a personal code number at birth, which 
makes it possible to find all patients and parents. All medical charts as well 
as all social insurance documents are based on the same reliable 
identification system. 

Questionnaire 
A questionnaire was sent to all parents of the children participating in the 
study on costs. The first part of the questionnaire dealt with the 
demographics of the child, such as age at injury, type of injury, associated 
injuries, treatment, number of days in hospital, days at home, return to 
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school or day care centre and remaining difficulties. The second part dealt 
with the demographics of parents such as working time, sick leave for taking 
care of the child, days spent in hospital, days spent at home and distance to 
the hospital. The parents were also asked if they would choose the same kind 
of treatment should their child sustain another femoral fracture. 

Catchment area population 
The catchment area for children aged 0–18 years 1999 was 65,076 at 
hospital 1, 54,808 at hospital 2, and 67.317 at hospital 3.  

Physiotherapy 
Patients were allowed unrestricted weight bearing as soon as tolerated. 
Physiotherapy was only given during the stay in hospital and mainly to 
initiate mobilisation with crutches or, for smaller children below five years 
of age, a small walking frame. After fixator removal no external protection 
was used and the patients were allowed unrestricted weight bearing, except 
for a delay in sports activities of 3–4 weeks. In most of the patients no 
further physiotherapy was needed. 

Instructions 
As the aim was to use the treatment as a standard form of treatment, 
instructions are important for the success of the treatment. Written 
information was given to the parents on admittance to the hospital and 
instructions for further treatment after discharge. Written instructions on 
mobilisation and pin care treatment were given to nursing staff. Written 
instructions were also given to the surgeons to help them plan the operation 
and as instructions for further follow-up. 



 27

Statistical methods 

Descriptive statistics 
Distributions of variables are presented as means in papers I–IV and as 
medians in papers II–III. Distributions in papers I and IV are also given as 
percentages and ranges. In papers II–IV means are given with a 95% 
confidence interval (95% CI). 

Statistical analysis 
Paper II 
To compare leg length, overgrowth, angulation and remodelling we used 
one-way ANOVA and Student’s t-test and the Kruskall-Wallis test if the 
distribution was not normal. Proportions were compared by using the Chi-
square test or by using Fischer’s exact test when appropriate. Different 
clinical parameters and their influence on overgrowth were evaluated by 
using simple linear regression 
 
Paper III 
A 2-sided paired Student’s t-test was used to determine whether there were 
any statistically significant differences between the patients and controls 
with regard to demographic data as well as muscle strength. Chi-square tests 
with exact significance and 2-sided were used to compare muscle strength 
with different clinical parameters. An independent samples test was used to 
compare muscle strength between boys and girls. 

 
Paper IV 
To compare different parameters in the three groups - duration of operation, 
days in hospital, treatment time, number of x-rays and visits to the 
outpatients’ clinic - we used Kruskall-Wallis and when significant the 
differences were evaluated using the Mann-Whitney U-test. The same 
analyses were used to compare costs for different parts of the treatment and 
for a comparison of total costs. 
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The distribution of clinical parameters, such as type of injury, was evaluated 
using the Chi-square test. The same test was used to compare working hours 
for the parents. To evaluate the differences in age distribution and the 
influence on costs at the three hospitals, a linear regression analysis was 
performed using dummy variables for the hospitals. To evaluate the 
differences in distribution of injury and the influence on costs, we used the 
Kruskall-Wallis test. 

SPSS was used for all statistical calculations (Version 10.0 for Windows, 
SPSS, Chicago, IL). All tests were two-sided and the chosen level of 
significance was p <0.05. 
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Ethics 

The Ethics Committee for Human Research at the Medical Faculty, Uppsala 
University Hospital approved the study on muscle function. Before testing, 
the parents of the children had given their informed consent. 

In the study on costs, the parents of the children gave their informed 
consent before answering the questionnaire. 
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Summary of papers 

Paper I: Study of clinical outcome of displaced femoral fractures in 
children treated with external fixation 

Background 
Non-operative management with traction or traction followed by casting has 
been the treatment of choice for isolated femoral fractures in children, 
especially in children under school age 17, 32, 54, 58, 59, 88, 99, 119.  

Surgical fixation of femoral fractures has been accepted for children with 
multiple injuries, serious concomitant head or soft tissue injuries or when 
traction is not suitable 112. 

For various reasons there has been a trend in the past decade towards a 
more active approach in the treatment of femoral fractures in children. 
Different surgical methods have been used. One of them is external fixation. 
Reports have described the use of external fixation 2, 5, 13, 67, 102.  The number 
of patients is small or it is a mixture of different fixators and both tibia and 
femoral fractures. 

The aim of this study was to evaluate unilateral external fixation when 
applied as a form of standard treatment for children with displaced femoral 
fractures at two county hospitals in central Sweden. 

Results 
In a consecutive prospective study during the period 1993–2000, 96 children 
with 98 femoral fractures were treated with the same kind of external fixator 
(Howmedica Inc., Malmö, Sweden). The mean age was 8.1 years (range 3–
15 years) (table 1). Eighty-two per cent of the fractures were located 
midshaft and sixty-five per cent were either transverse or spiral fractures 
(table 2). The mechanism of injury in 35% of the cases was a fall either on 
the same level (17/96) or from a height (17/96). In 40% of cases (38/96), the 
fracture was sustained by some kind of outdoor activity during the winter, 
such as skiing, sledging or ice-skating. In 7% of the cases (7/96), the 
mechanism of injury was sports activities during the summer, such as 
football or horse-riding. In 8/96 the fracture was caused by a fall from a 
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bicycle and in another 9/96 the child was involved in a traffic accident (table 
3). Associated injuries occurred in 8/96 patients and consisted mainly of 
other extremity injuries. There were no severe head, thoracic, abdominal or 
spinal injuries. The most severe associated injury was in a boy who sustained 
an open tibia fracture type IIIA 42 in addition to a closed femoral fracture on 
two levels. The average hospital stay was 8.7 days (median 7 days). The 
average time of external fixation was 61 days (range 37–138 days, median 
56 days) (table 4). All fractures healed. Complications were classified as 
minor and major according to Gregory 41. Minor complications included pin-
tract inflammation/-infection in 36/98 fractures. In 18/36 a short period of 
treatment with oral antibiotics was given. Other minor complications were 
one heterotopic ossification, one patient with two re-reductions, nine cases 
of clinically insignificant malunion, and one leg-length discrepancy >2 cm. 
Major complications (6%) included two re-fractures, one through a pin-hole 
and one at the fracture site and both after significant trauma. Three of the 
older children with transverse fractures after high-energy injury developed 
bending due to premature fixator removal prior to healing and required 
corrective osteotomy. One boy had a third re-reduction because of 
displacement after a fall (table 5).  

Sixteen different surgeons in Falun and thirteen different surgeons in 
Karlstad applied the external fixator. There was a learning curve in the sense 
that operating times shortened and the need for re-reduction was reduced 
throughout the study period as the number of procedures/surgeon increased. 
During the first four years of the study the number of re-reductions was 15 
and during the last four years the number had dropped to five. 

 
 

Table 1. Age at presentation 

 
Age years Boys Girls Total number 

3 8 0 8 
4-5 15 7 22 
6-7 10 8 18 
8-9 14 8 22 

10-11 7 4 11 
12-13 6 2 8 
14-15 5 2 7 
Total 65 31 96 
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Table 2. Fracture types and location 

 
Location Oblique Spiral Transverse Comminute Total 

Proximal 0 5 4 1 10 (10%) 
Midshaft 10 26 26 18 80 (82%) 

Distal 3 2 2 1 8 (8%) 
Total 13 33 32 20 98 

 

 
 
 

Table 3. Mechanism of injury 
 
  

 
Injury Boys Girls Total 

Fall in plane 12 5 17 

Fall/ one level to 
another 

13 4 17 

Skiing 20 9 29 

Skating 0 1 1 

Sledging 4 4 8 

Football 3 0 3 

Horse riding 0 4 4 

Bicycling 6 2 8 

Traffic accidents 7 2 9 
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Table 4. Treatment time 

 
Age 

years 
Patients 

n 
Mean 
days 

Median 
days 

Range 
days 

3 8 45 44 37–53 
4–5 22 50 47 39–83 
6–7 18 56 53 46–83 
8–9 22 66 59 45–138 

10–11 11 66 61 44–127 
12–13 8 82 74 59–113 
14–15 7 72 75 60–83 

 
 
 
Table 5. Complications 

 
Complications Minor Major Boys Girls 
Pin infection grade 1a 18  9 9 
Pin infection grade 2b 18  10 8 
Bending leading to osteotomy  3 2 1 
Re-fracture  2 1 1 
Heterotopic ossification 1  1 0 
Clinical insignificant malunion 9  6 3 
Overgrowth > 2cm 1  1 0 
Re-reduction x 2 3  2 1 
Re-reduction x 3  1 1 0 
Total 50 (51%) 6 (6%)   
 

a Pin infection grade 1 according to Zachee and Rosen120 resolved with local treatment 
 alone; b Grade 2 resolved with antibiotic therapy orally. 
Complications classified as minor or major according to Gregory 41 . 
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Paper II: Study of radiological outcome after external fixation of 97 
femoral shaft fractures in children 

Background 
The healing of femoral fractures in children is seldom a problem, regardless 
of the type of treatment. However, there has been considerable interest in 
remodelling and many studies have focused on the overgrowth phenomenon 
when using traction or traction followed by casting 25, 104. 

As overgrowth has been considered to occur in almost all femoral 
fractures in children younger than 12 years of age, it has been common 
practice to allow displaced fractures to heal in a shortened position to 
compensate for subsequent overgrowth 104. 

The aim of this study was to assess radiological overgrowth and 
malunion after anatomical reduction and external fixation of displaced 
femoral shaft fractures in children aged 3–15 years. 
 
Results 
In this study the patients are the same as in study I except for one patient, a 
girl with a grade I open fracture 42 who was excluded from this study. 
Two boys had bilateral fractures and were excluded from the assessment of 
leg length discrepancies, but were included in the assessment of remodelling. 

The fixator was applied as soon as possible within 24 hours. The patients 
were allowed unrestricted weight bearing as soon as they wished. 

On admission, 47/97 fractures had a displacement of more than one bone 
width. The mean shortening on the radiographs on admission was 2.4 cm 
(0.3–8.4 cm). 58/97 fractures had a shortening of more than 2 cm. 

On admission, all patients had an angulation in either the AP and/or 
lateral view. At union only a few had a varus angulation of >10° and a 
recurvatum of >15°. The number decreased with time over the first year and 
continued to decrease during the following year. All fractures were 
radiographed at union but at one year 12/95 of the patients could only be 
assessed clinically for various unrelated reasons. Almost all fractures 
preserved the neutral position from the time of union to one year and the 
remaining fractures remodelled almost completely during the first year and 
the remodelling continued through the second year (table 6). There was no 
significant difference in remodelling with regard to age, type of injury, 
fracture level, fracture type or displacement on admission.  

The average shortening at union of the fractured femur was 0.1 cm when 
compared with the uninjured femur. There was no difference in average 
length for the tibias. The average total length of the fractured leg at union 
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was 0.1 cm shorter when compared with the uninjured leg. The average 
length of the fractured femur at one year was 0.1 cm longer when compared 
with the uninjured leg. At two years the mean for the fractured femur was 
0.3 cm longer, for the ipsilateral tibia 0.1 cm shorter and for the total length 
of the fractured leg 0.2 cm longer. Between the time of union and one year 
the average for the femur was overgrowth by 0.3 cm, whereas, there was no 
overgrowth of the ipsilateral tibia (figure 8). Between one and two years the 
average overgrowth of the fractured femur was 0.2 cm while there was no 
overgrowth for the ipsilateral tibia. 
 
 Table 6. Remodelling with time with changes in angulation at different times 
 

 
 Anterior-posterior view  Lateral view 
 0 varus valgus n  0 forward backward n 
 Union 
to one 
year 

         

0 41   41  34   34 
1–5°  29 6 35   4 39 43 

6–10°  6 2 8   1 4 5 
> 10°  0 0 0   0 2 2 

Total    84     84 
Union 
to two 
years 

         

0 21   21  21   21 
1–5°  14 3 17   0 15 15 

6–10°  5 1 6   0 4 4 
> 10°  1 0 1   0 4 4 

Total    45     44 
 
There was no significant difference between different age groups with regard 
to lengthening/shortening of the fractured femur although there was a strong 
tendency within the youngest group towards overgrowth when compared 
with the oldest children between the time of union and one-year follow-up (p 
= 0.056). Most of the children aged 3–4 years had an overgrowth of the 
injured leg whereas those aged 12–15 years frequently had a slight 
shortening (figure 9). 

Sex, type of injury, fracture level, fracture side and amount of angulation 
at union did not have any significant influence on overgrowth or shortening. 
Nor was there any significant difference in overgrowth regardless of whether 
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the injured leg was shorter or longer than the uninjured leg at the time of 
union. Complications such as pin site inflammation/infection or re-reduction 
did not have any significant influence on the overgrowth (tables 7 and 8).  

 
Figure 8. The amount of overgrowth or shortening of the fractured leg between the 
time of union and one- year follow-up in 83 children treated with external fixation 
for femoral shaft fractures. 

Figure 9. Amount of overgrowth or shortening of the fractured femur at one year 
follow-up in relation to age at the time of fracture 
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Table 7. The relationship between overgrowth or shortening and pin site 
infection/inflammation. 
 
 Number Mean overgrowth p-value 95% CI 

Femur 
(1 year) 

    

Infection 32 0.4 
No infection 51 0.3 

0.31 -0.10 to 0.33 

Femur 
(2 years) 

    

Infection 16 0.2 
No infection 29 0.2 

0.69 -0.30 to 0.20 

Total Length 
(1 year) 

    

Infection 32 0.3 
No infection 51 0.3 

0.54 -0.15 to 0.29 

Total Length 
(2 years) 

    

Infection 16 0.1 
No infection 29 0.1 

0.85 -0.27 to 0.32 

 
 
 
 

Table 8. The relationship between overgrowth or shortening and other parameters 
known to influence growth after a fracture of the femur in children. 

 
Parameter Significance 

p-value at 1 year 
Significance 

p-value at 2 years 
Angulation at union n.s. (0.5) n.s. (0.8) 
Displacement on admission n.s. (0.7) n.s. (0.7) 
Shortening on admission n.s. (0.1) n.s. (0.5) 
Shortening or lengthening 
at union 

n.s. (0.7) n.s. (0.6) 

Type of injury n.s. (0.5) n.s. (0.8) 
Location of fracture n.s. (0.9) n.s. (0.6) 
Fracture type n.s. (0.8) n.s. (0.6) 
Gender n.s. (1.0) n.s. (0.7) 
Re-reduction n.s. (0.2) n.s. (0.1) 
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Paper III. Study of changes in muscle strength in children treated for 
displaced femoral shaft fractures and a comparison with normal 
children without any previous injury to the leg. 
 
Background 
Femoral fractures in children heal relatively quickly and are prone to 
remodel almost completely. The presumption, that recovery will occur 
without long-term residual muscle weakness, has been challenged by several 
authors 28, 50, 86. The strength of the quadriceps muscle was tested in children 
treated for femoral fractures by traction and/or cast and a residual weakness 
in the muscle was found. 

The aim of this study was to evaluate whether any change in muscle 
strength arises in children treated for displaced femoral fractures by external 
fixation and early weight bearing and to evaluate whether muscle strength 
can be predicted by clinical data at the time of injury and one-year follow-
up. 
 
Results 
In this study the patients are the same as in study I but for practical reasons 
all patients in Karlstad were excluded. In Falun, only patients permanently 
resident in the county and with at least 18 months follow-up at the time of 
testing were included. To estimate muscle strength in normal children, a 
control group was chosen from the same school population in the same 
county. These were healthy children with no previous history of fractures to 
the lower limb. 

Boys were slightly stronger than girls at the same age although the 
difference between genders was not significant.  

There were no statistically significant differences in muscle strength with 
regard to different fracture types, different locations of the fracture or 
between those with a displacement at the time of fracture above or below 
100%.  

Thirteen out of thirty-one patients had a reduction in the circumference of 
the thigh after one year, although there was no statistically significant 
difference in muscle strength between patients where the fractured leg was 
smaller and those where the fractured leg was equal or larger in 
circumference. 

The average treatment time was 58 days with no significant difference in 
muscle strength between those treated for less than or more than 58 days. 

Nor was there any statistically significant difference in muscle strength 
between those with a residual shortening of the fractured leg and those with 
lengthening of the fractured leg at one-year follow-up. 
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The average hop-index for those with a fracture in the non-dominant leg was 
97.4% (SD 10.2), and for those with a fracture in the dominant leg the 
average was 100.9% (SD 8.9). This difference was not significant. The 
average hop-index for controls was 97.1% (SD 10.1). There was no 
statistical difference when comparing the hop-index in patients and controls. 
There was no correspondence between those with a slight decrease in the 
hop-index and the results when testing muscle strength. 

Muscle strength was tested isokinetically using Cybex testing equipment. 
Both knee flexion and knee extension were tested at two test speeds, 60° and 
180°/second. At knee flexion the fractured leg was equal or stronger in 23 
and 26 patients respectively and weaker in eight and five patients 
respectively, whilst in the controls the dominant leg was equal or stronger in 
27 and 22 children respectively and weaker in four and nine children 
respectively. At knee extension, the fractured leg was equal or stronger in 25 
and 25 patients respectively and weaker in four and four patients 
respectively. In the controls the dominant leg was equal or stronger in 27 
children and weaker in four children at both test speeds (table 9). 

As regards flexion and extension of the knee, there was no statistically 
significant differences in the mean peak torque output results between the 
fractured and uninjured leg in the patients and between the dominant and 
non-dominant leg in the controls (table 10).  

 
 

Table 9. Muscle strength tested isokinetically in patients treated for a displaced 
femoral fracture by external fixation and early mobilisation and in controls without 
any previous history of injury to the lower limb. Fractured leg tested to uninjured 
leg in patients and dominant to non-dominant leg in controls. 

 
 

 Fractured or dominant leg 
stronger equal weaker Angular velocity Patients Controls Patients Controls Patients Controls 

HAMSTRINGS       
60°/second 10 9 13 18 8 4 

180°/second 8 6 18 16 5 9 
QUADRICEPS       

60°/second 3 8 22 19 6 4 
180°/second 7 7 18 20 6 4 
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Table 10. Mean peak torque of both legs in 31 patients and 31 controls at different 
angular velocities. 
 
  Patients Controls 
  fractured leg non-fract.leg dominant leg non-dom. leg 
Direction Velocity 

 ° /sec 
Mean 
a 

95% 
CI 

Mean 95% 
CI 

Mean 95% 
CI 

Mean 95% 
CI 

Flexion 60 46.6 37-56 44.1 34-54 43.0 34-52 42.7 34-51 
Flexion 180 36.4 28-45 34.1 26-42 35.0 27-43 32.6 25-40 
Extension 60 75.4 59-92 76.5 60-93 75.0 60-90 76.8 61-92 
Extension 180 52.9 42-63 52.1 41-63 52.4 42-63 54.6 43-66 
a  mean measured in Newton metre, Nm 
 

 
The patients and controls showed no statistically significant difference in 
hamstring to quadriceps power ratios between the involved and uninvolved 
leg at either of the test speeds. 

The average range of motion differed between 0-6 degrees from the 
maximal range of motion at all test speeds. 

Peak torque to body weight ratios are seen in table 11. There were no 
statistically significant differences between the fractured leg in the patients 
and the non-dominant leg in the controls and between the uninjured leg in 
the patients and the dominant leg in the controls. 
 
 
Table 11. Peak torque to body weight ratios in patients and controls. Fractured leg 
in patients compared with non-dominant leg in the controls and the non-fractured 
leg in patients compared with the dominant leg in the controls. 

 
 

Direction 
Velocity 
°/sec 

Pat. 
Fract.lega 

Meanb 

Contr. 
Non-
domc 

Mean 

Diff. 
In 
Means

95% CI 

Pat. 
Non-
fractd 

Mean 

Contr.  
Dom.leg 
mean 

Diff 
In 
Means 

95% CI 

Flexion 60 109.8 102.0 7.8 -23 to 7 104.2 102.7 1.5 -20 to 17 

Flexion 180 86.2 74.7 11.5 -25 to 2 79.9 79.4 0.5 -15 to 14 

Extension 60 175.9 183.5 7.6 -13 to 29 177. 9 178.6 0.7 -18 to 20 

Extension 180 127.8 128.2 0.4 -18 to 19 121. 5 124.4 2. 9 -14 to 19 
a Fractured leg, b mean of peak torque to body weight ratios, c non-fractured leg, 
ddominant leg 
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Paper IV. A study and cost analysis of three different treatment 
modalities of femoral fractures in children. Comparison between 
traction in hospital, traction at home and external fixation, including 
medical costs and costs for the care provider. 
 
Background 
The goal of any form of surgical treatment is to achieve the best possible 
result with the least risk of complication and at the least cost to society 23. 
Femoral shaft fractures are common childhood injuries and several forms of 
treatments are available. The cost of the different treatments varies 
markedly. With the rapidly rising cost of healthcare it is important to identify 
these costs when considering the best choice of treatment 87. Previous reports 
14, 65, 87, 90, 99 have addressed medical costs in different ways. None of the 
studies have included costs for the care providers. 

The aim of this study was to perform a cost analysis of three different 
standard treatments of femoral shaft fractures in children and adolescents – 
external fixation, traction at home and in-hospital traction – during the same 
time period, i.e. 1993–2000. The analysis included both medical costs and 
costs for the care provider. 
 
Results 
The study was carried out at three different county hospitals and included 
children aged 3–15 years treated for femoral shaft fractures at any of the 
three study hospitals. To be included in the study the child had to be treated 
using the specific standard method for that hospital. 

The patients at hospital 1 were the same patients as in study I. For 
practical reasons all patients treated in Karlstad and all patients treated in 
Falun but living elsewhere were excluded. The standard treatment at hospital 
1, was external fixation and early mobilisation. At hospital 2 the standard 
treatment was skin or skeletal traction in hospital for 1–2 weeks followed by 
home traction until the fracture healed. At hospital 3 the standard treatment 
was skin or skeletal traction in hospital until the fracture healed (table 12). 

All costs were calculated from the time of injury up to one year. At one 
year all fractures had healed and no further treatment or visits were planned. 
All costs were calculated as unit costs and at 2000 values in both Swedish 
kronor (SEK) and Euros (EUR) (table 14). 

The mean age at hospital 1 was slightly higher than at the other two 
hospitals. At hospitals 2 and 3, adolescents were often treated by internal 
fixation instead of traction. For that reason the patients at hospital 1 were 
divided into two groups: one with the whole group and one with the same 
age range (3–12 years) as the two other hospitals to make comparison easier. 
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The difference in hospital stay at all three hospitals was strongly 
significant. Treatment time was significantly longer at hospital 1 even when 
adjusted for age and was equal at the other two hospitals. The numbers of 
radiographs taken were equal. The primary operation and total time spent in 
the operating room was a little longer at hospitals 1 and 2 compared with 
hospital 3. Hospital 1 had more visits to the outpatients’ clinic following 
discharge from hospital (table 13). 

All care providers responded to the questionnaire. Several of the children 
in each group had only one care provider for different reasons. There was no 
inter-group difference between the ages of the mother or father. Many of the 
mothers worked part-time or did not work outside the home whilst most of 
the fathers worked full-time or did not work at all for different reasons. It 
was more common that the mother stayed with the child at the hospital or at 
home. In more than half the cases treated with traction in hospital, the 
parents did not want the same treatment and one in four patients treated with 
traction at home did not want the same treatment (table 15).   
 
Table 12. Clinical data for patients in study IV 

sex Injury 
Hospital and 
Treatment    
modality 

Patients 
n 

males females

Mean 
Age 
years 

 
 

range Fall 
In 
plane 

Fall 
height 

Skies 
And 
sports 

Traffic 
Accid. 

1a. External    
fixationa 51 37 14 8.2 (3-15) 11 14 19 7 

1b.External 
fixationb 43 31 12 7.0 (3-12) 11 13 15 4 

2.  Home-traction 
 16 12 4 5.9 (3-11) 5 4 0 7 

3. In Hospital 
traction 

23 15 8 6.1 (3-12) 5 6 4 8 

a All patients in hospital 1 (aged 3–15), bPatients in hospital 1 adjusted for age 
(3–12 years) 
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Table 13. Results patients in study IV 

 

Hospital and 
 treatment modality 

Mean 
Operation 
Timea 

Mean 
Days in 
Hospitalb 

Mean 
Number of 
Radiographs 

Mean 
Treatment 
Timec 

Mean  
Number of 
Visit to  
Out-patients’ 

1a. External fixationd 84.7 
   (30-155) 

7. 6 
    (3-20) 

6. 5 
(4-11) 

57.1 
   (39-127) 

4.4 
(2-11) 

1b. External fixatione 83.9 
   (40-155) 

7.7 
    (3-20) 

6. 4 
(4-11) 

55.0 
   (39-127) 

4.2 
  (2-9) 

2. Home-traction 67.5 
    (0-170) 

22.8 
   (10-49) 

6. 3 
(4-12) 

43.1 
    (26-55) 

2. 8 
  (1-6) 

3. In hospital traction 58.5 
    (0-125) 

43.5 
   (27-65) 

7. 2 
(4-11) 

37.7 
    (27-54) 

2. 0 
  (0-4) 

a Minutes and range, b days and range, c days and range, d All patients in hospital 1 
(3-15 years), epatients in hospital 1 adjusted for age (3–12 years) 
 
The costs for the stay in hospital differed significantly between all three 
hospitals. The total cost of both primary and secondary operations, including 
anaesthetics was about 40% higher at hospital 1 than at the other two 
hospitals. The costs for radiographs and visits to the outpatient’ clinic was 
higher at hospital 1 (Table 16). 

The costs for sick leave 1 (the actual number of days parents had to be 
away from work) were significantly lower at hospital 1 than in the other two 
hospitals, whilst there was no difference in costs for sick leave 2 (number of 
days registered at the local social insurance office) (Table16). 

As time to healing, i.e. treatment time, increases with age there is a 
positive relationship between the increasing age of the child and treatment 
costs. In the present study the average age of children at hospital 1 was 
slightly higher when compared with the other two hospitals. However, a 
linear regression analysis showed that even when adjusted for the uneven 
distribution of age there were still significant differences in costs for the 
three different treatment modalities (Figure 10). 

The type of injury also influences treatment costs. In general, a patient 
who has sustained the fracture following a more severe injury will be more 
costly to treat compared with a fracture resulting from a more simple injury. 
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In the present study there was a difference in the distribution of the type of 
injury between the hospitals. However, the differences in costs for different 
treatment modalities were still significant when tested within each injury 
sub-group. 
 
Table 14. Unit costs for different parts of the treatment and for sick leave for care 
provider. 

 
Type Cost/unit 

 SEK Euro 
Inpatient days 5965a 706 
Surgery 98b   12 
Radiographs:   
Acute 358c 42 
Planned           275 33 
Visits to out-patients’ clinic 1110d 131 
Salary parents:   
Mother age 18–24d 21372f 2529 
Father age 18–24 23341 2762 
Mother age 25–29 24607 2912 
Father age 25–29 27700 3278 
Mother age 30–34 26013 3078 
Father age 30–34 30794 3644 
Mother age 35–39 26575 3145 
Father age 35–39 30894 3656 
Mother age 40–44  26716 3162 
Father age 40–44 33465 3960 
Mother age 45–49 26856 3178 
Father age 45–49 33746 3994 
Mother age 50–54 27138 3212 
Father age 50–54 34449 4077 
aCost per day, b Cost per minute including costs for anaesthetics and operation, 
 c Cost per radiograph, d Cost per visit, e age classes, years, f Average monthly salary 
by age and sex including social costs 
 
The total average cost per patient was EUR 10,380 at hospital 1 and EUR 
10,900 when adjusted for age, EUR 22,980 at hospital 2 and EUR 38,300 at 
hospital 3. The differences were highly significant (p< 0.001). 
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Table 15. Results, parents in study 4 

 

Days in hospitala Days at homeb Parents satisfaction 
Same treatmentc Hospital and 

Treatment  modality Mother 
mean 

Father 
mean 

Mother 
mean 

Father 
mean Yes No 

1a. External fixationd 5.6 
 (0-20) 

2.2 
 (0-15) 

24.3 
(0-90) 

7.6  
(0-60) 

47 
(92%) 

4  
(8%) 

1b. External fixatione 6.1 
(0-20) 

2. 4 
(0-15) 

28.3 
(0-90) 

8.7 
(0-60) 

40 
(93%) 

3 
(7%) 

2. Home-traction 15.7 
(5-49) 

4. 6 
 (0-21) 

35.9 
(0-120) 

7. 8 
(0-32) 

12 
(75%) 

4 
(25%) 

3. In hospital traction 30.4 
(0-65) 

15.2 
(0-45) 

43.2 
(0-84) 

16.2 
(0-47) 

11 
(48%) 

12 
(52%) 

a mean hospital stay, days and range, bmean number of days at home and range, 
cnumber and percentage, d all patients in hospital 1 (3–15 years), e patients in 
hospital 1 adjusted for age (3–12 years) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Figure 10. Linear regression analysis showing the relationship between age and 
costs in the three different treatment modalities 
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Table 16. Costsa for different parts of medical consumption, costs for parents sick leave and 
total costs for three different standard treatments of femoral fractures in children 

 

Hospital and 
treatment modality

Inpatient days
mean costsf

95% CI g

Surgery
mean costsh

95% CI

Radiographs
mean costsi

95% CI

Visit to outpatient's
mean costsj

95% CI

Sick leave 1
mean costsk

95% CI

Sick leave 2
mean costsl

95% CI

Total costs 1
mean costsm

95% CI

Total costs 2
mean costsn

95% CI

a Costs calculated in Euro (EUR), 1EUR= 8.45 SEK (Value of year 2000)
b All patients in hospital 1 (age 3-15 years)
c Patients in hospital 1 adjusted for age (3-12years)
d Hospital 2
e Hospital 3
f Includes all costs except costs for surgery
g Confidenceinterval
h Includes costs for anestesi and operation for both primary operations and secondary operations
i Includes costs for radiographs in outpatients clinic, inpatient radiographs are included in inpatients costs
j Costs for visits to outpatient clinic
k Costs for days that parents have marked in the questionnaire as sick leave for taking care of the child 
 because of the fracture
l Costs for days registered at the regional social insurance office as sick leave for the parents for taking care 
 of the child because of the fracture
m Total costs including all medical costs and sickleave 1
nTotal costs including all medical costs and sickleave 2

1ab 1bc 2d 3e

External fixation External fixation Home-traction In hospital traction

5330 5450 16100 30750
4690-5970 4710-6190 10730-21470 27520-33990

1250 1200 710 750
1060-1440 1020-1370 490-940 580-910

120 120 60 40
110-130 110-130 50-70 30-50

570 550 370 260
510-630 500-610 270-470 200-330

3110 3580 5730 6490
2340-3750 2750-4420 4720-6740 5520-7470

1760 1920 2530 2490
1260-2270 1370-2470 1540-3530 1690-3290

10380 10900 22980 38300
9220-11530 9610-12190 17430-28530 34600-41990

9030 9240 19780 34280
8080-9970 6160-10320 14560-24990 30950-37620
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Paper V. Technique and considerations when using external fixation as 
a standard treatment of femoral fractures in children. 
 
Background 
In a historic review made in 1983, Sisk 105 stated that external fixation has 
for the past two centuries had periods of enthusiastic use alternating with 
intervals of total disrepute. The reason for the alternating enthusiasm is 
probably on the one hand the wish to find a relatively quick and safe method 
for treating fractures without exposing the fracture itself and on the other 
hand the number of complications that could occur. Complications that have 
been discussed are pin track infections, pin loosening, delayed union or 
malunion, leg length discrepancies, re-fractures, myositis ossificans and 
scars 5, 13, 41, 106. 

The aim of this study was to evaluate and clarify the considerations that 
need to be made when using external fixation as a standard form of treatment 
of displaced femoral fractures in children in order to minimise possible 
complications. The considerations are based on previous experience and the 
experience gained during the treatment of 98 fractures in 96 children with 
external fixation as a form of standard treatment. 
 
Results 
In this paper the patients are the same as in study I. The children were 
operated on under general anaesthetic as soon as possible and within 24 
hours by the senior surgeon on call. The same kind of unilateral fixator 
(Monotube system, Stryker Howmedica Osteonics, Malmö, Sweden) was 
used in all children (figure 3). A traction table was used to prevent 
significant malrotation and with support under the leg, the fracture can be 
reduced before inserting the first pin (figure 11). 

There is a wide, almost bewildering choice of external fixator devices 
available to the surgeon. In children a relative small unilateral frame can be 
at least as stable as a larger three-dimensional one 15, 21. Healing time will be 
prolonged if the frame is too rigid 117. For external fixators the axial stiffness 
tends to be low i.e. weight bearing causes axial cyclic movements of fracture 
fragments if the fracture ends are not in contact 21. This is often the case in 
femoral fractures in children (figure 12), but can be of benefit if the 
movement is not too great. The fixator should be light without bulky parts, in 
order to allow the child to function as normally as possible. In children the 
weight of the fixator is as important as the rigidity 3. Finally, the fixator 
should be easy to remove as an outpatient procedure.  
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Figure 11. Four- year- old boy in traction table 
 
 
 
 

 
Figure 12. Comminute fracture with slight displacement 

 



One of the most important parts in an external fixator system is the pin-bone 
interface 57. The pin design is important for the anchoring of the pins in 
different parts of the bone. Important factors are the material in the pin 118, 
bending stiffness 93, the shape of the pin, the shape and profile of the thread, 
the major and minor diameter, the pitch 44, the presence or absence of flutes 
on the tip of the pin as well as the orientation of these flutes, as they remove 
the bone chip during drilling 118. In our study we chose the Apex self-
drilling/self-tapping pin, which has a helical flute, a u-shaped thread and is 
made of stainless steel (figure 13).  

 

 
 
Figure 13. Design of Apex-pin self- drilling/self- tapping pin 

The pin  were inserted using a manual drill to minimise the risk of thermal 
damage to the bone. No pins needed to be changed during treatment for pin 
looseni
motion

 

e

e
 

s
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ng. On removal, some pins had a slight motion but none had definite 
 according to the scale of Mahan et al.75. 
Helical flut
U-shap

Tip-design
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The stiffness of four-pin configuration is sufficient for treating children’s 
fractures where less rigidity can promote callus formation 56. The maximum 
deflection has been observed to occur at the fracture site. The two pins on 
either side of the fracture gap should therefore be as close to the fractured 
end as possible 94. For the remaining pins the ideal solution would be to 
place them as far away from the first pins as possible. We found, however, 
that the distance in the clamps was sufficient to provide enough stability. 

As regards pin site care there is no single accepted pin site care protocol 
in nursing practice 11. Gordon et al 38 used a nihilistic approach with no local 
cleaning except for daily showers begun postoperative on Day 5. Gordon 
used his nihilistic approach in circular external fixators applied to the tibia, 
but excluded patients with femoral external fixators. We used Gordon’s 
nihilistic approach in our study of femoral fractures. Eighteen of our 96 
patients needed a short period of oral antibiotics for pin site infection. No 
deep infections were noted and no pins needed to be changed. An 
observation was that tenderness and pain around the pin occurred a couple of 
days before any signs of inflammation. 

Respet et al 100 studied pin tracts after infection and found that after three 
weeks all the pin tracts were sterile. 

Clinical union can be defined as no pain, tenderness or movement at the 
fracture site, associated with completely pain-free, full weight bearing 56. 
Radiologically union with ample callus formation and near obliteration of 
the fracture line occurs much later. It is not necessary to wait for complete 
radiological union. The fixator can be removed when the fracture is 
clinically stable and the radiographs show bridging callus formation in at 
least three out of four cortices 106. In our study the mean treatment time was 
61 days (range 37-138). None had delayed union and no specific fracture 
type was treated longer than the others. 

Almost all authors who reported external fixation of femoral fractures in 
children have reports on re-fractures 13, 56, 106. The incidence of re-fractures is 
low and the fracture is often caused by significant trauma or premature 
fixator removal. Another complication reported is myositis ossificans 13. In 
our study one boy developed myositis ossificans in the quadriceps muscle. 

When using external fixation malunion, overgrowth or delayed union can 
almost be avoided completely. Treatment time is relatively short. No 
physiotherapy or further protection of the leg is necessary during or after 
healing. 

A few authors have addressed the psychological effects of different 
treatments for children 54, 108, 114. We do not know the long-term effect of 
treatment in traction 54. 

Scars after treatment with external fixation seem to be a minor problem 
and correspond to pin site infection (figure 14). 



 51

 

 

 
 
Figure 14. Pins just before removal and scars with and without infection 
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General discussion 

Choice of treatment option 
The aim of the study was to evaluate a more active treatment option for 
children with femoral fractures to minimise hospital stay and to allow 
children to return to school or the day care centre as soon as possible. 

We decided to use external fixation as treatment option because it was 
considered to be the least invasive of the possible surgical methods. Most of 
our senior surgeons, who usually treat adults, are familiar with the method. 
The aim was to operate on the patients as soon as possible to avoid traction 
and to reduce the number of anaesthetics. All senior surgeons on the staff 
were supposed to perform the operation if they were on call as the aim was 
to evaluate the method when used as a standard form of treatment. 

Among the other treatment options, early spica casting allows early 
mobilisation although problems with malunion seem to be rather frequent 
with rates as high as 45% especially in older children 112. Other problems are 
cast sores or other skin problems, the need for repeated reductions, the risk 
of nerve damage resulting from wedging of the cast, leg length discrepancy, 
and residual muscle weakness 49, 50. 

Antegrade intramedullary nailing has a risk of causing avascular necrosis 
of the capital femoral epiphysis 78 ,91, premature closure of the greater 
trocanteric physis with risk of asymmetry of the ATD, increased femoral 
neck valgus 98 and leg length discrepancy 35. 

Flexible nails give limited rotational and axial stability in comminute or 
long spiral fractures and nail migration can give prominence and irritation at 
the insertion site with pain and stiffness of the knee 33, 72. Re-fractures are 
seen after premature nail removal 48. Nevertheless, favourable results have 
been reported with flexible nails, especially in transverse fractures 33. 

Plate fixation has been used in a limited number of studies 34, 66. The main 
problem with conventional plating is the need for large surgical exposure 
both for insertion and removal of the plate. There is a risk of fracture below 
the plate and stress fractures 71, overgrowth both after the first operation and 
after plate removal, hard ware failure 34, major hypertrophic scars 34 and the 
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need for blood transfusions in some cases 85. In recent years some centres 
have started to do percutaneous plating to avoid large exposures 98, 103. 

External fixator, dynamisation and learning curve 
The same kind of unilateral fixator was used consistently throughout the 
study. The fixator should be light, without any bulky parts and not too rigid. 
The fixator should have a possibility for dynamization although in our study 
we used it in a static fashion except for one patient with a long spiral fracture 
through a bone cyst. The smaller children heal very fast and dynamisation is 
not needed. Older children might benefit from dynamisation although that 
would mean more visits to the outpatients’ clinic and more radiographs 56, 61. 

When using external fixation there is a learning curve in the sense that 
operating times are shortened and the need for re-reduction was reduced 
throughout the study period as the number of procedures/surgeon increased. 
During the first four years of the study the number of re-reductions were 15 
and the last four years the number had dropped to five. In most cases the 
need for re-reduction was due to inadequate alignment at the time of the 
primary reduction and not due to secondary displacement. With increasing 
experience this specific complication became less frequent. 

Choice of pins, number of pins, pin placement and pin site care 
One of the most important parts in an external fixation system is the pin-
bone interface 21. The pin design is important for the anchorage of the pins in 
different parts of the bone. Stable fixation must be present to allow 
formation of new bone next to the pin. Important factors are the pin material 
118, bending stiffness 93, the shape of the pin, the shape and profile of the 
thread, the major and minor diameter, the pitch 44. The presence or absence 
of flutes on the tip of the pin and the orientation of these is important 118. 

The axial torsional and lateral bending stiffness of four-pin 
configurations is 70% of the stiffness of six-pin configurations 21. 
Nevertheless the stiffness of a four-pin configuration is sufficient for treating 
children’s fractures where less rigidity could promote callus formation 56.  

With long spiral or comminute fractures the bone ends were not always in 
contact. This appeared to be of no importance to the healing of the fracture, 
although this was the reason for placing the first pins near the fracture to 
make the system more stable especially in lateral bending and torsion 21. 

The nihilistic approach of pin site care with no local cleaning except for 
what takes place during daily showers begun postoperatively on Day 5 38 
could not prevent pin site infection, although the infections were mild and 
were resolved with local treatment with cleaning or a short period of oral 
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antibiotics. We found that a liberal approach to the use of antibiotics 
shortened the inconvenience for the patient and made the scars smaller. No 
deep infections were seen and no pins had to be changed. 

Complications 
Pin site infection/inflammation is the most frequent complication and seems 
to be inevitable. In 88% of cases the infecting agent was the same as the 
agent on the skin and the longer the fixation time the greater the risk of 
infection 100. As mentioned above the infections are mild and easy to treat. 

Re-fractures at the previous fracture site or fractures through the pinhole 
after fixator removal are well-recognised complications when external 
fixation is used for the treatment of femoral shaft fractures 6. In our study 
there were only two re-fractures; both of which occurred after significant 
trauma. 

Plastic deformation with progressive bending of the femur during the first 
few weeks after fixator removal was seen in three patients. Analysis showed 
that all three had high-energy injuries with transverse fractures. Two of the 
children had bilateral femoral fractures and a tibia fracture in the contra- 
lateral leg. All three had their fixator removed rather early considering their 
age. A retrospective analysis of the radiographs obtained at the time of 
removal revealed that callus formation only bridged two cortices, a finding 
that has been shown to increase the risk of re-fracture 106. However at re-
operation a simple open-up osteotomy was done at the bending site through 
a small incision. It was noted that the callus formation was voluminous with 
no sign of re-fracture. The bending could be the same phenomenon as seen 
after leg lengthening. 

The number of complications is the reason why some authors 2, 6, 64, 67, 114 
only recommend external fixation for children with open fractures and/or 
multitrauma where other options are limited. In these children the number of 
complications is higher and discredits treatment with external fixation. 

Malunion 
All patients in our study had such limited angulation at the time of union that 
complete or almost complete remodelling could be expected. Age, per se, 
did not have any significant influence on the amount of remodelling. This 
could be explained by the fact that residual angulations were small at the 
time of union and that minor deviations correct less 116. Almost all residual 
angulations in the AP view at the time of healing were varus angulations and 
all residual angulations in the lateral view were a backward bending or 
recurvatum. The latter was more prone to more rapid remodelling. Normally, 
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the femur shows a small curvature in the lateral view of less than 10° 16. As 
it is not known whether this is symmetrically distributed in the legs, it is 
difficult to know whether the remodelling on that plane was completed fully. 

Rotational deformities were not evaluated in the present study. During 
the operation a fracture table was used to minimise the risk of rotational 
malalignment. At follow-up some patients had a slight difference in hip 
rotation but all had a normal foot progression angle (FPA). FPA correlates 
poorly with rotational deformity but deformities less than 20-25° are well 
tolerated and cause no symptoms 16, 29. 

Leg length and overgrowth 
During the operation, we tried to reduce and fix the leg without shortening, 
although this has been recommended for children below 12 years of age 
previously 104. Especially when dealing with long oblique fractures it was 
sometimes difficult to assess the length correctly during surgery. To estimate 
leg length the un-fractured leg was used as a reference. It cannot be taken for 
granted that the legs were completely equal before the fracture 7. However, 
as the length of the two femora at the time of healing was almost exactly 
equal this indicates that our intention to fix the fracture without shortening 
was achieved. 

We used the time of union as a baseline level for the radiological 
measurements. According to Shapiro 104 it reflects the overgrowth more 
accurately compared with using the measurements just after surgery. 

According to the literature, it seems as if overgrowth is more likely to 
occur in the group between 4-12 years of age 25, 30, 37, 53, 74, 76, 89, 96. In our 
study the patients were divided into four groups: 3–4 years, 5–7 years, 8–12 
years and >12 years. In the youngest group the majority had a lengthening of 
the femur, whereas in the oldest group the majority had a shortening. The 
two groups that were expected to have the most overgrowth (5–7 years and 
8–12 years) did not differ from the other two groups at one or two year 
follow-up.  

In other studies overgrowth is reported as the leg length discrepancy after 
one year and not the real overgrowth. In our study, the average leg length 
discrepancy was only 0.1 cm and the average overgrowth 0.3 cm after one 
year and 0.5 cm after two years, which is far less than expected 104. 

Ages 
One of the points of controversy in surgical treatment of femoral fractures is 
the age at which you can start the treatment. Most centres still prefer non-
surgical treatment in children under school age. Prior to this study our 
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standard treatment of choice was home traction. We decided to use external 
fixation in children too heavy for skin traction (>20kg), which is about three 
years of age. Thirty of our 96 patients were under school age. They managed 
the treatment well. Many returned to their day care centre with the frame and 
walked without any walking aid during the last weeks of treatment. This 
shows that external fixation can work even in children under school age and 
it gives the parents the option of choosing between traction or spica cast and 
external fixation. 

The upper age limit was set at 15 years. After that age the children were 
no longer treated in the paediatric department, the physis had begun to close 
and other treatment options were considered. For adolescents with open 
physis the preferred treatment option tendency will probably be towards 
flexible nails, especially for transverse fractures, which can cause problems 
as seen in this study. In long spiral and comminute fractures however, 
external fixation can still be a good alternative to minimise shortening and 
knee problems. 

Treatment time 
The treatment time in our series was relatively short compared with other 
studies 5, 13, 64. The low number of high-energy injuries and the limited soft 
tissue injury probably explains the fairly short average treatment time of 61 
days.  

Another explanation can be our definition of union. Clinically, union can 
be defined as no pain, tenderness, or movement at the fracture site, 
associated with being completely pain-free fully weight bearing 55. 
Radiologically union with ample callus formation and near obliteration of 
the fracture line occurs much later 55. It is not necessary to wait for complete 
radiologically union as defined above. The fixator can be removed when the 
fracture is clinically stable and the radiographs show bridging callus 
formation in at least three out of four cortices 106. 

Testing of muscle strength 
A potential limitation when performing maximal muscle testing after a 
fracture, in both children and adults, is that the patient might be afraid of 
putting full strength on the former fractured leg. We addressed this problem 
in several ways. The hop-index test was used mainly to assess the child’s 
confidence in the injured leg. One of the criteria in the study was a time 
lapse of at least 18 months from the time of fracture to the testing to allow 
recovery of muscle strength. The same physiotherapists did all the testing in 
order to reduce any differences caused by inter-observer variation. The most 
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important factor to make them perform at their best was the encouragement 
from the physiotherapist and the parents. The small difference between the 
average range of motion and the maximum range of motion showed that they 
performed well, even the youngest children down to five years of age. 

It could be argued that the testing of muscle strength by the Cybex 
machine is not an exact science in children. Molnar et al 80 tested 500 normal 
boys and girls and found that isokinetic testing could be applied for 
quantitative strength determination of knee flexors and extensors in children. 
The most important factors to influence the result were age, height, weight 
and sex. Accordingly we used these parameters when matching our patients 
with the controls. 

The side difference in peak torque must exceed the inherent variation of 
repeated testing which is reported to range from 2–14% 82. Taking these 
studies into account we chose a difference in peak torque of at least 15 % 
between the legs as the lower limit for true muscle strength deficit. Torque 
decreases as angular velocity increases. It is therefore, important to analyse 
torque data at different speeds 82. We chose a two-speed protocol with one 
slow speed torque set (60°/second) and one mid-speed torque set 
(180°/second). 

The normative ratios for both torque to body weight and opposing muscle 
group torque (hamstring/quadriceps) have been calculated in studies on 
adults 36, 63, 83. Our results suggest that the normative ratios for both torque to 
body weight and opposing muscle group torque in children correspond to the 
results in adults. 

Economic evaluation 
Many authors have compared the costs for different treatments. Some studies 
included only hospital charges 23, 40, 99, 108, whilst others also included total 
medical charges 87. None of the earlier studies have calculated the social 
costs in terms of lost wages for the parents. The costs for different parts of 
the treatment were calculated in the same way, which makes it possible to 
compare the costs between the different hospitals. This is not the case in 
other countries 87. 

A potential weakness in the study on cost was the retrospective study 
design. By collecting data some years after the fracture, there is a potential 
risk that data describing, for instance, time away from work for the care 
provider, or time in hospital, might be uncertain. However, in Sweden the 
civic registration number system where personal identity numbers are given 
to each citizen at birth makes it possible to find all patients and parents. All 
medical charts as well as all social insurance documents are based on the 
same reliable identification system. 
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Cost is a major factor but should of course not be the sole factor when 
considering the best treatment for a femoral fracture in a child. However 
with the rising cost of health care it is important to be aware of the cost of 
different treatments. All treatments that can reduce the number of days in 
hospital for the child but with the same or better end-result will contribute 
considerably to lowering costs and improve the psychological and social 
effects of hospitalisation. 

Incidence 
In study I there was a big difference in incidence between Falun and 
Karlstad. In the study on costs the incidence at hospitals 2 and 3 was about 
the same as in Karlstad for the same time period. All four hospitals were 
county hospitals with about the same catchment area population and about 
the same number of children between 0-18 years of age. The main reason for 
the big difference is one of the types of injury in Falun. About one-third of 
the fractures were sustained as a result of some kind of sports activity during 
wintertime. 

Compliance 
Compliance was very good. In our series we had two children with severe 
adiposity, three children with light mental retardation and one autistic girl. 
Neither the treatment of these children nor the results differed from the rest 
of the group. 

Several of our children returned to the activity that had caused their 
fracture such as biking, skating and even horse riding, with their frame still 
in place. 

In a study by Stans 108, the patients with external fixation did not return to 
school with their fixator in place. In our study the children returned to school 
or day care centre on average 27 days after the injury with their fixator in 
place. In a questionnaire sent to the parents, only four out of 51 did not want 
the same treatment. 
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Conclusions 

The findings of this thesis support the following conclusions for treatment of 
displaced femoral fractures in children: 
 
• Unilateral external fixation can be used as a standard treatment of 

displaced femoral fractures in children 3–15 years, even children under 
school age. The treatment provides satisfactory results with a low rate of 
major complications. 

 
• The benefits of a shorter hospital stay, early mobilisation, and minimised 

days out of school and out of work for the care provider outweigh the 
number of complications many of which can be avoided. 

 
• All fractures healed. Malunion or delayed union are not a problem. 
 
• As overgrowth is far less than expected, the fracture can be reduced 

without shortening at all ages. 
 
• External fixation and early mobilisation seem to prevent residual 

weakness in thigh muscles earlier shown after treatment in traction. 
 
• The most important factors for reducing the costs of treatment of 

femoral fractures in children are the number of days in hospital for the 
child and the sick leave for the care provider. 

 
• All treatments that can reduce the number of days in hospital for the 

child, but with the same or better end-result will contribute considerably 
to lowering the costs and improving the psychosocial effects of 
hospitalisation. 
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Summary in English 

The overall aim of this thesis was to evaluate the outcome when treating 
children for displaced femoral fractures with external fixation. 

In a consecutive and prospective study during the period 1993–2000, 96 
children aged 3–15 years with 98 displaced femoral fractures were treated 
with external fixation and early mobilisation. The mean age was 8.1 years, 
the mean hospital stay was 8.7 days and the mean treatment time was 61 
days. All fractures healed. Minor complications included pin tract infections 
(18%), clinical insignificant malunions, heterotopic ossification and two re-
reductions. Major complications (6%) included two re-fractures after 
significant trauma and three plastic deformations after premature fixator 
removal leading to an osteotomy. 

Radiological evaluation was performed up to one year for the whole 
group and for a subgroup up to two years. The evaluation showed that 
malunions were few and prone to remodelling almost completely. Although 
the fractures were fixated without shortening, as recommended earlier, the 
overgrowth was far less than expected. 

Isokinetic muscle strength was measured in both hamstrings and 
quadriceps in 31 of the patients and compared with 31 matched children 
without previous injury to the legs. Early mobilisation seems to prevent 
residual muscle weakness previously shown after treatment with traction or 
cast for femoral fractures in children. 

A cost analysis was performed, comparing three different treatment 
modalities of femoral shaft fractures: traction in hospital, traction in 
hospital/at home and external fixation. The analysis included both total 
medical costs and costs for the care provider. The most important factors 
were days spent at the hospital and the sick leave for the care provider.  
 
Conclusion: External fixation of displaced femoral fractures in children can 
be used as standard treatment in children aged 3–15 years. The treatment 
provides satisfactory results with a low rate of major complications. Early 
mobilisation seems to prevent residual muscle weakness. The treatment 
reduce the number of days in hospital and the number of days of sick leave 
for the care provider and contributes strongly to lowering health care costs.  
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Summary in Swedish (Sammanfattning på 
svenska) 

Bakgrund 
Den tidigare helt dominerande behandlingsmetoden, när det gäller 
femurfrakturer hos barn, har i Sverige varit sträckbehandling och är det 
fortfarande på många sjukhus. Hos de yngsta barnen under ca 2–3 års ålder 
har behandlingen skötts med häftsträck, och hos de äldre barnen med 90-90 
graders sträck. Med dessa behandlingar har man uppnått mycket goda 
behandlingsresultat med relativt få komplikationer. Nackdelen med behand-
lingen har framförallt för de äldre barnen varit de långa behandlingstiderna 
på sjukhus. Frakturen har ibland krävt sträckbehandling upp till fyra 
månader. I samband med ökande sjukvårdskostnader har nya behandlings-
metoder utvecklats som tillåter att barnen skrivs ut från sjukhus betydligt 
tidigare, dvs. innan frakturen har läkt. Under de senaste årtiondena har 
trenden gått mot en mer aktiv kirurgisk behandling av femurfrakturer. Dels 
har man fått nyare mer pålitliga implantat, dels utifrån krav från förälder och 
barn på en behandling, som inte kräver inläggning på sjukhus. 

 De nya metoderna syftar alltså till kortare vårdtider på sjukhus. Nya 
behandlingsmetoder innebär exempelvis märgspikning med flexibla märg-
spikar och externfixation med olika typer av externa ramsystem. 

Externfixation av femurfrakturer på barn är ingen ny metod, men har 
tidigare använts på barn med multipla skador, skallskador, svåra mjukdels-
skador, när frakturläget har varit svårt att hålla eller barnen av någon annan 
anledning inte har varit möjliga att sträckbehandla. 

 
Studien lades upp som en prospektiv konsekutiv studie i samarbete mellan 
två centralsjukhus: Falun och Karlstad med en ansvarig barnortoped på varje 
ställe. Barn med femurfraktur och som var för tunga för häftsträck (>20 kg) i 
åldrarna 3–15 år ingick i studien oavsett frakturtyp, frakturläge, och skade-
mekanism. Barnen fick sin femurfraktur fixerat med externfixation så fort 
som möjligt efter frakturtillfället och behöll fixationen tills frakturen var 
läkt. Operationerna utfördes av alla specialister i den ordinarie läkarstaben. 
Tidsperioden för studien var 1993–2000. 
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Resultat 
Sammanlagt inkluderades 96 barn med 98 frakturer i studien. Medelåldern 
var 8.1 år. Medelvårdtiden var 8.7 dagar. Behandlingstiden var i genomsnitt 
61 dagar. Alla frakturer läkte. Antalet komplikationer var relativt få. Den 
vanligaste komplikation var pinninfektion av mild grad som läkte efter en 
kortare tids antibiotikabehandling. Två barn fick en refraktur 2 veckor efter 
seponering av fixationen, men efter ett signifikant trauma. Plastisk 
deformering av femur efter seponering av externfixationen uppstod hos tre 
av de äldre barnen. Dessa tre hade tvärfrakturer efter högenergi trauma och 
två av barnen hade bilaterala femurfrakturer och en fraktur i underbenet på 
ena sidan. Alla tre läkte efter att ha genomgått en osteotomi. 

En röntgenologisk studie visade att de flesta frakturer läkte med minimala 
kvarstående vinkelfelställningar, som remodellerades under första och andra 
året och var oberoende av eventuella pinninfektioner. Tillväxtökningen av 
det frakturerade benet var betydligt mindre än förväntat och var oberoende 
av olika kliniska parametrar. 

En studie av den isokinetiska muskelstyrkan på 31 av barnen gjordes 
minst 18 månader efter frakturen och jämfördes med muskelstyrkan hos 
normala barn utan tidigare skada på benen. Resultatet visade ingen 
kvarvarande svaghet i musklerna, vilket man tidigare har kunnat se hos barn 
som har legat i sträck. 

En studie med analys av kostnaderna av de tre olika 
behandlingsmetoderna: externfixation, stäck i hemmet och sträck på sjukhus 
visade signifikanta skillnader i kostnaden mellan alla tre behandlings-
metoderna. De viktigaste faktorerna var antalet vårddygn och föräldrarnas 
sjukskrivningstid. 

Slutsatser 
Externfixation av dislocerade femurfrakturer på barn fungerar bra som 
standardmetod även på barn under skolåldern. Den operativa inlärnings-
kurvan är kort. Fördelarna jämfört med icke-operativ behandling med sträck 
är att, barnen får kortare sjukhusvistelse, tidigare mobilisering, minskad 
frånvaro från skolan och att även föräldrarnas frånvaro från jobbet minskar. 
Komplikationerna är relativt få och de flesta kan undvikas. Frakturen bör 
fixeras utan den förkortning, som tidigare har rekommenderats. Extern-
fixation och tidig mobilisering verkar förhindra kvarvarande muskelsvaghet 
och är en operativ behandling som kan minska antalet vårdagar och sjuk-
skrivningsdagar för föräldrarna, vilket kan minska kostnaderna avsevärt. 
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