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Summary 

Tissue expansion has gained wide application in the reconstruction of scalp defects in adults and 

children. However, the main concern in the use of scalp expansion in the paediatric population has been 

the risk of skull deformation. 

This study shows the application of 40 expanders in 32 patients in different skull areas in the paediatric 

age group from 2 to 7 years. The effect of expansion on the skull was studied by CT imaging (pre-

expansion, post-expansion and 3 months after expander extraction). The post-expansion CT showed 

multiple bony changes as well as changes at suture lines. 
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 Paediatric tissue expansion;  

 Mechanical effect on bone;  

 Cranial bone;  

 Expanders; 

 Bone resorption 

The use of tissue expanders in plastic and reconstructive surgery is now well established for large defects 

in adults and children. Neumann1 published his clinical experience when he expanded a patient for 

auricular reconstruction using a subcutaneous balloon. Radovan2 and Austed3 popularised and refined 

this technique. Since this early work, tissue expansion has been investigated thoroughly and has gained 

widespread acceptance. Intra-expander pressures as high as 41 to 103 mmHg were recorded after saline 

filling. After about 6 h, the intra-expander pressure gradually decreased to less than 32 mmHg. If the 

intra-expander pressure exceeds 32 mmHg for more than 6 h, skin necrosis can occur.4 Previous studies 

focused only on soft tissue response to mechanical expansion. A few studies have investigated the effect 

of tissue expansion on the bone.5 

It has been observed that bone is composed of the minimal quantity of osseous tissue that will withstand 

the usual functional stresses applied to it.6 During development abnormal external forces can distort 

cranial morphology, as is evident by the bizarre shapes of skulls produced by pressure devices on 

children's skulls in some tribal societies.7 

There is evidence that mechanical stimulation activates osteocytes to produce anabolic factors, which 

recruit new osteoblasts from the periosteum. Using this concept it is possible to explain local bone gain as 

a result of local overuse.8 

Klein-Nulend et al.9 state that mechanical loading that produces microdamage, observable only at greater 

than ×1000 magnification, will interfere with the integrity of the lacuno-canalicular network, disrupting the 

communication between osteocytes and the bone surface. This will abolish active suppression of 

osteoclasts by osteocytes, thereby allowing resorption to begin. Resorption of microdamaged bone will 

then lead to (local) overuse and stimulation of bone formation. Bone formation will continue until a new 

steady state of normal loading (use) is reached. 

Oleski et al.10 reported cranial bone mobility as a result of an external force visualised by a plain X-ray. 

Jeremy and Hyun-Duck11 observed significant suture widening in response to mechanical force. 

Andrew12analysed the stress direction across the suture surface and suggested that there is a very clear 

transfer of tension and compression through these sutures. 

The studies of the mechanical effect of tissue expansion focused only on soft tissue response but few 

studies have investigated the effect on bone. These studies demonstrated bone apposition at the 

periphery of the expanders which was a fibrous structure in conjunction with the capsule of the 

expanders. This reaction was felt clinically and was seen intraoperatively as a ridge at the edge of the 

expander. It was mediated by periosteal reaction and showed osteoblastic activity, proved histologically 

by Colonna et al.13and Schmelzeisen et al.5 They also claimed bone resorption under the expanders in the 
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form of bone thinning (resorption and remodelling) occurred. This reaction was mediated by osteoclastic 

activity. Outer table erosion (resorption) of the skull secondary to tissue expansion was reported in an 18-

month-old child by Paletta et al.14 Full thickness bone erosion was reported by Fudem and Orgel15 in a 

child of 5 years of age due to neglection of an expander in the scalp for 22 weeks. 

At 9 months postoperatively, in most cases, a complete normalisation was confirmed by computed 

tomography.13 

Patients and methods 

This study involved the application of 40 expanders in 32 patients (15 males and 17 females) in different 

skull areas in paediatric age group 2–7 years during the period from May 2003 to January 2006 at the 

Plastic Surgery Department of Zagazig University Hospital (Table 1 and Table 2). Four patients 

underwent re-expansion with 3 month intervals. All expanders had soft bases and remote valves and 

were implanted subglially and inflated twice a week for 6–10 weeks. Computed tomography (CT) (Hi–

Speed, General Electrics Sytec machine) was used for this study (pre-expansion, post-expansion and 3–

6 months after reconstruction). We reduced the CT radiation dose as much as possible by limiting the 

field of CT examination to the expander area and its surroundings, increasing the slice thickness and 

increasing the table speed. CT aids in certain functions such as 3D reconstruction, measuring and 

densitometric studies. Bone thickness and the length of the line perpendicular to the surface of the 

expander and extended from the inner table of the bone under the centre of the expander to the inner 

table of the opposite bone were both measured. Photographs of patients pre- and postoperatively were 

taken (Fig. 1). Sometimes, photographs of intraoperative bone changes were also taken (Fig. 2). 

Table 1. Age and sex of patients 

Age Sex 

 

Total no. Patients No. of expanders 

Male Female 

2–3y 4 7 11 12 

3–5y 6 5 11 15 

5–7y 5 5 10 13 

Total 15 17 32 40 

Table options 

Table 2. Indication for expansion 

Indications Patient No. No. of expanders 

Burn scars 18 24 

Post-traumatic scars 9 10 

Hemangiomas 2 3 

Large congenital nevi 3 3 

Total 32 40 

Table options 
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Figure 1.  

Figure options 

 
Figure 2.  

Figure options 

Results 

All cases passed without major complication or failure. However, thinning of the skin at the centre of the 

expanded area with minimal exposure of the expander occurred at the end of the expansion period in 

three cases. 

The post-expansion CT showed different bony and suture changes. These changes can be classified into 

five categories (Table 3): 
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1. 

Bone apposition occurs at the periphery of all expanders (Fig. 2). 

2. 

Bone reaction under the surface of 30 expanders in the form of: 

a. 

Bone thinning (resorption and remodelling) under 26 expanders (Fig. 3). 

 

Figure 3.  

Figure options 

b. 

Erosion (resorption) of the outer table under four expanders (Figure 4, Figure 5 and Figure 6). 
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Figure 4.  

Figure options 

 

Figure 5.  

Figure options 
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Figure 6.  

Figure options 

3. 

Inward displacement of the area of bone under the expander with maximum at its centre. This 

was visualised under 21 expanders (Figure 3 and Figure 7). 

 

Figure 7.  

Figure options 

4. 

Suture widening under eight expanders (Fig. 6). 
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5. 

In one case, there was erosion away from the expander (Fig. 8). 

 

Figure 8.  

Figure options 

Table 3. Post-expansion CT changes 

Post-expansion CT. changes No. % 

Bone apposition 40 100 

Bone reaction under the expander 30 75 

 Thinning 26 65 

 Outer table erosion 4 10 

 Full thickness erosion 0 0 

Inward bone displacement 21 52.5 

Suture widening 8 20 

Erosion away from the expander 1 2.5 

Table options 

These changes, in general, have significance in the 2–3-year-old age group and to those who have post-

traumatic scars (Table 4 and Table 5). 

Table 4. Post-expansion changes in relation to the age 
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Post-

expansion 

changes 

Bone 

apposition 

 

Bone reaction under the expanders 

 

Inward 

bone shift 

 

Suture 

widening 

 

Erosion away 

from the 

expander 

 

Mean 

% 

   Thinning 

 

Erosion 

 

Total 

 

       

Age No % No. % No % No % No % No % No. %  

2–3 years 12 100 9 75 3 25 12 100 9 75 3 25 0 0 50 

3–5 years 15 100 10 67 1 7 11 74 8 53 3 20 0 0 41 

5–7 years 13 100 7 54 0 0 7 54 4 31 2 15 1 7.5 34.5 

Total 40 100 26 65 4 10 30 75 21 52.5 8 20 1 2.5 42 

Table options 

Table 5. Post-expansion changes in relation to the indications 

Post-

expansion 

changes 

Bone 

apposition 

 

Bone reaction under the expanders 

 

Inward bone 

shift 

 

Suture 

widening 

 

Erosion away 

from the 

expander 

 

Mean 

% 

   Thinning 

 

Erosion 

 

Total 

 

       

Indications No % No % No. % No. % No. % No % No %  

Burn scars 24 100 17 71 2 8 19 79 14 58 5 21 0 0 43 

traumatic 

scars 

10 100 7 70 2 20 9 90 5 50 2 20 1 10 45 

Heman-

giomas 

3 100 1 33 0 0 1 33 1 33 1 33 0 0 33 

congenital 

nevi 

3 100 1 33 0 0 1 33 1 33 0 0 0 0 28 

Total 40 100 26 65 4 10 30 75 21 52.5 8 20 1 2.5 37 

Table options 

Discussion 

Klein-Nulend et al.16 and Burger and Klein-Nulend8 were the first to describe the response of the bone to 

mechanical stimulation in vitro and the mechanism of that response. Their findings were bone resorption 

and thinning that were visualised histologically. 

Oleski et al.10 reported cranial bone mobility in response to mechanical force in 12 patients visualised by 

plain X-ray (Fig. 9). 
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Figure 9.  

Figure options 

Few authors used CT imaging in recording cranial bone changes in response to mechanical stress 

exerted by expanders. Schmelzeisen et al.5 in their experimental study on 19 growing pigs, found cranial 

bone changes in the form of bone apposition and bone thinning. Colonna et al.13 in their clinical study on 

10 patients (six adults and four children) used CT for visualisation of cranial bone changes. They found: 

1. 

Bone apposition at the periphery of the expander in all cases. 

2. 

Bone thinning under the expanders in all cases. They claimed that this change was intense in 

younger children. 

In our study, we used post-expansion CT and 3D facilities for visualisation of cranial bone changes in 32 

children with 40 expanders. Changes in the cranial bone could be summarised as follows: 

1. 

Bone apposition in all cases. 

2. 

Bone thinning under 65% of the expanders, mainly in the younger age group. 

3. 

Bone erosion of the outer table under 10% of expanders occurred in children between 2 and 5 

years. 

4. 
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Full thickness bone erosion was not recorded. However in their case report Fudem and 

Orgel15 reported full thickness erosion in a child of 5 years old with an expander neglected for 22 

weeks. 

5. 

Inward displacement of the area under 21 expanders was maximal at the centre. 

6. 

Bone erosion of the outer table remote from the expander was detected in one case. 

7. 

Widening of suture under eight expanders (20%) visualised in the 3D study and was found mainly 

in the younger age group. This observation was recorded by Jeremy and Hyun-Duck11 in their 

experimental study on young growing rabbits subjected to intermittantly applied compression 

forces. 

Cranial bone changes as well as changes at suture were followed up 3 months after expander extraction 

and showed complete normalisation. This finding agreed with Colonna et al.13 who noted the same result 

by doing CT 9 months after expander extraction. 
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