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“…to perform cholecystoenterostomy by means of my anastomosis button, 
which I had used for the first time on a dog six days previous.”

“Time from opening of the peritoneum 
until the closing of same, eleven minutes.” 





Figure 1 Anatomy of the skin. Skin is 
composed of three layers, starting 
with the outermost layer: the 
epidermis, dermis, and hypodermis. 
The epidermis is a stratified 
squamous epithelium that is divided 
into four layers, starting with the 
outermost layer: stratum corneum 
(SC), stratum granulosum (SG), 
stratum spinosum (SS), and stratum 
basale (SB). The outer root sheath of 
the hair follicle is contiguous with 
the basal epidermal layer. © 2009 
David J. Wong and Howard Y. 
Chang [8]. Creative Commons 
Attribution 3.0 Unported License. 





a direct – on light microscopic level – contact between living bone 
and implant.
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Table 1 List of percutaneous medical devices and implants (adapted from [77] and 
[92]) 

Staphylococcus epidermidis S. aureus
S. epidermidis

S. aureus 

S. aureus

In vitro

S. aureus



S. epidermidis 







Figure 2 Continent ileostomy (A) and continent urostomy (B). Images reproduced 
by kind permission of Leif Hultén.  







Figure 3. Overview of a bone-anchored hearing system comprising a titanium 
implant, abutment and connection screw securing the abutment to the implant. The 
sound processor is attached to the abutments proximal end via the coupling (A). 
The implant is installed in the temporal bone behind the ear. Vibrations generated 
by the sound processor are transmitted directly through the skull bone to the 
cochlea as bone conduction sound (B). Detailed view of the different abutments, 
premounted on the implants (C). Images reproduced by kind permission of Oticon 
Medical AB . 33





Figure 4 (A) Original surgical procedure presented by Tjellström et. al. (1981). 
Am J Otol 2(4): 304-310. [19]. Reproduced with permission from Wolters Kluwer 
Health, Inc. http://journals.lww.com/otology-neurotology. (B) BAHA® abutment 
design 1978-1998 with a sharp edge facing the skin.  

Figure 5 Schematic illustration of the classical two-stage surgical technique for 
installing BAHS, from drilling to the insertion of the fixture (a-f). After closing the 
skin incision, it is left to heal for three to four months (g). In a second surgical 
procedure (h-j), the skin is again opened and an abutment is attached.  In the final 
stage, subcutaneous skin thinning is performed. Image from Tjellström, A., et al. 
(1983). Acta Otolaryngol 95(5-6):568-75 [143]. Reproduced with permission from 
Taylor & Francis Group, www.tandfonline.com. 
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Table 2 Summary of the , /bench and human studies included in the 
thesis and their respective area of interest. MIPS=Minimally invasive Ponto 
surgery. 



Figure 6 Configuration of the stoma 
port used in Study II consisting of a 
skin-penetrating cylinder and a ring-
shaped anchor. The perforation of the 
anchor ring permits the ingrowth of 
connective tissue. A cylindrical 
titanium laser-cut mesh is enclosed by 
the cylinder and attached to the 
anchor.   



Figure 7 Configuration of the anchor flange, stoma ports (SP), and surgical options 
used in Study I. Model A: Anchor flange installed peritoneally. Model B: 
Subcutaneous bypass ileostomy with subcutaneously positioned port. The implant 
was inserted with the anchor flange positioned as in Model A and the implant 
cylinder within the abdominal musculature. According to a Roux-en-Y bypass 
technique, a closed ileal segment inserted in the implant. Model C: Segment 
ileostomy with subcutaneously positioned port. The implant was positioned as in 
Model B, extending into the submucosa but not penetrating the skin. An isolated, 
vascularised, ileal segment is passed through the implant and fixed with a 
mucocutaneous suture. Model D: Percutaneous segment ileostomy and 
percutaneous port. The anchor flange was placed in the abdominal musculature 
with the implant penetrating the skin. An isolated ileal segment was passed through 
the implant and sewn with a mucocutaneous suture. 



Figure 8 Schematics showing the stoma model with the titanium stoma port used in 
Study II. The ports are installed in the abdominal wall with the anchor flange 
located in the abdominal musculature and the cylinder penetrating skin. The ileal 
outlet from a valve less reservoir Kock is passed through the port (A). 
At a later stage, either the ileum or a ureter is anastomosed to the base of the 
reservoir (B). 

en bloc,



Figure 9 Description 
of the linear incision 
technique using for 
installing BAHS using 
the conventional drill 
system and protocol. 
Images reproduced by 
kind permission of 
Oticon Medical AB ©. 
 
 
 
 
 
 
 

 



 
 
Figure 10 Description 
of the minimally 
invasive, flap-less 
technique using the 
MIPS drill system and 
protocol for installing 
BAHS.  
Images reproduced by 
kind permission of 
Oticon Medical AB . 



Figure 11 (A) The conventional drill system used for the of the linear incision 
technique used for installing BAHS, Top: guide drill with removable spacer. 
Bottom: countersink, 4 mm. (B) The MIPS system for the minimally invasive, 
flapless technique. Top: guide drill with removable spacer. Bottom: widening drill, 
4 mm. Images reproduced by kind permission of Oticon Medical AB . 

Figure 12 Shape of the osteotomies during sequential drilling steps for the Ponto 
(A) and MIPS (B) systems. A 4 mm deep hole is generated with the guide drill (GD) 
(Step 1), thereafter deepened an additional millimetre to make it deep enough for a 
4 mm long implant (Step 2). Finally, the osteotomy is widened with the countersink 
drill (CS) or widening drill (WD) for the Ponto and MIPS systems respectively (Step 
3).  



Table 3. Articles and article number of the implants and instruments used in the 
drill evaluation and clinical studies. 
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Table 4 Description of the five different drilling procedures employed for the heat 
generation evaluation.  

ex vivo



ad modum

Table 5 Summary of the clinical studies included in this work. 

ad modum





Figure 13 Study outline and schematics of sampling tissue with a biopsy, peri-
abutment fluid with paper-points and retrieval of abutment, at baseline, three and 
12 months. Parallel to the microbiological sampling, clinical measurements were 
collected and the stability of the implant was assessed with resonance frequency 
analysis (RFA). 





Figure 14 Study flow chart of the multicentre, randomised, controlled investigation 
was designed to compare the MIPS technique with the linear incision technique 
with soft tissue preservation. 



en bloc



Figure 15 Thermocouple position in the three different drilling steps, exemplified 
here for the MIPS system (all distances in mm). In the last step, all the probes are 
positioned 0.5 mm from the drill tract. The dots indicate the positions of the 
thermocouples in relation to the osteotomy (in Step 3, indicated as A, B, C, and D. 
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Figure 16 Histological micrograph cross-section of the stoma port and 
surrounding tissue. The mesentery (M) and fibrous tissue (FT) fills up the space 
inside the port. A mild inflammatory reaction, mainly consisting of scattered 
inflammatory cells, is found throughout the fibrous tissue. The ileum wall with its 
outer muscle layer (ML) is merged with the FT.  



Figure 17 Light micrograph showing the integration between the intestine and the 
inner mesh and cylindrical surface of the titanium port in the ileostomy model. The 
vascularized fibrous tissue (FT), fills the area around the mesh structure and 
merges with the ileum. MU=ileum mucosa, ML=muscularis, Ti=titanium. 



Figure 18 A graphical abstract of the 
biomechanical (A), osteocyte (B, C) and 
ultrastructural (D) findings in Paper III. 
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Figure 19 Graph showing the mean maximum temperature increase at the position 
with the highest mean temperature increase for each combination of drill system 
(Ponto versus MIPS) and drilling procedure. Brackets indicate statistically 
significant differences between Ponto and MIPS systems within the same protocol 
(T-test, p<0.05). Letters indicate statistically significant differences between 
different protocols within the same drill system (one-way Anova, p<0.05). No 
correction for multiple comparison was made. See Table 4 for a description of the 
drilling protocols. 

in vitro 



vs.

Figure 20 Total viable counts of aerobic and anaerobic bacteria as well as aerobic 
bacterial species (staphylococci, enterococci, Escherichia coli, and Pseudomonas 
aeruginosa) at baseline (n = 12), three months (n = 12), and 12 months (n = 9 
biopsies and paper-points; and n = 4 abutments). Data represent the mean ± SEM. 
Bars that share the same letters are significantly different p < 0.05 
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Figure 21 Stacked bar chart for the Holgers Index scores on standard follow-up 
visits and the highest observed Holgers Index score (A). Box plots of loss of skin 
sensibility per treatment group on standard follow-up visits (B). 
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