Tissue Response to Transcutaneous Laser Microtextured Implants
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Introduction: This report describes the use of laser-
microtextured transcutaneous implants in a rabbit calvarial
model to enhance soft tissue integration. Dental and orthopaedic
implants are routinely microtextured to enhance tissue
integration. Computer-controlled  laser  microtexturing
techniques that produce microgrooved surfaces with defined 8-
12 pm features on controlled regions of implant surfaces have
been developed based on results from cell culture experiments
and in vivo models [1]. These textures have been replicated onto
the collars of dental implants to provide specific areas for both
osteointegration and the formation of a stable soft tissue-implant
interface. The objective of this study is to evaluate these
implants in a transcutaneous rabbit calvarial model to determine
whether controlled laser microtexturing can be used to create a
stable interface with connective tissue and epithelium.

Methods: Laser microtextures were produced on the 4mm
diameter collars of modified dental implants designed for rabbit
studies (Figure 1). The implants were 4.5mm in length and the
threaded portion was 3.75mm in diameter. Implants were
produced and supplied by Orthogen Corporation (Springfield,
NJ) and BioLok International (Deerfield Beach, FL). The
implant surfaces were modified by ablation of defined areas,
using an Excimer laser and large-area masking techniques.
Controlled laser ablation allows accurate fabrication of defined
surface microstructure with resolution in the micron scale range.
Laser machined surfaces contained 8um and 12um
microgrooved systems oriented circumferentially on the collars.
The collars of the control implants were “as machined”, and
were characterized by small machining marks on their surfaces.
All implants were cleaned and passivated in nitric acid prior to
sterilization.

Four transcutaneous implants were surgically implanted
bilaterally in the parietal bones in each rabbit using single-stage
procedures. The surgical protocol was similar to dental implant
placement. An incision was made over the sagittal suture, and
the skin and soft tissues were reflected laterally. Implants were
placed using pilot drills and fluted spade drills to produce
3.4mm sites for the 3.75mm diameter implants. The implants
were placed with the threaded portion in bone, and the laser-
microtextured collar penetrating the subcutaneous soft tissue and
epithelium. Each rabbit received two implants on either side of
the midline (1 control and 3 experimental implants per subject).
The skin was then sutured over the implants. Punch openings
were made to expose the tops of the platforms of the implants,
and the cover screws were used to fasten down small plastic
washers coated with triple antibiotic ointment. The plastic
washers were used to prevent the skin from closing over the
implant during the swelling that occurred during early healing.
They were removed after two weeks. Twelve rabbits were used
in the study. Rabbits were sacrificed at 2, 4, and 8 weeks, and
the implants and surrounding tissues were processed for
histology. Hard and soft tissue response to the implants was
examined histologically.

Results and Discussion: No complications or infections
were encountered during the course of the experiment. The 2-
and 4-week histology displayed immature soft tissue formation
around all implants, and little epithelial interaction with the
implant surfaces was noted as the epithelium had not
regenerated at the implant surface by 2 weeks, and no clear
relationship between epithelium and implant was seen at 4
weeks. 8-week samples showed more mature soft tissue and
epithelial tissue. In these samples the epithelium had fully

regenerated and the soft tissue showed more mature and
organized collagen. In the control samples the epithelium
consistently grew down the interface between implant and soft
tissue and formed a deep sulcus along the implant collar. This
sulcus extended to the bone surface and there was little or no
direct soft tissue interaction or integration with the control
surfaces. The 8-week laser machined implants produced a
different pattern of tissue interaction. The epithelium also
produced a sulcus at the upper collars of these implants.
However, in most cases the sulcus did not extend down as far as
the bone surface, but ended at a 300-700pm wide band of tissue,
which was attached to the base of the microtextured collar. Even
though the laser-microtexturing extended to the top of the collar,
this soft tissue attachment formed only at the lower portion of
the implant collar, where a stable “comer” of soft tissue attached
to both the implant collar and the bone surface. This
arrangement of sulcus, epithelial attachment, and soft tissue
attachment was similar to the “biologic width” structural
arrangement that has been described around teeth [2] and in
some cases around implants [3].
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Figure 1. (A) Scanning electron micrograph (SEM) of the surface of a
laser microtextured implant. The microtexturing is in two bands on the
two millimeter-wide collar. (B) Higher magnification SEM of the laser
microtextured surface showing 12 pm grooves and ridges (bar = 40um).

Conclusions: This preliminary study suggests that laser
microtextured surfaces can be applied to transcutaneous
implants and used to improve soft tissue integration. Results
suggested that the soft tissues at the skin interface are capable of
producing an arrangement similar to the “biologic width”
arrangement seen around teeth. These laser-machined
microtextures are hypothesized to work by increasing surface
area for tissue attachment, while controlling the microstructure
and organization of attached cells and tissues. They can be used
to form a functionally stable interface with soft tissues,
establishing an effective transcutaneous barrier. While longer-
term studies are needed, the results suggest that performance of
transcutaneous prosthetic fixation may be enhanced through the
use of regional organized microtexturing.
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