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Abstract—This article presents results on the effectiveness of
a new version of the titanium porous composite skin and bone
integrated pylon (SBIP). The SBIP is designed for direct skele-
tal attachment of limb prostheses and was evaluated in a pre-
clinical study with three rabbits. In accordance with the study
protocol, a new version of the pylon (SBIP-3) was implanted
into the hind leg residuum of three rabbits. The SBIP-3 has
side fins that are designed to improve the bond between the
bone and pylon. The fins are positioned inside two slots precut
in the bone walls; their length can be adjusted to match the
thickness of the bone walls. After 13 (animal 1) or 26 (animals
2 and 3) wk, the animals were sacrificed and samples collected
for histopathological analysis. The space between the fins and
the bone into which they were fit was filled with fibrovascular
tissue and woven bone. No substantial inflammation was
found. We suggest that if further studies substantiate the pres-
ent results, the proposed method can become an alternative to
the established technique of implanting prostheses into the
medullary canal of the hosting bone.

Key words: arthroplasty, bone, direct skeletal attachment,
infection, limb amputation, osseointegration, porous pylon,
prosthesis, prosthetic rehabilitation, residuum.

INTRODUCTION

In direct skeletal attachment (DSA) of limb prosthe-
ses, a pylon is implanted transcutaneously into the bone
of a limb’s residuum. A specific procedure, called Osseo-
integrated Prostheses for the Rehabilitation of Amputees

(OPRA), and the attendant instrumentation (Integrum
AB; Molndal, Sweden) have been developed and imple-
mented [1]. In this original, two-stage technique, a
threaded cylindrical fixture is first screwed into the med-
ullary canal of the hosting bone. A second surgery is per-
formed after several months to screw the transcutaneous
abutment into the fixture [2].

There remain major problems, including how to con-
sistently create an infection-free seal of skin around the
pylon [3-7]. The quality of the pylon-bone interface is
also an issue that must be investigated further. Experi-
ence in total joint replacement with implantation of stems
into the medullary canal shows that loosening of the
prostheses remains a serious problem [8—10]. An unce-
mented, porous-coated stem enables bone ingrowth, but
stress shielding (leading to proximal bone loss) can be a
long-term problem [11].

Abbreviations: BA = bone area, BIC = bone-implant contact,
DSA = direct skeletal attachment, FEA = finite element analy-
sis, H&E = hematoxylin and eosin, IS = implant surface, MMA
= methyl methacrylate, ROl = region of interest, rTtBIC =
regional total bone in contact with implant, SBIP = skin and
bone integrated pylon, SBIP-3 = SBIP with side fins.
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Longevity of the pylon-bone interface in DSA is
even more important than in arthroplasty. Since the DSA
procedure is indicated mostly in patients with a short
residuum, any revision that shortens the hosting bone sig-
nificantly compromises the rehabilitation outcomes [12—
14]. Implantation into the medullary canal redistributes
stresses in the bone and the implant, with partial removal
of stress from the bone. This effect, called stress shield-
ing, increases the porosity of the cortical bone that hosts
the implant, relative to the ipsilateral bone [15]. The out-
comes of stress shielding are reduction in hosting bone
strength [16—17] and cortical thinning in the distal zones,
which increases with time [18]. The weakening and thin-
ning increase the risk of failure, especially among young
patients who are involved in more active locomotion
[19-20].

The porous composite skin and bone integrated pylon
(SBIP) system was developed by Poly-Orth International
(Sharon, Massachusetts) with several modifications [21].
The system was intended for a one-stage DSA procedure
[22], similar to the Percutaneous Osseointegrated Pros-
theses system (POP) (IMDS Co-Innovative; Logan,
Utah) [23], Endo-Exo Femoral Prosthesis (EEFP) (Eska
Orthodynamics GmbH [formerly ESKA IMPLANTS
AG]; Lubeck, Germany) [24], and the Intraosseous
Transcutaneous Amputation Prosthesis (ITAP) system
(Stanmore Group [University College; London, United
Kingdom]) [25]. Recent modifications of the SBIP sys-
tem allow for its use in a two-stage procedure [26].

As was shown in a recent review [26], the SBIP is
principally distinguished from other systems for DSA
because it provides conditions for the ingrowth of skin
and bone cells throughout the entire volume of the
implant [27-28]. Histological analysis demonstrated that
the porosity, volume fraction, and pore size in the SBIP
implants were conducive for cells to grow throughout the
volume of the implant effectively [29]. Mechanical tests
showed that the strength of the composite implant [30—
31] was superior to other porous constructs [32—-33].

Considering the importance of maintaining the
implant’s bond with the bone, we suggested adding side
elements (fins) to the SBIP porous composite implant
[34] to better fix the implant. The fins are meant to
reduce the risk of implant subsidence and stress shield-
ing. It was hypothesized further that placing the fins into
precut slots in the bone walls would stimulate the regen-
eration of the bone cells in the circular direction relative
to the bone longitudinal axis instead of the radial regener-

ation seen during total joint replacement [13,35]. The cir-
cular regeneration and the longitudinal regeneration are
natural components of bone fracture healing. They were
utilized in a creative way by Dr. Ilizarov in his method of
distractional ostheogenesis [36]. The method is used to
lengthen bones by moving bone fragments apart in a fix-
ating apparatus in the longitudinal direction. The method
allows also for bone widening, when the bone fragments
are moved apart perpendicularly to the bone’s longitudi-
nal axis [37]. The latter relies on the mechanism of circu-
lar ossification, which has never been applied to lock
devices implanted into the medullary canal.

Circular ossification is driven by the mechanism of
distraction osteogenesis (Figure 1), which forms strong
bone tissue throughout the entire thickness of the bone
walls [13]. Circular ossification, therefore, was thought
to create a more reliable implant-bone bond. To activate
the circular ossification, the fins are carefully press-fitted
into the slots in the bone walls. The snug fit slightly
moves the slot’s walls apart, creating an Ilizarov-type dis-
traction. At the same time, the bone’s elastic resistance to
distraction requires the walls of the slot to move back,
which is the analog of the compression that Ilizarov’s
apparatus provides (Figure 2(b)) [38].

A finite element analysis (FEA) showed the mechani-
cal advantages of the fins in reducing the stress shielding
on the distal edge of the hosting bone compared with the
cylindrical implants [31]. In the FEA study, a computer-
aided design model of the pylon with three pairs of fins
(Figure 3) was loaded with bending moments, simulating
those in the stance phase of normal gait and providing
direct impact on the longevity of the implantation. The
FEA demonstrated stress in the bone’s distal zone two
times less than of an implant with a cylindrical shape.

The current article presents the results of an animal
study aimed at evaluating the process of bone reconstruc-
tion in the precut slots of the bone walls after implanta-
tion of the SBIP with side fins (SBIP-3).

METHODS

Development of Composite Porous Pylon with
Side Fins (SBIP-3)

The composite porous pylon SBIP-3 manufactured
for this study (Poly-Orth International) has a solid insert
with a cross-shaped cross section (Figures 4 and 5). The
web is 1 mm thick and 3 mm wide. The inserts were
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Figure 1.

Ossification (indicated by multiple lines) in response to pulling
forces: (a) from muscles applied to periosteum, (b) by lengthen-
ing, and (c) by widening. Figure adapted from Pitkin [13].
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machined (Payne Engineering and Fabrication Co, Inc;
Canton, Massachusetts) using 3 mm round rods (Ti6AL-
4V ELI) (SmallParts; Seattle, Washington).

The molds for sintering of the pylons were fabricated
by Payne Engineering and Fabrication Co, Inc, from
boron nitride (Momentive; Columbus, Ohio). The solid
inserts were positioned in the molds and sintered with the
Ti6AL-4V ELI powder sieved to a (—80+200) mesh. Sin-
tering was conducted by ADMA Products Group (Hud-
son, Ohio) for 4 hours at 1,090 °C. The porosity and pore
size ranged between 45 and 50 percent and 30 and 200 um,
respectively [39]. These parameters were consistent with
recommendations for better skin and bone cells adhesion,
proliferation, and differentiation [40—44]. The outer diam-
eter of the cylindrical porous cladding was 5 mm.

Holes 0.5 mm in diameter, into which the fins were
to be inserted, were drilled through and perpendicularly
to the longitudinal axis of the pylon, as shown with red
dashed lines in Figure 4. In an embodiment shown in
Figure 5(a), the fins are made from threaded studs 0.5 mm
in diameter (ANITRIN; Fallbrook, California). The threads
allowed the fins’ length to be adjusted to the thickness of
the hosting bone (Figure 3). In an embodiment shown in
Figure 2(b), the fins are made from straight pieces of
wire 0.5 mm in diameter. To adjust to the thickness of the
bone walls, the fins were bent (Figure 5(c)).

In Vivo Animal Experiments

Procedures

Three white New Zealand rabbits were used in the
study. Two of them were treated at the Pine Acres
Research Facility (Norton, Massachusetts), following
Institutional Animal Care and Use Committee approval
of the protocol. The third animal was treated at the L.P.
Pavlov State Medical University (St. Petersburg, Russia),
with all procedures approved by the ethics committee of
the I.P. Pavlov University. The investigators at both of the
sites used the same study protocol. The technique for
amputation and the following implantation has been
described previously [39]. Prior to incision, we placed a
tourniquet on the rabbits’ thigh. The leg was then ster-
ilely prepped using the usual technique. We then identi-
fied the knee joint and measured 4 cm distal to the tibial
articular surface. A circumferential incision was made
over the proximal tibia with a posterior skin flap to allow
for tension-free closure. The muscles and tendons at
this level were transected using monopolar cautery. We
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Figure 2.

(a) Schematic view of implant with side fins “1” positioned in precut slot in bone walls “2.” Figure adapted from Pitkin et al. [28].
(b) Press-fitting of fin (“1” in (a)) to slot in bone wall results in llizavov-type distraction (red arrows) and compression (blue arrow) due

to elastic resistance of bone wall to widening.

identified the anterior and posterior neurovascular bun-
dles, which were then ligated and transected. Soft tissue
attachments were stripped off the tibia to the level 1 cm
proximal to the intended site of the osteotomy. An oscil-
lating saw was then used to make the tibial and fibular
osteotomy. The fibula was rongeured down 2 to 3 cm
proximal to the level of the tibial osteotomy. Any remain-
ing soft tissue was transected using monopolar cautery,
thereby completing the amputation.

A curette was used to broach the medullary canal of
the tibia. Two 2 cm longitudinal tibial slots were then
made approximately 180° apart using an oscillating saw
(Figure 6). A mallet was used to insert the implant into
the tibial medullary canal. Prior to closure, the fat and
subcutaneous tissue of the posterior skin flap was sharply
excised to the level of the dermis.

The gastrocnemius muscle was debulked, and the
wound was copiously irrigated with normal saline. A
small stab incision was made in the flap using a 10 blade
for the implant to exit. The dermal portion of the poste-
rior skin flap was laid directly over and made contact
with the distal end of the tibia. The wound was then
closed with a 4-0 nylon suture with minimal tension.
Prior to closure, special care was taken to ensure that the
skin flap was in contact with the porous portion of the
implant. Once closure was complete, a dry sterile dress-
ing was placed. Position of the implant was confirmed
both during and after each procedure using fluoroscopy
(Figure 7).

The first animal received the SBIP-3 pylon with
threaded fins (Figure 5(a)), and was sacrificed after
13 weeks. After inspecting the animal, we predicted that
a longer postsurgery period would be beneficial for bone
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Von Mises stress distributions in skin and bone integrated pylon with fins [SBIP-3] bone-pylon system in medial-lateral cross section.

Figure adapted from Pitkin et al. [30].

remodeling. Correspondingly, animal 2 (which received
the SBIP-3 pylon with bent wire fins [Figure 5(c)]) and
animal 3 (which received the SBIP-3 pylon with threaded
fins [Figures 5 (a) and 8]) were sacrificed after 26 weeks.

Histopathological Analysis

After 13 and 26 weeks from the time of implantation,
respectively, animals 1 and 2 were sacrificed, and the
samples were taken for histology study at the Charles
River Laboratories Pathology Associates (Frederick,
Maryland) [45]. The histology study was conducted by
Dr. James Raymond. The plane of the cross section of the
implanted pylon and the surrounding tissues is identified
by dashed line in Figure 7. The implants were processed,
infiltrated, and embedded in methyl methacrylate
(MMA) according to standard operating procedures.
Each block was sectioned twice. One cross section per-
pendicular to the device, approximately 50 pm in thick-
ness, was obtained above the device-anchoring side fins.
One longitudinal section, approximately 50 pum thick,
was obtained through the remaining device. Slides were
scanned at 20x or 40x using a ScanScope CS (Aperio;
Vista, California). All sections were obtained utilizing
the Exakt system (Exakt Technologies, Inc; Oklahoma
City, Oklahoma) and surface stained using hematoxylin
and eosin (H&E).

Animal 3, like animal 2, was sacrificed after 26 weeks.
A sample of the implanted femoral section was collected,

fixed in 10 percent formalin, and shipped to Alizée
Pathology, LLC (Thurmont, Maryland) for processing
and evaluation. The femoral sample was trimmed and
embedded in MMA. The block was bisected: one half
was cut to generate four transverse cross-section levels
per implant (bone/implant interface). All slides were
stained with H&E. All resulting slides were evaluated by
Dr. Serge D. Rousselle for inflammation (including the
presence of heterophils/neutrophils, eosinophils, lympho-
cytes, plasma cells, macrophages, and multinucleated
cells), tissue response, and general healing (fibrosis,
pseudobursa, osteogenesis) [46].

Histomorphometry was performed at Alizée using
Image-Pr0® Plus software (Media Cybernetics, Inc;
Rockville, Maryland). Morphometric analysis was per-
formed on the longitudinal femur section. The following
morphometric data were collected and analyzed: for each
section, a region of interest (ROI) was selected based on
guidance from the study pathologist. This ROI was
bisected longitudinally into two sub-ROls, Side A and
Side B. Within each sub-ROI, the ROI area, bone area
(BA), implant surface (IS), and bone-implant contact
(BIC) were measured (Table).

Along surfaces extending into the body of the
implant but exposed to tissue, IS and BIC were measured
to the depth of the porous portion of the implant.

To calculate sub-ROI or surface in each section, we
summed individual measurements of a particular parameter




714

JRRD, Volume 50, Number 5, 2013

Figure 4.
Cross section of skin and bone integrated pylon with fins (SBIP-

3) with solid cross-shape insert “1” and surrounding porous
cladding “2.” Sample was metallographically polished down to 6
microns. Red dashed lines show projection of 0.5 mm holes for
fins (see Figure 5).

(BA, IS, or BIC) to calculate a total value for that param-
eter in that region. For example, all BIC measurements in
section 1-5, Side B, distal surface were summed to calcu-
late the rTtBIC (regional total bone in contact with
implant) for that specific region. The values for each
parameter in each region were summed to calculate val-
ues for the entire section. Proportional values (percent-
ages) were calculated from the parameter totals. From IS
and BIC, the percentage of the IS with BIC (BIC percent)
were calculated for each region by dividing the rTtBIC
by the total IS for the same region and multiplying the
result by 100. Images were calibrated using calibration
10% scale 4, with a ratio of 0.247 pixels per micrometer
in the X- and y-axes. At this spatial calibration, linear
measurements are limited to a precision of not better than
10 pm and area measurements are limited to a precision
of not better than 1,000 pm?. Morphometry data are pre-
sented in the Table.

RESULTS

In animal 1, 13 weeks after implantation, complete
bone regeneration healing was observed in one of the two
precut slots (Figure 9). The other slot was not filled with
bone cells. The magnification used to capture the image

Figure 5.
Preparation of composite porous skin and bone integrated

pylon with fins (SBIP-3) for implantation. (a) Pylon with solid
insert “1,” porous cladding “2,” and threaded fins “3.” (b) Initial
shape of wire fins “3.” (c) Final shape of wire fins “3” after bend-
ing in order to adjust to entire thickness of hosting bone walls
(see Figure 4).

[739%1)
X

is represented in the figure legend as
number (i.e., 4% is 4 times magnification).

For animal 2, Figure 10 illustrates a photomicro-
graph of an individual cross section of the SBIP-3
implant and surrounding bone to demonstrate the bone-
device interface. The photograph gives evidence of the
ingrowth of bone and fibrovascular cells into both precut
slots in the bone walls. There was no histological evi-
dence of the precut slots in the bone in the cross section,
indicating that the slots had completely healed. Minimal
inflammation was observed multifocally surrounding the

preceded by a



715

Figure 6.
Precut of slots “1” in bone for placement of implant’s side fins.

Figure 7.
Animal 2. X-ray of pylon “1” (see Figure 5(c)) with side ele-

ments “2" after implantation to bone with the precut slots (see
Figure 6). Red dashed line “3” shows plane of histology cross
section (see Figure 10).

implant and was characterized by neutrophils and macro-
phages, most of which were degenerative or necrotic and
admixed with cellular debris and small fragments of
bone. The inflammation did not appear to extend into the
implant or into the long bone. Surrounding the inflamma-
tion and cellular debris was a continuous circumferential

PITKIN et al. New method of fixation of in-bone implanted prosthesis

Figure 8.
Animal 3. X-ray of implanted prosthesis (oblique view) in first

week. Side fins of pylon inside bone walls are shown by black
arrows. Imaging parameters of radiography were 70 kV and
8 mAs (Kodak computed radiography system).

band of fibrovascular connective tissue infiltrated by
small islands of woven trabecular bone and very low
numbers of inflammatory cells. In no area did the implant
appear to be in direct contact with the long bone; how-
ever, endosteal bony proliferation was in very close prox-
imity to the device in the single examined cross section.
Also, there was near uniform (approximately 90%) filling
of internal device pores with fibrovascular connective tis-
sue or bone (Figure 11) and formation of blood vessels in
the pores (Figure 12).

In animal 3, the amputation line showed ideal bone
repair characterized by complete entrapment of the
device head into a newly formed ossified callus at the
level of the distal fin (Figure 13). There was also direct
bone apposition along the sides of the fin and the adja-
cent pylon surfaces as well as along the porous titanium
pylon at the distal callus level (Figure 14). The body of
the pylon was not in direct contact with the inner cortex
proximally. However, there were sparse trabeculae of
newly formed bone that occasionally crossed the gap in the
two distal-most levels (in the fin area) and direct contact
distally between the callus, the porous pylon, and the cen-
tral crux pylon (Figure 13). The fin ends were frequently
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Table.

Tabulated morphometric data for animal 3 for site 1, block 5.

Sub-ROI ROI (mm?)  BA (mm?) BA (%) BIC (mm) IS (mm) BIC (%)
A 27.18 1.98 7.30 6.99 30.78 22.71
B 34.20 4.49 13.14 4.63 22.74 20.36
Total 61.37 6.48 10.56 11.62 53.52 21.71
BA = bone area, BIC = bone-implant contact, ROI = region of interest, IS = implant surface.

Figure 9.
Healed precut slot (hematoxylin and eosin 4x) in animal 1. Thir-

teen weeks after implantation.

capped by directly apposed new bone trabeculae. There
was no appreciable inflammatory response along the tita-
nium pylon.

The very tip of the pylon was surrounded by a thin
layer of fibrous connective tissue that infiltrated the poly-
mer mesh and sat within a well-formed bursa (Figure
15). The outer most layer of the bursa was comprised of
densely collagenous connective tissue with no inflamma-
tion or focal ossification; it also contained occasional
weaved suture material or ties (Figure 16). The pylon
remained covered by a musculo-adipose flap, and a well-
differentiated bursa was formed along the tip of the pylon
with no evidence of chronic trauma.

Morphometry measurements showed that while rela-
tive BIC values were low, there was still good structural
contact between the callus and the pylon, namely at the
level of the distal fin (Table). The sequential sections
across the femur shaft showed no evidence of instability
(no granulation tissue, encapsulation, or scar tissue

Fibrovascular
connective tissue

Central body =
~d  of shaft S sections
= AN of side fins

/

Figure 10.
Cross section of device demonstrating bone-device interface.

(hematoxylin and eosin 0.4x) in animal 2. Twenty-six weeks
after implantation.

around the pylon). There was little to no remodeling of
the shaft or endosteal surface. There was no inflamma-
tory response along the pylon.

Implantation of femoral amputation site in animal 3
showed good stability, and a stable, ossified callus that
united the femoral shaft to the abutting portion of the
pylons was formed. Morphometry measurements indi-
cated a localized interface and apposition area between
the callus and the distal pylon at the level of the distal fin.
There was optimal biocompatibility of the devices, and
no appreciable inflammatory response or encapsulation
and no sequestration were found.

DISCUSSION

The outcomes of the current study are twofold:
ingrowth of the surrounding cells into the pores of the
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Figure 11.
Pores filled with fibrovascular connective tissue in animal 2

(hematoxylin and eosin 10x).

Figure 12.
Pore with fibrovascular tissue (hematoxylin and eosin 40x%) in

animal 2.

implant, and regeneration of bone in the precut slots in
the bone walls.

Relative to the previous report [30], we did not
achieve progress in cell adhesion and proliferation. That
could be caused by smaller size of the pores (80-100 um
vs 15-250 um). Also, due to the extremely thin walls of

PITKIN et al. New method of fixation of in-bone implanted prosthesis
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Figure 13.
Morphometry tracings for animal 3 (hematoxylin and eosin).

Tibia longitudinal cross section. Composite porous titanium skin
and bone integrated pylon with fins (SBIP-3). Green boxes 1, 2,
and 3 are detailed in Figures 14, 15, and 16, respectively.

the experimental animals, we could not bore or exten-
sively broach the medullary canal, as it is usually done in
DSA, and there was a notable space between the central
part of the implant and the bone walls.

With regards to the regeneration of bone in the precut
slots, we obtained quite promising results. One of animal
I’s two slots was filled with the new bone, and both slots
were filled with the new bone in animals 2 and 3, which
had 13 additional weeks for regeneration.

Addition of the side fins to the construct of the
implant activated a mechanism of circular remodeling.
The longevity of an implant’s lifespan in the medullary
canal depends on the eventual tightness of the ossifica-
tion around the inserted shaft. In this paradigm, the vec-
tor of remodeling has to be oriented radially, inwardly to
the bone’s longitudinal axis. The inward direction of
remodeling occurs in dental implantation. However, as
noted by Pitkin [13], remodeling of the jawbone occurs
differently than remodeling inside the medullary canal.
The remodeling of the jawbone is directed toward the
space occupied by the tooth or the implant. That is a nat-
ural feature of the jawbone for keeping the tooth’s root in
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Figure 14.
Animal 3 (hematoxylin and eosin). Composite porous titanium

skin and bone integrated pylon with fins (SBIP-3). Tibia longitu-
dinal section. Detail in green box 1 from Figure 13 (distal fin).
There is extensive woven bone apposition (arrows) along
exposed fin tips (Pg) binding fin to implant (P) and callus.

Figure 15.
Animal 3 (hematoxylin and eosin). Composite porous titanium

skin and bone integrated pylon with fins (SBIP-3). Tibia longitu-
dinal section. Detail in green box 2 from Figure 13 (distal fin).
Arrows = fibrous margins of bursa capping head of pin (TP).

a firm surrounding, which is used in dental implantation.
As to the inward remodeling in tubular bones, it is lim-
ited by the anatomical dimensions of the medullary canal,

PN
Ut
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™
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Figure 16.
Animal 3 (hematoxylin and eosin). Tibia longitudinal section.

Composite porous titanium skin and bone integrated pylon with
fins (SBIP-3). Detail in green box 3 from Figure 13 (distal fin)
implant (with 3 pairs of sided pegs). Short arrows = fibrous con-
nective tissue fascicles in direct contact with head of implant
(TP) and surface of fin (Pg). Long arrow = birefringent foreign
polymer fibers.

where the marrow has to be protected from compressing.
A partial inward remodeling is still possible, but only to
the extent provided by the boring of the canal before
insertion of the stem.

In contrast with the inward remodeling, the bone
remodeling in longitudinal and circular directions is a
powerful natural mechanism of self-healing, successfully
used in distractional osteogenesis [36-37,47]. Thus, the
pylon with the side fins (SBIP-3) was designed to utilize
the concept of circular remodeling in DSA.

An additional feature of the side fins in SBIP-3 is the
antirotational effect, similar to the role of transverse pins
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in Compress Compliant Pre-Stress technology (Biomet
Orthopedics, Inc; Warsaw, Indiana) [48—49]. A distinc-
tion of the SBIP-3 approach is the activation of the
llizarov-type (distraction-compression osteogenesis)
remodeling of the bone around the fins. This kind of
remodeling produces stronger bone tissues [37]. In addi-
tion, the SBIP-3 techniques do not require any guiding
jigs, which are necessary for inserting the antirotational
Compress pins or intramedullary locked nails [49].

Due to the small number of test animals, the pull-out
experiments and analysis of the postoperative risk associ-
ated with the fin’s implantation could not be conducted,
but will be included in further studies.

CONCLUSIONS

* In three rabbits, a pair of slots were precut in the bone
walls. An implant for DSA with side fins was fixated
inside these slots.

Histological tests showed a complete remodeling of
one slot in animal 1 at 13 weeks after the surgery, and a
complete remodeling of both slots in animals 2 and 3 at
26 weeks after surgery.

Remodeling occurred despite the gap between the cen-
tral part of the implant and the walls of the medullary
canal.

The study was the first experimental verification of the
proposal to use the mechanism of circular bone remod-
eling for DSA of limb prostheses.
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