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Fibrin sealant in bone transplantation 
No effects on blood flow and bone formation in dogs 

To study bone formation and regional blood flow following the use of fibrin 
sealant in autologous cancellous bone transplantation, a dog model was 
developed. In 18 dogs, a standardized defect in both tibiae was filled with 
an autologous iliac crest graft. On one side, the bone chips were mixed 
with fibrin sealant while the other side served as control. Atter 1 , 2  and 3 
weeks the blood flow of the transplant was calculated and the new bone 
formed evaluated histomorphometrically. Generally, the highest blood 
flow rates and most intensive new bone formation were observed at 2 
weeks postoperatively. Fibrin sealant did not alter blood flow or new bone 
formation, but a tendency to diminished new bone formation was found in 
some grafts. Our study does not support the application of fibrin sealant in 
ordinary cancellous bone grafling. 

Correspondence: Ulf Lucht, Mirabellevej 7, DK-8240 Risskov, Denmark 

In bone transplantation, fibrin sealant (FS) 
has been reported to improve a homogeneous 
incorporation of the implant due to an acceler- 
ated vascularization (Bosch et al. 1977, 1979, 
1980, Arbes et al. 1981, Bosch 1981). Special 
indications for adding FS to the graft have 
been claimed to be poor osteogenic potency of 
the recipient site, chronic osteomyelitis and im- 
plantation of an allograft (Bosch 1981). How- 
ever, the beneficial effect of FS on bone forma- 
tion has been questioned in other studies (Zilch 
& Nofie  1981, Albrektsson et al. 1982). 

Our study was carried out in order to con- 
tribute to the clarification of the role of FS in 
bone transplantation. 

Material and methods 
Eighteen adult mongrel dogs (19-33 kg) were used. 
The FS was a two-component glue, Tiasel@ (Immuno, 
Austria) for dogs, which was used without aprotinin. 

ARar bilateral autologous bone transplantation of 
standardized tibia1 defects where the right and left 
transplants were alternately mixed with FS, the 
dogs were divided into three groups of six each. On 
the 7th, 14th and 21st postoperative day, each of the 
three groups was analysed by measurement of re- 
gional blood flow rates, histology and histomorpho- 
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metry. The selection of these investigational periods 
was based on pilot studies. 

After premedication with Combelin@ 10 mg i.m., 
the dogs were anaesthetized with Immobilon@ (1.2 
mu20 kg i.v.), and intubated. Additional Immobilon 
(0.5 ml) was given as necessary. The dogs were not 
mechanically ventilated, but supplementary oxygen 
(10 Vmin) was given. After completion of the oper- 
ation, they were awakened with the antidote Re- 
vivon@ (2 mu20 kg i.v.). 

Prior to measurement of blood flow, the dogs were 
premedicated with Diazepam (20 mg i.v.). Anaes- 
thesia was induced as described above. The dogs 
were mechanically ventilated and Pavulon@ (1 
mg120 kg i.v.) was given to ensure total and constant 
relaxation. The dogs were in steady state before each 
flow determination and were monitored by means of 
mean arterial pressure, central venous pressure and 
blood gases including pH. 

Surgical procedures. The dogs were placed on their 
right or left side, depending on which hip was used as 
cancellous bone donor. An incision was made over 
the iliac crest. The fascia was divided, and the mus- 
cles attached to the posterior side of the ileum were 
loosened subperiostally. The cortical bone was re- 
moved with a gouge and the cancellous bone taken. 
Haemostais was assured with bone wax. The wound 
was closed with Dexonm sutures in the fascia and 
Prolenem sutures in the skin. 
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T'.s, Figure 1. The 
standardized tibial 
defect used for the 
bone grafl. 

Q 

The dogs were then placed in the supine position. 
A lengthwise incision over the anterior tibia was 
made, exposing the bone. An 1.5-cm-long area was 
marked on the middle of the tibia, and the perios- 
teum from this area was removed. At the proximal 
and distal border of the marked area, holes were dril- 
led through the tibia from its lateral border medially. 
A Gigli saw was introduced through each hole and 
the tibia was sawed posterioanteriorly so that a half 
cylinder could easily be removed with an osteotome 
(Figure 1). 

The bone marrow in the 1.5-cm-long area was re- 
moved, and the central bone artery was cauterized in 
all cases. 

The cancellous bone removed from the iliac crest 
was kept in a dish a t  room temperature covered with 
isotonic saline-saturated gauze. Prior to use, the 
graft was divided into two parts and cut into chips. 
The two components of the FS were preheated to 
37°C. Half of the chips were soaked with 1 ml of the 
mixed FS and pressed into the tibial defect. Bone sta- 
bility was ensured with a n  A 0  7-screw plate. Only 
six screws were used, the middle screw hole lying 
over the transplants being left empty. The incision 
was closed like that over the iliac crest described pre- 
viously. 

The same procedure was performed on the con- 
tralateral leg, except that the cancellous bone was 
not treated with FS. 

One gram PentrexyP (ampicillin) was given intra- 
venously a t  the start of each operation. 

The dogs were able to walk immediately after 
awakening from the operation. It was necessary to 
give analgetics in only a few cases in the first days 
postoperatively. All wounds healed without compli- 
cations. 

Blood flow measurement. The anaesthetized dog was 
placed in the supine position, with the hind legs sup- 
ported in 90" flexion at the hip and knee joints. A 
polyethylene catheter (Venflon@) was inserted into 
the right brachial artery and a central venous line 
was introduced through the right brachial vein. The 
catheters were connected with a pressure-recording 
system consisting of Portex@ polyethylene mano- 
meter tubes, Siemens strain gauge tranducers model 
746, Siemens pressure amplifier model 863 and Sie- 
mens Mingograph model 805. To prevent clotting, a 

constant perfusion system was established with he- 
parin-saline solution a t  a rate of 5 m i h  using a Unita 
I heavy Duty Pump (Braun Melsungen AG). The 
catheter in the brachial artery was also used for 
blood gas analyses. The left carotid artery was ex- 
posed and a pigtail polyethylene catheter (Cook 7 F) 
was introduced into the left ventricle and was later 
used for injection of the radioactive microspheres. 
Another cathter (Cook 7 F, no end-curve) was intro- 
duced through the right carotid artery to the ab- 
dominal aorta and used for reference blood sampling 
via a reversed Unita I heavy duty pump. 

NEN-TRAC microspheres (New England Nuclear) 
with a diameter of 15 pm, labelled with Y3n, were 
used to measure the regional blood flow. The spheres 
were suspended in 6 ml 10% Dextran with 0.018 
Tween 8 added. Before injection, the batch was agi- 
tated for 5 min on a Whirlimixe@. The spheres were 
injected through the catheter in the left ventricle 
over a period of 30 s followed by flushing with 10 ml 
37" heparin-saline. Reference blood sampling from 
the abdominal aorta was started 30 s before sphere 
injection and continued until 4 min after injection. 

After flow measurements, the dogs were killed. 
The hind legs were dissected and the A 0  Plates re- 
moved. The cancellous bone graft was cut out and di- 
vided into a superficial and a profound part of equal 
size. Then, the samples were placed in preweighed 
plastic vials which, after reweighing were covered 
with Schaffer's fixing solution (Romeis 1968). 

Gamma radiation counting and calculations of re- 
gional blood flow rates were performed as described 
earlier (Biinger et al. 1983). 

Histology and histomorphometry. Undecalcified graft 
samples were embedded into methylmethacrylate, 
and 5-pm-thick sections were cut on a heavy duty 
microtome ('is.pe K, Jung- Heidelberg, FRGL Then, 
trichrome-Goldner stain, toluidine blue, modified 
von Kossa stain and PAS-Alcian blue were applied 
(Schenk 1965). In addition, for the demonstration 
of fibrin, the phosphotungstic-acid-haematoxylin 
(PTAH) method was used (Lendrum et al. 1962). 

The trichrome-Goldner stained section were ana- 
lysed morphometrically, employing the Men-grid at 
a magnification of 70 X .  The following parameters 
were calculated according to M e n  & Schenk (1970): 
volume densities (per cent) of transplanted bone and 
newly formed mineralised bone and osteoid and sur- 
face densities (mm2/mm3) of newly formed bone and 
vessels in the marrow cavities. The surface densities 
of the new bone were divided into remodelling and 
resting bone. Because only bone fragments were 
seen in some of the samples, at least 2 fields of view 
had to be available for evaluation to include the sam- 
ple in the study. 
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Table 1. Blood flow rates in bone grafls; mm per min per 100 g (MeanfSEM). 

Day 7 Day 14 Day 21 

Superficial 

Profound 

Total 

1 

FS 17.955.65 36.2f 9.81 12.1t2.46 
C 19.057.55 33.6f 9.22 12.8f1.31 

FS 25.4f7.61 33.02 12.84 6.5t0.66 
C 22.3k6.74 23.1f 7.23 9.721.79 

FS 20.457.03 34.8f10.08 lO.Of1.72 
C 20.4rt6.05 29.4f 8.35 11.2t1.24 

FS Fibrin adhesive system added to the graft. C Control. 

Statistics. Mean values and stard error of the means 
(S.E.M.) were calculated from the recorded parame- 
ters. Comparison of test and control values was per- 
formed by a paired t-test. A P-value below 0.05 was 
regarded as significant. 

Results 
The blood flow in the transplanted cancellous 
bone increased from 1 to 2 weeks postoper- 
atively, after which it decreased to reach the 
lowest level after 3 weeks (Table 1). Compar- 
ison of the the blood flow rates in the super- 
ficial bone graRs, the profound bone grafts as 
well as the total bone grafts, did not show any 
differences between FS-treated grafts and con- 
trols at any time. 

Histology. One week after the operation, new 
bone formation had started. However, in the 
superficial FS-treated grafts, many trans- 
planted bone chips were stille enveloped in fi- 
brin clots (Figure 2A) and showed no signs of 
cellular reaction or new bone formation. A 
clear borderline was visible where cellular and 
vascular invasion had started into the fibrin 
clots and below which new bone formation was 
found (Figure 2B). 

Small superficial fibrin clots were also ob- 
served in one of the controls, but in this sample 
“normal” new bone formation was ongoing. 
’ h o  weeks after the operation, there was dis- 
tinctly more newly formed bone and active re- 
modelling in the superficial grafts of both 
groups (Figure 3,4). The grafted bone chips 
were always recognizable by their empty lac- 
unae and, in some cases, new bone formation 
filled the spaces between the chips. Bone for- 

mation started from either the surfaces of the 
bone chips or directly in the cell-rich, vascular- 
ized tissue in between. In some places, forma- 
tion of hemopoetic cells could be seen around 
wide sinusoidal vessels. In the profound FS- 
treated grafts, reactions seemed less pro- 
nounced than in the superficial FS-treated 
grafts. 

Three weeks after the operation, the bone 
samples from the superficial region seemed 
more dense, in some cases having a corticalis- 
like structure. The grafted bone chips were still 
recognisable but fully incorporated into new 
bone which showed mainly lamellar structure. 
A “tunnelling resorption” of the grafted dead 
bone occurred in some places. In areas with 
less active remodelling, the marrow cavities 
were filled with hemopoetic marrow. There 
was no obvious difference between FS-treated 
and control grafts. 

Histomorphometry. The volume density of 
grafted bone was very uniform i all the grafts 
examined. No difference between FS-treated 
grafts and controls was found. 

One week after the operation, there was a 
lower volume density (Table 2) and surface 
density (Table 3) of new bone formation in the 
superficial FS-treated grafts compared to con- 
trols, but the differences were not significant. 
The same applied to the surface density of re- 
modelling zones and vessels in the superficial 
graft. In the profound FS-treated grafts and 
controls, the corresponding values were very 
uniform. 

Two weeks after the operation, there was a 
trend toward diminished new bone formation, 
remodelling activity and surface density of ves- 
sels in the profound FS-treated grafts com- 



22 U. Lucht et al. 

A 

Figure 2. Undecalciied section from the superficial portion of a FS-treated graft 7 days after operation. 
A: Within the superficial clots of fibrin Sealant (FS) there is no reaction around the grafted bone chips (GB, arrows), while beyond a 
borderline (asterisks), granulation tissue and initial new bone formation are visible (PTAH-fibrin stain, x 7). 
B: Upon the dead grafted bone chips (GB, note the empty lacunae!) bone formation zones (BF) can be seen. New bone (NB) is 
also formed in the surrounding granulation tissue (V=vessels), (TrichromsGoldner stain, x 110). 

A 

Figure 3. Undecalcified sections from the superficial, A, and the 
profound portion, 8. of a FS-treated graft 14 days after oper- 
ation (Trichrome-Goldner stain, x 7). Dense new bone forma- 
tion (NB) is mainly found in the superficial portion of the graft, 
A. The grafted bone chips (GB) are still recognisable. 

Figure4. Undecalcified sections from the superficial, A, and the 
profound portion, 8. of an untreated control graft 14 days after 
operation (TrichromsGoldner stain, x 7). More equal new 
bone formation (NB) is seen around and between the grafted 
bone chips (GB) in both portions of the grafts. 

Discussion pared to controls, but again the differences 
were not significant. No differences were ob- 
served in the superficial grafts either. 

Three weeks after the operation, new bone 
formation, remodelling activity and surface 
density of vessels were equal in the FS-treated 
grafts and controls. 

Although the most favourable results from 
bone grafting come from the transfer of auto- 
logous cancellous bone, problems with the in- 
corporation of the graft may arise, one being 
due to reduced vascularization of the bone bed. 
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Tabe 2. New bone formation in bone grafts. Volume density in per cent (MeankSEM). 

Day 7 Day 14 Day 21 

Superficial 

Profound 

Total 

FS 6.7k3.07 39.227.28 28.2f5.61 
C 12.224.22 30.5f7.93 36.3f2.23 
FS 11.5k3.99 14.020.62 27.1 f3.49 
C 11.424.05 21.2f7.63 27.1 f4.99 

26.6f5.83 27.6k 1.65 FS 9.1 k2.50 
C I1 Bk2.71 25.8k5.39 31.7k3.07 

FS Fibrin adhesive system added to the bone graft. C Control 

In our experimental model, the tibial blood 
supply was reduced by cauterization of the ti- 
bial artery in order to standardize the model, 
but simultaneously to create suboptimal condi- 
tions as often seen in humans. The experi- 
mental model may, thus, be regarded as appro- 
priate for the study of a possible favourable ef- 
fect of FS. The attainment of uniform volume 
density of grafted bone and stable haemody- 
namic values prior to blood flow measurements 
are important conditions for the comparison of 
FS-treated grafts and controls. 

The histological study showed that FS did 
not accelerate new bone formation. On the con- 
trary, there was a tendency to diminished bone 
formation in the FS-treated superficial bone 
grah on the 7th day and the FS-treated pro- 
found grafts on the 14th day. On the 7th day, 
this may be explained by the observation that 
many of the transplanted bone chips were still 
surrounded by fibrin. The blood flow of the 
grafts was not affected by the FS-treatment 
but it should be emphasized that the increase 
of blood flow from the 7th to the 14th day coin- 
cided with increased bone formation in both FS 
and control groups. 

These quantitative data are in contrast to 
previous reports of improved bone formation 

and accelerated vascularization as a results of 
FS-treatment (Bosch et al. 1977, 1979, 1980, 
Arbes et al. 1981). 
In rabbits, Zilch & NoMre (1981) filled tibial 

bore holes with FS and found no effect on bone 
formation. Albrektsson et al. (1982) studied 
bone formation in the canals of a titanium im- 
plant and found that FS-treated implants con- 
tained less bone than those treated with mar- 
row cells. This study was criticized by Schlag & 
Red1 (1983) who claimed that the implant did 
not qualify as a model for testing FS for its os- 
teogenic potential because FS in that model 
was not allowed to undergo biological degrada- 
tion and formed a barrier to natural tissue in- 
growth. This aspect was supported by Zilch 
(1981) who in an experimental study, using 
histology and microangiography, found that 
FS accelerated the revascularization of the 
bone grafts only in cases of a small border of 
the adhesive between the grafts and the host. 

We used the technique for bone grafting 
with FS as recommended by Bosch (1981). The 
chips with FS were pressed into the bone bed 
and excessive FS was removed. Thus, the pres- 
ent model fulfils the demand of a thin layer of 
FS, and there should be no impediment for the 
biological degradation of fibrin. In spite of this, 

Table 3. New bone fonnatbn in bone grafts. Surface density in mm per mis (h4eanfSEM). 

Day 7 Day 14 Day 21 

Superficial 

F+rofwnd 

FS 1.61 f0.71 6.5420.53 4.56f0.28 
C 3.06f 1 .oB 5.40f1 .W 4.1020.51 
FS 3.5321.14 2.69f0.48 3.1 I fO.80 
C 3.59f0.89 4.33f1.67 3.2820.58 
FS 2.57f0.72 4.57f0.79 3.83f0.48 
C 3.3220.66 4.87k0.83 3.8920.39 Totel 

FS Side wlth fibrin adheahre system added to the bone graft. C Control. 
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the histology after 1 week still showed many 
bone chips in the superficial FS-treated graft 
surrounded by non-degraded fibrin. 

We conclude that there seems to be no in- 
dication for FS in ordinary transplantation of 
cancellous bone. If used as a haemostatic 
agent, or as a glue in situations where it is dif- 
ficult to keep the transplant in place, it should 
be applied in a thin layer. 
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