Autogenous cancellous bone and bone marrow
transplantation in the repair of bone defects
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This experimental study was made in 234 rats, in order to compare the effectiveness of autogenous cancellous bone
grafts and bone marrow transplants in the repair of bony defects.

Three millimeter bone defects were produced in right radii of rats. In group I; bone marrow taken from upper tibial
metaphys was injected into the defects. In group Il; cancellous bone grafts, taken from crista iliaca were placed in the

fracture region. In the control group; no grafts were used.

At the 2nd, 4th and 8th weeks after the experiment, calli from all groups were examined radiologically and histologically,
densitometric values were obtained and calcium-phosphorus contents as well as alkaline phosphatase activities were

determined.

In all the control weeks, radiologic, densitometric measures and the breaking load values of the grafted radii (group | and
Il) were found to be significantly higher than the control group (p<0.001). Radiologic and histologic examinations at the
eighth week showed a better fracture healing in group Il compared to group |.

These results revealed that autogenous bone marrow grafting may have potential for the treatment of bony defects, but
that is not more successful than cancellous bone grafting. [Turk J Med Res 1992; 10(6):293-297]
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The use of bone tissue in filling the bone defects in
the skeletal system is currently being extensively stu-
died. The good osteogenic properties of autogenous
cancellous bone are well appreciated and autogenous
cancellous bone has been widely used to treat nonu-
nions.

Cancellous grafts inevitably contain a large vo-
lume of hematopoietic cells, vascular elements, and
fatty marrow (1). Burwell (2), demonstrated that bone
grafts containig bone marrow were more osteogenic
than grafts which lack bone marrow tissue. Slush
grafts which consist mainly of bone marrow are very
osteogenic when used in closed intramedullary nailling
3).

The presence of osteogenic precursor cells in
marrow has been extensively evaluated (4,5). Bone
marrow has the ability to form bone in a number of
experimental situations, eg, in subcutaneus, intra mus-
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cular, and enteroperitoneal areas as well as in the an-
terior chamber of the eye (5-8). Using diffusion cham-
bers, Friedenstein et al. (8), have shown that, in sus-
pensions of total marrow cells, the hamopoietic cells
die following transplantation while the fibroblasts proli-
ferate resulting in bone formation. Recently, bone mar-
row alone as well as bone marrow in conjunction with
a preserved xenograft have been used succesfully
for the treatment of nonunions and bony defects (9-
14).

The purpose of this study was to compare the
osteogenic properties of autogenous bone marrow
grafts with autogenous concellous bone grafts in the
repair of the large bone defects and to determine whe-
ther bone marrow alone could be used for the treat-
ment of nonunions and bone defects.

MATERIALS AND METHODS

Experiments were performed on 234 Wistar rats of
both sex aged 4-5 months and with a mean weight of
252.5+6.7 grams. Animals were formed in three
groups, each consisting 78 rats. The rats were kept
in standard cages and fet with a standard labra-
tory diet.
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Surgical Procedure

Rats were anesthetized wih [P pentobarbitol sodium
(50 mg/Kg) and allowed to breathe spontaneosly. Than
the rat positioned supine, prepped and draped. Under
sterile conditions, lateral incision was made over the
right radius and at the junction of the middle and distal
third of radius a three millimeter bone defect was pro-
duced. All bone dust was washed and wiped away.

All of the 78 rats in group |, a small puncture
was made over the right upper tibial metaphys and 0.2
ml of bone marrow was aspirated with a 18- gauge
needle. A cytological smear of the marrow aspirate
was also prepared and the smear stained with hema-
toxyline and eosin was evaluated cytologically by light
microscopy. Aspirated bone marrow was injected into
the bone defect. The subcutaneous tissue and skin
were than closed and surgical procedure was termina-
ted.

In group I, following the same surgical proce-
dure, radial bone defects were filled with cancellous
bone grafts taken from the right iliac crests. In the re-
maining 78 rats, used as the control group, the radial
bone defects were left without graft.

The rats were killed with ether inhalation at either
two, four or eight weeks after the initial operations.
Their right forelimbs were disarticulated from shoulder
joints. The soft tissues were dissected, avoiding loss
of any callus.

Lateral radiographs of the disarticulated forelimbs
were taken by using a hospital portable X-ray appara-
tus (SIEMENS). All roentgenograms were processed at
the same time and conditions, and were evaluated and
scored as described by Heiple. et al. (1).

Ten radii in each group were examined for the
mechanical strength of the transplanted area. To esti-
mate the beaking load; radii, free of any soft tissue,
were fixed from their proximal points and different
weights were applied to the distal parts, the weight in
grams which caused the radius to break was taken as
the breaking load value.

Calcium, pohsphorus and alkaline phosphatase
contents of the grafted areas were determined in an
autoanalizor (RA-XT, Technicon USA) according to Lai
et al. (15).

Formalin fixed and paraffin imbedded tissue sec-
tions were stained with H and E, and evaluated by
light microscopy. Newly formed tissues in the bone de-
fects were scored according to the histologic scoring
system (1).

RESULTS

Figure 1. shows the densitometric measurements of
the fracture regions at the end of two, four and eight
weeks.

Optical density differences between the control
group and groups I&ll was statistically significant at all
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Figure 1. Changes in the transmitted light density of the opera-
ted radii.

the control weeks (p<0.001). The difference in the opti-
cal density of the bone marrow grafted and cancellous
bone grafted groups was also statistically signiticant,
being higher at the second and fourth weeks
(p<0.001) and lower at the eight week (p<0.05).

The results of the radiological observations were
in accordance with the densitometric values. Radiogra-
phically bone union was seen as early as four weeks
after grating in group Il (Fig 2).

At the eight week; in ten of the sixteen bone
marrow grafted radii and fourteen of the sixteen can-
cellous bone grafted radii, the defect was radiographi-
cally bridged with bone.

Figure 3. shows breaking load values. Statistical
difference of the mean breaking load for group | and
group Il was highly significant at the fourth week
(p<0.001). But this difference was in significant at the
eighth week (p>0.05).

Figure 2. Radiologic view of experiment groups.
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Figure 3. Changes in the breaking load ot the operated radii.

Table 1. The mean calcium content in fracture areas
(mg %)

Groups Secondweek Fourth week  Eighth week
Control* 2.64+0.05 2.90+0.07 2.95+0. 07
Exp** 251 0.1 3.0740.1 325+0.18
Exp Il 2.70+0.1 2.90+0.3 3.51+0.13
* 2-4 weeks, p<0.05, 4-8 weeks, p>0.05

** . 2-4 weeks, p<0.001, 4-8 weeks, p>0.05
»* . 2-4 weeks, p>0.05, 4-8 weeks, p>0.05

Table 2. The mean inorganic phosphours content in
fracture area (mg %)

Groups Second week Fourth week  Eighth week
Control* 2.53+0.28 1.80+0.07 1.17+0.07
Exp I 2.50+0.28 1.6510.11 1.30+0.1
Exp IIl.** 1.66+0.14 1.27+01 1.03+0.08
* :  2-4 weeks, p<0.001, 4-8 weeks, p<0.001

** :  2-4 weeks, p<0.001,4-8 weeks, p<0.001
** . 2-4 weeks, p>0.05, 4-8 weeks, p>0.05

Table 3. Distribution of the mean alkaline pohsphatase
activity in fracture areas (Unit/It)

Groups Second week Fourth week  Eighth week
Control*: 289.8+24.26  178.9+16.15  164.1+29.51
Exp I* 131.8+6.79  156.3+13.79  245.0+24.74
Exp I 161.1+16.9  144.6+10.7 137.7£18.5

2-4 weeks, p<0.001, 4-8 weeks, p>0.05
2-4 weeks, p>0.05, 4-8 weeks, p<0.001
2-4 weeks, p>0.005, 4-8 weeks, p>0.05

In all groups, calcium concentrations (per tissue
weight) increased steadily with time. Inorganic phos-
phorus contents of the grafted and control radii, slight-
ly but continuosly decreased at all the control weeks.
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In cancellous bone grafted and control radii, alka-
line phosphatase concentrations in the newly formed
bone tissue, steadily decreased at all the control
weeks. On the contrary, in bone marrow grafted radii,
alkaline phosphatase activities were found to be in-
creasing with time, notably at the eight week
(p<0.001).

Histologic examinations revealed that the defec-
ted radii had been filled with osteochondral callus, in
two of the six (34%) bone marrow grafted and in three
of the six (50%) cancellous bone grafted radii, two
weeks after grafting. At the eighth week mature bony
callus were seen in 16% of the group | radii, and in
34% of the group Il radii (Fig 4 a, b).

DISCUSSION

Bone marrow is known to be osteogenic during the ini-
tial phase of the fracture healing (12,16,17). Densito-
metric values breaking loads and histologic examina-
tions of the newly formed bone tissues in our study al-
so confirm that osteogenic activity of the bone marrow
is highest immediately after grafting. On the other
hand, osteogenic properties of the cancellous bone
grafts were found to be similar to the bone marrow
grafts.

In the blinded qualitative analysis of the radio-
graphs, new bone formations and bone unions were

Figure 4. a. Section of bone defect in bone marrow grafted ra-
dius eight weeks after grafting. Note the complate mature os-
seus briding (HE X 25).
b. Histologic view of cancellous bone grafted redius eiht weeks
after graftin, (HEX 25).
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found to be significantly better in cancellous bone graf-
ted radii than the bone marrow grafted radii at all the
control weeks. This radiologic difference can be explai-
ned by the trabecular bony architecture inherent in the
cancellous bone. Furthermore, densitometric evalua-
tions of the defected radii, showed that the difference
between group | and group Il not to be very significant
at the eighth week. These findings are in accordence
with earlier studies (17-19).

Cancellous transplants tend first to be mechani-
cally strengthened by the addition of new bone, and
than, as the necrotic cores of bone are removed, the
mechanical strength of transplanted areas tends to re-
turn to normal (4). In this sutdy, at the fourth week;
while breaking loads of cancellous bone grafted were
higher than the bone marrow injected radii, at the
eighth week, the difference between breaking loads of
the two gruops were no longer statistically significant.
These results also show correlation with the earlier
study.

Active osteoblasts and cartilage cells elaborate
the enzyme alkaline phosphatase. Enzymatic activity
incerases from a basal level in the resting state with
the initiation of osteogneic activity. As the osteoblast
become engulfed by bone matrix, during its conversion
to an osteocyte, its alkaline phosphatase activity de-
creases, ultimately reaching zero (21).

Alkaline phosphatase contents of defected radii
were found to be high at the second week in cancel-
lous bone grafted group, alkaline phosphatase concen-
trations decreased at the later control weeks as expec-
ted. In bone marrow grafted radii; tissue alkaline phos-
phatase activity was found to be increased following
all control weeks. The increase in alkaline phospha-
tase concentrations was thought to have arisen from
the osteogenicity of the bone marrow. A prolonged
study to follow the enzyme activity in bone marrow
grafted bone defects may be realized to illustrate and
to explain the persistant high alkaline phosphatase ac-
tivity.

In all experimental groups, calcium concentrations
of the defected bone increased and tissue inorganic
phosphate contents decreased in all the successive
control weeks. These results were compatible with mi-
neralization of the newly formed osteoid tissue (22,23).

Histologic examinations showed, at the eighth
week, mature bony callus in 16% of the group | radii,
and 34% of the group Il radii. This objective diffirence
had been also demostrated in a number of earlier ex-
perimental studies (2,24).

As a result, bone marrow has high osteogenic
capasity to improve osteogenesis and it can be used
for the treatment of defected bones. But cancellous
bone grafts, which also contain bone marrow, are
more osteogenic than bone marrow alone, and there-
fore are a better alternative in the treatment of bone
defects.
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Kemik defektlerinin tamirinde otojen
kansell6z kemik ve kemik iligi
transplantasyonu

Bu deneysel galisma kemik defektlerinin tamirinde
otojen kemik iligi translantsyonu ve kanselléz ke-
mik greftlerinin  etkinligini karsilastirmak amaciyla
234 sigan lizerinde yapildl.

Siganlarin sag radiuslarinda lg¢ milimetrelik kemik
defektleri yapildi. Grup ['cle; kemik iligi tibia (st ug
metafizinden alinarak defekt icerisine enfekte edil-
di. Grup ll'de; kansell6z kemik greftleri krista ilia-
kadan alinarak kirik bélgesine kondu. Kontrol gru-
bunda ise grett kullaniimad..

Deneylerin 2., 4. ve 8. haftalarindan sonra tim
gruplarda  kallusun radyolojik, histolojik, dansito-
metrik degerleri elde edildi ve alkalen fosfataz akti-
viteleri oldugu gibi kalsiyum-fosfor miktarlari da
saptand.

Tim kontrol haftalarinda radyolojik, dansitometrik
Olglimler ve kopma 6ncesi dayanma giicli degerle-
ri grup | ve llI'de kontrol grubundan anlamli olarak
daha yiiksek bulundu (p<0.001). Radyolojik ve
histolojik  incelemeler  sekizinci  haftada  kirik
iyilesmesinin grup ll'de grup I'den daha iyi oldugu-
nu gésterdi.

Bu sonuglar otojen kemik iligi greftinin kemik de-
fektlerinin ~ tedavisinde  kullanilabilecegini, ancak
kansellbz kemik greftleri kadar yararli olmayacagi-
ni  gbstermistir.

[Tirk Tip Arastirma 1992; 10(6):293-297]

Anahtar Kelimeler: Kemik transplantasyonu, Kemik
iligi transplantasyonu
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