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Summary
Defects in long bones are known to lead to increased risk of pathologic fracture. Holes weaken bones and increase the risk of fracture during
bending, especially on exposure to torsional forces. Here, we investigated the effect of holes of varying numbers and sizes drilled into sheep
femur bones on the resistance of the bone to torsional forces. Ninety-six fresh sheep femur bones were allocated to 8 groups, which were further
subdivided into 4 groups of 3 bones each. In each group, 1 to 4 holes ranging from 2 to 5.5 mm were drilled into the femurs, and the bones were
subjected to a rotation test. Forces that caused fractures and the force curves were measured and recorded. The effect of the number and size of
the holes drilled in the femurs on the occurrence of fractures was compared using two-way analysis of variance, and Tukey’s multiple comparison
test was used for multiple comparisons. P<0.05 was considered statistically significant. We found that the resistance of a bone to torsional forces
decreased significantly with increase in the number and size of the drilled holes (P<0.001). The rate of fractures increased as the number and sizes
of the holes increased. The resistance of the bones to torsional forces decreased as the number of holes increased. We showed that the size of a
defect in a bone is extremely important for torsional resistance and is, in fact, more important than the number of defects.
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Koyun Femurlarında Çeşitli Boyutlardaki Deliklerin
Kırık Oranları Üzerine Etkilerinin Değerlendirilmesi
Özet
Uzun kemiklerdeki defektlerin patololojik kırığa neden olduğu bilinmektedir. Delikler özellikle torsiyonel güçlere maruz kalınca bükülme
esnasında kemiği zayıflatır ve kırık riskini artırır. Buradaki çalışmamızda biz koyun femur kemiklerinde drille delinmiş çeşitli sayı ve boyutlardaki
deliklerin etkilerini araştırdık. 96 tane taze koyun kemiği her biri ilaveten 3 kemiği içeren 4’lü alt gruplara bölünerek 8 gruba ayrıldı. Her bir grubta
2 mm’den 5.5 mm’ye kadar değişen 1’den 4’e kadar delikler femurlar delinerek açıldı ve kemikler rotasyon testine tabi tutuldular. Kırığa neden olan
kuvvetler ve kuvvet eğrileri ölçüldü ve kayıt edildi. Delik açılan femurlarda kırık oluşturan deliklerin boyutları ve sayısının etkisi iki yönlü varyans
analizi ve Tukey’in çoklu karşılaştırma testi ile mukayese edildi. P<0.05 istatistiksel olarak anlamlı bulundu. Dril ile delinmiş deliklerin boyut ve
sayısında artma ile birlikte kemiğin torsiyonel kuvvetlere karşı direncinin önemli derecede azaldığını bulduk (P<0.001). Kırık oranı deliklerin
sayısı ve boyutu arttıkça artmaktadır. Torsiyonel kuvvetlere karşı kemiğin direnci deliklerin sayısı arttıkça azalmaktadır. Biz bir kemik defektinin
boyutunun torsiyonel direnç için oldukça önemli olduğunu ve gerçekte de defektlerin sayısının boyutuna göre daha etkili olduğunu gösterdik.

Anahtar sözcükler: Kırık, Rotasyonel kuvvet, Kemik, Femur, Koyun

INTRODUCTION
Defects in long bones are known to increase the risk
of pathologic fractures 1-7.When biopsy samples are taken
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from a bone, a weak point is formed in the biopsied region 7-9.
When osteosynthetic materials are removed fracture risk
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increases 10,11, and this risk is particularly high within the first
few months after the removal of osteosynthetic materials 8.
It is well known that a hole drilled into a bone weakens the
bone and increases the risk of fracture during bending,
especially on exposure to torsional forces. Any hole less
than 30% of the bone diameter of the bone increases the
risk of fracture by weakening the bone 8.
Bones are typically exposed to several forces in vivo.
Under normal conditions, a bone is subjected to cyclical
loading, which is a combination of axial and torsional forces 4.
Metastatic defects appear as transcortical holes in long
bones, and such defects lead to the formation of pathologic
fractures, thereby decreasing the capacity of bones to carry
torsional loads 12. In this study, we investigated the effect of
holes with various numbers and sizes drilled into sheep femur
bones on the resistance of the bone to torsional forces.

MATERIAL and METHODS
The bones used for testing in this study were taken from
the slaughterhouse, and this process did not violate animal
rights in any way. In the present study, we used 96 fresh

sheep femurs cut into equally sized pieces (75 mm), ensuring
that the internal and external diameters of the bones were
similar. The bones were divided into 8 groups, each of which
was further subdivided into 4 groups (1-4 holes in the range
of 2.0 to 5.5 mm. with a 0.5 mm difference between each
group) were drilled in the bones. The holes were drilled in
the middle of the bones at 0.5 cm intervals. The ends of the
bones were fixed into a device when they were subjected
to rotation tests. Torsion tests were carried out on a Tec
equipment SMS21 model torsion testing machine, and the
bones were securely gripped in a special grip arrangement
(Fig. 1A, 1B). The tests were carried out at a torsional speed
of 30°/min. The torque and the corresponding torsion were
continuously measured during the tests by appropriate
devices attached to torsion testing machine, and the
obtained values were transferred to a computer; software
was used to evaluate the results. The test endpoint was
partial or complete fracture of the bone identified by a
drop in torque. During the application of simultaneous
torsional forces, which were increased evenly in each test
group, the magnitudes of the forces leading to fracture
and their angles were recorded. Statistical analysis was
carried out using NCSS 2007 software (NCSS).

Fig 1A. The equipment used to fix the femur bones
before the torsion test
Şekil 1 A. Torsiyon testinden önce femur kemiklerini
tespit için kullanılan sistem

Fig 1B. The equipment used for the torsion test
Şekil 1B. Torsiyon testi için kullanılan cihaz
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Descriptive statistical methods (mean±standard
deviation [SD]) were used for data analysis. The effect of
the number and sizes of holes drilled in the femurs on
the occurrence of fractures was compared using two-way
analysis of variance (ANOVA); for multiple comparisons,
Tukey’s multiple com-parison test was used. P<0.05 was
considered statistically significant.

Table 2. The mean values (± SD) of drilled hole diameters sheep femurs
Tablo 2. Koyun femurlarında açılan deliklerin çaplarının ortalama
değerleri (± SD)
Diameter
of Holes
2 mm

3 Holes

4 Holes

8.3±0.2

7.867±0.058

7.7±0.2

7.4±0.1

7.1±0.1

5.433±0.153

5.1±0.1

7.8±0.2

6.433±0.153

2.333±0.208

1.933±0.058

6±0.1

5.767±0.058

5.4±0.2

4.9±0.2

4 mm

5.9±0.1

5.433±0.153

4.5±0.1

2.733±0.153

4.5 mm

5.6±0.1

3.133±0.153

2.6±0.1

2.267±0.153

3±0.1

2.967±0.058

2.633±0.153

2.267±0.058

0.8±0.1

0.667±0.058

3.5 mm

In the present study, we investigated whether the
number and size of holes drilled into the bone had any effect
on the development of fractures. Two-way ANOVA (Table 1)
showed a statistically significant difference in the occurrence
of fractures with different mean hole sizes (P=0.0001).
Increasing the hole size resulted is progressively decreasing
bone endurance for each hole size (Table 1 and 2). Additionally,
increasing the number of holes per hole size, also decreased
bone endurance (Fig. 2).

2 Holes

7.833±0.153

2.5 mm
3 mm

RESULTS

1 Hole

5 mm
5.5 mm

1.567±0.058 1.233±0.153

Table 3. The relationship between the number of drilled holes and fracture rate
Tablo 3. Açılan delik sayısı ile kırık oranı arasındaki ilişki
Tukey’s HSD Test

P Value for Fracture Rate (Nm)

1 Hole vs. 2 Holes

0.011

Tukey’s multiple comparison test was used to evaluate
the differences between the groups with varying numbers
and sizes of drilled holes (Table 3).

1 Hole vs. 3 Holes

0.0001

1 Hole vs. 4 Holes

0.0001

2 Holes vs. 3 Holes

0.0001

Statistical evaluation for hole number related fracture
rates showed significant differences between all the groups
analyzed , except 3 versus 4 holes ( P: 0.143) (Table 3).

2 Holes vs. 4 Holes

0.0001

3 Holes vs. 4 Holes

0.143 (NS)

Table 1. Significant differences in the mean values (± SD) of drilled hole
diameters in bones
Tablo 1. Kemiklerde açılan deliklerin çaplarının ortalama değerlerinde
(± SD) önemli farklılıklar
Type II Sum
of Squares

df

Mean
Square

F

P value

Co r re c te d
Model

517.83

31

16.70

926.94

0.0001

Intercept

1960.23

1

1960.23

108775.98

0.0001

mm

380.75

7

54.39

3018.34

0.0001

Source

Hole

79.81

3

26.60

1476.15

0.0001

mm Hole

57.277

21

2.73

151.35

0.0001

NS: not significant

DISCUSSION
Empty screw holes in bones are known to increase stress
in the involved region 3,11,13-15. Forming a stress riser, these
regions render the bone susceptible to torsion and tension 16.
These defects may appear radiologically for 6 or more months
after removal of screws from the bone, and fractures may occur
along these defects 3. It has been observed that the torsional
force of bones with residual screw holes decreases by 55%
in dog femurs in which 2.6 mm and 3.6 mm holes are drilled 14.
Radiologically, metastatic defects also appear as transcortical
holes in long bones. These defects decrease the capacity of

Fig 2. The relationship of the number and
diameter of holes with the resistance against
torsional forces
Şekil 2. Torsiyonel güçlere karşı oluşan direnç
ile birlikte deliklerin çapları ve sayısının ilişkisi
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bones to endure torsional force, thus producing pathological
fractures 4,17.
In the present study, we demonstrated that when torsional
forces were applied on bones, the rate of bone fractures
was influenced by the size of the drilled holes. In addition,
as the number of holes in the bone increased, even lower
torsional forces could cause a fracture (Table 1 and 2; Fig. 2).
By using Tukey’s multiple comparison test, we investigated
the relationship between the sizes of holes and the fracture
rate. Increasing the size of the drilled hole was significantly
correlated to increased rate of fracture (Table 2). Therefore
lower forces were sufficient to induce bone fracture. As the
number of holes increasing fracture rate also increase (Table
3). As the increase in the number and size of holes would
increase the risk of fracture in long and weight-bearing
bones, the significant increase in the occurrence of fractures
observed in our study is of clinical importance. However,
there was no difference in the rate of fracture between bones
with 3 and 4 drilled holes. This may be explained by rotational
forces leading to fractures having comparable values in the
3 and 4-hole groups. According to our study results, the
presence of more than 1 drilled hole and, more importantly,
a large size hole, increased the risk of fracture significantly
in long bones. Hopper et al. established that 9.5 mm hole
drilled in an equine radius bone had a significantly lower
endurance to torsional forces as compared to 6.35 mm hole
drilled. However, they found no significant relationship
between endurance and the number of holes drilled 18.
Usually, redrilling the holes following screw removal
eliminates fibrous tissue membranes and is an important
surgical procedure for accelerated bone healing. Such
procedures prevent the formation of regions of stress concentration in their in vitro study of sheep femurs demonstrated
that transcortical drill holes decreased endurance against
torsional forces 16,19. It is known that in humans, the thickness
of the cortical wall decreases with age 4. Hipp et al. also
emphasized the importance of the diameter of the transcortical bone and determined that a bone with a thinner
cortex has lower endurance against torsional forces than
the one with a thicker cortex. In long bones with transcortical defects, the importance of cortical wall thickness
has been evaluated by obtaining the ratio of the endosteal
diameter to the periosteal diameter; the mean value was
found to be 0.653 in sheep femurs 4. Various studies have
shown that fractures do not generally occur with small
holes, indicating that the effect of stress concentration
increases with an increase in the size of the hole. In addition,
when the geometry of round holes is compared with that
of non-round holes, a decrease in stress concentration is
observed 19.
Both osteolytic and osteoblastic metastatic lesions occur
around areas of density change in the bone 7,12. In our
opinion, drilling is especially risky for osteolytic lesions and
can lead to pathologic fractures. In tumor surgery, cortical

destruction involving 50% of the cortex requires prophylactic
stabilization 7,19 . Osteoporosis can significantly reduce the
cortex endurance and deteriorate weight bearing capacity.
Such defects, but larger than those of similar cross-section
is less than the rotational forces of resistance have been
reported 19,20 . However, cortical atrophy has a graeter impact
on bone weakness than residual screw holes , following
removal of plates and/or screws. Drilling is especially risky
for osteolytic lesions (Osteoporotic patients) and can lead to
pathological fractures 11,21-23.
In conclusion, the fracture risk in a bone depends not
only on the geometry of the lesion but also on other factors,
including the quality of bone, tumor biology (if any), and the
physical activity of the patient 5. As observed in our study,
any defect in a long bone may reduce the endurance of the
bone to biomechanical torsional forces. The size of the defect
is extremely important in such endurance; in fact, the size
is more important than the number of defects, particularly
in cases with metastasis, after biopsy, and after the removal
of plates and/or screws.
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