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Objectives
The objective of this study was to experimentally determine 

the optimal length of a cementless femoral component in 

total hip arthroplasty (THA) in the presence of a diaphyseal 

defect.

Materials and methods
This study was performed in paired, forty canine femora. The 

study was divided into two phases. First reamed femurs with 

50% circular defect and contralateral control intact femurs 

were tested to determine the weakening imposed by the 

defect. Secondly, the effect of stem bypass distance of one, 

two and three diaphyseal diameters beyond the defect on 

bone strength were tested. Pairs were torsionally stressed to 

failure on the testing system. Both paired t-test and analysis 

of variance were used for data analysis.

Results
The femurs with 50% cortical defect alone always experienced 

spiral fractures through the defect with significant reductions 

in maximum torque (p<0.002), angular deformation (p<0.01), 

and energy absorption (p<0.01) to failure. Although there was 

slight improvement, no significant difference in maximum 

torque, angular deformation, and energy absorption to failure 

was observed with cementless rod implantation and no 

significant difference was observed between the groups with 

different bypass lengths. 

Conclusion
In cementless femoral components, bone-prosthesis interface 

is not fully bonded in the early postoperative period. A 

suggestion may be made that patient with THA who have a 

defect in the femur, until his bone regains strength, should be 

protected from activities which produce large torsional loads 

or the design of a prosthesis that would optimize the initial 

interference fit should be used for these cases.
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Amaç
Bu çalışmanın amacı diyafizeal defekt varlığında uygulanacak 

total kalça protezinde (TKP) çimentosuz femoral komponent 

için en uygun uzunluğun deneysel olarak belirlenmesidir. 

Gereç ve yöntemler
Bu çalışma 40 çift köpek femurunda yapılmıştır. Çalışma iki 

aşamalıdır. Önce oyulmuş ve %50 sirküler defekt oluşturulmuş 

femurlarla karşı bacaktan alınmış sağlam femurlar test edilerek 

defektlerin femurlarda oluşturduğu zayıflama belirlendi. İkinci 

aşamada femur cisminde oluşturulan defekti bir, iki ve üç 

diyafiz çapı uzunluğunda geçen stemlerle kemik gücünde 

ortaya çıkacak değişiklikler test edildi. Kemik çiftlerine test 

cihazında kırık oluşana kadar torsiyonel güç uygulandı. 

Verilerin analizinde hem eşleştirilmiş t-testi hem de varyans 

analizi kullanıldı.

Bulgular
Sadece %50 kortikal defekti olan femurlarda her seferinde 

defekt bölgesinden spiral kırık oluştu. Bu grupta maksimum 

tork (p<0.002), anguler deformasyon (p<0.01), ve enerji 

absorpsiyonu (p<0.01) belirgin olarak düşük bulundu. Her 

ne kadar minimal bir iyileşme olsa da çimentosuz stem 

uygulanan gruplarla stem uygulanmayan grup arasında belirgin 

bir fark bulunamadı. Stem uygulanan gruplar arasında da 

fark bulunmadı. 

Çıkarım
Erken post  operat i f  dönemde çimentosuz femoral 

komponentlerde kemik-protez yüzey bağlantısı yeterince 

elverişli değildir. Femurunda defekt olup TKP uygulanan 

hastaların büyük torsiyonel güçlere karşı koyabileceği kemik 

gücüne ulaşıncaya kadar bu aktivitelerden uzak durmalı ya 

da bu olgularda farklı protezler tercih edilmelidir.

Anahtar sözcükler: Çimentosuz kalça protezi, Defekt, Femur, 

Kırık
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Surgical revision of the failed total hip arthroplasty 
(THA) due to implant failure and osteolysis is becoming 
an increasingly more common surgical procedure. 
THA is now being performed on a broader range of 
patients. Even with the improvement of prosthetic 
design and implantation techniques, the number of 
necessary revisions of hip replacements will increase 
due to increased life expectancies as well as younger 
average ages of initial implantation.

In general, revision THA has a higher complication 
rate than primary surgery in all types of complications[1,2]. 
One of the prevalent complications of revision THA is 
fractures caused by surgical penetration in the cortex 
or by thinning of the cortex from eccentric reaming 
which create stress raisers in the femoral shaft and 
significantly weakens the bone.[3-8] Perforation of the 
femoral shaft is not an uncommon complication of 
revision THA and usually occurs while the surgeon is 
reaming the canal and seating the femoral component 
or it is due to the difficulty of extracting or reaming 
through old cement, or due to a window made 
in the cortex to remove the cement of a previous
implant. [9,10-15] Defect in the femur following removal 
of screws and plates additionally weakens the femur[3,4] 
and places patients at a higher risk of femoral shaft 
fractures. In the presence of such known defects in the 
femur, a long-stemmed prosthesis may be indicated. 
[11,14-18]

The use of cementless prosthetics in these revision 
THA has increased dramatically in the past years. 
[2,9,19-22] Previous literature has outlined the optimal 
lengths to bypass cortical defects in revisions only 
when using cemented intramedullary implants.[23,24] 
Stress shielding and load transfer are different in the 
cementless implant[25-28] Therefore, as the number of 
revisions utilizing these implants continues to increase, 
there is a need to identify optimal bypass lengths when 
using cementless implants.

MATERIALS AND METHODS 
Specimen Preparation

Both femora were removed from 22 skeletally 
mature mongrel dogs ranging in size from 28 to 35 
kg. All animals were participants in research that did 
not involve the lower extremities or the use of drugs 
that would affect the bone structure or histology. The 
bones were cleaned of soft tissues and examined for 
evidence of abnormalities, defects, pathologies or of 
previous fractures. Femoral lengths were measured and 
the bones were labeled, paired and wrapped in saline-
soaked gauze, and stored in air-tight plastic bags at 
-20 degrees until time of use. 40 bones (20 pairs) of 
canine femora with medullary diameter of 9-11 mm 
were judged to be suitable for use in the study. The 
mean length of femora was 214 mm, with the range 

of 202-237 mm.
The investigation was divided into two phases. 

First reamed femurs with 50% circular unicortical 
defect and controlateral control intact femurs were 
tested to determine the weakening imposed by the 
defect. Secondly the effect of stem bypass distance of 
one, two and three diaphyseal diameters beyond the 
defect on bone strength were tested. The femora were 
randomly separated into 4 groups of 5 pairs. Group I 
included intact femurs. Group II included femurs with 
one diameter bypass lengths from the defect. Group 
III included femurs with two diameter bypass lengths 
from the defect and Group lV included femurs with 
three diameter bypass lengths from the defect. The 
effect of stem length is tested on paired specimens. The 
control femur was alternated in successive animals, with 
each pair serving as its own comparison control. The 
contralateral control of each pair received no implant 
but have hole and manipulated in the same way as 
its paired femur, including freezing, thawing, reaming, 
drilling and wrapping in saline-soaked gauze. 

Implant System and Method of Implantation

The frozen femora were thawed at room temperature. 
Access to the medullary canal was achieved by drilling 
through the trochanteric fossa at a point coaxial with 
the longitudinal axis of the middiaphysis. The access 
site was enlarged using progressively larger drill bits. 
Standard rigid straight intramedullary femoral reamers 
were used to shape the medullary canal. Precise-fit was 
attempted by preparing the femoral canal with reamer 
exactly the same size as the prosthesis, than a standard 
cortical defect, 50% of mediolateral bone diameter, was 
created in the anterolateral cortex of bones. Each defect 
was created by drilling with progressively larger drill 
bits to avoid splintering at the edges of the defect. The 
location of the cortical defect along the longitudinal 
axis of the femur was established at a distance of 20 
% of the femoral length below the tip of the lesser 
trochanter. Placement of the defect at this level was 
selected to model the relative location of the tip of a 
hip arthroplasty component. Saline soaked gauze was 
used throughout preparation and testing to maintain 
the fully hydrated state of each specimen.

Custom-manufactured (Simith & Nephew Richards 
Inc. Memphis, TN) 9, 10, and 11 mm cylindrical 
steel rods, simulating straight-stemed, uncemented, 
collarless femoral components were then positioned 
with tips located one, two and three diameter bypass 
lengths from the defect. The insertion was attempted 
with as small as a force of impaction as possible. 
For secure fixation of bones Interlocking pin was 
drilled through the proximal bone and implant and 
distal condylar osteotomy was performed. All femurs 
were than potted proximally and distally in a special 
padding using dental plaster, with the femoral shaft 
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coaxial with the axis of twist, to enhance gripping. 
The potted femur then rigidly secured in a specially 
build position adjustable fixture to mount the potted 
femurs onto a testing system. Fixation in this manner 
ensured that the stem and proximal femur rotated 
together during torque application.

Mechanical testing

All specimens were torsionally stressed to failure at 
load of 100 Nm. Mechanical load was applied using a 
servo-controlled hydraulic testing machine (Bionix Test 
System, MTS, model 858, Minneapolis, Minnesota) at 
a constant rate of 30 degrees of external rotation per 
second with no axial loading. The long axis of the 
implant and the rotational loading axis of the testing 
machine were collinear.

Torque-versus angular displacement data were 
acquired at a 150 Hz sample rate and stored on hard 
disk. The data was calibrated and used to calculate 
maximum torque, maximum angular displacement, 
torsional stiffness and energy capacity to failure 
(Figure 1).

Statistical analysis

Descriptive statistics were determined for all groups. 
Paired t test was used to compare intact bones and 
bones with defect and analysis of variance for the three 
groups were used to determine if the effect of different 
length of stem bypasses on the torsional strength of 
the bone were statistically significant.

Values are reported as the mean ± the standard 
deviation. A confidence level of 95% was chosen to 
signify a statistical difference. The Abacus Concepts, 
StatView for the Macintosh (Abacus Concepts, Inc., 
Berkeley, CA, 1994) software was used for statistical 
analysis. 

RESULTS
After loading to failure, femurs were inspected for 
fracture pattern and location. All reamed femurs with 
50% cortical defect with no prosthesis consistently 
experienced spiral fractures through the defect with 
significant reductions in maximum torque (p<0.002), 
angular deformation (p<0.01), and energy absorption 
(p<0.01) to failure in comparison with controlateral 
intact femurs. The means of maximum torque, angular 
deformation, stiffness and energy absorption to failure 
of bones with 50% defect is expressed as a percentage 
difference from the controlateral intact bone in Table 1.

They demonstrated only 46±0.2% of torque and 26±0.1% 
of energy of intact strength. The defect did not alter 
the torsional stiffness. The results of one, two and three 
diameter bypasses and controls are presented in Table 2. 

Although there was slight improvement, the effect 

________________________________________________________________________  

Mechanical      50% Defect   Intact   Defect/Intact ratio  p

Properties     (n: 5)  (n: 5)   (paired sample ) 

________________________________________________________________________ 

Maximum Torque (Nm)  27.7±6.4   60.7±14.9   0.46±0.2  0.002 

Maximum Angular    8.9±3.4  20.3±3.6  0.46±0.7   0.01  

Rotation (degree) 

Energy  Absorpsion  124.2±61.3  680±285  0.26±0.1   0.01 

(Nm*radian) 

Torsional Stiffness   3.1±1.1   3.1±0.9  0.96±0.1   NS 

(Nm/radian)  

 _______________________________________________________________________ 

: Paired t-test between the intact femur and the contralateral femur with a 50% 

 cortical diameter defect.  

NS: Not significant 

Table I
Change of mechanical properties of canine femora under torsion due to 

a diaphyseal defect of 50% cortical diameter.

____________________________________________________________________________________________

          Means and Standart Deviations 

       1. Group control  2. Group  control   3. Group  control    P 

Mechanical    (n: 5)  (n: 5)    (n: 5)  (n: 5)    (n: 5) (n: 5) 

Properties 

________________________________________________________________________________________ 

Maximum Torque (Nm)  25.2±7.8  24.8±4.7   30.0±9.9 27.3±5.7   25.1±3.4  24.4±4.3  NS      

Maximum Angular   9.4±3.0  8.9±2.3  8.8±1.8 8.1±1.5  8.3±1.0 7.7±2.3  NS 

Rotation (degree) 

Energy  Absorption   135.5±78  114.6±26   139.3±50 106.5±11   111±32 92.0±46   NS 

(Nm*radian) 

Torsional Stiffness   2.9±0.8  2.9±1.0  3.6±1.5  3.7±1.3  3.0±0.2 3.2±0.6   NS 

(Nm/radian)  

____________________________________________________________________________________________ 

NS: Not significant 

Table II
Change of torsional properties of canine femora under torsional loading 

with an hole and different stem lengths.
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Figure 1. Mechanical testing of bones and implants.
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of different stem lengths on torsional strength of bone 
was statistically not significant. Mean maximum failure  
torques are given for each of the groups involved in 
the study (Figure 2).

DISCUSSION
Cortical perforation of the femur during primer 

or revision THA has been described as a major risk 
factor for periprosthetic fractures.[5,15] Even experienced 
surgeons reported femoral cortical perforation in 13% 
of cases.[9]

Perforation or creation of windows during removal 
of the previous stem and cement create a defect in 
the bone and in addition to decreasing the amount 
of material available to withstand applied load, it also 
raises the local stresses around the hole that predispose 
to postoperative fracture.[13]  Difficulty is experienced in 
attempting to fit the prosthetic stem into the distorted, 
narrow femoral canal or while removing or reaming 
through old cement. Previous hip surgery, narrow 
femoral canals, preexisting areas of weak femur, 
osteoporosis, or previous fracture are risk factors for 
cortical perforation. In the presence of such known 
defects in the femur, the use of longer stem femoral 
components has been advocated to reduce the fracture 
after surgery.[11,14-18]

Both cementless and cemented long stem implants 
are being used for revision surgeries however there is 
minimal long-term information on the results of the 
use of either. Current trends lean towards the use of 
cementless implants. Previous literature has outlined 
the optimal lengths to bypass cortical defects in 
revisions only when using cemented intramedullary 
implants.[23,24] Stress shielding and load transfer are 
different in the cementless implant.[25,26,28] Therefore, 
as the number of revisions utilizing these implants 
continues to increase there is a need to identify optimal 
bypass lengths when using cementless implants.

The dog is an appropriate model for joint 
arthroplasty, and bone torsional studies because 
its femur is bilaterally symmetrical in length and 

proximal cross-sectional geometry and its femur and 
bone histology are comparable to that of the human. 
Numerous similarities in the cross-sectional geometry 
of the canine and the human femur were noted, 
supporting the use of the canine as a model.[29,30]

The effect of stem lengths on bone torsional strength 
was determined in a paired experimental design. 
Controlateral bone was used as a control. The amount 
of variability between bones was reduced to some 
degree by using dogs of a restricted weight class, and 
was further reduced by selecting dogs whose femoral 
medullary canal dimensions fall within a limited range. 
All mechanical testing results were normalized by 
controlateral control results prior to statistical analysis 
to eliminate variability in bone quality.

Larson[23] examined the effect of cemented 
intramedullary stem bypass on bone torsional property 
in the presence of a 50 % diaphyseal diameter 
unicortical anterolateral defect in paired, fresh-
frozen canine femora. Bypass lengths of zero, one, 
two, and three diaphyseal diameter bypasses were 
analyzed in 24 femoral pairs. Based upon this study, 
bypass recommendations of a two diameter bypass 
were suggested as optimal when utilizing cemented 
intramedullary implants.

Panjabi[24] determined that the optimal length of 
a femoral component in revision THA was achieved 
when the stem length extended 1.5 femoral diameters 
past the defect. This study utilized embalmed cadaver 
femurs with a reaming defect made distal to a site 
corresponding to the tip of a standard femoral 
component in the lateral cortex. These femurs were 
loaded in a physiologic manner and strains of the 
lateral cortex were measured. Torsional loads capable 
of fracturing the femurs were not examined.

In intact femur torsional loading is experienced by 
the proximal femur and it distributes these stresses 
through its cortical and trabecular structures. Torsional 
load has been implicated as a primary stress agent in 
the failure of implants and it is known that strain in the 
proximal femur in response to torsional loading after 
THA is different from that in the intact femur and hoop 
strain occurs where it is not normally present.[27] Otani’s 
[28] studies of load transfer patterns in femurs showed 
that femoral implants generate high circumferential or 
hoop strain in the proximal femur and high bending 
stress in the distal femur. Under torsional load, the 
magnitudes of strain are much smaller than those 
generated under axial loads, but they increase distally. 
These distal stresses are significant in the revision 
THA as defects in the cortex significantly reduce the 
femur’s ability to withstand stresses. Implanted femur 
must withstand substantial torsional forces in the early 
postoperative periods.

The importance of rigid initial fixation of cementless 
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femoral stems is well recognized in the orthopaedic 
literature.[26,31] In cementless femoral components, both 
implant fixation and stress transfer are accomplished 
directly through the implant-bone interface and 
resistance to torsional loading is the weak link in 
fixation of femoral components with cementless fixation 
technique.[27,32] In cementless femoral components 
bone-prosthesis interface is not fully bonded in the 
early postoperative period and our data reveal that 
different cementless straight-stem lengths have no 
significant effect on the torsional strength of bone. 
Theoretically, this might suggest an increased risk 
of fracture with implantation for the uncemented 
streight-stemed femoral components in the presence 
of diaphyseal defect. In view of these experimental 
observations, a suggestion may be made that patient 
with THA who have a defect in the femur, until 
his bone regains strength, should be protected from 
activities which produce large torsional loads or the 
design of cementless prostheses that would optimize 
the initial interference fit should be used for these 
cases.
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