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Introduction:
Biomechanics is a branch of bio-engineering 
dealing with the action and eff ects of internal 
and external forces on living biological systems 
using the principles and techniques of engineer-
ing and mechanics1. 

Th e working of musculoskeletal system, Al-

though complex, can be understood using 
the basic laws of mechanics and engineering2. 
Hence a working knowledge of biomechanics is 
thought to be essential for all orthopaedics sur-
geons3.

Looking back, literature shows that even Hip-
pocrates (460-370 Bc) wrote in his treatises 
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about bone fractures and joint dislocation based 
on biomechanics principle and observation that 
damaged cartilage does not heal. Hippocrates 
also promoted the application of biomechanics 
for reducing dislocated knee and straightening 
the spinal column. 

Until the 20th century, orthopaedic surgeons 
were mainly involved in straightening the spine 
with scoliosis, fi xing the fractures with braces 
and plaster casts, treating infections of the 
bone and joints etc. It was the advent of the 
development of modern orthopaedic’s surgical 
techniques and the development of total joint 
replacement achieved successfully by mid 20th 
century that brought orthopaedics to the realm 
of orthopaedics surgery4. With the desire to 
continually improve the outcome of total joint 
replacement orthopaedic surgery joined hands 
with engineering and biomechanics. Which led 
to the emergence of the fi eld of orthopaedic bio-
mechanics indeed, today orthopaedic biome-
chanics constitutes a major part of orthopaedic 
research worldwide. 

Biomechanics used physics and engineering 
concepts to describe the motion of body seg-
ment and the forces acting on them. Th e inter 
relationship of force and motion must be un-
derstood clearly if rational treatment is to be 
applied for the musculoskeletal disorders likes 
cerebral palsy, poliomyelitis and ataxia. Applied 
biomechanics is concerned for the application 
of this scientifi c knowledge to benefi t the hu-
man beings. 

Th e historical record revealed that the early at-
tempts in 1940s by T. Gluck D Judet5 brothers 
in France for replacing the femoral head with an 
ivory ball and acrylic cap failed due to the biome-
chanical incompetence and improper design6. 
However advances in mid 20th century in the 
development of biocompatible materials such as 
polymethyl methacrylate polyethylene PMMA, 
vitallium, Ultrahigh molecular weight polyeth-
ylene (UHMWPE), stainless steel, titanium and 
ceramics made longer-lasting prosthetics which 
were designed for hip and knee joints7. 

To increase the survival and longevity of these 
prostheses great help had been obtained by the 
fundamentals of biomechanics to rectify the 
high frictional torques, loosening, metal wear, 
and debris eff ect8.

During the mid 1960s there was a crescendo 
of bioengineering and biomechanics eff orts 
throughout the UK, as represented by the estab-
lishment of the bioengineering units in the Uni-
versity of Strathclyde in Glasgow; and the oth-
ers at the University of Leeds, and a third unit at 
the imperial college of science and technology, 
London9. 

Th ese institutions were making eff orts in ad-
vancement in varied topics in bioengineering 
including biomechanical research on hemody-
namics in cardiovascular system, biomaterial, 
biotribology, prostheses, bone biomechanics, 
physeochemical and biomechanical proper-
ties of cartilage and gait analysis9. In 1960s Carl 
Hirsch11 of Stockholm correlated the character-
istics of the Viscoelastic crepe behavior of nor-
mal and arthritic articular cartilage. His studies 
on cartilage captured the imagination of many 
orthopaedic surgeons and bioengineering. In 
fact many studies on cartilage–biomechanics 
that are ongoing today, form a large part of or-
thopaedic biomechanics research in this cen-
tury. 

Materials and Methods:
Th is study was carried out in Department of 
Orthopedic Surgery at Hamdard University 
Hospital Karachi from 1st October 2010 to 30th 
September 2013. 791 patients were included in 
this study. 

All these patients were treated on the principles 
of biomechanics which included the manage-
ment of fracture shaft s of long bones by inter-
nal intramedullary fi xation namely inter-lock-
ing nails, rigid internal fi xation by AO plates 
etc, treating Congenital Talipes Equino Varus 
(CTEV) using Ponsett i technique and manage-
ment of anterior cruciate ligament injuries by 
applying bone-tendon-bone graft  and using the 
optimum tensile force during recovery phase.
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Results:
Out of 791 patients, 58% were male while 42% 
were female as shown in Figure 1. Th e age ranged 
from neonate to 70 years as shown in Figure 2. 
56% of the patients were suff ered from soft  tis-
sue injuries while 32% of the patients had frac-
tures. 7% of the patients had CTEV. 5% of the 
patient had cruciate injuries as shown in Figure 
3. Fractures of upper limb are 11% while frac-
tures of lower limb were 21% as shown in Figure 
4. 23% of fractures were managed by open re-
duction internal fi xation with fl exible and bridg-
ing plates, while 9% of fractures were managed 
by open reduction and internal fi xation with 
internal locking nails. 7% of the CTEV patients 
were managed by Ponsett i, 5% of ACL injuries 
were managed by repair and graft ing as shown 
in table 1. Th e success rate in patients managed 
by crepe bandage was 94%. Th e success rate in 
patients managed by Plate Fixation using the 
Biomechanical concepts was 87%. In our study 
success rate was 90% for management of CTEV 
patients by applying Ponsett i technique. In our 
study success rate was 79% for the patients of 
ACL injuries. Over all success rate is found 92% 
in this study which is nearly the same as result of 
researches conducted internationally in which 
success rate is 96% as shown in Figure 5.

Discussion:
Th ere are many clinical applications of biome-
chanical concepts currently used in the treat-
ment of quite a few musculoskeletal disorders. 
We will discuss some as example. 

1. CREPE: is the Viscoelastic property of ten-
dons and ligaments in response to a con-
stant loading. Which results into an increase 
in deformation (Elongation) of these struc-
tures.13 On cyclical application of load, the 
strain gradually becomes less pronounced.13 

Figure 1: Gender distribution
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Figure 3: Types of Injuries & Diseases

ACL Injuries

CTEV

Fractures

Soft Tissue injuries

Table 1: Management of Fracture, CTEV and Cruciate Injuries

Management
Percentage 
of cases

Open reduction & Internal fi xation with fl exible and bridging plates 23%

Open reduction & Internal fi xation with internal locking nails 9%

Management of CTEV by ponsett i technique 7%

Management of ACL injuries 5%

Figure 4: Fractures
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Clinically this behavior of soft  tissue has 
been used for the correction of idiopathic 
congenital Talipes Equinovarus defor-
mity by serial plaster castings e.g. Ponsett i 
method for correction of CTEV.14 Another 
example using the same principle is the cor-
rection of idiopathic congenital scoliosis by 
braces where a constant load is applied for 
an extended period across the abnormal spi-
nal curves. 

An example of stress – Relaxation phenomenon 
is manifested by the decrease in stress in the ten-
don of hamstring graft  following cyclic loading 
before fi xation in cruciate ligament reconstruc-
tion following the injury.15

2. Th e application of biomechanics is ob-
served in ACL Bone – ligament –bone graft  
repair.16,17,18 

Following the graft , if the ligament is subjected 
to slow-loading rate the bone insertion at tibial 
spine is the weakest component of the tendon 
ligament –bone complex, and the tibial spine 
tends to be avulsed.19 Th is suggests that with 
increasing strain –rate the increase in tissue 
strength is higher at the tendon / ligament –
bone complex junction than in the tendon/liga-
ment itself.20,21 At fast loading rate which stimu-
lated an injury mechanism the ligament itself is 
the weakest component. 

Th e change from the rigid compression plate 
system to currently used more fl exible fi xation 
with bridging plate and locked internal fi xator is 
an evidence of the use of biomechanical princi-
ples in the enhancement of the fracture healing.

3. Th e current development in orthopaedics, 
based on applied biomechanics is focused 
on the less invasive surgical technique for 
the OA which is suitable for younger pa-
tients by employing tissue engineering. 
Th e technique involves patient’s Autologus 
Chondrocytes implant, grown on a scaf-
fold in the laboratory, and the reimplanta-
tion into the damaged articular area of the 
joint.22, 23, 24, 25 Th e matrix-induced antologus 

chondrocyte implantation has now been a 
frequently used method in many centres in 
UK.26

4. In recent decades the internal fi xation of 
long bones is changing from rigid compres-
sion plates to more fl exible fi xation with 
bridging plates and locked internal fi xators. 
Th is change has occurred based on biome-
chanical principle.

Whereas the compression plates require rigid 
and absolute stable fi xation, the bridging plates 
avoid the need for precise reduction resulting 
in minimal surgical trauma while preserving 
fracture vascularity. Bridging plates use elastic 
fi xation to provide suffi  cient interfragmentary 
movement strain to allow fracture union by cal-
lus formation with an additional advantage of 
reducing the vascular disturbance due to lower 
plate-bone contact (LCP) and locked internal 
fi xator. 

From a biomechanics point of view there is a 
principle diff erence of load transfer between 
bridging plates and locked internal fi xators. In 
conventional compression plate’s fi xation, the 
stability is limited by the frictional force created 
by the axial screw force and the coeffi  cient of 
friction between plate and the bone. Th e stress 
at the screw threads is not evenly distributed 
and causes reduction in strength of fi xation. In 
contrast, angle stable screws in a locked internal 
fi xator are loaded perpendicular to their longi-
tudinal axes in compression and provide much 
higher contact area between bone and screw 
with more even load distribution leading to 
greater fracture stability. 

Bridging plates and locked internal fi xators aim 
to stimulate callus formation by creating suffi  -
cient inter fragmentary movement under load-
ing of the operated limb. Lower axial stiff ness 
has been achieved by using a longer plate and 
leaving several plate holes empty on each side of 
the fracture. 

Th is provides the biomechanical advantage of 
longer lever arm to counteract the bending mo-
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ments at fracture site. To overcome the confl icts 
between stiff ness, strength and suffi  cient inter-
fragmentary strains, new concepts for internal 
fi xators with higher axial movements in the frac-
ture region are introduced to improve further 
bone healing. Interfragmentary movements be-
tween 0.2 m to 1 mm in fracture gaps stimulate 
good callus formation, which corresponds to its 
between 13% and 33% which is appropriate in 
fracture healing. 

Also, based on biomechanical concepts there 
has been development of cortical locking system 
(which was introduced in 2005) to facilitate bio-
logic fi xation and secondary bone healing that 
relies on fl exible fi xation to stimulate callus for-
mation. Th e rigid compression plating suppress-
es the interfragmentary motion and does not 
allow the callus formation. Also, the rigid lock-
ing screws cause an uneven stress distribution 
that may lead to stress fracture at the end screw. 
Th e other features of these FCL screws includ-
ing fl exible fi xation, load distribution, progres-
sive stiff ening and parallel interfragmentary and 
motion enhance the fracture fi xation and bone 
healing. All these features of FCL system have 
shown to induce stronger callus and consistent 
healing as compared to rigid plating system. Bio-
mechanical studies have revealed that FCL sys-
tem reduces the axial stiff ness of standard locked 
plating system by 88% for bridge plating of the 
femur and 84% for plating of tibia and promotes 
# healing by providing fl exible fi xation. 

In a study conducted by Mark Dutt on in 2011 
on 176 patients successfully used Biomechani-
cal techniques in soft  tissue injuries.27 Th e suc-
cess rate is 94% while in our study success rate 
is 95%.

Augustin et al28 described outcomes in manag-
ing 447 patients with soft  tissue injuries has 
achieved successful results up to 96% while in 
our study success rate is 95%.

In another study conducted by Hamid Reza 
Seyyed Hosseinzadeh Plate Fixation in Ortho-
paedics has shown the results of Plate Fixation 
using the Biomechanical concepts up to 91% in 

543 patients,29 while in our study success rate is 
87%.

Basic concepts in biomechanics the results of in-
jury to both the bone and the surrounding soft  
tissue managed through Basic concepts in bio-
mechanics is 91%;30 while in our study success 
rate is 95%.

In a study of anatomy and biomechanics of the 
ankle region in normal and clubfeet of 390 neo-
nates, Biomechanical Phenomena; Clubfoot/
Pathology; clubfoot / Physiopathology con-
ducted by SW Hosking - 1982 has shown the 
results using Ponseti Method gave excellent cor-
rection results up to 87%,31 while in our study 
success rate is 90%

In a study conducted by Wilk on the manage-
ment of injuries of ACL on 104 patients has 
shown the results using biomedical technique 
up to 81%,32 while in our study success rate is 
79% 

So it is found that in Pakistan successful results 
are nearly same when compared with studies 
conducted internationally so we acknowledge 
the results of research conducted on biome-
chanical concepts in orthopaedics internation-
ally.

Conclusion:
It is always emphasized that the basic and ap-
plied research in orthopaedics should be com-
bined with clinical experience; and eff ort should 
be made to integrate the biomechanical knowl-
edge into clinical practice for the improved pa-
tient care.

As the fi eld of biomechanics continues to prog-
ress it is important for the orthopaedics surgeon 
to remain update with the science behind these 
therapies. 

Biomechanical Concepts in Orthopaedics 
should be highlighted. Lectures and diff erent 
symposium should be carried out regarding 
Biomechanical Concepts in Orthopaedics for 
undergraduates and post graduates. 
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