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Osteoporosis (a disease of low bone mass & deterioration of 

bony micro architecture which is manifested as #,height loss, 

deformity, impaired mobility &pain). 

 

 

 

 

COMMON IN WOMEN OR MEN? 
                       
SEVERE  IN MEN OR WOMEN? 
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Lumbar vertebra may be divided into 3 functional components 
Vertebral body 

Pedicle 

 

Posterior elements 

Consisting of  

Laminae &their  

processes 

•. 
. 

 
 

 

VERTEBRAL BODY PEDICLE POSTERIOR  

ELEMENTS 08-01-2018          BPT 3RD SEM 



•The vertebral body sub serve the weight-bearing function of the 

vertebra &is perfectly designed for this purpose. Its flat superior & 

inferior surfaces are dedicated to supporting longitudinally applied 

loads. Flatness of the vertebral bodies confers stability to an 

intervertebral joint, in the longitudinal direction. 

 

•The load-bearing design of the vertebral body is reflected in its 

internal structure ,the vertebral body isn't a solid block of bone, but 

simply a shell of cortical bone surrounding a cancellous cavity. 

. 

 

VERTEBRAL BODY 
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•So needs to be reinforced which is achieved by introducing some 

vertical struts between the superior & inferior surfaces but when 

subjected to longitudinal forces then it tends to bend or bow. The  

load-bearing capacity of vertical strut can be preserved, however, 

if it is prevented from bowing. 

 

•By introducing a series of cross beams hold the struts in place    

preventing the box  from collapsing. 

 

•So the internal architecture of the vertebral body follows this 

same design. The struts & cross beams are formed by thin rods of 

bone, respectively called vertical &transverse TRABECULES. 

This endows the vertebral body with weight bearing strength 

&resilience 
 

•With just an outer layer of cortical bone, a vertebral body would 

be merely a shell, which is not strong enough to sustain 

longitudinal compression, &collapses like a cardboard  box. 
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•With just a shell of  

cortical bone, like a  

box and collapse  

when a load is applied 

•Internal vertical struts  

 brace the box. 

•Transverse connection 

prevent the vertical  

struts from bowing  

& increase the load  

bearing capacity of the 

box .Loads are 

resisted by tension in 

transverse connections 
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Any applied loads is first borne by vertical trabeculae, 

and when these attempt to bow they are restrained from 

doing so by horizontal trabeculae. Consequently, the 

load is sustained by a combination of vertical pressure 

and transverse tension in the trabeculae. It is the 

transfer of load from vertical pressure to transverse 

tension that endows the vertebra with resilience. 

So, the advantages of this design is that 

it is strong, but lightweight. 
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STRENGTH OF VERTEBRAE 

•In upright posture the vertebral bodies of the lumbar spine 

assume 80-90% of the compressive load bearing. 

 

•Study shown that the cortical shell provide 65% of total 

compressive load compared to cancellous core but recent other 

study shown  only 10%. 

 

•Rock off &colleagues found that under compressive load the 

trabecular bone contribute 25-55% of the strength of a lumbar 

vertebral body, depending upon ash content of the bone. 

 

•It has been seen that the cancellous bone of a vertebra 

undergoes large compressive  deformation up to 9.5%before it 

fails. The corresponding deformation for the cortical bone is less 

than 2%. 

 
08-01-2018          BPT 3RD SEM 



 

 

 

 

 

•A 6-8% decrease in trabecular bone per decade can be expected to begin 

 between 20 to 40 years of age in sexes. 

•Due to these changes modify the load bearing capacity of the vertebra. 

•After 40 years the load bearing capacity of cortical cancellous bone changes. 

Before 40 years about 55% of load bearing capacity is attributed to cancellous  

bone, after 40 years this decreases to about 35%. 

•A rapid rate of decrease was observed beyond 40 years, while gradual  

decrease after 60 years. 

CHANGES WITH AGE 

The vertebrae strength decreases with age as with skeletal aging 

there is loss of  bone .BELL &colleagues reported that a small 

loss of osseous tissue produces considerable loss in the vertebral 

bone strength. Study shown that a 25% decrease in the osseous 

tissue of the vertebrae causes a much larger 50% decrease in  

vertebral strength. 

(data from bell et al: Variation in strength of vertebrae with 

age &their relation to osteoporosis.) 
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•As we known there is linear decrease in bone mineral content of 

lumbar vertebral trabecule but rate of decrease is not different 

between male & female. 

 

•There is gradual decrease in cortical bone of 3%per decade can 

expected for both sexes. The bone mineral content is less in 

female at all ages(12% less at 50 years of age) but the rate of 

decrease with age is about same for both sexes. 

(data from Hansson et al: The effects of age, height &weight on 

BMC of lumbar vertebra) 

 

•In post menopausal women,9% rate decrease in cortical bone per 

decade. 

CHANGES WITH GENDER 
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OSTEOPOROSIS 
•In osteoporosis ,the loss of horizontal trabeculae effectively 

lengthen and therefore weakens the vertical trabecular beans & 

compromise the strength of vertebral body and also due to 

reduction in osseous tissue (ash content), strength also 

decreases. 

•Loss of horizontal trabeculae  greater with decrease in density. 

•Experimentally found that trabeculae get thinner &decrease at 

same rate but horizontal are lesser in number than vertical at all 

density levels. Thus, spacing between horizontal increases 

more rapidly than spacing between vertical. So, remaining 

trabecule are becoming  longer & thinner. 

 Experimentally, it was seen that half of the cancellous bone 

become stronger after 1st #. Thus a vertebra with a 

compression # may actually be able to carry equal or higher 

load after a #. 
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Peak bone mass occurs when our bones are at 
their strongest. Women of all races reach their 
peak bone mass between the ages of 20 and 24. 
Men keep building bone until about age 30.  
Men are larger than women on average, and have 
a higher peak bone density.  
Around age 40, both men and women begin to 
lose some of the bone in their skeletons. But in 
the next 10 years, women lose more bone leading 
up to menopause, because of changes in their 
estrogen levels. The hormone estrogen plays a 
key role in bone resorption. After menopause 
(around age 51), women start to lose bone at an 
increased rate. A woman can lose 2 to 5 percent 
of her bone density each year during the 5 to 10 
years of and following menopause.  
 
 

 
 
 
 
  

      

         WOMEN OR MEN? 
          COMMON 
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http://www.womenshealthmatters.ca/centres/osteo/glossary/glossary.html
http://www.womenshealthmatters.com/centres/osteo/prevention/index.html


Men with osteoporosis have more severe osteoporosis 

 higher rates of fracture  than women because the illness is often 

 diagnosed later in disease process.  

Due to a lack of awareness that osteoporosis is a 

 problem in men  

Physicians need to be more aware of the possibility 

 of osteoporosis in their older male patients,  

especially if there are predisposing 

 factors such as family history. If male patients  

complain of backache, "taking a vertebra x-ray is a  

good idea,” Men tend to have 

 higher BMD values . 

Osteoporosis is under diagnosed in  

Both sexes, "but the under diagnosis in men is worse 

 because clinicians aren't 

 looking for it. And many men refuse to believe they have 

 a 'woman's disease'...part of it is a cultural problem," 

MEN OR WOMEN? 
        RISK 
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CLINICAL SIGNIFICANCE 

•The relative ash content &breaking stress both declined with 

increasing age, but relation between them wasn't linear since the 

breaking stress fell more quickly than  ash content. So in 

osteoporosis the reduction of diameter of vertical trabeculae & loss 

 of transverse ties causes loss of strength proportionately greater 

than the loss of osseous tissues. Wedge #,endplate # are common 

in osteoporotic spine. 

 

•Both men & women are suspected for this after 50 years. So 

elderly patient when come to us having backache, spinal deformity 

,h/o taking oral glucocorticoid, maternal h/o #,low BMI 

(<19),excessive alcohol intake, smoking, early menopause, 

physical inactivity,# after 50 years then we suspect osteoporosis. 
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• So, treatment should  be given 

  cautiously with proper education to  

  patient and daily intake of calcium  

  &vitamin (on physician help). 

 

•So, regular weight bearing  

 exercises which exert a loading 

 impact & stretches &contract  

 the m/s, stimulate bone to  

 strengthen itself. 
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IS ANY 
ASSYMMETRICAL 
LOADING AT ONE AREA 
OF THE FUNCTIONAL 
SPINAL UNIT EFFECTS 
CHANGE IN OTHER  
REGION? 
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FUNCTIONAL SPINAL 

UNIT 
FSU is the smallest segment of 

the spine that contains all the 

components of the complete spine 

and demonstrates the 

characteristics of the complete 

spine. It consist of two vertebrae, 

the zygoapophsyseal joints,IVD 

and all soft tissues structures 

such as ms, ligaments,joint 

capsules ,neural structures and 

vasulature. FSU is an important 

concept because it stresses the 

interdependence of the articulation 

,ms, and  architecture and contents 

of the spinal canal and IVF.  
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   Degenerative or pathological changes of the 

IVD ,for example, have the effect  of altering 

spinal kinematics above and below that level 

,which in turn leads to asymmetrical movements 

and loading at the lumbar zygapophyseal joints. 

Because of this interplay between all spinal 

tissues, injury, adapatative  changes ,aging and 

degenerative  process of individual components 

of FSU alter the function of associated tissues. 
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Loads on the  lumbar spine are 

primarily produced by ms 

contraction, body weight and 

gravitational and external forces. 

Muscle contraction imparts 

especially significant forces to 

lumbopelvic  articulations. Forces 

are distributed and redirected 

and as a result imposed loads 

are shared by all components of 

FSU. Compressive and shear 

loads are primarily borne by 

bony and soft tissues 

components of the ligamentous 

spine. 

                                                 
Compression and shear(anterior) due to  

lumbar lordosis are two loads to which  

the elements of FSU are subjected 08-01-2018          BPT 3RD SEM 



Excessive  or asymmetrical loading patterns to 

the articulations results in connective tissue 

changes, which are typically followed by 

structural adaptations. In the zygoapophyseal 

joints, the response of the facets (which are the 

articulating surfaces of zygoapophyseal joints) to 

abnormal loading patterns or direct injury might 

be cartilage degeneration ,facet atrophy, and ,if 

excessive forces are maintained over a long 

period, bony adaptation in form of sclerosis or 

osteophytes formation. 

08-01-2018          BPT 3RD SEM 



So, changes in joint structure 

immediately alter joint function which 

affects IVD mechanics. Also, IVD injury 

alter the kinematics of FSU and unequal 

sharing of facet loads lead to increased 

loading pattern of facet and ultimately 

result in cartilage degeneration and  

facet atrophy with resultant IVF stenosis. 
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Disc injury or degeneration 

Altered kinematics of  

FSU 

Unequal sharing of 

facet loads 

Increased loading 

patterns of facet 

Cartilage degeneration & 

Facet atrophy with resultant 

intervertebral foramen  

stenosis 
08-01-2018          BPT 3RD SEM 



CLINICAL RELEVANCE OF INSTABILITY 
 

 INSTABILITY of FSU is abnormal response to applied 

loads characterized by movements in motion segment 

beyond normal constraints. Stiffness of spinal column is 

provided passively by the specialized connective tissues 

of the spinal column itself ,and actively by 

neuromuscular system .The loss of this stiffness and 

resultant spinal instability can be due to injury ,age-

related degenerative changes of specialized connective 

tissues ,ms insufficiency or a combination of all 3 of 

these factors: 
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Kirkaldy –Willis and Farfan advanced a model of instability that  

attempted to correlate the pathology with clinical presentation.The  

model defined the spectrum of degeneration over 3 distinct 

phases----dysfunction followed by instability and 

restabilization. 

                                
                    DYSFUNCTION 
Interruption of function as a result of injury to FSU. 

 

                  UNSTABLE PHASE 
           Abnormal increased movement :Instability 

                    STABILIZATION   

           Fibrosus and osteophyte formation 
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In the 1st phase, normal function of the FSU is 

compromised due to injury .It is due to next phase ,the 

unstable phase that the disc and zygoapophyseal joints 

have degenerated to such an extent that they are unable 

to adequately bear loads and ligamentous laxity results. 

This phase is characterized by abnormal increased 

movement. In addition to the degenerative process, 

cyclic loading of spine can result in anatomical changes 

suggestive of instability, depending on magnitude and 

number of cycles of applied loads. These changes 

includes annular tears, distortion of lamellae of AF ,facet 

# and disc herniations. Anatomical changes in FSU 

resulting in segmental instability might includes 

decreased disc height and joint capsule laxity. 
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As a result of aberrational segmental motion and loading patterns, 

osteophytes and traction bone spurs often develop at the margins 

of AF ,the degenerative stage is more advanced but the unstable 

segment regains its stability coz’ of increased fibroses and 

presence of osteophytes in the region of zygoapophyseal joint and 

IVD. 

        The peak incidence of disabling symptoms in LBP 

occurs between age of 35 and 55.This suggests that the last 

stage of degeneration the stabilization phase has protective 

effect to FSU while stage of instability is correlated with age 

in which symptoms ,pain, and disability in LBP population 

predominates. 
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DOES MECHANICS 
OF DISC 
DETERMINE   
DISC FAILURE? 
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The IVD is well designed to attenuate 

shock and transmit the wide array of 

forces and moments imposed upon it. 

Along with facet  joints, it receives total 

compressive load of  spine. 

                            IVD between L4-5& 

L5-S1 are wedge shaped and anterior 

height of L5-S1 disc often being twice 

the height of posterior aspect. This 

wedging is one major structural 

reason for lumbar lordosis .In upper 

lumbar spine disc have evenly 

distributed anterior and posterior height 

relation. 

            IVD is an extraordinary structure 

that is the central figure in spinal 

mechanics and pathology .It play a vital 

role in functioning of the spine. 
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COMPRESSION 

•When compressive load is applied to disc, vertical load is 

transferred into radial pressure that is resisted by tensile 

properties of annulus (HOOP STRESS). Two factors contributing 

to increase compressive load to nucleus are ms contraction and 

ligament prestress. 

•As powerful spinal extension and psoas major cross FSU 

relatively close to axis of motion. They exert compressive load to 

IVD upon contraction. 

•However even in resting state there is compressive load to FSU 

as a result of ligamentous preload. The ligament prestress to FSU 

increase stability of flexible spine just as ms contraction also 

afford spine greater stability. 

•Pure compression of disc doesn't cause extrusion of normal 

nucleus even in experiment in which annulus is intentionally 

damaged and compression F are applied. 
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Experiment were conducted on lumbar spine specimens using 

discography to demonstrate movement of NP under compressive 

loading .After 1st cracks were heard indicating #of vertebral 

endplates ,nucleus was found to migrate into bodies ,resembling 

SCHMORL’S NODES. Thus, conclude that disc herniation is not 

caused by excessive compression loading ,although Schmorl’s 

nodes may be result of such loading. 

•When compressive load is applied ,P within NP increases, but as 

water is incompressible, NP in turn exerts P against surrounding 

AF through process known as radial expansion. PASCAL'S LAW). 

The AF then resists this load through tension developed in its 

collagen fibers. NP also exerts P against superior and inferior 

vertebral endplates, thus serving to transmit part of load from one 

to other vertebra. 
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•The normal disc function hydrostatically with internal P increases 

in relation to externally applied F. With dehydration or surgical 

excision of NP ,the capacity of IVD to tolerate compressive 

load is altered .Short applications of light compressive loads to 

denucleated disc can be tolerated by AF alone, higher F or 

prolonged application of F are problematic coz’ of inability of disc 

to develop internal fluid P and transform compressive load to 

radial F on AF .This lead to excessive loading on vertebral bodies, 

which results in further degenerative changes. 

 

•Brown and colleagues on their study found that mode of failure of 

disc to compressive load dependent on condition of vertebral 

body. Osteoporotic vertebrae showed extensive collapse of 

endplate and underlying bone at relatively low loads. 

 

08-01-2018          BPT 3RD SEM 



                                       DISTRACTION •During distraction all points on one vertebral 

body moves an equal distance perpendicular 

from upper surface of other vertebral body. 

Consequently the attachment of every collagen 

fiber in AF are separated an equal distance. 

•Every fiber strained and resist distraction. 

Because of density of collagen fiber in AF 

,distraction is strongly resisted by annulus .As 

due to distractive F exerted by NP between 

vertebral bodies,capsular tissues place at 

certain presets tension and this stimulate stress 

receptors and in turn starts centripetal flow of 

afferent information to CNS. By NP exerting this 

P and helping to maintain this slight preset 

tension on surrounding tissues, small 

movement in any of these innervated tissues 

further stimulate the receptor because of their 

distraction. 

•This increase the barrage of signals into CNS 

which in turn can result in variety of reflex motor 

responses. 
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                     SLIDING 

•In pure sliding movement of inter body joint, all points on one 

vertebra move equal distance parallel to upper surface of next 

vertebra. This movement is resisted by AF but fiber of annulus act 

differently according to their location within annulus and in relation 

to direction of movement. 

•In forward sliding fibers at side of disc lie in a plane more or less 

parallel to direction of movement and run obliquely between the 

vertebral bodies but in opposite directions in each successive 

lamellae. 

•During forward sliding only ½ fiber in lateral annulus will be 

strained ,for only ½ of fiber have their point of attachment 

separated by movement. The other ½ have their points 

approximated. So, only half the fiber in the lateral annulus 

contribute to resist forward sliding. 
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•The effect of forward sliding is 

to incline is to incline the 

planes of lamellae in anterior 

and posterior annuli anteriorly. 

Under theses circumstances, 

degree of stretch imparted to 

anterior and posterior annuli is 

less than that imparted to 

lateral annulus, whose fiber 

are stretched principally 

longitudinally.  
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BENDING OR ROCKING 

•This involve lowering of one end of vertebral 

body and raising of  tilting opposite end. This 

causes distortion of AF and NP and its fluid 

content of nucleus and annulus that permits 

this deformation. 

•On forward bending anterior end of vertebral 

body lowers and posterior end rises. The 

anterior annulus will be compressed and will 

tend to buckle. 

•The NP will also be compressed but 

predominantly anteriorly. The elevation of 

posterior end of vertebral body relieves P on 

NP posteriorly, but at the same time stretch 

the posterior annulus. 

•The anterior annulus is buckled as 

compressed by tilting of vertebral body and 

because as it isn’t braced internally by NP 

,the nucleus is compressed anteriorly, it is 

relieved posterior and able to deform 

posterior 
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TWISTING 

•During twisting movement of 

interbody joint ,all points on lower 

surface of one vertebra will move 

circumferentially in direction of twist, 

and this has a unique effect on AF. 

•Because of the alternating direction 

of orientation of collagen fibers in 

annulus, only those fibers inclined in 

the direction of movement will have 

their points of attachment separated. 

•Those inclined in opposite direction 

will have their points of attachment 

approximated, Thus ,at any time, 

annulus resists twisting movement 

with only ½ of its component of 
collagen fibers. 

Half of the number of lamellae in the 

annulus will be stretched while ½ will 

be relaxed.                    So ,this is the reason 

why twisting movement of 

interbody joint likely to injure the 

annulus. 
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During torsional stress on IVD ,AF loaded in 

tension .As ,AF is series of oblique arranged 

fibers, during rotation of vertebral body ,a portion 

of these fibers is not under tension. Only portion 

of AF able to resist torsional stress ,but facet joint 

protect and resist rotation and F. But this 

protective action reduced when spine is flexed, 

thus common mechanism of disc injury is 

combined rotation and forward bending 

movement. 
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WHY PERSONS ARE  
TALLER IN EARLY 
MORNING COMPARED TO 
EVENING? 
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•Disc is constantly changing its shape & fluid content with change 

in posture of person from one moment to the next. This process is 

related to diurnal variation in fluid content of the disc. 

 

•When a healthy spine is unloaded such as during bed rest the 

pressure within nucleus Pulpous is relatively low. The low P 

combined with hydrophilic nature of the disc, attract water into 

AF&NP. 

 

•As a result disc swells slightly when one is sleeping. While awake 

& upright weight bearing through vertebral column F water out of 

disc. 

 

•So this cycle of variation of cyclic swelling & contracting of the 

disc produces an average 1.1% daily variation in overall height. 

That’s why one is taller in morning. 

                                                                                                      

08-01-2018          BPT 3RD SEM 



•About 56% of total loss in height during day is recovered after 

2hours of bed rest. 

 

•The rate at which fluid is lost from disc tends to be lower than the 

rate at which it is imbibed, hence fluid lost in 16hrs of daytime 

activity is replaced by 8hrs of rest. 

 

•At night a rapid recovery of height occur approx.70%of height 

being regained within 4 hrs. 

 

• On rising the disc may be in state of hyper hydration for 1st few 

hours,& this is related to clinical observation that many patient say 

that their back went after trivial accident during this particular 

period. 
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WHY EARLY BENDING 
EXERCISES ARE NOT 
RECOMMENDED,IS THERE ANY 
RELATION TO FLUID 
CONTENT OF IVD? 
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•The great importance of maintaining adequate hydration of disc 

,factors  that adversely influence this may lead to disc 

degeneration &spinal dysfunction. for example :synthesis of 

proteoglycans may be impaired by smoking or during prolonged 

immobilization. 

Exposure to vibration postulated to cause this. 

 

•SNOOKetal (1998)found that low back occurred in morning in 

most lifting injuries, the authors postulated that flexion avoidance 

in morning might help to reduce pain. 

 

•ANDERSSON &SCHULTZ(1979) found artificially that when 

saline is injected to cadaveric disc ,it become more resistant to 

bending stresses. 

 

•ADAMet al(1987)found that in early morning a forward bending 

movement may subject lumbar ligament & disc to damaging 

bending stresses ,but movement is safe later on in the day.  08-01-2018          BPT 3RD SEM 



IS THERE ANY 
RELATIONSHIP BETWEEN 
POSTURE  
AND INTRADISCAL 
PRESSURE? 
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•Even  when IVD are unloaded the intrinsic P of about 0.7kg/cm2 

present within IVD. This pre stressed state of the disc provide it 

with some intrinsic stability. 

 

•When any external loading is applied to disc such as BW ,the 

resting P rises. Loading depend on position of body (coz’ of effect 

of F of gravity &ms contraction) whether or not a weight is being 

lifted or carried in the hands or on the back. 

 

•When a vertical load is applied to disc ,the P in nucleus is 

50%higher than that applied  externally. The vertical stress in 

annulus was calculated to be 50% of applied external Load/unit 

area, while tangential ,tensile strain was 4-5times the applied 

external load, atleast in its outer parts. 

        

INTRADISCALPRESSURE 
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•IDP rises by flexion whether or not it is loaded ,but volume 

remain same .In studies on autospy specimen shown that when 

disc is tilted forward by 8 degrees the intradiscal P was increased 

by 1.5kg/cm2 which corresponds to approx.20kg of external load. 
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EFFECTS OF POSITION OF BODY ON IDP 

1. SITTING • Highest in sitting compared to standing &reclining. 

• Load on disc is related to BW above the level of disc 

measured & approx,.3times that of BW above it.So lower 

the disc greater the load. 

      P is highest due to: Activity of psoas major i.e vertebral   

portion which stabilizing &compressive effect on lumbar 

spine which contribute load in addition to gravitional F. 

                               When person sits lumbar spine goes some 

degrees of flexion so P itself increases& transfer load from 

facet joint more onto disc 

•NACHEMSON’S experiments shown that subject when 

lean 20 degrees forward load on disc increases by 40-

60kg.Psoas activity reduces &ES action increases in 

order to prevent trunk from falling further forward &had a 

compressive effect on the disc. 
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2. STANDING This decreases P in sitting of about 30% but may increased 

further if lean forward 20 degrees. 

3.RECLINING This decreases P by 50% as compared to sitting. 

4.EXERCISES Certain exercises like sit-ups with knees bent, b/l SLR in  

lying ,active back hyperextension in prone lying. 

PRESSURE IN L3 DISC 

 Sitting forward leaning with weight> forward leaned sitting>sitting>standing  

forward lean with weight>standing forward lean without weight>standing> 

sidelying>supinelying 

 Coughing=sitting un supported>standing>sitting supported>supine 

 

Situps>pronelying with arm &leg raised back actively>supine SLR both>supine 

hip & knee flexion passively>passively extension leg both back &arm 

rasied>crooklying 
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VARIOUS POSITIONS RELATIVE CHANGE IN PRESSURE(L3) 

% 

25 

75 

100 

150 

220 

140 

185 

275 

SuLy 

SiLy 
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VARIOUS MUSCLE STRENGTHENING EXERCISES 

% 

150 

180 

210 

100 

140 130 

35 
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CLINICALLY, these are important while treating acute stage of 

Disc pathology. Those posture which increases intradiscal 

pressure the patient c/o pain aggravation in that position. 

Patient who says that their pain is absent when reclining, but 

comes on standing &is much worse when sitting &certain 

exercises may well be describing effects of stressing an annular 

tear. 

 

Patient may c/o pain, when there is some tears in outer 

annular fibers give rise to pain due to increase in IDP &tensile 

stresses on annulus .When sitting unsupported position the 

person with PIVD increases symptoms but use of lumbar roll to 

maintain a normal lumbar lordosis reduce IDP &very useful 

intervention for persons with discogenic LBP. 
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WHY IT IS ADVISED TO 
PERSONS WHOSE JOB  
TO WORK IN PROLONGED 
FLEXED POSITION TO HAVE 
FREQUENT BREAK IN 
BETWEEN WORK? 
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•Posterior lumbar tissues play a significant role in resisting flexion. 

ADAMS et al showed that on average, subjects increased their 

flexion ROM by 5 degrees over course of a day, and they 

suggested that this increase was due to increased ligament laxity 

from discs narrowing with loss of fluid content . 

 

•Ligament themselves have been documented to exhibit 

viscoelastic behavior, suggesting that they too may be responsible 

for observations of increased joint laxity. 

 

• If the posterior tissues stretch &allow the lumbar joints to flex 

beyond their ‘normal’ limit ,                                             ADAMS et al has suggested that the 

disc and/or other tissues may be at increased risk of sustaining 

hyper flexion trauma. 
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•STUDY on creep response of lumbar spine to 

prolonged flexion was suggested that the flexion creep 

response over prolonged flexion for 20 min ,there is 

increase in flexion of 5.5 degrees and one half of creep 

elongation was regained within 2min,but full recovery 

after 30 min. (McGill et al) 

                                    This indicate that 50%of 

resting joint stiffness within 2min of 

resuming relaxed lordosis but full recovery 

took longer time indicating the presence of 

viscoelastic hysteresis. 
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CLINICAL IMPLICATION 
•So this shows that residual stretch in the posterior tissues 

remains for a period of time following prolonged flexion. 

Individuals who spend periods of time sitting or in a slumped 

posture who then perform a demanding lift within a short period of 

time ,may be at an increased risk of hyper flexion injury to the disc 

&ligaments. 

• The residual creep- stretch following a flexion bout remains 

greater than 50% of the total stretch for at least 2 min in the 

relatively young subjects. 

                                       For this reason ,it is prudent to advise 

those who experience this type of lumbar loading (as might a 

shipper/receiver, gardener ,or construction worker) to stand 

&walk for a few minutes prior to performing demanding 

manual exertions. Indeed, temporary joint flexion laxity  or 

increase in ROM of lumbar flexion, following a bout of full 

flexion, may increase the risk of hyper flexion injury to 

certain tissues. 08-01-2018          BPT 3RD SEM 



DOES NUTRITION TO 
IVD HELPFUL FOR 
EARLY DISK   
PATHOLOGY? 
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                  NUTRITION TO IVD 
Apart from its outermost annular fibers, the disc is avasular after 

the age of 10 years. For its nutrition it then relies on the diffusion 

of nutrients such as glucose, sulphates, Oxygen. These reach disc 

by 2 routes: 

          1.from BV surrounding the periphery of AF. (annular route) 

          2.from capillary plexuses beneath endplate (endplate route) 

 

The nucleus receives most of its nutrition through endplate route. 

There is certain area of disc having higher permeability: the 

periphery of annulus &inner 1/3rd of endplate  and in region of 

nucleus & inner annular fiber. There is a region 4.4-6mm from 

posterior of disc which has deficient supply of nutrition from all 

sources. (MAROUDAS ET AL) 

                                       

08-01-2018          BPT 3RD SEM 



According to Adams et al anterior annulus 

receive better nutrient supply than posterior 

,that’s why degenerative changes occur less 

frequently in anterior part of disc. 

                                  

 
EFFECTS OF POSTURE ON FLUID FLOW 

Different postures have different effect on fluid flow due to higher 

loads in some posture. 

                                   The erect posture favored diffusion into 

anterior half of disc compared to posterior half. 

                                          The fully flexed lumbar posture 

favored diffusion into posterior annulus by thinning it &thus  

increasing its SA, thereby decrease the path from nucleus to 

periphery of the annulus. 
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 If blood supply at the periphery of the disc is altered this could 

affect the nutrition of the disc &this is one way in which change in 

position affect disc's nutrition. 

                                 Experiments on dogs showed that after 

several months exercises training, the transport of nutrients 

into disc was increased due to changes in blood supply. 

 

Clinical implication 

 It is important to consider the factors affecting the nutrition of the 

disc when giving prophylactic advise on back care to patient 

having early disc pathology .Inadequate metabolites transport has 

been linked with disk degeneration (HOLM&NACHEMSON 1982) 

& IT SEEMS FEASILE THAT ALTERNATING PERIODS OF 

ACTIVITY &REST &FREQUENT POSTURE CHANGES WOULD 

BOOST FLUID EXCHANGE IN THE DISC,HENCE  

IMPROVING THEIR NUTRITION. 
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SO exercises play important part in improving nutrition to the 

disk by increasing blood supply to its periphery ,provided 

that they are carefully selected & don’t exacerbate 

patient’s symptoms. 

The flexed posture improves nutrition to the disk it also increases 

 intradiscal Pressure by about 50% compared with lordotic 

posture& this may be significant where disc Pathology is more 

advanced. 
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IS FACET JOINT 
DEGENERATION IS 
SEQUELAE TO  DISC  
DEGENERATION? 
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The facets of the zygapophyseal joints  

provide a mechanism for load  

bearing. The inferior facet of the 

superior vertebrate engages with 

 the superior facet and pars  

interarticular is of the inferior or 

 vertebrae. These facets carry  

between 10 and 20 percent of  

the compressive load and more  

than 50 percent of the anterior  

shear load on the lumbar spine  

when an individual is standing.  

With torsional stresses ,a  

significant compressive load is  

placed between the two facet  

surfaces.  

IAP 

SAP 
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During the early stages or lumbar flexion, the compressive load 

to the facets is decreased while the compressive load to the 

intervertebral disc is increased. However, as flexion motion 

continues, there is increased anterior shear that loads the frontal 

plane aspect of the facets in compression. 

 

 

A B 

A. As the lumbar spine is  

placed the compressive 

load to bone-disc interface  

increase and load to facet 

decreases. 

B. During lumbar  

extension the compressive 

load is increased at facet  

and decreased at bone 

-disc interface. 08-01-2018          BPT 3RD SEM 



 As the lumbar spine is extended,  weight bearing by the 

zygapophyseal joints increases .Instead of the compressive force 

being primarily distributed to bone disc interference, the 

posteriorly placed facet joint  and lamina are subject to increased 

compressive load .As extension increases the inferior articulating 

process impact against the lamina and lower aspect of SAP. 
                                                

 

 Because of sagittal plane orientation of superior facet surface, 

less weight bearing occur between the two sagittal surfaces, since 

the inferior articulate process glide by the superior articular 

process .More compressive force occur between the inferior 

articulate process and lamina in this case. However if superior 

articulate process has more concave shape, the inferior articular 

process is compressed into this concave partner. 
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During rotation the facet surfaces on one side are placed under 

compression, whereas on the contralateral side there is distraction 

force at joints. If torque is continued even through the limits of 

rotation have been reached, an abrupt change in location of axis 

of motion of lumbar spine ensues. Normally, axis of motion for 

lumbar spine is located in posterocentral of IVD.  

08-01-2018          BPT 3RD SEM 



The lumbar spine is best able to resist compressional 

stresses when it is flexed approximately 60-80% of range of 

motion between erect standing and full lumbar flexion. This 

lumbar flexion allows the connective tissue which are located 

posterior to the axis of lumbar motion to generate extensor 

moments. True lordotic posture which are advocated in lifting 

increase compressive stress to facet joint and posterior 

aspect of annulus. 

By, engaging inferior and superior articular processes on one side 

with rotational maneuver ,the axis shifts posterior to engaged 

facets. With increased torque and further rotation the vertebral 

body pivots around new axis formed by engaged joints. Instead of 

an axis torque between bone-disc interface there is now a shear 

stress to disc. The end range rotary motion thus places a 

compressive force on engaged facets,a shear force on IVD –

vertebral body interface and distractive force on capsular 

structures on contra lateral side. 
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As with other synovial joint in the body, the facet joint 

have limits in their ability to accept compressive 

load. Degeneration of hyaline cartilage of the facet is 

a sequelae of IVD degeneration. As the water imbibing 

capacity of nucleus is lessened , narrowing of disc base 

occur. This result in increased compressive stresses 

between facet. Future narrowing of disc space results in 

facet subluxation with the inferior tip of the inferior facet 

resting against the lamina and the pars inter articularis of 

the vertebra below.  
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The lumbar spine is best able to resist 

compressional stresses when it is flexed 

approximately 60-80% of range of motion 

between erect standing and full lumbar flexion. 

This lumbar flexion allows the connective tissue 

which are located posterior to the axis of lumbar 

motion to generate extensor moments. True 

lordotic posture which are advocated in lifting 

increase compressive stress to facet joint and 

posterior aspect of annulus. 
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When the structural damage to the surface of articular 

cartilage occurs either by rapid onset injury or prolonged 

excessive load which exit the physiologic capacity of the 

joints, the weight bearing pattern change. This stresses 

have potential to cause further degenerative 

changes such as denudation of articular cartilage 

and eburnation of subchondral bone. 

                                

Extension of lumber spine further increases this contact 

stresses. The joint surfaces respond with the pattern  of 

degeneration as the load exit the joint limit. Rapid impact 

loading or prolonged, excessive compression have the 

potential to damage the articular cartilage and begin the 

sequence of degeneration. 
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A weak abdominal wall most  

often alter the way in which  

forces reach the facet joints.  

This weakness results in an  

increased rotary motion  

of the pelvis which increases  

extension of the lumbar spine.  

This extension increases  

compressive stresses on facet  

joints . 
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WHAT ARE THE 
CLINICAL RELEVANCE 
OF THORACOLUMBAR 
FASCIA? 
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The thoracolumbar  

fascia forms a  

network of non - 

contractile tissue  

that plays an essential 

 role in the function  

of the lumbar spine  

due to its attachment  

to powerful muscles  

of lumbopelvic region. 

 It is first structure  

encountered after skin 

 and subcutaneous fat  

are removed from  

posterior aspect of  

lumbar spine. 

          

LD 

TLF 

EO 

GM 

edius 

GMaximus 
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In lumbar region the fascia can be divided into posterior, middle 

and anterior layers. The posterior layer refer as superficial layer 

and middle as deep layer.   

                                     The superficial layer is a thick fibrous 

covering and attached to spinous processes and supraspinous 

ligament, from which points it courses laterally over the erector 

spinae ms. At lateral aspect of erector spinae it form lateral raphe, 

a region of ms origin for internal abdominal oblique and transverse 

abdominus ms. From this juncture the fascia then course medially 

to gain the anterior surface of erector spinae ms and ultimately 

attached to lumbar transverses processes and inter transverse 

ligament. 
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CLINICAL  

SIGNIFICANCE: 

The attachment  

of thoracolumbar fascia  

to lumbar spine  

compartmentalize 

 the primary spinal 

 extensor ms mass.  

The superficial layer  

course inferiorly  

and inferolaterally 

 where it is attached  

to sacrum and ilium and  

blends with fascia  

of contra lateral  

gluteus maximus. 

 Superolaterallly blends  

with latissimus dorsi ms.  

LD 

TLF 

GM 

aximus 

LD 

GM 

aximus 
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The LD and contra lateral  

gluteus maximus are  

mechanically linked through 

 superficial layer of TL fascia.  

This mechanical linkage is  

useful to maintain stability  

at sacroiliac joints. The  

coupled action of LD  

and contra lateral  

gluteus maximus ms  

has a line of force that  

act  perpendicular  

to plane of sacroiliac joint  

and increase compressive  

force between sacrum and 

 ilium.  
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This increased compressive force & 

increases stability at sacroiliac joint.  

Such line of force crosses lumbosacral  

and lumbar articulation and potentially  

afford stability in same manner. 

 

                      Tension can be imparted to 

TL fascia indirectly as a result of 

movement of lumbar spine or pelvis. 

Contraction of posterior hip (gluteus 

maximus and hamstring) muscles or  

abdominal ms results in posterior 

rotation of the pelvis. Posterior rotation 

of pelvis is essentially a flexion moment 

at lumbosacral fascia that focus the 

training effect to these ms. 
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Flexion of lumbar spine on pelvis, as in forward 

bending results in tightening of the fascia. In both 

of these instances, tension is placed on fascia 

coz’ of lumbar flexion motion, which results in 

passive engagement of the fascia .So ,it has 

been  suggested that competitive weight lifter 

engaged in Olympic deadlift event “round out’ 

their lumbar spines is to take advantage of 

stabilization afforded to their lumbar spine by 

increased tension in TL fascia and posterior 

ligamentous complex. 
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WHAT ARE THE CLINICAL 
SIGNIFICANCE OF 
FLEXION,EXTENSION,AXIAL 
ROTATION,LATERAL 
FLEXION,AXIAL 
COMPRESSION,AXIAL  
DISTRACTION OF THE LUMBAR 
SPINE? 
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Flexion is the freest movement in normal lumbar spine 

and results in a partial or general eradication of the 

lumbar lordosis .i.e., reversal of curve occur at L3  

vertebra.  

             There is anterior sagittal rotation and forward 

displacement of vertebrae above with cephalad 

movement of inferior articular process on superior 

articular process of the level below. With flexion there 

is compression of anterior disc and stretching of 

posterior. IVF volume increased . 

                                       

FLEXION 
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A 

B 

C 
Sagittal rotation Translation 
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Full flexion of lumbar spine increases the diameter of  

IVF by 19% and increase volume of vertebral canal by 

11%(INUFUSA et al). 

                                  So ,therapeutically flexion of lumbar 

spine is used to reduce pressure on lumbar nerve root that is 

impinged by obstructed foramen.  

                                        But with flexion this generate 

compression forces on anterior side of disc which tend to migrate 

NP posteriorly. The magnitude of migration is small for healthy 

individual,but person with weakened Posterior annulus ,posterior 

migration of NP increase Pressure on SC or nerve roots. This 

contrasting therapeutic effects of flexion in lumbar region are 

considered When planning n exercise program for a person 

with generalized LBP. 
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Speed of movement and sustained postures affect  

resistance of ligament of the spine to flexion. Reducing 

the duration of movement from 10 to 1sec increase 

resistance by 12%,holding a flexed posture for 5min 

reduces resistance by 42%,holding an hour reduces 

resistance by 67%.This occur due to creep. So, various 

work postures that involve stooping can put the 

spine at risk by weakening its resistance to 

movement. 

                   The zygapophysial joint offer a resistance of 

up to 2000N against forward translation that occurs 

during flexion. (ADAMS). This resistance passes from 

inferior articular process through laminae and pedicle 

into vertebral body. As a result a bending force is 

exerted on pars interarticularis.  08-01-2018          BPT 3RD SEM 



EXTENSION 

With extension of lumbar spine, there is increase in lumbar 

lordosis. There is posterior sagittal rotation and backward 

displacement of vertebrae above with caudal movement of 

inferior articular process on superior articular process of level 

below. There is compression of posterior disc and stretch 

anteriorly and IVF volume reduces. ALL is much too weak to 

resist and limit extension of lumbar spine. The disc resist  

extension more strongly than flexion(Markoff,1972) but as the 

limit of movement is approached ,it may be protected by 

apophysial joint as in other movement .(Adam et al 1988). 
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                                    But person with nuclear protusion or prolapse may find 

that extension reduces pain associated with pressure on SC or nerve roots, as 

with extension tends to migrate AF anteriorly. (Fennell et al,1996).The normal 

lumbar lordotic postures may restrict migration of NP within a weakened disc 

from approaching the neural elements. It is uncertain whether NP migrate in a 

similar manner in both healthy and degenerated disc (Beattie et al,1994). 

In neutral standing posture the healthy disc in primary load 

bearing structure in lumbar region. Healthy disc reduce load 

imposed on apophysial joint and protect them from excessive 

wear. n diseased or severely dehydrated disc, a greater proportion 

of total load is shifted to apophysial joint So,person with severe 

disc diease likely to develop OA in lumbar apophyseal joint.  

         Full lumbar extension reduces diameter of IVF by 11% and 

reduces volume within vertebral canal by 15%(Inufusa et 

al,1996).So,person with nerve root impingement from a 

stenosed IVF limit activities that involves hyperextension. 
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FLEXION AND EXTENSION EXERCISES FOR LBP 

 
 With increasing flexion, compressive load bearing is shifted 

anteriorly away from the facet joint and posterior IVD while 

increasing area of vertebral foramen. With increasing extension, 

compressive load bearing is shifted posterior away from IVD 

towards facet joint while decreasing area of the vertebral foramen. 

                              THIS PRINCIPLE PROVIDES BASIS FOR 

TWO MAJOR BIOMECHANICAL TREAMENT APPROACH FOR 

PERSON WITH LBP. 

                              For person with symptoms related to lumbar 

flexion reducing Pressure on IVD by limiting lumbar flexion is 

useful treatment approach is to limit extension and reduce 

pressure on the facet joint as well as preventing narrowing of 

vertebral foramina. 

                                   

. 
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Abnormal displacement of vertebrae while occur during 

lumbar motion is primary contributor to symptoms of LBP 

and to transient nerve compression (dynamic stenosis). 

                 If facet joint are unable to resist anterior 

translation during flexion or during flexion combined with 

rotation excessive movement may occur creating a 

condition known as segmental instability or 

hypermobility. When there is shortening of facet joint 

capsule that lead to limited displacement of  motion 

segment and result  in symptoms caused by premature 

end range loading known as segmental 

Hypo mobility. 
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AXIAL ROTATION 

The axial rotation of the lumbar spine involves twisting or torsion of IVD and  

impaction f facet joint. About 3-5 degrees of rotation to each side and is limited  

By apposition of facet joint surface. The axis of rotation of lumbar vertebra 

passes through posterior part of vertebra so that during axial rotation posterior 

elements of moving vertebra swing around the axis. During axial rotation of IV 

joint all fibers of AF that are inclined towards direction of rotation will be 

strained. The other half will be relaxed. Based on observation that elongation 

of collagen beyond about 4 % of the resting length lead to injury of fibers. 

Without injury of IVD maximum ROM for rotation is about 3 degrees .Beyond 

this range the Collagen fiber will begin to undergo micro injury .AF exhibit a 

strain of 1% per Degrees of the axial rotation which sets a limit 3 degrees 

before excessive strain is incurred. PRIMA FACIE suggested that 12 degrees 

of the ultimate range for rotation before disc failure occur. 

                             There is little joint space at the lumbar facet joint so that 3 

degrees of rotation that occur is due to compression of articular cartilage of 

facet, which are to sustain compression coz’ their major constituents are 

proteoglycans and water. Water is squeezed out o the cartilage under 

compression and it is gradually reabsorbed when load is released.(BOGDUK 

AND TWOMEY,1987) 
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Axial rotation is always accompanied by degrees of lateral flexion. 

Axial Rotation between L1-4 is accompanied by lateral flexion to 

contra lateral side while at L5-S1 to same side. 

                      So ,if segment does not rotate beyond 1.5 degrees it 

an sustain10,000repetition without visible damage. Segment that 

exhibit failure after 2000Or 3000 repetition but in some case after 

as few as 200-500 or even 50repetitionFailure occur in form of # 

of facet joint, laminae or vertebral bodies and tears n AF and facet 

joint capsule. 

                             Anatomically facet joint is more oblique 

arrangement at L5-S1 Segment so rotation occur more at this 

segment. Despite of few degrees of rotation most person 

compensate by achieving rotation at Cervical and thoracic 

region. 
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LATERAL FLEXION 

Lateral flexion around lumbar spine is about 15-20 degrees to 

each side. Soft tissues on side opposite to lateral flexion limit the 

motion. NP migrate slightly towards convex side of bend. In 

neutral position rotation is limited by approx. articular processes 

and by tension in AF &PLL.  

                                    The movement of rotation in flexed posture 

is considered to be important as it is a common movement 

associated with onset of LBP. Increased axial rotation during 

flexion will not be apparent if back ms are strongly contracted ,but 

it may be apparent during sitting or if sudden external loads that  

exceed force of back ms. Under these circumstances the 

increased axial rotation renders the disc liable to injury. As long as 

facet joint limit rotation is greater than 3degrees annulus must 

undergo greater strain and one that is superimposed on  

strain already induced by flexion. 
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AXIAL COMPRESSION 

Axial compression is the movement that occur during weight bearing in upright 

Posture or as a result of contraction of longitudinal back ms. In normal disc  

Compression load is borne uniformly across inner ,anterior annulus and 

nucleus.But peak stress over inner ,posterior annulus .In older disc posterior 

peak is larger .This because of lordotic curve posterior part of IVD and facet 

joint are compressed and anterior ligament stretched. Axial loading accentuate 

lordosis and strain in Anterior ligament. By increasing their tension anterior 

ligament can resist this Accentuation and share in load bearing. 

                                          With axial loading the disc loses water .Under 

100kPa load the nucleus loses 8% of water and annulus 11%.The loss of water 

results in a relative increase in concentration of electrolytes remaining in the 

disc and this increased concentration of electrolyte serve to re-imbibe water into 

disc once  compression is released. 

                                   In IVD endplates are weakest component in face of face 

of the axial loading. Annulus can withstand pressure of 3.2   106 N/m but 

cancellous bone 3.4  10 7 N/m (Hickey et al) Endplate expected to fail sooner 

than AF when disc is subjected to axial compression So, in healthy and intact 

AF increasing load cause one or other of endplate to fail by # sooner than AF  
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Fails, by rupturing. So ,this explain the pathology of compression injuries 

of lumbar Spine and disc degradation. 

                                  During compression IVD undergo initial period of rapid 

creep, deformation about 1.5mm in 1st 2-10 minutes depending on size of 

applied load. A much slower but definite creep continues at about 1mm/hr.About 

90min beyond which no further creep occur after plateau is attained. Creep 

underlies variation in height changes during ADL. Over 16hrs day pressure 

sustained by IVD during walking and sitting causes loss of fluid from disc which 

results in 10% lose in disc height and 16% loss of disc volume So, individual 

being 1 -2% shorter at end of day and height is restored while sleeping or 

reclined rest as disc is rehydrated by OP of the disc proteoglycans. So,rest in 

supine with LE flexed and raised brings more rapid return to full disc 

height than does rest in extended supine position. 

                               With axial loading in erect sitting there is no impaction on 

facet joint but in prolonged standing with lordotic spine, impacted joints at each 

segmental level bear an average 16% of axial loading Lower joint(L3-4,L4-5,L5-

S1) bear 19% and upper joint (L1-2,L2-3) bear 11%.In pathological disc space 

narrowing 70% axial load being borne by inferior articular process and laminae 

(ADAMS et al) 
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AXIAL DISTRACTION 

Axial distraction of lumbar spine occur during therapeutic traction. Disc are 

designed principally for weight bearing and would be expected to resist 

compression more than tension. When stretched is applied along the length 

isolated fibers seems to be stiffer and stronger in anterior region than in poster 

lateral region of the disc and stiffer in outer region of annulus is weaker and 

less stiff  than outer posterior annulus. When longitudinal tension is applied 

then facet joint capsule sustain 600N before failing (CYRON ET AL) So, pain o 

capsules at single level can bear twice body weight if subjected to axial 

distraction. 

                       If traction is applied with IV joint in mid  position flexion and 

extension, facets of apophyseal joint glide relative to eachother and AF are 

tensed equally. TWOMEY (1985) observed that 40% of the lengthening of spine 

occurred as a result of flattening of lumbar spine ,while 60% was to separation 

of vertebral bodies and it was calculated that only approx.0.9mm distraction 

occur at each joint. This amount of movement is insufficient to allow 

sucking back of a herniated disc and beneficial effects of traction occur 

through some other mechanism. 
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The increase in length retained when traction is released is 

only 0.1mm per IV joint and this is obliterated as soon as 

patient weight bear through spine. So ,therapeutic traction 

must be phasic i.e., occurring during application of traction 

and not due to some maintained lengthening of lumbar spine. 
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Is there  any relationship 
between sacro-horizontal 
angle and anterior 
spondylolisthesis at L5-S1? 
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SACRO-HORIZONTAL ANGLE 

•Naturally the base of the sacrum is  

inclined anteriorly & inferiorly forming 

 sacro horizontal angle by forming  

angle between horizontal &superior 

 surface of sacrum.   

 

•With this angle, the resultant force  

due to body weight creates an 

anterior shear &compressive force 

 acting normal (perpendicular) to the 

 superior surface of sacrum. 

 

 

 

 
 

BW 

BWn 

BWs 

L5 

SH 

angle 
ES/5-1s 

 BWn=is normal force of BW directed perpendicular 

to superior surface of sacrum. 

BW=is weight of the body located above sacrum 

ES/5-1s=is shear F of ms directed parallel to superior surface 

of sacrum. 

ES/5-1n=is normal F perpendicular to superior  

surface of sacrum. 

ES/5-1n 
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•A typical sacro horizontal angle of 40 degrees produces an 

anterior shear force at L5-S1 junction equal to 64% of 

superimposed BW .But increase in lumbar lordosis enlarges the 

angle. So, the size of angle varies with position of pelvis and  

affects superimposed lumbar curvature 

•If angle increases to 55 degrees then anterior shear force 

increases to 82% of superimposed BW . 

 

•The force vector of erector spinae that crosses L5-S1 creates an 

anterior shear forces parallel to superior body of sacrum. The 

direction of this shear is a function of the  orientation of adjacent 

ES fibers and 40 degrees sacro horizontal angle. 

•The magnitude of anterior shear is equal to the product of  BW 

times the sine of sacro horizontal angle. 

 (BWs=sin alpha BW) 
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PATHOLOGY ASSOCIATED WITH ANGLE 

In case of anterior spondylolisthesis (anterior slipping of one 

vertebra relative to another) at L5-S1 there is increase in lumbar 

lordosis which increases this angle thereby increasing anterior 

shear at L5-S1. 

                           So any exercises or activities that create forceful 

hyperextension of lumbar spine that lead to greater muscular 

forces of ES and this increases anterior &inferior shear at L5-S1 

junction as m/s activation exaggerate the lumbar lordosis. 

 

So, in anterior spondylolisthesis hyperextension  

is avoided. 
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HOW MUCH LOADS ON 
AN INTERNAL SPINAL 
FIXATION DEVICES 
DURING PHYSICAL 
THERAPY? 

08-01-2018          BPT 3RD SEM 



As we know that spine which is unstable due to # or degenerative 

disorders are  stabilized by internal spinal fixation devices. The two 

longitudinal rods of the paired implanted fixation devices are fixed to the pedicle 

screws inserted in the vertebrae adjacent to the unstable segments. During 

anterior interbody fusion one or two IVD are removed & replaced by autologous 

bone grafts from iliac crest. 

 

 

                                                 After surgery physical therapy should 

be started which improves ms strength but not endanger the 

implants or clinical outcomes. Pedicle screw breakage 

occurs is 6-7% cases & is a major complication associated 

with internal fixation devices. The implant screw normally fail 

through fatigue # after a great number of loading cycle. 

 

After surgery patients want to know when they are 

allowed to sit, to walk without crutch, or to carry a 

weight. 
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IMPLANT LOADS FOR LYING BODY POSITION 

•The bending moment in the fixation devices are small when patient is in 

lying position, but ms contraction for tension of body led to slight increase of 

bending  moments in the implants. 

 

•Lifting an extended leg in a supine position caused an increase of bending 

moments in fixation devices from 26% to 66% of values for standing. When 

lifting both legs extended the BM in devices is higher(101%) than when lifting 

one leg. Lifting of pelvis in a supine lead to BM in devices of up to 89%,but 

when pelvis is slightly lifted load increase is smaller .Lifting head & shoulder in 

supine caused BM about 88%.Movement of legs (bicycling) in supine, BM in 

implants of 63%. 

 

•Prone lying, lifting extended arm, lead to BM of 91%.Lifting an extended leg is 

about 75%.When right arm& left leg are lifted simultaneously, BM is about 91%. 

 

•Abduction of an extended leg while lying in lateral position increase BM to 

82%.Lifting both feet but no other body parts while lying in side lying position 

,BM is 85%,whereas lifting both knees but n other body parts, BM is 89%.So,in 

lying, lifting both legs stretched in supine is highest load for eg. on average, 

higher than standing. 08-01-2018          BPT 3RD SEM 



BENDING MOMENTS IN IMPLANT DURING SITTING 

•The BM in fixation devices are 13% lower for sitting relaxed than 

for standing. Sitting erect & actively straightening the back caused 

BM high as observed in standing(100%).Ventral flexion of trunk 

(forward) while sitting, BM is 105%,trunk extension is 107%,lateral 

bending on concave side BM is 108% &decrease BM on convex 

side of bent spine. Axial rotation of upper body in the transverse 

plane while sitting BM is 108%. 

 

•Sitting caused lower implant loads than standing. Study shown 

40% high IVD pressure values for sitting than standing. From the 

biomechanical patient of view, the patient with back problem 

should be allowed to sit as soon as they can get up. Sitting erect 

& consciously straightening the spine led to higher BM in fixation 

devices than sitting relaxed actively straightening the spine 

require ms forces that in turn lead to higher spinal loads. This 

increase is relatively small &maximum value is lower than the 

peak magnitude for walking. 08-01-2018          BPT 3RD SEM 



BENDING MOMENTS IN THE IMPLANT DURING STANDING 

•Standing up & sitting down lead ti average peak BM on fixation devices of 

112%&119% respectively. Getting up on tip toes BM is 110%.Ventral flexion 

(127%),extension(124%),lateral bending (118%)&axial rotation (115%) of 

upper part of the body during standing lead to higher peak BM than the sitting. 

Elevation of extended arm while standing BM is 110%. 

•During forward bending of the upper body while standing, IVD pressure 

increase to 216% for standing. The stiffness of anterior column increase 

strongly during exercise,whereas  stiffness of the implant does not changes. A 

slight compression of anterior column increase IVD pressure but only slightly 

increase the BM in the implants. 

BENDING MOMENTS WHILE KNEELING ON HANDS & KNEES 

•This causes BM of 69%.Flexing the spine in this position is 97% whereas 

extending causes 80%.Lifting either one leg or arm in this position, BM increase 

to 100% whereas right arm &left leg lead to BM increase to 106%.So, lifting an 

arm and a leg in this  position led to BM that are only 6%higher than for standing 

erect. 

08-01-2018          BPT 3RD SEM 



BENDING MOMENTS WHILE WALKING 

•The highest load on fixation devices are measured for walking. This exercise 

is normally performed very often & lead to great number of loading cycles. So, 

walking plays major role concerning pedicle screw breakage. Implant loads of 

110% or less of that value for standing are below the fatigue strength of the 

implant. So, exercise that causes BM below this level are not likely to increase 

risk of pedicle breakage .BM between 111% &120% of the values for standing 

may slightly that risk when exercises are performed very often. 

 

•So, exercises that causes BM in devices higher than 120% may increase the 

risk of pedicle screw breakage. So, walking, anterior flexion & extension of 

upper body while standing during physical therapy causes BM in this range. 

OTHER ACTIVITIES 

Turning from supine to side lying, BM is 110% &turning from 

side lying to prone lead to BM of 103%. 
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ROHLMANN & COLLEAGUES measured loads acting on the fixation 

devices for many activities: 

1.That force component perpendicular to long axis of the implant 

& torsional moments are small for most exercises. 

 

2.That axial force (F in axial direction of the rod, such as tension 

&compression) component in the fixation devices depend mainly 

on spinal level to which implant is fixed. Axial F are high when the 

fixation devices are mounted on concave side of the spine &they 

are low when devices are fixed to the convex side. 

 

3.That BM (caused by 2 parallel F that are equal in amount but act 

in opposite direction).In fixation devices depends mainly on 

surgical procedure. BM are high when the bridged region is 

distracted (when distance of upper &lower pedicle screws is 

increased) &they are low when it is compressed (when that 

distance is decreased). 
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5.That in most case implant loads stay nearly constant in the 

postoperative temporal course. This explains the breakage of 

pedicle screws that can occur more than half a year after surgery 

&indicate that screw breakage does not prove that fusion has not 

occurred. Even after # healing, implants may be highly loaded. 

Therefore pedicle screw breakage has nothing to d with bony 

fusion or pseudoarthrosis. 

 

6.That BM in fixation devices are small when patient are lying. 

The measured median   to that for standing, were 26%,for 

supine,32% for prone,34% side lying. 

4.That the implant loads are altered but not necessarily reduced 

due to insertion of a bone graft. 
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7.That BM in the fixation devices are on average for 

sitting relaxed only 87% of corresponding values for 

standing. 

 

8.That sitting erect & actively straightening the back ,as 

taught in some back school, causes BM abut as high as 

in standing. 

9.That type of seat (stool, physical therapy ball, knee 

stool) as well as a padded wedge, has a negligible 

effect on fixation devices loads. 

10.That walking causes highest BM in fixation devices 

from all activities performed regularly. On average the 

BM during walking is about 128% of that for standing. 

The walking speed has minor influence on fixation 

device loads. 08-01-2018          BPT 3RD SEM 



11.That fixation devices loads are similar to those in a lying. For 

eg. where spine does not have to carry the weight above but 

below a certain level as during hanging with hands on wall bars, 

balancing the body on parallel bars with legs in a vertical direction  

or hanging on feet with head upside down. The pull of the partial 

body weight below the fixation devices is ,in these cases 

compensated for by ms forces. 

 

12.That carrying a load has only a slight effect on BM in fixation 

devices. 

 

13.That a brace or harness does not reduces implant loads. 

 

14.That there is good agreement between intra discal pressure & 

BM in fixation devices for most activities when results are related 

to the corresponding values for standing.      

                               Stadiometeric studies showed that the 

pressure must be lower for sitting than for standing. 08-01-2018          BPT 3RD SEM 



Stoop lifting or 
squat lifting, which  
method of lifting is 
helpful? 
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LIFTING 

The manual transport for load is responsible for up to 

30% f all industrial injuries(Hayne,1981).Those most 

likely to sustain back injuries are the unprepared, 

unskilled, young people & those in their first year 

or so of a new job (Blow &Jackson,1971 

Magora1974).So, this is important to understand the 

forces acting on lumbar spine during lifting before 

giving instruction on correct methods of lifting to 

injured workers &following injury. Tissues loads 

during lifting results from ms and ligaments tension 

required to support the static posture while holding a 

load &to facilitate movement. 
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Lifting technique modulate the distribution of forces 

among the tissues. It is important how these forces are 

distributed that is important in determining  the risk of 

injury from excessive loading. For example a man is 

lifting 27 kg held in his hand using squat lifestyle this 

produces extensor reaction moments imposes 

compression load on the lumbar spine of over 7000 N.   

                  This 7000N of compression begins to cause 

damage in very weak spine ,the tolerance of the lumbar 

spine in an average healthy young man approaches 12-

15KN. In extreme cases, compressive loads on spines 

of competitive weight lifters have safely exceeded 20 

KN. 
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BIOMECHANICS OF LIFTING 

Lifting heavy objects places considerable demands on many ms 

throughout the body. Lifting generate large compression, tension, 

shear forces throughout the body mostly at the base of the spine. 

At some critical level, forces that have impact on low back region  

may exceed the structural tolerance of he local ms, ligaments 

,underbody joint, apophyseal joints. 

 
 

 

              BIOMECNANICS OF LIFTING INCLUDES: 

 

1.Muscular mechanics of extension of the low back while lifting. 

2.Role of increasing intra abdominal pressure while lifting.  

3.Passive tension generation from stretching the posterior ligamentous        

system. 4.Muscular generated tension transferred through the thoracolumbar 

fascia. 
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MUSCULAR MECHANICS OF EXTENSION OF THE LOW BACK WHILE LIFTING 

The amount of force produced by extensor ms of the posterior 

trunk is strongly correlated with the amount of forces placed on 

connective tissues (tendons, ligaments, fascia, disc). 

                                         IN ORDER TO ESTIMATE THE 

MAGNITUDE OF FORCES IMPOSED ON LOW BACK WHILE 

LIFTING, an example to explain this includes: 

 

            To estimate compressive force on L2 vertebra while lifting, 

the subject is depicted midway through a vertical lift f moderately 

heavy load weighing 25% of his bodyweight. The axis of rotation 

for the sagittal plane motion is oriented in medial-lateral direction 

in the region of L2.Estimating the compression forces is a 3 

step processes: 
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STEP1:formulate a static equilibrium equation in which the sum of 

internal and external torques in the sagittal plane is equal to zero. 

This step allows the determination of internal torque produced by 

extensor ms. 

  

STEP2:Determine the extensor ms forces required to generate 

the internal extensor torque 

 

STEP3:Determne the compression (reaction) forces (RF) on the 

superior surface of L2 as 

The sum of the vectors produced by a. the back extensor ms 

forces 

                                                          b. external load, 

                                                          c. body weight. 

L2 must produce an upward reaction forces (RF) that opposes 

EL,BW,MF 
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DATA: 

 

•Internal moment arm(D1)=5cm 

•Total body weight=800N(180LB) 

•Partial body weight (BW) above L2=65%0f body 

weight  

 or 520 N 

•External moment arm from BW(D2)=13cm 

•External load (EL)=25% of total body 

weight=200N(45lb) 

•External moment arm from EL(D3)=29CM 

STEP1:Establish sagittal plane equilibrium 

 

Internal torque=external torque (BW  D2+EL  D3) 

 

Internal torque=(520N  0.13m)+(200N  0.29m) 

 

Internal torque=125.6m 
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STEP2: Estimate the extensor ms forces (MF) 

 

Internal torque (MF   D1)=External torque (BW   D2 +EL   D3) 

 

MF=(520N  0.13 m )+(200N    0.20m) 

                       0.05m 

 

 

MF=2512N(565.1LBS)       

STEP3:Estimate the compression reaction forces (RF) on L2 

  

    Forces=0 

     

   -MF+ -EL+ -BW +RF=0 

 

   RF=2512N+520N+200N 

 

   CF=3232N(726.6lbs) 08-01-2018          BPT 3RD SEM 



This shows that a compression force of 3232N is exerted on L2 while lifting 

an external load weighing 200N.But these force values are general estimate 

that do not apply equally to all persons in all lifting situations. The static load 

model underestimates the actual CF on L2 vertebra due to: 

                                                      1.the model accounts for ms forces produced                 

by back extensors only. Other ms those with near vertical fiber orientation such 

as rectus abdominis &psoas major add to the muscular based compression                                                       

on lumbar spine. 

                                                      2.the model contain assumption of the 

condition of static equilibrium thereby ignoring the additional forces needed to 

accelerate the body & load upward. A rapid lift requires greater ms forces 

&imposes greater compression &shear on the joint & connective tissues in the 

low back. 

 

 For this reason it is usually recommended 

that a person lift loads slowly & smoothly a 

condition not always practical in occupational 

settings. 
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The primary factors responsible for large forces required by the 

low back ms while lifting is the disparity in the length of internal 

&external moments arms. The extensors ms are at a sizable 

mechanical disadvantages and must produce a forces many times 

larger than the weight of the load being lifted .Lifting an external 

load weighing 25% of body weight produces a compression forces 

on L2 of four times body weight. 
 

SO,WAYS TO REDUCE THE FORCE DEMANDS ON THE BACK 

MUSCLE WHILE LIFTING TO AVOID BACK INJURIES: 

 

1.Reduce the rate or speed of lifting Reducing velocity 

proportionately decreases the amount of back extensor ms forces. 

2.Reduce the weight or magnitude of the external load. (This 

is obvious but not always possible) 

3.Reduce the length of external moment arm of the external 

load. A load should be lifted from between the legs thereby 

minimizing the distance between the load and the lumbar region. 
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4.Increase the internal moment arm available to low back 

extensors ms. A larger internal moment arm for extension 

torque to be generated with less ms forces. The less ms 

forces typically equated to less forces on the vertebral 

elements. Increased lumbar lordosis does indeed raise 

the internal moment arm available t the lumbar erector 

spinae ms. But accentuated lumbar lordosis is not 

always practical or even desirable as one has 

 to flex lumbar spine while lifting thereby decreasing 

lordosis. Even if lifting while maintaining exaggerated 

lumbar lordosis the associated increased compression 

forces on the apophyseal joints may not be well 

tolerated. 
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ROLE OF INCREASING INTRA ABDOMINAL PRESSURE WHILE LIFTING 

•V 
•Valsalva maneuver describe the action of voluntarily increasing 

intra abdominal pressure by vigorous contraction of the abdominal 

ms against closed glottis. This create a rigid vertical column of 

high pressure within the abdomen that pushes upward  

against the diaphragm and downward against the pelvic floor. 

Acting as an inflated ‘intraabdominal balloon’. Bartelin proposed 

that activating this mechanism while lifting may partially reduces 

the demands on the lumbar extensor ms and therefore lower the 

 compression forces on the lumbar spine. 

 

•Increasing intraabdominal pressure as a way to reduces 

compression forces on the spine is intriguing. Contraction of 

abdominal ms produces forces that increases the  

vertical compression on the lumbar spine. Because the 

abdominal ms flex the lumbar spine their strong activation requires 

increased counterbalancing torques from the extensor ms thereby 

adding to overall myogenic compression on lumbar spine. 
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•In healthy person increased compression on lumbar spine 

especially when produced through co-contraction of surrounding 

ms provides an effective sources of vertical stability to the region. 

Ms such as transversus abdominis and obliquus internus 

abdominis are very active while lifting providing an additional 

corset effect across the posterior lumbar region strong contraction 

of these ms also resists unwanted torsions created by asymmetry 

lifting of an external load. 

So, the valsalva maneuver typically performed while lifting is 

likely a beneficial action that provides an important elements of 

stability is result of increased myogenic lumbar compression and 

direct splinting action on the low back. The increased 

intra abdominal pressure while lifting is more a 

consequences of strong contraction of abdominal ms and not 

a method in itself to unload the lumbar spine 
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PASSIVE TENSION GENERATION FROM STRETCHING THE POSTERIOR 

LIGAMENTOUS SYSTEM 

•Healthy ligaments and fascia exhibit some degree of 

elasticity when stretched. This quality allows the 

connective tissues to temporarily store a small part  of 

the forces that initially causes the elongation. Bending 

forward in preparation for lifting progressively elongates 

several connective tissues in the lumbar region and 

passive tension developed in these tissues can assist 

with an extension torque. These connective tissues 

collectively known as posterior ligamentous system 

include PLL,ligamentous flavum, apophyseal joint 

capsule, interspinous ligament posterior layer of 

thoracolumbar fascia. 
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In theory about 72Nm of passive extensors torque is 

produced by maximally stretching the posterior 

ligamentous system. Adding this passive torque to the 

200Nm of active torque yield a total 272 Nm of extension 

torque available for lifting. A fully engaged  

(stretched) posterior ligamentous system can generate 

about 25% of the total extension torque for lifting. This 

25% passive torque reserve is only available after the 

lumbar spine is maximally flexed which in reality is rare. 
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It is generally believed that maximum flexion of the 

lumbar spine should be avoided while lifting. The lumbar 

region should be held in near neutral lordotic position-

neither hyper or hypo lordotic .the neutral position of 

lumbar spine apparently aligns the local extensors ms to 

more effectively resist anterior shear produced at lumbar 

spine while lifting. 

                           Although neutral spine may reduces 

the chance of injury to low back., it engages only a 

small portion of the total passive torque reserve 

available to assist with extension. Most extension torque 

generated by active ms contraction. Ms tissues can be 

significantly strengthened though resistive 

exercises in order to meet the large demands 

imposed by lifting. 
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MUSCULAR GENERATED TENSION TRANSFERRED THOUGH THE  

THORACOLUMBAR FASCIA 

•The TL fascia is thickest & most extensively developed in lumbar 

spine. Much of the tissues attaches to the lumbar spine, sacrum 

and pelvis in a position well posterior to the axis of rotation  at the 

lumbar region. Theoretically therefore passive tension within  

stretched TL fascia can produce an extension torque in 

lumbar region and as such may augment the torque created 

by the low back musculature. 

 

•In order for the TL fascia to generate useful tension it must be 

stretched and rendered taut. This can occur in 2 ways:1.the 

fascia is stretched  simply by bending forward & flexing the lumbar 

spine in preparation for lifting. 

                                         2.the fascia is stretched by active 

contraction of ms that attach into the TL fascia such as  obliquus 

internus abdominis ,TA,  LD , and GM. These ms are active during 

lifting. 
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•Vigorous  contraction of abdominal ms naturally occurs as a 

person lifts. This phenomenon is associated with an increase in 

intra abdominal pressure. In theory a contraction force generated 

by obliquus internus abdominis and TA can be transferred  

posteriorly  to the TL fascia to generate an extension torque in the 

lumbar region. The  prevailing horizontal fiber direction of most of 

the TL fascia limits the amount of extension torque that can be 

produced. The forces generated by the abdominal ms may 

indirectly produce 6Nm of the extensors torque across the lumbar 

spine compared with approximately 200Nm of active torque 

generated by low back extensors ms. 

                                    Although the actual extension torque may 

be small the tension transferred though TL fascia may provide 

important static bracing to the lumbar region much like a corset. 
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The LD &GM may indirectly contribute to lumbar extension torque 

via attachments to TL fascia .The two ms attach extensively into 

TL fascia. Both are active during lifting but for different reasons. 

The GM stabilizes and controls the hips. The LD helps transfer the  

external load being lifted from arms to the trunk. In addition to 

attaching into the TL fascia, LD attaches into posterior aspects of 

pelvis, sacrum, spine. based on these attachments  

and its relative Moments arm for producing lumbar extension, LD 

has all the attributes of extensors of the low back. the obliquue 

fiber direction of ms as it ascends the trunk can also provide 

torsional stability to the axial Skeleton especially when b/l active. 

this stability may be especially useful when handling large loads in 

an asymmetrical fashion 
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            STOOP OR SQUAT? 

•The stoop lift is performed primarily by extending the 

hips and lumbar region, while  knees remain slightly 

flexed. This lifting strategy is associated with greater 

flexion of the low back, especially  at the initiation of 

the lift. Furthermore the stoop lift create long external 

moments arms between trunk and low back and 

between load and low back. The greater external 

torque requires greater extension torque from trunk 

extensor ms. In combination with a maximally flexed 

lumbar spine ,the stoop lift can create large and 

damaging compression and shear forces on the disc. 
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The squat lift begins with maximally flexed knees. 

The knees are extended during lift powered by 

quadriceps ms. Depending on physical characteristics of 

the load and the initial depth of the squat the lumbar 

region may remain nearly hyper extended ,neutral 

(normal lordosis) ,or flexed throughout the lift. The 

greater advantages of squat lift is that it typically allows 

the load to be raised more naturally from between the 

knees.                

          The squat lift in theory reduces the moment 

arm of the load and trunk and as a consequences 

diminish the extensor torque demands on the ms of 

the back. 
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The squat lift is most often advocated as the safer of 

two techniques in terms of preventing back injuries  but 

no scientific evidence support this clinical beliefs. 

Although squat lift may reduces the demands on 

extensor ms in low back it usually creates greater 

demands on knees. The extreme degrees of knee 

flexion associated with full squat places high forces 

demands on quadriceps ms to extend the knees. The 

forces imposes very large pressures across TF and PF 

joints. Healthy persons may tolerate high pressure at  

these joints without negative consequences, someone 

with painful or arthritic knees may not. 
      

08-01-2018          BPT 3RD SEM 



Another benefits of squat lift is the total work required to lift the 

load. The mechanical work performed while lifting is equal to 

product of the weight of the body and external load multiplied by 

the vertical displacement of the body and load. The stoop lift is 23-

34% more metabolically efficient than squat----in terms of work 

performed per level of oxygen consumption. The squat lift requires 

greater work because a greater proportion of the total 

 body mass must be moved through space. This explain why 

it is often used by people who are untrained in lifting 

technique. 
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A freestyle technique allows the lifter to combine some of benefits 

of squat lift with the more metabolically efficient stoop lift. But 

worker reported that a higher, self-perceived,maximal safe limit 

when allowed to lift in a freestyle technique rather than in set 

technique.This is not true for everyone, so two safety 

features:1.lumbar spine is held in near neutral lordotic position. 

               2.load is lifted from between legs. 

 

 

Those persons with a history of or propensity for 

low back injury should need 3 common senses 

consideration:1.know your physical limits. 

                         2.think lift through before the event. 

                         3.within practical and healthy limits, stay    

in optimal physical and cardiovascular condition. 
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IS LATISSIMUS DORSI 
MUSCLE HAS ANY ROLE 
DURING LIFTING? 
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The LD is attached to lower 6 

thoracic spinous process and all of 

spinous processes of lumbar 

vertebrae and sacrum through the 

fascial network of TLF. The inferior 

attachment of LD ms continues 

laterally along iliac crest toward 

the point of attachment of lateral 

raphe of TLF and often LD is 

attached directly to iliac crest. 

From these points of attachment 

the muscle converges superiorly 

and laterally to attach to lesser to 

attach to lesser tubercle of 

humerus and floor of 

intertubercular groove. 

                                         
08-01-2018          BPT 3RD SEM 



Because the lumbopelvic attachment of LD is by 

way of TLF the influence to spine mechanics can 

be readily appreciated. McGill and Norman note 

that when all of posterior trunk tissues are 

considered the LD ms has the greatest moment 

arm length. This implies that LD ms potentially 

influences lumbopelvic mechanics with less effort 

than do other tissues because of this mechanical 

advantage. 
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The force vector that this ms exerts 

on TLF it should be noted that the 

position of humerus influences 

tension through the TLF. If  humerus 

is in abducted  and flexed position, as 

while reaching for an object to lift or 

pull towards the body, LD is 

stretched. As a result there is 

increased tension through TLF .If 

there is concurrent posterior rotation 

of the pelvis, the tensile force to the 

fascia is further enhanced .If the LD 

is now called on contract then active 

tensile force is also imparted to the 

fascia. Tension to the TLF is 

summation of passive tension from 

humerus and pelvic positioning and 
active tension from contraction of LD 

and further increased via contraction 

of gluteus maximus. 
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The LD is not typically viewed as a ms intimately involved in lifting. 

A kinematic analysis of lifting task suggested that LD is capable of  

helping to overcome the inertia of object in order to move it closer 

to the body. When functional lift tasks are scrutinized it is apparent 

that LD assists in moving cg of load closer to subject’s cg. As lift 

continues the angle between humerus and body changes. 

                                    But it is possible to lift or move the weight 

towards the body without significant LD contribution. With only 

strong spinal extensors contraction and subject’s hands firmly 

grasping the object the weight can be accelerated by spinal 

extensors ms action ,which can also overcome the inertia of 

stationary object. The upper limbs then move towards the 

subject’s trunk while the weight is held. Without LD activity to pull 

the object closer there is increased demand on spinal extensor 

ms. So, LD ms contributes to equalizing forces over lumbopelvic 

region. 
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Why stiff people are 
at greater risk of 
injuring their backs 
during bending and 
lifting activities? 
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•The lumbar spine offers little resistance to bending over much of 

its range of movement, but the bending stress (or, more correctly, 

bending moments) rises rapidly as the elastic limits of flexion 

&extension are approached. The region of low bending moment 

comprises a fairly constant proportion of the full range of 

movement &so is much larger in a supple spine . 

                                                This suggests that an extremely 

supple person can probably touch his toes without 

generating high bending stresses, whereas a very stiff 

person will be able to flex only a short distance before the 

bending moment begins to rise to high levels. 
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The possibility has serious implications coz’ bending is potentially 

harmful to IVD & ligaments of the lumbar spine. Cadaveric 

experiments have shown that bending can   sprain the ligaments 

of neural arch &that a combination of bending &compression can   

cause IVD to prolapsed. Compression & torsion without any 

component of bending damage the vertebrae first before the soft 

tissues (supported by mathematical models).  

                                                 A recent epidemiological survey 

has demonstrated the clinical relevance of this work by 

showing a close association between mechanical (over) 

loading of the lumbar spine &the incidence of acute disc 

problems. 
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•It has been seen that people with poor sagittal mobility in lumbar 

spine &hips apply  higher bending stresses to their spines during 

everyday lifting activities. Bending  moments are lower in person 

having good sagittal mobility in the lumbar spine. Good  

 hip mobility is also associated with a reduction in bending 

moments ,but this reached significance in person who reported a 

history of LBP. 

 

•The bending moments frequently rose to 40-50% of that required 

to cause damage to a cadaveric spine in a single loading cycle 

suggesting that bending might well be responsible for fatigue injury 

to disc & ligaments in life. 

 

•The risk of injury would probably be greater in early morning when 

discs are swollen with fluid & have an increased bending stiffness. 

Also, rapid movements &lifting heavy weights might increase the 

risk further. 
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•Bending stresses on lumbar spine are indeed increased in 

persons with poor spinal mobility, and by up to 100%.Least mobile 

persons approached their limits of flexion  more closely than the 

others indicates that they must have applied higher bending  

 moments to their spines. 

 

•Stiff person have shorter back ms which do not permit them to 

approach the spine’s  elastic limit as nearly as supple person do. 

However ,there is evidence that the in-vivo limit of lumbar flexion 

is determined largely by the ligaments & disc rather than the ms. 

 

•Poor hip mobility is associated with a greater severity of LBP, 

although the relationship may not be causal. Links with spinal 

mobility are more difficult to establish. Comparison between spinal 

mobility &the prevalence of current or previous back pain are 

ambiguous coz’ a painful back may be more mobile on account of 

some ligamentous instability or less mobile coz’ of pain 

aggravation real or anticipated. 08-01-2018          BPT 3RD SEM 



. 

•Furthermore, pain reduction during a course of 

manipulative therapy can be accompanied by either an 

increase or decrease in lumbar mobility. Studies of 

people at the extreme ends of the mobility scale may be 

misleading coz’ extreme spinal mobility may be just one 

manifestation of some general ( and painful) ”hyper 

mobility   syndrome” or it may be associated with 

activities such as gymnastics, which often injure the 

back. 
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So, person having poor mobility in lumbar spine 

&hips increases the bending stresses or moment 

acting on lumbar spine during  forward bending & 

lifting activities. This may lead to an increased risk 

of injury to IVD & ligaments. 

This suggesting that  a stiff people are greater risk 

of injuring their backs during bending &lifting 

activities. 

                 This is supported by Adam et al in their study 

on “Influence of lumbar &hip mobility on the bending 

stresses acting on the lumbar spine”. 
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Lowering or lifting the 
weight, which movement 
put the individual at higher 
risk of a lower back 
disorder? 
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It  has been seen that the body reacts differently during 

two types of lifting. Henrikssons et al. found that the 

perceived exertion for lowering tasks is less than that for 

lifting tasks. Also, physiological factors such as heart 

rate & oxygen consumption are lower for 

lowering than lifting, Other researchers have found that 

the ms activity of back extensor ms are lower for 

lowering  tasks than for lifting tasks despite the 

generation of greater external torque. 

 

Marras and Mirka found that the strength for lowering is 

greater than lifting when the trunk is flexed forward. 

These result is independent of trunk asymmetry. Further  

the trunk strength increased as the lowering trunk 

velocity increased. 
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Reid and Costigan found that lifting strength is about 20% higher 

than lifting strength for the trunk extensors. Other researchers 

have seen larger strength for lowering than lifting. 

                                 In general ,individuals are stronger but 

have lower ms activities during lowering. This indicate that the 

capability of trunk ms to generate force is different under the two 

lifting conditions. 

                          The lifting tasks are found to have lower spinal 

compression forces but A-P shear forces than the lowering 

conditions. In addition ,the lowering tasks  approached the  

compression spinal tolerance limits, whereas the lifting exertions 

are well below both tolerances. Thus, the lowering conditions 

are found to put the individual at higher 

risk of lower-back disorder. 
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•The difference between the two types of task might have possibly 

resulted from either changes in external or internal circumstances. 

Changes in the external factors would resulting the different 

moments imposed on the spine resulting from altering the lifting 

style ,that is increased flexion, higher velocities, and lifting the box 

farther away from the body. Different levels of coactivity of the 

trunk ms would also contribute to higher spinal loads. 

 

•Upon evaluation of sagittal trunk moments, it is found that the 

lowering exertion had, on average, significantly larger moments 

than the lifting tasks. Studies shown that the sagittal trunk 

moments are 104.5Nm for lowering tasks and 113.1 Nm for 

lifting tasks. Thus, the person seemed to lift the box farther 

away from body during the lowering exertions. Other 

researchers have found lifting to result in higher trunk  

moments. 
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•In general, an increase in velocity is found to increase the 

spinal loading for both lifting and lowering exertion. For the 

lowering exertions, the compression forces are found to 

increase with faster velocities whereas the A-P shear forces 

are found to increase with faster lifting velocities. The results 

for the lowering exertions seem somewhat counterintuitive, since 

the lowering tasks would have gravity to assist. However, the level 

of coactivity of the trunk ms is found to increase with faster 

velocities. This increase in coactivity would have resulted in 

direct increases in compression. Additionally ,the increase in 

coactivity may indicate an increase in coactivity may indicate 

an increase in guarding against an injury. 
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So, the lowering strength is found to be more 

than 50% greater than lifting ,however the 

compression forces are higher during 

lowering exertions (approaching spinal load 

tolerance), whereas the A-P shear forces are 

smaller. Thus, this findings help to better 

understand the spine loading and subsequent 

risk associated with dynamic materials 

handling. 
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IS PRACTICE HAS SOME 
EFFECT ON LUMBAR 
LOADING WHILE 
MATERIAL MANUAL 
HANDLING? 
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Excessive or repeated mechanical stresses on the lumbar spine are thought to 

be aggravating or initiating factors in low back disorders. Studies using cadaver 

motion segments demonstrated that cartilage endplate & trabecular bone of the 

vertebral body failed under one large loading or repetitive loadings .MMH tasks 

like lifting, pulling, pushingare often associated with low back injury coz’ they 

impose significant repetitive loads on the lumbar spine. Recently it has been 

proposed that motor control errors in counteracting on lumbar loading 

contribute to low back injury during MMH tasks. 

 

                                                 IMPROVED MOTOR CONTROL MIGHT 

REDUCE THE RISK OF LOWBACK INJURIES DURING MMH in 

2 ways: 

 
1.People could organize their movements & external load position to decrease 

the lumbar loading. This protect lumbar spine during MMH tasks involves 

learning to reduce lumbar loading. This idea is consistent with hypothesis that 

CNS learns to reorganize movements & muscular activities to minimizes  joint 

torque or jerk cost. In context to MMH tasks, practice allows people to learn 

how to decease  lumbar loading. experience & instruction to use  
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Specific lifting technique can alter trunk ms activation pattern & 

lower lumbar loading during Bimanual lifting. Patterson observed 

that experience lifter had lower lumbar torque when compared to 

inexperienced persons. Gagnon &lavender found that subjects 

with task experience & practice had significantly lower spinal 

compression force during repeated imposed trunk loading. 

2.People could learn to control their movements to more 

consistently load  the lumbar spine which would facilitate 

activating trunk ms more effectively without overloading of lumbar 

spine. unexpected sudden trunk load was reported to be one of 

the risk factors of low back injury. Studies have reported that trunk 

ms activation can be delayed ,augmented or prolonged when 

loads are unexpectedly imposed on the trunk .Such varied 

muscular response to external loads represents inconsistent 

control strategies that be could lead greater trunk accerelation & 

mechanical loading on lumbar ligaments ,facet joints &IVD.  
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Lavender & colleagues found that 4 subjects who experienced 

repeated imposed trunk loads over 5 days showed less spinal 

compression force after practice .those reduction could be 

mediated partly b subjects learning more consistent control 

strategies for counteracting the external loads. Improvement in 

consistency seem even more likely to characterize the learning of 

MMH tasks that involve voluntary force production & lumbar 

loading . 

              Early in practice subjects might experience variable 

lumbar loading for a given external load especially in tasks 

that involve relatively unrestrained motions & have complex 

effects and lumbar loading .As skill improves lumbar loading 

could become more consistent which would manifest as 

higher correlation between the  task-related external load & 

lumbar torque. 
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PUSHING OR 
PULLING,  
WHICH PUT MORE 
COMPRESSIVE 
LOADING? 
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The capacity of an individual for pulling & pushing depends on 

BW ,posture, stability of feet and ability to transfer energy from 

body to the load. During these activities .There is increase in IAP 

& ITP ,more in pushing than pulling. (DAVIS & TROUP1964) 

                                            

During pushing the recti are tensed and load on LS disc is 

less than when pulling .The effect of weight of upper part of 

body is encountered by activity of ES, the pushing F by RA. 

The sum ES & RA is equal & opposite to F compressing the 

L5-S1 disc (reaction at L5 disc to truncal ms activity parallel 

to the spinal axis) 
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During pulling, force directed anteriorly  and increase BM & ES 

force considerably coz’ of short lever arm this ms group has with 

respect to the axis for rotation .Thus load on disc increases 

whereas in pushing the horizontal pushing force is directed 

posteriorly .Its BM is counterbalanced by force of recti coz’ these 

ms have larger lever arm compared with ES ms,their F is 

relatively less & induces a smaller increase in disc load. 
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HOW FAST WALKING HAS 
POSITIVE COFACTOR IN 
PREVENTION OF AND 
MORE SUCCESSFUL 
RECOVERY FROM LOW 
BACK TROUBLES? 
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During walking thousands of low level loading cycles are endured 

by the spine everyday.While small loads in low back during 

walking suggest it is safe & tolerable activity, in some patient 

walking provide relief or others it is painful.  During walking 

compression loads on lumbar spine is 2.5times BW together 

with shear F are well below any known in vitro failure load. 

However strolling reduces spine motion and produces static 

loading of tissues, while walking faster with arm swinging causes 

cyclic loading of the tissues. This change in motion explain relief 

experienced by some. Arm swinging with all other factor 

controlled results in lower lumbar spine torque, ms activity 

&loading .Swinging of arms facilitate efficient storage and 

recovery of elastic energy ,reducing need for concentric ms 

contraction together with reduction in upper body acceleration 

associated with each step, So, fast walking has benefit. 
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IS SITTING POSTURE  
HAS ANY EFFECT ON 
ALIGNMENT OF LUMBAR    
AND  
CRANIOCERVICAL 
REGIONS? 
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The posture of the pelvis & lumbar spine has a large influence on 

the posture in other areas of the vertebral column. 

                                        In slouched posture the pelvis is tilted 

posteriorly with slightly flexed lumbar spine. This posture may lead 

to to adaptative shortening in tissues that maintain this posture. 

This posture may overstretch and weaken posterior annular 

fibrosus, reducing its ability to block a protruding NP. Hamstring, 

ALL, anterior fiber AF,  shortened in person with slouched posture 

with posterior pelvic tilt. This posture increase external moment 

arm between line of force of upper body weight & lumbar 

vertebrae. As a consequences greater flexor torque increase 

compression F on anterior margin of lumbar disc. Larger P within 

the lumbar disc in slouched sitting compared with erect sitting. 
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The sitting posture of pelvis and lumbar spine strongly 

influence posture of entire axial skeleton including 

craniocervical region. The flat posture of low back is 

associated with a more protracted head posture. 

                                      Sitting with lumbar spine 

flexed the thoracic and lower cervical region 

forward into excessive flexion. In order to gaze 

horizontally to view computer monitor the upper 

craniocervical region must compensate by 

extending slightly. This posture result in 

adpatative shortening in small posterior 

suboccipittal ms. 
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The ideal sitting posture with natural lordosis and 

increased anterior pelvic tilt extend lumbar spine. The 

change in posture at base (inferior aspect) of spine has 

an optimizing influence on posture of entire axial 

skeleton .The more upright and extended thoracic spine 

facilitate a more retracted base of cervical spine, yielding 

a more desirable chin in position. Coz’ base of cervical 

spine is more extended upper craniocervical region tend 

 to flex Slightly to a more neutral posture. While 

maintaining ideal sitting posture ,fatique develops in 

Lumbar extensor muscle. 

08-01-2018          BPT 3RD SEM 



A prolonged slouched posture may be an occupational 

hazard. In addition to the possible negative effects of 

chronically flexed lumbar region the slouched sitting 

posture may increase ms stress at base of the cervical 

spine. The forward head posture increase external 

flexion torque on cervical column as a whole requiring 

greater F production from extensor Ms and local CT.                   

Sitting posture may be improved by a combination of 

awareness, strengthening and Stretching  

appropriate ms, eyeglasses and ergonomically 

designed seating which is inadequate in lumbar 

support. 
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WHY LOW BACK INJURY 
RESULTS IN ALTERED 
PROPRIOCEPIVE INPUT, WHICH 
IN TURN LEADS TO 
MODIFICATION OF  
MOVEMENT PATTERN? 

08-01-2018          BPT 3RD SEM 



This is due to ligaments. Ligament and joint capsules 

typically consist of an array of closely packed collagen 

fibers that allow for their classification as dense 

connective tissue. Their fibrous composition allows for 

stabilization of the joints. They are flexible and allow for 

Joint movement. Because of the location of the 

ligaments and capsules and the directions of their fibers, 

motion can be restricted in one direction while ample 

movement is possible in another. Thus,  the varied 

directions of joint motion are due in part to the 

orientation of the Capsules and ligaments. 
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ligament and joint capsules function not only as support tissues 

but as a source of  afferent input to the CNS .They have an 

important neurosensory function in providing afferent feedback to 

the CNS ,allowing for conscious and unconscious propriocepetive 

and Kinesthetic sense and initiation of reflex activity of the 

musculature. The importance of Afferent feedback from these 

structure has been recognized especially with regard to initiating 

Reflex activity of the musculature .Ligament plays important role 

in providing afferent stimulus to the CNS, and loss of this neural 

input owing to ligament injury significantly diminishes a person’s  

Proprioceptive capabilities. So, this shows that ligament are not 

only passive  structure but also serve as major component of 

reflex systems. 
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                                     In both cases the outcome is either a lack 

of shortening or excessive shortening of the ligament. Both  

processes alter joint mechanics and neutral input. Combined 

these have a potential effect on motor output. 

The ligament and joint capsule are fairly thick connective tissue 

structure of specific length, the outcome from repair processes 

depends on the strength of the tissues as well as the length of 

newly repaired   tissues .If repaired ligament or capsule doesn't 

return to its appropriate length, then this laxity impedes the ability 

to stabilize joint motion. Additionally if ligament or capsule is 

immobilized too long, excessive shortening and stiffness ensues. 
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IS THERE ANY 
RELATIONSHIP 
BETWEEN BACK PAIN 
WITH THORACIC AND 
NECK POSTURE? 
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LBP is a significant problem ,with lifetime incidence  rate reported between 50-

90%.Clinical observations suggested that postural aberration may play a role in 

development in LBP.  

                            McKenzie stated that LBP (postural syndrome) could result 

from prolonged overstretching of innervated soft tissues when poor sitting or 

standing postures were maintained. The ligaments of the spine (excluding 

ligamentum flava) are highly innervated and therefore important in development 

of LBP.  

           Janda claimed there is unique, typical response of muscles to pain. The 

hamstrings and trunk extensors tended to respond by tightened, whereas 

abdominals and glutei tended to weaken and atrophy. Muscles that tended to 

tighten usually had a postural function whereas dynamic ms tended to become 

weak.  

         Alston and Coworkers found hamstring tightness in individuals with LBP 

and postulated that postural adjustments would be necessary to compensate 

for this tightness. Abnormal Habitual postures can cause abnormal stresses 

(increased shear or compressive forces) joints that lead to excessive wear of 

the articular surfaces. With postural changes, a  change in the alignment wrt 

line of gravity occurs that may lead to other adaptive postural changes 
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DARNELL reported that forward head posture is one of the postural adaptation 

Likely related to occupations and activities requiring anterior head positions for 

prolonged period of time .ROCABADO et al reported that sign and symptoms  

such as pain in lumbar spine and pelvis are correlated with forward head 

posture. 

 

 

                                         STANDING POSTURE 

In normal standing posture, normal lumbar lordosis is maintained. The 

correlation of LBP and lordosis is proved by many authors but some disproved 

this.  

        Magora reported an increased incidence of hyper lordosis in LBP suffers 

but claimed that hypo lordosis was a reliable indicator of severe LBP. 

                                                Roncarati and McMullen found that an increase 

in lordosis was correlated with LBP. 

                                                  Magora also reported that thoracic kyphosis 

greater than 55 degrees in heavy industry work. Forward head position is often 

associated with increased lumbar lordosis (Magora). 
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In case of acute LBP, with onset of pain all aspects of spinal 

curves initially respond to the pain with movement into forward 

head posture in an attempt to decrease lumbar pain. With chronic 

LBP individuals have adapted to the pain. With a localization of 

the postural changes to lumbar spine and balancing of upper 

spine changes so that they are no longer significantly changed 

from normal. 

              According to ROCABADO AND IGLARSH found that 

individual with acute LBP may have had a preexisting forward 

head posture that resulted in flexion of thoracic spine and 

signs and symptoms in the lumbar spine and pelvis. 

                          

According to Roncarati and McMullen that an increased 

incidence of leg length discrepancy with LBP. 
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SITTING POSTURE 

Sitting is a more stable posture than standing. There is much 

upper lumbar and thoracic activity than in standing, where more 

activity around lower lumbar. So, there is no significant correlation 

of LBP with lumbar lordosis, thoracic kyphosis and head posture 

 

 
 

                                        CONCLUSION 

In LBP, which is purely postural, chances of injury and 

pain increases due to biomechanical stresses caused by 

postural deviations. So ,postural assessment and 

education is important aspect in rehabilitation in 

individuals with LBP. 
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WHY HAMSTRING 
STRETCHING IS AN  
IMPORTANT COMPONENT OF 
TREATMENT 
IN LBP? 
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During forward bending with knees straight about 40 degrees of 

lumbar flexion and 70  degrees of hip (pelvic on femur), but 

motion usually initiated at lumbar spine. When there is limitation of 

hip flexion due to restricted hamstring extensibility, bending trunk 

toward floor require greater flexion in lumbar and lower thoracic 

spine. So,exaggerated flexion may overstretch the posterior 

connective tissue such as interspinous ligament, apophyseal joint 

capsule, TL fascia, increase stress on disc and apophyseal joint. 

This increases risk of injury and lead to LBP. Thatswhy in LBP 

hamstring stretching is important. 
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WHAT ARE THE 
BIOMECHANICAL 
CONSIDERATIONS AFTER 
MICRODISCECTOMY? 
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Postoperative rehabilitation must consider the fact that the spine 

may be biomechnically altered through the degenerative process 

as well as surgical process. 

 
DISCOGENIC CHANGES: 

Farfan proposed that torsion is a factor in disc herniation. Forced 

rotation of 2 to 3degrees may damage the annulus with the 

highest stress obtained 1st in outer most fibers and failure 

occurring at posterolateral angles. Tensile stress in conjunction 

with torsional stress produced by axial rotation makes the 

annulus more vulnerable. his stress is reduced if compression is 

simultaneously increased to compensate; up to a 20% difference 

in torque strength is produced. He also reported that removal of 

2cm portion of posterior of annulus produced a 25% decrease in 

torque strength. 
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Butler et al addressed the relationship between facet joint osteoarthrosis and 

disc degeneration and concluded that disc degeneration occur 1st.This may 

lead to mechanical changes in th loading of facet joints and result in facet OA. 

 

 

STREHGTH: 

Kahanovitz et al measured abdominal and back strength and endurance and 

found a 30% loss of normal strength in postoperative patients .He concluded 

that more intensive physical therapy is necessary to improve the postoperative 

strength in surgical patients. 

                         A quantitative study of trunk ms strength and fatigability found 

that the trunk strength of patients suffering from backache for less than 1 month 

was significantly lower than in a control group without LBP. The patients with 

LBP also exhibited a greater fatigability of trunk flexors. 

Gracovetsky has described the theory of spinal locomotion. This functional 

theory of spine permits a determination of safe loads that can be loaded and 

transported. It also predicts the conditions of load transfer through a joint. Axial 

compression in combination with sagittal bending and lateral bending creates 

fissures in the annulus that may allows the nucleus to herniate. Axial torque 

increases these stresses and radial fissures results. These combinations of 

forces are encountered in daily life 
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POSTSURGICAL CHANGES: 

Panjabi et al observed that injury to the annulus and removal of 

nucleus significantly altered the main motions and coupled 

motions of spinal unit. The clinical consequences of poster lateral 

injury to the disc, asymetrical movement and loading may produce 

cartilage degeneration, OA and facet atrophy. 

                                        Goel et al investigated the biomechanical 

effect of discectomy and concluded that translational and 

rotational instability at the injury level is less with subtotal 

discectomy. Extension exercises were advised for treatment 

since extension appears to be the most stable loading mode 

after subtotal discectomy. Lateral bending and rotation 

should be avoided. heir results suggested that the 

detrimental effects of motion could be modulated by the 

patient learning to either inhibit or facilitate the ms. 
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Hurme and Alaranta reported that overall outcome satisfaction 

and results may be related to surgical pathology. A disc protrusion 

predicted poorer result than prolapsed or extrusion. 

                                       Ryan and Zwerling indicated that post 

surgical patients are at greater risk of injury than non surgical 

patients are. 
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WHAT IS THE CLINICAL 
BIOMECHANICS 
OF LUMBAR AND 
LUMBOSACRAL SPINE 
FUSION? 
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Spinal fusion is ideal to achieve the necessary therapeutic goals 

with the minimal effective decrease in motion and minimal 

disruption of normal structure and function of spinal column i.e., 

maximum therapy with minimum risk and liability to the patient. 

 

BIOMECHANICAL FACTORS IMPORTANT IN SPINE FUSION 

SURGERY 

•Surgical constructs (operation) should be chosen on basis of                

suitability i.e., one or more constructs that effectively achieve the 

desired therapeutic goal. 

•The surgeon’s goal is to accurately understand the biologic and 

mechanical aspects of the problems and select the appropriate 

surgical construct to solve it. 

 

08-01-2018          BPT 3RD SEM 



BIOMECHANICALLY EFFECTS OF SPINE FUSIONS 

•LEE & LANGRANA showed in the experimental work that 

increased stress on the adjacent unfused segments. Some 

observations of excessive motion, degenerative changes, spinal 

stenosis and even # dislocation have been observed in adjacent 

segments in association with spinal fusions. 

 

•All these changes adjacent to the fusion mass are most likely 

biologic and in some instances pathologic, changes due to the 

stress concentration at the interface of highly stiffened (fused) 

segment of the spine and the more flexible (unfused) segment of 

the spine. 
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CLINICAL BIOMECHANICS OF LUMBAR &LUMBOSACRAL 

SPINE FUSION 

•After spinal fusion ,above and below the spinal fusion, there is 

more hypermobility ,greater loads, more degenerative changes, 

more instability (like degenerative spondylolisthesis and 

spondylolysis aquisita) and higher incidence of spinal stenosis 

.(HARABAYASHI REPORTED LUMBAR STENOSIS AT LEVEL 

ABOVE AN ANTERIOR SPINAL FUSION IN 3 PATIENTS). 

(FRYMOYER AND ASSOCIATES NOTED TRACTION 

SPURS,DISC NARROWING AND HYPERMOBILITY ABOVE 

FUSION MASS).   

 

•Failure of spine (pars interarticularis defect) has been reported 

above spinal fusion masses. The most common finding was 

hypertrophic degeneration arthritis of facets. 
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•ROLANDER in biomechanical studies reported that even with all 

posterior elements fused there may still be motion between 

vertebral bodies. This is due to normal elasticity of the bone that 

comprises the pedicles. 
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