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ABSTRACT 

Corticotomy and distraction is aimed at increasing   the vascularity of femoral head (distraction angiogenesis) in avascular necrosis of femoral head in young adults. The increase in vascularity in this study is demonstrated by pre and post operative radio nuclide angiogram.  The increase in vascularity can accelerate the repairing process and hence reduce the chance of collapse and deformation of femoral head, and there by prevent early degenerative arthritis.   

We have studied ten  patients with avascular necrosis of femoral head . All our patients were males, and their age group varied from 21 to 46 years. The minimum follow-up is three years.

Only patients in Ficat group 3 and 4 were included in the study.   

Under anaesthesia, through a lateral approach a unicortical rectangular piece of bone with the attachment of gluteus medius is taken from the base of  greater trochanter   ( modified corticotomy ) and the fragment is gradually distracted ( controlled fractional distraction ) using special device (four specially designed pins and an Ilizarov side plate and nuts) Periodic assessment by X ray , clinical assessment and post distraction angiogram done to confirm increase in vascularity.   

Corticotomy and distraction is a simple surgical procedure, and is cost-effective costly, and all our patients tolerated surgery well. All of our patients showed significant improvement in clinical, radiological and radio nuclide angiogram studies.

Corticotomy and distraction treatment is a good surgical option for avascular necrosis of head of femur. The importance of this treatment lies in the fact that total hip replacement in young patients, especially in avascular necrosis is known to cause early failures.
BACKGROUND

Avascular necrosis of head of femur is a crippling condition mostly affecting young people. Even though there are many forms of treatment, none is found to arrest the progress of the disease or to reverse the pathological process occurred on the femoral head. It is found that the only effective treatment for late stages of avascular necrosis is total hip replacement. If this surgery is done in young people, life of the implant is less because of high level of activity of young people so they have to undergo revision.
Considering the numerous complications of total hip replacement, the high cost of surgery and the need for frequent revision it is not ideal for the Indian patient. As a definitive procedure in early stages of avascular necrosis it is an effective method which can postpone total hip replacement. It is based on ilizarov -technique of neo angiogenesis  in peripheral vascular disease.

AIM OF STUDY

The corticotomy and distraction treatment is aimed at increasing the vascularity of femoral head ( distraction angiogenesis ) in avascular necrosis of femoral head. The increase in vascularity in this study is demonstrated by comparing pre and post operative radio nuclide angiogram.  The increase in vascularity can accelerate the repairing process and hence reduce the  chance of collapse and deformation of femoral head, and the subsequent early degenerative arthritis.

MATERIALS AND METHODS 

We have done this study in ten  patients with avascular necrosis of femoral head over a period of 4 years from June 2000 to June 2004 and the average follow up is 3 years.  All of our patients were males, and their age group varied from 21 to 46 years. Right hip was involved in 3 patients and left hip in 5 patients.  Two patients presented with bilateral involvement. We had done the study after getting clearance from the ethical committee. 

Inclusion criteria: Patients were selected on the basis of  X-ray and clinical findings. Patients in Ficat group III & IV were included in  the study.  For this group of patients there is no other treatment option except  total joint replacement.
Pre operative assessment: 

	Clinical   

	– subjective(pain)

	Objective 

	– range of movement

	Radiological

	– extent and  density of the avascular segment

	Radionuclide angiogram

	– to quantitate the blood flow in the femoral head.


Implants:
Consists of five specially designed pins and an Ilizarov side plate and nuts for bridging type (across the hip) and four specially designed pins and an Ilizarov side plate and nuts for the non bridging type (on the proximal femur alone)

Anaesthesia: Spinal Anaesthesia or General Anaesthesia.

Procedure: 

After anaesthesia, patient is placed on a fracture table. Traction is applied. Four pins are applied under image control, two on the ilium, just above the acetabulum and the other two in the shaft of femur (for bridging type) corresponding to the length of side plate used. Then through a lateral approach greater trochanter is exposed and a unicortical rectangular piece of bone 4x3 cm size is cut from the cortico cancellous area (modified corticotomy) on the lateral aspect of greater trochanter with intact periosteal attachment and intact gluteus medius attachment. Fifth pin is drilled through the rectangular piece of bone. Then the whole assembly is stabilized by fixing  the side plate using nuts. 

In non bridging type, the difference is that only three pins are applied on the proximal femur distal to the modified corticotomy site corresponding to the length of the side plate used.  Then modified corticotomy is performed as in bridging type and fourth pin is drilled through the rectangular piece of bone. Then the whole assembly is stabilized using side plate and nuts as in previous method. 
Distraction is initiated on the tenth day at the rate of 0.5 mm/ day (controlled fractional distraction) for twenty days. Rate of distraction confirmed on day eight, day twelve and at day twenty.

Implants removed after twenty days and radio nuclide angiogram done on next day to assess increase in vascularity. Skin traction is continued and range of motion exercises started. There after periodic assessment is done once in a month by clinical and radiological methods. Partial weight bearing allowed after four months. Full weight bearing allowed from the next month onwards.
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Per operative photo showing gluteus medius attachment
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Patient in the ward after surgery 
(Bridging type)

Radionuclide angiogram (First pass study): This is an ideal method which can be used to compare or quantitative vascular status of localized areas of our body.  This vascular status assessment  of femoral head pre and post operatively  was conducted with the help of  Department of Nuclear -Medicine, Amrita Institute of Medical Sciences, Cochin. 

Technique: Sterile saline based 99m Tc (15 mci, TcO4 ) is given as rapid intravenous injection. Vascular dynamic images are formed at the rate of  2seconds per frame for 1minute. The images are picked up using a dual headed gamma camera . For quantisation the images are summed up (summed up images) . Time Activity Curve is a method used in this procedure to compare the vascular status of different areas of body or of the same area at different periods. This is obtained by plotting a curve  with time in milliseconds on X axis and radio activity detected on Y axis.

Radiological assessment:  The size and radio density of the avascular area observed and compared with previous film at each visit .

OBSERVATIONS
We have selected ten patients with advanced avascular necrosis head of femur in stage III & IV of  Ficat and Arlet classification for our study. All of them had   radiological evidence of avascular necrosis with collapse and early degeneration at the time of presentation. Clinically all of them had gross restriction of range of movement and crippling joint pain.  Average age of selected group is 30 years. For this group of patients only treatment option is total joint replacement, which is very costly and not ideal in the young group.

The details of our patients on initial assessment 

	Name
	Aetiology
	Ficat stage
	Pain relief
	Radiologic-al evidence of

revascularisation
	First pass study – increase in vascularity

	Thajumon22
	Fracture neck of femur
	Stage III
	++
	++
	2.5 times

	Suresh-30
	Chronic steroid intake
	Stage III
	+
	++
	2 times

	Prasannan-40
	Chronic alcoholism
	Stage III
	+
	+
	2.1 times

	Anil Kumar-29
	Idiopathic
	Stage III
	++
	++
	1.8 times

	Salim-46
	Idiopathic
	Stage III
	+
	++
	2 times

	Prabhakaran-45
	Idiopathic
	Stage III
	++
	+
	2.3 times

	Vinod 30
	Idiopathic
	Stage III
	+++
	+++
	2.5 times

	Kunju pillai 46
	Chronic alcoholism
	Stage III
	++
	++
	2.2 times

	Biju  28
	Idiopathic
	Stage III
	++
	++
	2.4 times


Post operatively all the patients showed good improvement in clinical, radiological and radio nuclide angiogram studies.
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Pre and Post operative range of flexion in our patients
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Pre and Post operative abduction in our study
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Pre and Post operative internal rotation in our patients

Testing the significance of the results

Test of significance applied to ROM (Flexion)

Pre op mean 

Pre op standard deviation

Post op mean

Post op standard deviation

Difference between 2 means

SE (d) between two means

The post operative radionuclide angiogram done after treatment, clearly demonstrate marked increase in vascularity of the femoral head.

RADIOLOGICAL ASSESSMENT
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Pre-op x-ray
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Post op  x-ray  

X – showing Marked reduction in size and density of sclerotic segment after corticotomy and distraction treatment.
TIME ACTIVITY CURVE OF RADIO NUCLIDE ANGIOGRAM
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Red- Pre operative
Yellow- Post distraction

Time activity curves- showing increased uptake posy operatively.

DISCUSSION
This new technique is based on sound biological and biomechanical principles.

Rationale of Corticotomy and Distraction Treatment

Gradual distraction of corticotomy site  stimulate neo osteogenesis and local inflammation, which increases regional vascularity and promote regeneration of vessels. This is a technique already described by Ilizarov in the treatment of thrombo- angitis obliterans.
The frame when fixed across a joint act as a joint distraction device  and hence reduce pain. It also reduces even minimal subluxation of hip .Joint distraction minimises  the chance of collapse of the avascular segment. This technique was already described by  Dror Paley for Perthes’ disease and avascular necrosis.

By making a corticotomy, we are decompressing the high pressure bone compartment. Therefore it also functions something like a core decompression.  By distraction of the fragment (with insertion of gluteus medius muscle), the lever arm increases hence it increases the effectiveness of the gluteus medius action and reduces abnormal gait. At the same time it reduces the force acting across the joint and thus reduces the chance of collapse.

Biomechanics and advantage of corticotomy and distraction

When the patient stands on both lower limbs, the weight of the body act equally on both normal hip joints. When one limb is lifted the weight of the limb also added to the body weight so that the centre of gravity shift to the same side. The abductors of static hip must act with enough strength to maintain the equilibrium. The amount of downward pull of abductors and the force of centre of gravity are directly related to the distance of these points from the centre of the hip.
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	K 
	weight of body above hip        

	M
	muscle pull              

	R
	the resultant vector 

	OC
	the distance between center of hip to the centre of gravity

	OB
	the distance between center of hip to abductor insertion. 
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In our surgical procedure, distraction of corticotomy fragment produces lateralisation of the insertion of gluteus medius by at least 1cm. hence effectiveness of muscle pull is increased

Corticotomy and distraction treatment is a simple surgical procedure, and it is not at all costly and all our patients tolerated surgery well.  All the patients had significant improvement in clinical symptoms and range of movements as well as significant improvement in radiological and radio nuclide angiogram.  The initial results of this study showed that corticotomy and distraction treatment is an excellent treatment option even in advanced avascular necrosis. The results will be better if the procedure of corticotomy and distraction is done in the earlier stages of evolution of avas cular necrosis.
The importance of this study lies in the fact that total hip replacement in young patients, especially in avascular necrosis is known to cause early failures. 
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