





























AVASCULAR NECROSIS OF THE FEMORAL HEAD.


EARLY MANAGEMENT WITH PRESERVATION


 OF THE JOINT.








MOHAMMED M. EL-MAHY, M.D.





LECTURER OF ORTHOPAEDIC SURGERY





AIN SHAMS UNIVERSITY





CAIRO





EGYPT.�
AVASCULAR NECROSIS OF THE FEMORAL HEAD


EARLY MANAGEMENT WITH PRESERVATION OF THE JOINT.





MOHAMMED M. EL-MAHY, M.D.








	The aim of surgery in early cases of avascular necrosis of the femoral head (AVN), prior to head collapse, should be directed at the preservation of the joint rather than waiting for its replacement later in the disease process.





	This is a report of the early results of a prospective study on the preservation of the integrity of the hip joint in cases of AVN with the transfer of free vascularized fibular grafts (FVFG) or pedicled vascularized iliac bone grafts (PICG).





	Eight hips in six consecutive patients suffering from AVN who attended the out patient clinic at Ain Shams University Hospital were included in this study with a follow-up of more than one year. Pre- and post-operatively, the Steinberg classification was used to evaluate the hip roentgenographically, and the Harris hip Score was used to evaluate the joints functionally.





	At the latest follow-up, all hips were painless or with very minimal pain, with a significant improvement of the range of motion of the affected joints. Patients who received FVFG showed slightly higher Harris hip Score values than those who received PICG, but the difference could not be statistically analysed. The main postoperative complaint in patients who received PICG was the transient mild flexion deformity that followed the operation during the first four-to-six months postoperatively.


-------------------------------------------------------





	Avascular necrosis of the femoral head (AVN) mostly affects young adults and presents one of the most difficult conditions to manage at this age group. The actual cause of the disease is still unknown, though the corticosteroid intake, alcoholism, Gaucher’s disease, gout, Caisson’s disease, hemoglobinopathies, as well as other conditions, are associated with increased incidence of AVN.1,2,3,4,5





	The natural history of the disease entails affection of mainly the antero-lateral sector of the femoral head with devascularization followed by a slowly progressive revascularization process. The revascularization front separates from the avascular bone with weakened trabeculae that collapse resulting in the radiological appearance of the “crescent sign”. Further progress results in the formation of large cysts that collapse with flattening of the articular cartilage. From this point forward the process is irreversible with further collapse of the femoral head, affection of both sides of the joint, progressive osteoarthritis, and with complete damage of the hip joint as the final outcome.6,7,8





	Non-operative management of the disease in the form of observation and protected weight bearing was always associated with a very high incidence of failure with more than 85% progression of the collapse of the femoral head when symptomatic hips with stage I or II were left untreated.4,9,10 Electrical stimulation in the form of pulsed electromagnetic field stimulation has been tried for the treatment of avascular necrosis of the femoral head with reports of satisfactory results in up to 68% of patients,11  but it remains experimental and it may be sometime till this type of treatment is established.





	Arlet and Ficat in 196412 recognised that core decompression results in immediate relief of pain in patients with avascular necrosis of the femoral head. Since then, many studies have been reported with great controversy on the efficacy of this technique.13, 14 It has been concluded that core decompression is effective in delaying the need for a total hip replacement, and is recommended for symptomatic stage I or II patients with small size lesions.15





	Different types of osteotomies were described in the literature aiming at removing the diseased segment from the weight bearing area of the acetabulum and replacing it with a normal segment. Sugioka et al.16 reported good results using his technique, which is demanding, but these results were not reproduced by other investigators.17 Other investigators reported varied results with varus and valgus osteotomies. One major disadvantage following these osteotomies is the technical difficulties faced by the surgeon if any of these hips need to be converted to an arthroplasty. 18





Phemister was the first to propose inserting a cortical strut graft from the tibia through the femoral neck and the affected part of the femoral head and up to the subchondral bone.19 Other investigators later reported other strut grafts from the ilium, fibula, or tibia with three-to-six months of protected weight bearing till union of the grafts. The success rates reported in these studies ranged between 60% to 80% with short follow-up.20,21  Other reports have shown much less success on long term follow-up.22,23 





Recently, reports on the use of vascularized bone grafts have been reported in the literature with a uniform excellent and good results.24, 25, 26, 27, 28





	This prospective study aims at evaluating the efficacy of the technique of vascularized bone strut grafts in the treatment of cases of AVN.





MATERIALS AND METHODS:





	In this prospective study, the early results of surgery on eight hips in six consecutive patients with a minimum follow-up of twelve months are reported (with follow-up ranging between twelve and twenty three months). There were three males and three females, with their ages ranging between nineteen and forty three years (average twenty nine years). The right hip and the left hip were operated upon equally, with two patients having both hips operated upon (cases one and three) as shown in table 1.





	The apparent cause of the AVN was steroid intake in two patients, one patient was receiving steroids as well as immuno-suppressive drugs following renal transplantation, one patient had post-traumatic AVN, one with systemic lupus erythematosus, and no cause was evident in one patient. According to Steinberg classification there were four hips in stage II, two hips in stage III, one hip in stage IV, and one hip in stage V. The preoperative Harris Hip Score was between 33 and 65 (average 52.25)





Hip salvage was attempted by the implantation of vascularized fibular grafts in six hips and pedicled iliac crest grafts were transferred in two hips (both of these patients were reluctant to have the leg operated upon and preferred having one operation field).





Table 1: Demographic presentation of the patients





No.


�
Name�
Age�
Sex�
Side�
AE�
Stage�
Procedure�
Follow-up�
�
1�
SS�
19�
F�
Lt�
Steroid�
II�
FVFG�
23�
�
�
�
�
�
Rt�
�
IV�
FVFG�
20�
�
2�
GM�
31�
M�
Rt�
post-traumatic�
II�
FVFG�
19�
�
3�
MM�
18�
F�
Lt�
Idiopathic�
V�
PICG�
18�
�
�
�
�
�
Rt�
�
II�
FVFG�
15�
�
4�
FE�
43�
M�
Lt�
Steroid�
III�
PICG�
17�
�
5�
AP�
35�
M�
Lt�
Renal transpl.�
III�
FVFG�
14�
�
6�
HB�
28�
F�
Rt�
SLE�
II�
FVFG�
12�
�
Abbreviations:


No.: Patient’s number	AE: Aetiology	Follow-up: Period of follow-up in months	


F:  Female		FVFG: Free vascularized fibular graft.


M: Male			PICG: Pedicled iliac crest graft.


Lt: Left side		Renal transpl.: Renal transplantation


Rt: Right side		SLE: Systemic lupus erythematosus





THE OPERATIVE TECHNIQUE:





	The surgical technique of FVFG applied was described by Brunelli24 and Urbaniak28 (with only slight differences being present between the two techniques).





	The patient is operated upon in the supine position with a sand bag under the hip to be operated upon, and is slightly flexed. The FVFG is harvested from the same side, thus the hip and the whole lower limb are prepared, with a tourniquet applied and draped on the lower thigh. Working as a single team, the FVFG is elevated first according to the technique described by Gilbert29 through the lateral approach, but is left without severing the vascular pedicle. The tourniquet is released, complete hemostasis is ensured, and the leg is wrapped with a sterile crepe bandage.





	Then the lateral aspect of the affected hip is approached through a Watson Jones approach. The transverse branch of the circumflex femoral vessels are approached in the interval between the rectus femoris and the vastus intermedius muscles. Under image intensifier control, a guide pin is inserted through the lateral femoral cortex up to the antero-lateral sector of the femoral head. The position of the pin is checked in the AP and lateral views. Then, drilling of a core using a large cannulated drill is done avoiding penetrating the articular cartilage. The diameter of the core is increased up to two-to-three millimetres larger than the largest diameter of the fibula using larger reamers.


	The necrotic bone is thoroughly removed with a long curved curette under fluoroscopic control, and the defect in the femoral head is filled with cancellous bone from the greater and lesser trochanters. The ipsilateral FVFG is then separated and placed gently inside the core with its distal pole leading, and taking great care that its vessels are not compromised nor peeled off during the introduction. The fibula is introduced till it reaches the subchondral bone and the excess bone is trimmed off. The fibula is prevented from receding with a thick Kirschner wire fixing it to the proximal femur. 





	The origin of the vastus lateralis and intermedius muscles are released to pass the vessels anteriorly uncompromised. Then, with the aid of the operating microscope, the peroneal vessels are sutured to the transverse branch of the circumflex femoral vessels end-to-end for the artery and one vein using 8/0 or 9/0 interrupted nylon sutures. Vascularity of the fibula and immediate patency of the vascular anastomosis is verified by the bleeding from the protruding end of the fibula.





	Both surgical wounds are closed in the usual manner over suction drains, with routine postoperative antibiotic and analgesic treatment. Low molecular weight dextran 40 (500 ml intravenously /day) is given for the first five days, and aspirin (100 mg/day) is given for three weeks.





	The patients are kept non-weight bearing for the next six weeks, after which gradual weight bearing is increased over the next six weeks till the patients can go with full weight bearing at twelve to sixteen weeks post-operatively. During this period, the patients are instructed to have a graded course of physiotherapy with full range of motion of the affected hip. In bilaterally operated hips, the second hip is operated upon after three months from the first one, with the patient on partial weight bearing increased to full weight bearing before operating on the second hip.





	In case of iliac crest graft, the technique applied was after that described by Chen et al.25 The patient lies supine and the affected side is elevated with a sand bag. Through an ilio-inguinal approach on the same side of the affected hip, the deep circumflex iliac artery (DCIA) is located at its origin from the external iliac artery and followed laterally towards the iliac crest. The anterior four to five centimetres of the iliac crest is taken with the iliacus muscle attached and with stripping the external muscles off the iliac bone. The distal end of the DCIA is ligated between two ligatures and cut off. Osteotomy of the iliac crest two to three centimetres from the edge of the crest is done with great care not to injure the DCIA with the attached iliacus muscle protecting the perforators to the iliac bone.





	Then the affected hip is approached through an anterior approach exposing the antero-lateral sector of the femoral head. A window over the affected avascular segment is elevated and the necrotic bone is curetted. A trough is created in the femoral head and iliac cancellous bone is packed in place of the necrotic bone. Then the vascularized iliac pedicle graft is reversed and placed in the trough with care not to stretch nor compress the vascular pedicle, and without compromise to the femoral head contour. The wounds are closed in the usual manner over two suction drains. The hip is kept slightly flexed with pillows under the knee continuously for the next two weeks.





	The patients received the routine postoperative treatment with aspirin 100 mg/day for the next three months. Full range of motion of the affected hip is encouraged after the first few postoperative days, with restriction of full extension for the first two to three postoperative weeks. The weight bearing on the operated hip follows the same regime as following the use FVFG as described before.





	The viability of the grafts were evaluated in some patients by selective angiography of the circumflex femoral artery and/or technetium bone scanning. The angiograms demonstrate the patency of the vascular anastomosis and the peroneal vessels for a distance inside the femoral neck. If the post-operative technetium scan is done after the first week, the graft may be overshadowed by the post-operative hyperemia present in the surgical field. MRI may also be helpful in evaluating the post-operative vascularity of the graft, but it was not used in any of our patients.





	There were no major complications in these patients with only one case of slight superficial infection that was cured by systemic antibiotics. Two patients had slight clawing of the big toe following harvesting the FVFG, but did not necessitate any intervention. There was no incidence of fracture of the upper femur. The average stay in the hospital was fourteen days, and the average period of post-operative rehabilitation was six months.





THE RESULTS:





	These are the early results of surgery on eight hips with AVN who received either FVFG or PICG with a minimum post-operative follow-up of twelve months.





	The clinical evaluation was done using the Harris Hip Score. Though it was proposed for the evaluation of the functional outcome of hips following total hip arthroplasty, the Harris Hip Score can be employed for the clinical and functional evaluation of hips following other hip procedures. Radiological evaluation was also done by comparing the pre- and post-operative radiographs using three grades: (1) Improved: in which the affected necrotic bone was replaced with normal bone and the radiograph was reverted to normal, (2) Unchanged: in which the articular cartilage did not show progress in collapse in comparison with the pre-operative radiograph, and the necrotic bone was still evident in the radiograph, (3) Worse: in which there was progression in the collapse of the articular cartilage.





The main observation was that all patients reported a remarkable decline of the pain with all patients having very little if any pain in the affected hips immediately post-operatively. Functionally, the hips showed improvement of the range of motion and the patients were able to use the hips more efficiently than pre-operatively. The Harris Hip Score results show marked improvement of all the hips operated upon as is shown in table 2. The abolishment of pain as well as the improvement of the range of motion and the functional use of the affected limbs persisted during this follow-up period till the latest follow-up evaluation.





	Radiologically, all hips in stages II and III showed improvement of the radiological appearance. There was gradual reduction of the visible necrotic area post-operatively, with no further collapse of the articular cartilage, while the radiographs of patients in stages IV and V were unchanged with no further collapse but they showed decrease of the area of necrotic bone seen on X-ray. The FVFG and the PICG were well incorporated in the femoral head with no case of progression nor regression of the grafts at the latest follow-up.





	Table 2 shows the pre- and post-operative Harris Hip Scores in relation to the stage of the disease, and the post-operative radiographic grading of the hips.





Table 2: Pre- and post-operative functional and radiological evaluation.





No.�
Name�
Side�
Stage�
Procedure�
Pre HHS�
Post HHS�
Radiographic grades�
�
1�
SS�
Lt�
II�
FVFG�
64�
95�
Improved�
�
�
�
Rt�
IV�
FVFG�
42�
82�
Unchanged�
�
2�
GM�
Rt�
II�
FVFG�
59�
93�
 Improved�
�
3�
MM�
Lt�
V�
PICG�
33�
74�
Unchanged�
�
�
�
Rt�
II�
FVFG�
65�
97�
Improved�
�
4�
FE�
Lt�
III�
PICG�
46�
78�
Improved�
�
5�
AP�
Lt�
III�
FVFG�
47�
85�
Improved�
�
6�
HB�
Rt�
II�
FVFG�
62�
94�
Improved�
�
Abbreviations:


No.: Patient’s number	Lt: Left side		Rt: Right side


FVFG: Free vascularized fibular graft. 		PICG: Pedicled iliac crest graft.


Pre HHS  : Pre-operative Harris Hip Score.		Post HHS : Post-operative Harris Hip Score.





	There was no case in this group that showed progression of the disease, increase of the collapse radiologically, nor increase in the pain or the functional deficit in the affected joint post-operatively.





	The main deficit observed in patients treated with PICG was the temporary post-operative flexion deformity that was transiently observed, while it did not occur in those treated by FVFG. This flexion deformity may have resulted from violating the anterior hip capsule during the approach and the placement of the PICG, also during the post-operative period, the operated joint had to be kept in flexion for the first two-to-three weeks to relax the pedicle of the DCIA passing to the hip and this may cause some tightness of the anterior soft tissues of the affected hips.





THE DISCUSSION:





	Preservation of the femoral head should be the aim in early cases of avascular necrosis of the femoral head. The treatment of this condition has been a continuing problem for the orthopaedic surgeons. Once the radiological appearance of a necrotic area in the femoral head is correlated with symptoms of pain and affection of the joint function, relentless progression of the femoral head collapse is expected to continue till full destruction of the hip joint, with the final outcome of an arthritic hip which will require a total joint replacement. Even after total joint replacement, it was shown in many studies that the results of arthroplasty for this condition are inferior to those in other conditions with a main concern that this disease affects joints in young individuals with a normal life expectancy.30, 31 Accordingly, the importance of the early diagnosis of osteonecrosis and the joint-preserving treatment has been highly emphasized.1, 2, 3, 32





	Many techniques have been reported for preserving the femoral head. Drilling, and core decompression have been associated with early relief of symptoms, but there are reports that they enhance early collapse due to the mechanical weakness.5, 13, 33 The addition of non-vascularized cortical bone graft as was described by Phemister did not improve the outcome and its results were controversial.21, 34 The different reported osteotomies aiming at transferring the weight bearing area from the necrotic part to a healthy segment of the femoral head were often confusing and their results were not constantly reporducible.5, 35





	Attempts at revascularization and new bone formation in the femoral head by blood vessel implantation were reported by Meyer.36 Also trials at revascularization by muscle pedicle graft reported by Judet37 with a satisfactory outcome, but other authors reported only limited revascularization by blood vessel implantation.38





	Leung and Chow reported good results using the DCIA pedicle iliac bone graft for the treatment of some large defects in the proximal femur.39 They suggested that this technique could be applied in non-united fractures of the femoral neck and in AVN. The procedure was reported by some authors later with satisfactory results.25, 40 The main shortcoming of this procedure is the post-operative limitation of the hip joint motion due to the anterior scarring of the hip joint capsule. This flexion deformity persisted for a few months post-operatively in both our patients, but was gradually corrected by physiotherapy and the patient’s co-operation and activity.





	The free vascularized fibular graft was first described by Taylor et al. in 1975.41 It has the advantages of being a strong cortical bone, with good length, and is relatively easy to harvest. Its microvascular anastomosis is also relatively easy by which the vascularity of both the bone and the periosteum are well maintained.41





	The use of the free vascularized fibular graft in the treatment of avascular necrosis of the femoral head was first described by Judet et al. in 1981.42 Later, many reports were published with uniformly good results, with the rate of excellent and good results at 84% to 95% in all reports.24, 26, 27, 28, 34, 37, 42, 43, 44 The goals of this procedure are (1) the removal of the necrotic bone, (2) the replacement of the dead bone with new cancellous bone, (3) core decompression of the femoral head and neck, (4) providing new channels of blood supply to that deficient region, (5) mechanical support of the articular cartilage with the strong cortical bone, the vascularized fibular graft.





	Even if osteoarthritis develops in any of these affected joints later on, which occurred in less than 7.5% of cases in the previous studies, the vascularized bone procedure does not compromise the possibility of converting to a total hip arthroplasty later, as in the case of trochanteric osteotomies. 24-28, 34, 37, 42--44





	The analysis of the early results of this study yields to the conclusion that, in agreement with all the previous reports, the application of the vascularized bone graft technique (specially the FVFG) before collapse of the femoral head restores a hip with a normal, painless range of motion in all patients, with improved appearance of the subchondral bone of the hip joint on radiographic analysis. When the procedure is applied after collapse of the articular cartilage, as in stages IV, V and VI, it will result in a significant relief of pain uniformly, with increase in the range of motion in most patients, and better function of the affected joints that can delay the need for total joint arthroplasty. Radiologically, the necrotic bone is replaced with new viable bone that has a better support to the articular cartilage, though the flattening of the joint may not correct.





Thus this procedure is recommended as the primary choice to prevent progression of the disease process in all early cases of avascular necrosis of the femoral head before collapse of the articular cartilage. Also, the procedure can be advised and applied even in advanced stages of the disease (stages IV, V and VI), to delay the need for total hip arthroplasty in the young patients.
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THE FIGURES.






























































Figure 1) The pre-operative radiograph of the right hip of case 1 showing stage IV AVN of the right hip with starting collapse and flattening of the head.






























































Figure 2) The AP and lateral  post-operative radiograph at fourteen months post-operative with full incorporation of the graft and preservation of the femoral head contour.

































































Figure 3) The preoperative radiograph of case 5 showing the avascular necrosis with cystic changes in the head of the left femur.



























































Figure 4)  4a: The radiograph at three months post-operative showing the FVFG in place fixed with a thick K wire. 4b: The radiograph at twelve months post-operative showing incorporation of the graft with reconstitution of the femoral head.

































































Figure 5) The pre-operative radiograph of the left hip of case 3 showing stage V AVN with collapse of the joint, deformation of the head contour, and  large sequestrum of the femoral head.



























































Figure 6) The pre-operative technetium scan showing the “cold” area of the femoral head in the antero-lateral sector of the femoral head.

































































Figure 7) The post-operative bone scan within the first post-operative week showing “hotness” of the field following the transfer of the pedicled iliac crest graft.



























































Figure 8) The post-operative radiograph at eighteen months showing preservation of the femoral head with no further collapse, reconstitution of the density of the head, and no increase in the arthritic changes.
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