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ABSTRACT

Background and objectives: Eighteen cases of pathological fractures were diagnosed and treated appropriately at Tirtiary care hospital, surat. The
study period was from September 2016 to July 2018. The cases were followed up for a period ranging from 2-5 months.

Method: 18 cases of pathological fractures were included in this study. The age of the patients ranged from 9-72 years with most of the cases
occurring above the age of 45 years.

A thorough physical examination along with radiological and laboratory investigations were carried out to find out the cause for the pathological
fractures. The initial treatment was generally in the form of bed rest and traction. The final treatment varied with the cause, age of the patient and site
of fracture. All cases were followed for a period between 2-5 months.

RESULTS: Osteoporosis was the most common cause of pathological fractures (44.4%) followed by tumors (36.11%). Femur (48.71%) was the
most common site and most fractures occurred in the trochanteric region. In 91.5% cases the fractures occurred spontaneously or after a trivial
injury. Operative treatment was carried outin 72.2% of patients with incidence of failed fixation in 1 cases.

Interpretation and conclusion: Typically these fractures occur spontaneously or after a trival injury indicating that the pathological process had
compromised the strength of the bone. A thorough physical, clinical, radiological and laboratory investigations is required to find the cause of the
pathological weakening of the bone. Whatever treatment protocol is followed to treat the pathological fracture, whether operative or conservative a
well planned and executed one dramatically improves the patients life and gives a functionally good result. Patients treated by operative means

were ambulatory earlier than those by conservative means.
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INTRODUCTION

Apathological fracture is a fracture of an abnormal bone. Typically, the
fracture occurs during normal activity or with minor trauma, as the
abnormality of the bone reduces the strength of the bone and
predisposes it to mechanical failure with minimal stress'.

A patient who presents with a fracture occurring spontaneously or after
minor trauma or who has an unusual fracture pattern, has had several
recent fractures, or has a history of primary malignancy should alert the
surgeon to the presence of a predisposing pathologic condition.

The pathologic condition may be osteoporosis, osteomalacia, pagets
disease, osteopetrosis, osteogenesis imperfecta, fibrous dysplasia,
osteomyelitis, primary bone tumor or a metastatic deposit of a
carcinoma.

A detailed history, thorough physical examination and proper
investigations are required for establishing the diagnosis. The
management of such fractures may be dramatically altered by the
associated pathological conditions. Initial management, well planned
and well executed dramatically improves a patient's life whereas
treatment that is not well planned and carried out condemns the patient
to far more difficulty’.

A orthopaedic surgeon needs to work with the patient, radiologist,
pathologist, oncologist, and pain management specialist to provide the
patient with optimal treatment and the best life possible.

OBJECTIVES

»  Toknow about the common causes of pathological fractures

» To know about the epidemiology of pathological fracture with
respect to age, sex, and site.

»  Toknow about the various modes of treatment options available in
the management of pathological fractures.

METHODOLOGY

In this prospective study, 18 cases of pathological fractures treated at
Tirtiary care hospital, Surat between September 2016 to July 2018
were included after obtaining clearance from Hospital Ethical
Committee.

All patients with the following fractures were included in the study.

a. Fractures occurring spontaneously or with trivial trauma

b. Fractures in patients suffering from tumors or tumorous condition.
c. Fractures in patients having hereditary condition like osteogenesis

imperfecta etc.

d. Fractures in patients with associated pathological process like
infection.

e. Fractures in patients with nutritional deficiency and hormonal
imbalance.

All patients were treated as inpatients. Patients with fractures where a
clear underlying pathology could not be established, impending
pathological fractures were excluded from the study.

For each case, the following particulars have been made available:
Name, age, sex, occupation, presenting complaints, duration of signs
and symptoms and site of fracture.

Detailed present, past, family and personal history were obtained.
General, systemic, and local examination were carried out. Relevant
blood and urine investigations were done. X-ray of the affected bone
and skeletal survey were done. CT scan was made available whenever
necessary. Ultrasonic heel densitometer was carried out when
required. Biopsy also was done when required.

Initially the cases were treated with immobilization of the affected
limb, traction to the affected limb, analgesics and antibiotics. The final
treatment varied with the cause. Immobilization with splints, plaster of
Paris, internal fixation, amputation, and disarticulation was carried out
where required. Chemotherapy and radiotherapy was given for the
tumorous condition at specialized centers.

Table:1 Distribution of pathological fracture in 18 patients of the
present study

No. of cases
Osteoporosis 8
Primary bone tumors 4
Secondary bone tumors 3
Infection 1
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Pathological fractures due to senile osteoporosis were found in 7
patients with. Femur in 4 cases, vertebra in 2 cases, humerus in 1 cases.
Ultrasonic heel densitometer was used to confirm the diagnosis in all
cases. Out of 4 cases in femur, 2 had intertrochanteric fractures, 1 had
neck fracture and 1 had fracture shaft femur. All intertrochanteric
fractures were treated by dynamic hip screw (DHS) fixation.
Thefemoral neck fractures were treated with hemiarthroplasty.
Fracture shaft femur was treated with intramedullary nailing. Of the 1
case having pathological fractures in humerus, it was fracture shaft.
Fracture shaft humerus underwent dynamic compression plate (DCP)
fixation. All the 2 cases of vertebral fractures were involved in the
thoraco-lumbar junction. CT scan of the spine was done to rule out
spinal cord compromise. All the cases were treated conservatively in
the form of bed rest and bracing. All patients having osteoporotic
fractures were given calcium and vitamin D supplements in their diet.

Pathological fractures due to disuse osteoporosis occurred in 1 case.
This patient had post polio residual paralysis (PPRP) involving the
lower limbs with subtrochanteric fracture. Subtrochanteric fracture
was treated with DHS fixation. This patient received calcium and
vitamin D supplements in their diet.

Pathological fractures due to primary bone tumors were found in 4
patients. Femur in 1 case, tibia in 1 case, humerus in 1 case and
vertebrae in 1 case was found to be involved. Multiple myeloma in 1
cases, osteogenic sarcoma in 1 case, giant cell tumor in 1 case, simple
bone cyst in 1 case found to be the cause for the fracture. Biopsy was
used to confirm the diagnosis. Osteogeneic sarcoma involved the
supracondylar region of femur and was treated with an above knee
(A/K) amputation. Adamantinoma involved upper 3" of tibia and was
treated with an A/K amputation. Patient with giant cell tumor had
involvement in the upper third of tibia and was treated with curettage
and bone cement. The case of simple bone cyst underwent curettage
and bone grafting. Patient with chondromyxoid fibroma was treated by
curettage and fixation with bone cement and rush rods. The case of
fracture neck due to multiple myeloma was treated by
hemiarthroplasty. Compression fracture of L, vertebra due to multiple
myeloma was treated conservatively with bed rest and bracing. All
cases of primary malignant tumors received adjuvant chemotherapy at
specialized centers.

3 cases of pathological fractures due to secondary tumors were studied.
Femur was involved in 1 case, vertebrae in 1 case and humerus in the
remaining 1 case. Of the 1 case involving the femur, it was fracture
shaft femur fracture. Out of 3 cases, carcinoma of breast was primary
in 1 case, carcinoma prostate was primary in 1 case, and carcinoma
liver was primary in 1 case. The case of fracture shaft femur was treated
with IM nailing. One intertrochanteric fracture was treated by IM
nailing and the other was treated conservatively. Fracture shaft
humerus was treated conservatively with U slab. Pathological fracture
in vertebrae was treated conservatively with bed rest. Chemotherapy
was given. One case of pathological fracture due to infection was seen
in the study. It was due to osteomyelitis and involved shaft of femur.
Fracture shaft femur was associated with subcutaneous abscess
formation and it was treated with incision and drainage of the abscess
and immobilization in an above knee splint.

1 cases of pathological fracture were due to osteomalacia. Patient had
fracture neck femur and she was on antiepileptic drug. Fracture neck
femur was treated with hemiarthroplasty and the dosage of
antiepileptic drugs was reduced. Vitamin D and calcium supplements
were included in the diet.

One case of pathological fracture was due to osteogenesis imperfecta.
It involved the tibial bone causing it to bow and fracture. It was treated
with multiple corticotomies and fixation with a rush nail.

RESULTS
Table : Distribution of the sample by Age and Sex
Age groups (in years) SEX Total
Male Female
11-20 No. of cases 1 2 3
21-30 No. of cases 1 - 1
31-40 No. of cases 1 1 2

Nutritional disorders 1 41-50 No. of cases 2 1 3

Congenital disorders 1 51-60 No. of cases 2 2 4

Hormonal imbalance 0 61-70 No. of cases 1 4 5
0

71-80 No. of cases - 1
Total No. of cases 8 10 18

CC=0.426;p<0.332 (NS). Chi-square forage alone=16.889; p<0.018(S)

No significant association was observed between age groups and sex as
contingency coefficient revealed a non-significant value (CC=0.426;
p<0.332) revealing that pattern of distribution of frequencies of male
and female patients was statistically same. However, when age was
considered separately, a significant difference was observed between
the frequencies of various age groups (¢’=16.889; p<0.018), indicating
that maximum frequencies were observed in the age group of 61-
70years, followed by 41-50 years and least in the age group of below
10and 71-80 years.

Table : Descriptive statistics for the ages of male and female
patients
Sex N Mean S.D Min Max
Male 8 44.00 19.67 5 72
Female 10 50.16 17.54 13 70
Total 18 47.25 18.57 5 72

't=0.986; p<0.328 (NS)

The mean age of the sample was found to be 47.25+18.57 years. The
mean age for males was 44.00+19.67 years. The mean age for females
was 50.16+17.54 years. A non-significant difference ('t'=0.986;
p<0.328) was observed between male and female patients in their
mean ages.

Table : Distribution of the sample by Sex

Sex Frequency Percentage
Male 8 40
Female 10 60
Total 18 100.0

Chi-square=0.111;p<0.739 (NS)

Of'the 18 cases studied, 8 cases were male and remaining 10 cases were
females. Statistically equal level of incidence was observed in men
compared to women as chi-square test revealed a non-significant
difference (¢’=0.111; p<0.739).

Table : Distribution of the sample by cause and sex

Cause Sex Total
Male | Female
Osteoporosis No. of cases 3 5 16
Tumors No. of cases 2 3 13
Infection No. of cases 1 1 3
Nutritional Disorders | No. of cases 1 1 2
Congenital Disorders [ No. of cases 1 - 1
Total No. of cases 8 10 36
Percentage 100.0 100.0 | 100.0

CC=0.290; p<0.652 (NS)

A non-significant association was observed between cause and sex as
contingency coefficient revealed a non-significant value (CC=0.290;
p<0.652) revealing that pattern of distribution of frequencies of male
and female patients for different causes was statistically same.

A significant association was observed between age and causes as
contingency coefficient revealed a highly significant value
(CC=0.836; p<0.000) indicating a differential pattern in the
distribution of patients by age and causes. it was evident that
osteoporosis and tumors were spread in different age groups, where as
infection was limited to the age group of 11-20 years and congenital
was limited to below 10 years.

A significant difference was observed between the frequencies of site.
Chi-square value of 43.333 was found to be highly significant
(p<.000). It was evident that majority of the sites were reported in
Femur (50%) followed by Vetebra and Humerus (16.7% each), and
least in Metatarsal, Humerus + Ulna and Femur + Ulna + vertebra
(2.8% each).
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Table : Distribution of the sample by mechanism of injury

Mechanism of injury Frequency
Trivial 16
Significant 2

Total 18

Chi-square=25.00; p<0.000 (HS)

Significantly more number of patients had trivial injury (88.89%) and
only 11.11 % of the cases had significant injury. Chi-square test
revealed a highly significant difference between these frequencies
(Chi-square=25.00; p<0.000).

Significantly more number of patients were treated with operative
treatment (72.2%) and only 27.8% of the cases treated conservatively.
Chi-square test revealed a highly significant difference between these
frequencies (Chi-square=7.111; p<0.000)

DISCUSSION

Osteoporosis was the commonest cause of pathological fracture in the
present study. It accounted for 8 cases of pathological fractures. In this
senile osteoporosis accounted for 7 cases and disuse osteoporosis
accounted for 1 case. Most modern text books and publications have
quoted 90% of the pathological fractures to be due to tumors and
osteoporosis and only 10% due to other causes. Yazaway et al (1990)
reported 88% of cases of pathological fractures to be due to tumors and
osteoporosis. This was consistent with the present study which noted
80.55% cases due to tumors and osteoporosis.

Skeletal distribution showed that femur was the most commonly
involved bone to be fractured in osteoporosis accounting for 5 cases. It
was followed by vertebrae and humerus which accounted for 1 cases
each.

In the femur, trochanteric region was the most vulnerable accounting
for 60% of fractures occurring in femur. Neck was involved in 30% of
cases and shaft in 10% of cases. In the humerus, shaft was involved in
66.6% of cases and neck in 33.3%. All cases of vertebral fracture
involved the body.

75% of the cases underwent surgery. Dynamic hip screw (DHS)
fixation in 3 cases, hemiarthroplasty in 1 case , intramedullary nailing
in 1 case and dynamic compression plating (DCP) in 2 cases. 25% of
the cases were treated conservatively.

1 case of failed fixation was noticed in the study. Pain relief and
restoration of function was noted to be better with surgical
management when compared to nonoperative management. The
results of the study were consistent with the study done by Apostolos
A. Tountas where 13 elderly patients were studied retrospectively and
it was found that internal fixation was associated with more favourable
results.

Primary bone tumors were the second most common cause of
pathological fracture in the present study accounting for 4 cases. 1 case
was due to benign bone tumors and rest cases were due to malignant
bone tumors. Femur (37.5%) was the commonest site involved.
Humerus (25%), tibia (25%) and vertebrae (12.5%) were the other
sites involved.

Osteosarcoma involved the supracondylar region of femur and was
treated by an A/K amputation. Sean P Scully (1996) retrospectively
revived 18 patients who sustained pathological fracture due to
sarcoma.

Patients who refused surgical intervention had uniformly poor
outcome. Patient who underwent amputation (6%) had no local
recurrence. It was found that distant recurrence rate for patients
undergoing amputation was no different from the rate for those
undergoing limb salvage. In the present study no case of sarcoma
developed distant metastasis as against 33% undergoing amputation in
the study by Sean P Scully.

Among the benign bone tumors, giant cell tumor, simple bone cyst and
accounted for 1 case each. Giant cell tumor involved the upper third
tibia and was treated by curettage and bone cement. Chondromyxoid
fibroma involved the head of humerus. It was treated by curettage and
fixation with rush nail and bone cement. Simple bone cyst also

occurred in the head of humerus. It was treated by curettage and bone
grafting.

Metastatic bone tumor was the third most common cause of
pathological fracture in the present study accounting for 3 cases. The
results were consistent with the study done by Behr et al (1995) where
48 pathological fractures due to metastasis in 38 patients averaging 70
years of age were surgically treated. The most common metastasis was
from breast (45%). The average postoperative survival was 9 months.
In both the studies, pain relief, restoration of function, decreased
hospitalization and facilitation of nursing care was noted to be better
with surgical management as compared to non operative management.
No cases of failed fixation was encountered as against four failed
fixations by Behretal (1995).

1 case of pathological fractures due to infection was seen in our study.

Jenkins in a study of 74 patients over the age of 70 years with fracture
neck of femur evaluated by routine biochemical investigation (serum
calcium, phosphorous, proteins, alkaline phosphatase) and biopsy at
the time of surgery found that subclinical osteomalacia is more
prevalent than expected.

Chalmers in his study found that subtrochanteric fracture of femur are
more common than fracture neck of femur in elderly people suffering
from osteomalacia. Pathological fractures due to osteomalacia often
unite when supplemented with nutrients in which they had deficiency
or when the underlying disorder was corrected.

One case of pathological fracture due to osteogenesis imperfecta was
studied. Tibia was involved with anterolateral bowing. It was treated
with multiple corticotomies and fixation with the rush nail. The
deformity had corrected at follow up and fracture was uniting. In a
study by JM Wilkinson using the Sheffield expanding intramedullary
rods, the bones in the lower limb of 28 patients were treated for the
management of osteogenesis imperfecta. Before surgery all children
had multiple fractures of lower limb. At review 8 patients had
experienced no further fracture but 3 had suffered five or more
fractures subsequently. Before initial stabilization, 15 had never
walked and only 3 used walking aids. After surgery half of these
children were able to walk without using any walking aids.

CONCLUSION

Pathological fractures due to primary bone diseases should be dealt on
individual basis depending upon the age, location, nature of lesion and
stage of lesion. Though the final outcome of the disease might not
change, adequate treatment of the fracture provided satisfactory pain
relief and functional preservation for most cases. To conclude it
requires more patience, regular followup and sometimes multiple
surgical intervention in the proper management of pathological
fractures. The treatment of the original condition is mandatory.

REFERENCES

1. Robert W. Bucholz, James D. Heckman. Rockwood and Green’s fractures in adults. 5th
ed. Lippincott, Williams and Wilkins, 2001.

2. Bulstrode, Buckwalter, Carr, Marsh, Fairbank, Wilson-MacDonald, et al. Oxford
Textbook of Orthopedics. Ist ed. Oxford, 2002.

3. Eduardo J Ortiz, Marc H Isler, Jorge E Navia, Rafael Canosa. Pathologic Fractures in
Children. Clinical Orthopaedics and Related Research 2005; 432: 116-126.

4. WilsonJN. Watson-Jones fractures and joint injuries. 6th ed. BI Churchill Livingstone, 2002.

5. Ketan C Pande. Digital X-ray radiogrammetry : a new technique for bone mineral
density estimation in osteoporosis. Indian Journal of Orthopaedics 2004; 38(2): 73-79.

6. Joseph M Lane, Edward H Riley, Philip Z Wirganowicz. Osteoporosis : Diagnosis and
Treatment. The Journal of Bone and Joint Surgery 1996; 78-A(4): 618-628.

7. Lawrence G. Raisz. Screening for Osteoporosis. The New England Journal of Medicine
2005;353(2): 164-171.

8. Rao H, Rao N, Sharma LR. A Clinical study of bone mineral density using heel ultra-
densitometer in Southern Maharashtra. Indian Journal of Orthopaedics 2003; 37(2):
119-123.

9. William G Cole. Advances in Osteogenesis Imperfecta. Clinical Orthopaedics and
Related Research 2002;401: 6-16.

10.  Wilkinson JM, Scott BW, Clarke AM, Bell MJ. Surgical stabilisation of the lower limb in
osteogenesis inperfecta using the Sheffield telescopic intramedullary rod system. The
Journal of Bone and Joint Surgery 1998; 80-B(6): 999-1004.

11. Solomon, Warwick, Nayagam. Apley’s System of Orthopaedics and Fractures. 8th ed.
Arnold, 2001.

12.  Terry Canale. Campbell’s operative Orthopaedics. 10th ed. Mosby, 2003.

13.  Parker Gibbs, Kristy Weber, Mark T Scarborough. Malignant Bone Tumors. The Journal
of Bone and Joint Surgery 2001; 83-A(11): 1728-1743.

14, Bacci, Picci. Neoadjuvant chemotherapy for non metastatic osteosarcoma of the
extremities. Clinical Orthopaedics and Related Research 1991;270: 85-97.

15.  Bacci, Langi. Non metastatic osteosarcoma of the extremity with pathological fracture
at presentation. Acta Orthop Scand 2003; 74(4): 449-454.

16. Bruno Fuchs, Richard G Valenzuela, Franklin H Sim. Pathologic fracture as a
complication in the treatment of Ewing’s sarcoma. Clinical Orthopaedics and Related
Research2003;415:25-30.

17.  Mario Campanacci, Nicola Baldini, Stefano Boriani, Alessandra Sudanese. Giant cell

| 62 |—| International Journal of Scientific Research I



Volume-8 | Issue-4 | April-2019 PRINT ISSN No 2277 - 8179

. ________________________________________________________________________________________________________________|
tumor of bone. The Journal of Bone and Joint Surgery 1987; 69-A: 106-114.

18.  Craig, Mark, Enneking. Multicentric giant cell tumor of bone. Clinical Orthopaedics and
Related Research 1998; 322:245-252.

19.  Franklin, David. Multicentric Giant cell tumor of bone. The Journal of Bone and Joint
Surgery 1977; 59A:1052-1060.

20. Feigenberg, Mercus. Radiation therapy for giant cell tumors of bone. Clinical
Orthopaedics and Related Research 2003;411:207-216.

21.  Michelle A Ghert, Marco Rizzo, John M Harrelson, Sean P Scully. Giant-cell tumor of the
appendicular skeleton. Clinical Orthopaedics and Related Research 2002; 400: 201-210.

22. Francis Y Lee, Henry J Mankin, Gertrude Fondren, Mark C Gehardt, Dempsey S
Springfield, Andrew E Rosenberg. Chondrosarcoma of bone — An assessment of
outcome. The Journal of Bone and Joint Surgery 1999; 81-A(3): 326-337.

23.  Marco Rizzo, Michelle A Ghert, John M Harrelson, Sean P Scully. Chondrosarcoma of
bone. Clinical Orthopaedics and Related Research 2000; 391: 224-233.

24.  Ahmed, Tan, Unni. Secondary chondrosarcoma in osteochondroma. Report of 107
patients. Clinical Orthopaedics and Related Research 2003;411: 193-206.

25.  Jack Edeiken. Roentgen diagnosis of diseases of bone. 3rd ed. Williams and Wilkins, 1981.

26. Andreas Leithner, Reinhard Windhager, Susanna Lang, Oskar A Haas, Franz
Kainberger, Rainer Kotz. Aneurysmal Bone Cyst. Clinical Orthopaedics and related
research 1999;363:176-179.

27. Parker Gibbs, Mary Claire Hefele, Terrance D Peabody, Antony G Montag, Vasudev
Aithal, Michael A Simon. Aneurysmal Bone Cyst of the Extremities. The Journal of
Bone and Joint Surgery 1999; 81-A(12): 1671-1678.

28.  Scaglieti, Marchetti. The effect of methyl prednisolone acetate in the treatment of bone
cyst. The Journal of Bone and Joint Surgery 1979; 61B: 252-263.

29. Leonard, Tucson. Treatment of Unicameral bone cyst by curettage and packing with
plaster of paris pellets. The Journal of Bone and Joint Surgery 1978; 60- A:115-120.

30. Andreas Roposch, Vinay Saraph, Wolfgang E Linhart. Flexible Intramedullary Nailing
for the treatment of Unicameral Bone Cysts in Long Bones. The Journal of Bone and
Joint Surgery 2000; 81-A(10): 1447-1453.

31. Edward T Habermann, Rafael A Lopez. Metastatic disease of bone and treatment of
pathological fractures. Orthopedic clinics of North America 1989;20(3): 469-486.

32. Harold O Douglass, Satish K. Shukla, Engene Mindell. Treatment of Pathological
Fractures of Long Bones Excluding those Due to breast cancer. The Journal of Bone and
Joint Surgery 1976; 58-A(8): 1055-1061.

33.  Timothy A Damron, Franklin H Sim. Operative treatment for metastatic disease of the
pelvis and the proximal end of the femur. The Journal of Bone and Joint Surgery 2000;
82-A(1):115-125.

34, Kristy L Weber, Mary I O’Connor. Operative treatment of long bone metastases.
Clinical Orthopaedics and related research 2003; 415S:5276-S278.

35.  William G Ward, Staphanie Holsenbeck, Frederick J Dorey, Jeff Spang, David Howe.
Metastatic disease of the femur : Surgical treatment. Clinical Orthopaedics and related
research 2003;415S:S230-S244.

36. Robert E Zickel, William H Mouradian. Intramedullary Fixation of Pathological
Fractures and Lesions of the Subtrochanteric Region of the Femur. The Journal of Bone
and Joint Surgery 1976; 58-A(8): 1061-1066.

37.  Yasuo Yazawa, Frank J Frassica, Edmund YS Chao, Douglas J Pritchard, Franklin H
Sim, Thomas C Shives. A study of the surgical treatment of 166 pathologic Humeral and
Femoral fractures. Clinical Orthopaedics and Related Reseach 1990;251: 213-219.

38.  Jacob Bickels, James C Wittig, Yehuda Kollender, Robert M Henshaw, Krister L Kellar—
Grancy, Issac Miller, et al. Distal femur resection with endoprosthetic reconstruction.
Clinical Orthopaedics and Related Research 2002; 400: 225-235.

39. Timothy A, Franklin, Thomas C Shiver. Intercalary spacers in the treatment of
segmentally destructive diaphyseal humeral lesions in disseminated malignancies.
Clinical orthopaedics and Related Research 1996; 324:233-243.

40. Frank J Frassica, Deborah A Frassica. Evaluation and Treatment of metastases to the
humerus. Clinical Orthopaedics and related research 2003; 415S: S212- S218.

41. Mittal RL, Singla RP, Dargan SK. A Clinico-Pathological Analysis and Management of
Pathological fractures. Indian Journal of Orthopaedics 1989;23(2): 165-171.

42. Abdelhamid Daoud, Abdeltif Saighi-Bouaouina. Treatment of sequestra,
Pseudarthroses and defects in the long bones of children who have chronic
hematogenous Osteomyelitis. The Journal of Bone and Joint Surgery 1989; 71-A(10):
1448-1468.

43.  Kevin, Francisco. The use of methylmethacrylate as an adjunct in the internal fixation of
malignant neoplastic fractures. The Journal of Bone and Joint Surgery 1972; 54A: 228-246.

44.  John A, Murray. Irradiation of polymethylmethacrylate. The Journal of Bone and Joint
Surgery 1974;56-A:311-312.

I International Journal of Scientific Research |—| 63 |




