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I. Introduction 

Tuberculosis (TB) is a worldwide problem. World Health Organization (WHO) estimates that each 
year approximately 8.4 million people develop tuberculosis and approximately 3 million die each year. The 
disease has its deep roots in developing countries with a significant number of young adults being affected by 
the disease. Major brunt of tuberculosis is by pulmonary tuberculosis but extrapulmonary tuberculosis accounts 
for 20 to 25% of total TB affected patients of which osteoarticular TB accounts for 8 – 10%.  50% of 
osteoarticular TB affects spine and the rest extraspinal predilection being for hip, knee, elbow and shoulder.  
 

II. Aims Of The Study 
Here we study the efficacy of short-term intermittent chemotherapy (STIC) as per WHO guidelines for 

the treatment of osteoarticuar TB, the recurrence rate after completion of chemotherapy and the role of MRI in 
diagnosis and assessment of spinal TB post STIC.  
 

III. Materials And Methods 
Study group comprised of patients below 70 years of age with immunocompromised patients and 

patients on immunosuppressant’s, including pregnant patients being excluded from the study. The treatment 
regimen was followed as per WHO guidelines. It included DOTS regimen which was 2 (HREZ) + 4(HR). 
Patients were assessed for monthly ESR, clinically assessed for improvement in constitutional symptoms and a 
sense of well being along with radiological signs of healing. Once the treatment was completed patients were re-
assessed once every 3 months to look out for any recurrence. 
 

IV. Results 
The study results were analyzed. 94 patients out of 104 were studied as 10 patients lost for follow up 

and one was diagnosed with meningioma. The maximum numbers of patients with osteoarticular TB were from 
1stdecade to 3rd decade. Spinal TB was more commonly seen in 2nd (34%) and 3rd (30%) decade where as 
extraspinal was more commonly seen in 1st decade (39%). 56 patients had spinal TB and 38 patients had 
extraspinal TB. Among the spinal TB patients, pain was most common symptom (95%) followed by 
constitutional symptoms (89%), palpable abscess (27%) and neurological deficits (36%). In extraspinal TB 
patients, pain (95%) again was the most common symptom followed by swelling (68%) and constitutional 
symptoms (53%).MRI was 100% sensitive in diagnosing spinal TB and was selectively used in extraspinal TB 
but had 100% sensitivity again. In spinal TB, dorsal (25%)and lumbar (37%) vertebrae were the most 
commonly affected vertebrae with dorso-lumbar vertebral involvement being 9%.In extraspinal TB, hip joint 
was commonly affected joint seen in 29 % patients followed by knee(16%). Pre treatment median ESR was 
55(15-70 at the end of 1st hour) in spinal TB where as median ESR was at 50 (30 –70 mm at the end of 1st hour) 
in extraspinal TB. 18 % had association with pulmonary Koch’s in patients affected with spinal TB when 
compared to 5% in extraspinal TB patients. All patients received DOTS category–I as per WHO protocols.  
Patients were assessed based on ESR and well being in relation to their constitutional symptoms. 53% 
extraspinal TB patients received chemotherapy for 6 months and 45% for 8 months. Results showed significant 
drop in ESR at the end of 2 months of intensive phase of treatment with a P- value at 2 months and 6 months 
being < 0.001. Where as in case of spinal TB the ESR fall was not that great at 2 months, p-value being >0.005, 
but with continuous treatment for 6 months and more the ESR had a downward trend with a p-value<0.005 
showing that drop was not by chance but indicating that patients with spinal TB required longer duration of 
treatment compared to extraspinal TB. 23% patients received the DOTS category 1 and the rest had an extended 
treatment regimen of 8 months for 57%, 9 months for 1.7% , 10 months for 12.54%, 13 months for 1.7% and 14 
months chemotherapy for 2.5% of spinal TB patients. It was also found that the drop in ESR was not significant 
in spinal TB patients who received treatment for > 6 months indicating that these patients required a longer 
duration of chemotherapy in order to lower their ESR and improvement in constitutional symptoms.    
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20 patients had neurological deficits at the time of presentation with bowel and bladder involvement in 
2 patients. Neurological deficits improved in 14 patients, 4 patients developed spasticity at the end of treatment. 
Only one case of relapse was reported during the study. 
 

V. Conclusion 
• We could say the spinal TB is more common osteoarticuar TB, affection being 59.6%. Spinal TB was 

commonly seen in slightly older population in comparison to extraspinal TB. 
• MRI is a useful diagnostic tool with a sensitivity of 100%. 
• ESR was found to be elevated in (99%) of patients. It is a useful assessment tool in diagnosis and follow-up 

of patients. It is also a useful index of disease activity 
• We found that 53% of extraspinal TB patients were treated with DOTS category I short treatment for 6 

months but a treatment of 8 months was successful in 98% extraspinal TB patients. A less favoring trend 
was seen in spinal TB where in 23% patients received treatment only for 6 months but the results improved 
to 94.6% when patients with spinal TB took treatment for 10 months atleast. 

• Short term intermittent chemotherapy (STIC) i.e. DOTS category-I efficacy is good but not adequate in 
osteoarticular tuberculosis. 

• Success of pulmonary Koch’s treatment with DOTS cannot be extrapolated to osteoarticular tuberculosis 
due to different nature of disease. 
 

VI. Recommendations 
• All osteoarticular tuberculosis should be kept in category I group considering serious nature of the disease. 
• Further studies be carried out using four months of intensive phase therapy and variable period of 4 to 6 

months of continuation phase 
 

INTRODUCTION 
 Tuberculosis is a worldwide problem. World Health Organization (WHO) estimates that each year 
approximately 8.4 million people develop tuberculosis and approximately 3 million die each year1,2. The tragedy 
is made more gruesome by the fact that young adults in developing countries are disproportionately affected. It 
produces a global burden in terms of disability adjusted life years lost as much as 35.78 million with India 
accounting for one-third of total cases2. 
 
Osteoarticular tuberculosis is a paucibacillary form of disease usually secondary to a concomitant or old 
pulmonary Koch’s. 
 
Although cases of osteoarticular tuberculosis have been on a downward trend in western countries, they 
continue to pose major public health problem in developing countries. These cases account for approximately 
5% of the total number of tuberculosis cases. 
 
Vertebral tuberculosis is the most common form of skeletal TB comprising nearly 50% of all osteoarticular 
tuberculosis cases. Regional distributions in order of frequency are the vertebra, hip, knee, foot, shoulder, bursal 
sheath etc.3 

 
The treatment of osteoarticular tuberculosis is primarily medical. An early diagnosis in conjunction with 
aggressive chemotherapy is associated with excellent outcome. However, the duration for which these drugs 
should be administered has remained a topic of serious debate. Diagnostic criteria are primarily clinical. There is 
lack of specific hematological, microscopic or radiological diagnostic parameters. There are no parameters for 
follow-up too. There is little consensus regarding the drugs constituting the regime, the duration of regime, the 
role of surgery and the management of complications. All these have rendered the treatment of osteoarticular 
tuberculosis complicated and are still an open question. 
 
The WHO has brought forward category based treatment regimens of various forms of tuberculosis, popularly 
known as short course chemotherapy (SCC)4. 
 
According to WHO guidelines, spinal tuberculosis is a serious form of extrapulmonary TB and is therefore 
included in category-I. Extraspinal osteoarticular tuberculosis is a less severe form of disease and is therefore 
included in category-III. 
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Table 1: WHO recommended treatment regimens for each diagnostic category4 

Category Patients Treatment Regimens 
I New smear positive PTB, new smear -ve  PTB with 

extensive parenchymal involvement, seriously ill 
EPTB, severe concomitant HIV disease 

2 (HRZE)3 + 4 (HR)3 / 6 HE 

II Previously treated sputum smear +ve, PTB, relapse, 
treatment after interruption, treatment failure 

2 (HRZES)3 + 1 (HRZE)3 + 
5 (HRE)3  

III New smear –ve PTB less severe form of EPTB 2 (HRZ)3 + 4 (HR)3 / 6 HE 
IV Chronic and MDR TB Specially designed 

individualized required 
 
Intensive Phase 
This is an initial phase in which four multidrug therapy is administered. This phase is aimed at rapidly killing 
the bacillary load and making the patient non-infectious. Four antitubercular drugs, i.e. Isoniazide (H), 
Rifampicin (R), Ethambutol (E) and Pyrazinamide (Z) are administered on alternate days for 2 months. 
 
Continuation Phase 
This phase is aimed at killing the slowly dividing bacilli in order to prevent emergence of relapse and drug 
resistance. It consists of administration of Isoniazide (H), and Rifampicin (R) for a period of four months. 
 
Though WHO protocol (SCC) is a standard recommendation for all countries, it is not being universally 
followed. Various workers across the world have recommended different durations of chemotherapy for an 
effective management osteoarticular tuberculosis5. However, in view of the differences in patient profile, lack of 
enough information on SCC in osteoarticular TB, this treatment has not received the desired acceptability in the 
Indian scenario. The present study is an attempt to throw further light on the efficacy of short term intermittent 
chemotherapy (STIC) in osteoarticular TB patient coming to Yenepoya Medical college Hospital, Deralkatte, 
Mangalore. 
 

REVIEW OF LITERATURE 
 Despite great strides achieved in the treatment and cure of tuberculosis, it continues to be the foremost 
public health problem and a major cause of mortality in today’s world. The disease is as ancient as civilization 
itself with its mention in Rigveda as Yaksha and comprehensive discussion by Sushruta6. Archeological 
excavations have uncovered Neolithic Bones showing evidence of tubercular osteomyelitis7. Babylonian texts 
also describe a chronic illness which was probably TB8. Hippocrates has described the tubercle but considered it 
to be a hereditary disorder7. 
 
Huge public health efforts not withstanding, TB prevalence as well as incidence continue their uptrend, with the 
former standing around 30 million people, India alone accounting for 20% of them. The prevalence of infection 
is formidable, one-third of humanity being infected by the bacillus. 
 
Between 3.5 to 4 million new cases were reported annually to the WHO in the late 1990s. Estimates put the 
figure of new cases in 2004 at 8.9 million cases. The disease proves fatal for 2 million people every year9. 
Africa, South Asia and Latin America contribute 78% of global case load10. 
 
Starting mid 1980s the falling trend of TB in the developed West, began stabilizing and even increasing. Apart 
from immigration the major factors held responsible were the teaming up of tubercle bacillus with HIV and 
emergence of Multidrug Resistant (MDR) strains CDC estimated a 14% increase in morbidity from TB in US 
between 1985 and 199311. Institution of stronger control programmes led to a reversal and by 1998 there was a 
31% decrease in incidence from the 1992 peak. 
 
Osteoarticular Tuberculosis 
 Infection of a joint or bone with M. tuberculosis is almost always secondary to a primary focus, in the 
lymphatic glands or lungs or mesentery, from where it disseminates by hematogenous route. Excavations of 
such bones show that the disease occurred as far back as Neolithic times from archaeological sites at 
Heidelberg. It is estimated that 1-6% of children with primary infection may develop bone and joint TB in 1-3 
years if left untreated12. It has been observed that extrapulmonary TB accounts for 20-25% of total cases of 
TB13. Of the extrapulmonary cases, osteoarticular TB comprises 8-10%14. 
 
Osteoarticular TB can involve any bone or joint, but vertebral involvement is the most common and is equal to 
osteoarticular TB of all other regions put together15,16,17. 
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With rising incidence of tuberculosis in the West after 1985, osteoarticular TB has shown a concomitant ascent. 
 
Myobacterium Tuberculosis 
 Isolated and described by Robert Koch this bacillus is the most important member of M. tuberculosis 
complex which includes M. tuberculosis, M. bovis and its BCG variant, M. africanum and M. microtic, 
differentiated by specific hypervariable regions in the gene encoding 16S-RNA18. It is a slightly curved or 
straight bacillus, 0.2-0.6 µ by 1-10 µ in size. It is aerobic, non-encapsulated, non-sporing and non-motile. The 
cell wall has high lipid content which include WaxD, cord factor, myocolic acids and sulfatides19. This high 
lipid content excludes usually aniline dyes like Gram stain but are acid fast by Zeihl Neilsen method. It grows 
only media rich in egg or serum. 
 
Formerly 85% of cases of skeletal TB under age 10 years were considered due to bovine bacilli20. Now most 
cases are caused by bacillus of human type21. It is not possible to demonstrate the bacillus in all tubercular 
skeletal lesions. The incidence of positive cultures in these lesions in variously reported between 40 to 
88%22,23,24,25,26,27. 
 
Pathophysiology 
 Among healthy persons, infection with M. tuberculosis is generally asymptomatic as infection is 
contained by the host immune system. Only a positive tuberculin test indicates the presence of latent infection. 
The lifetime risk of development of clinical disease is approximately 10%28. The figure dramatically rises for 
immunocompromised individuals, which include infants and children, grade III or IV malnutrition or HIV 
infection29. 
The initial focus of lodgment and implications is the lung usually in a subpleural location and subsequently the 
bacilli are carried to lymph nodes. Alveolar macrophages, activated T-cells, activated NK cells and their 
induced cytokines and chemokines provide initial defence against infection. While macrophages are the 
principal effector cells that kill bacteria, T lymphocytes are the inducers of protection. 
 
 After a period of 4-8 weeks the infection is either eradicated or walled off to an asymptomatic focus by 
the cell mediated immunity. However, in many cases there is intermittent release of bacilli from the focus into 
the bloodstream with consequent seeding of various organs in the body but in particular the central nervous 
system, the kidney and the skeletal system30. 
 
 The very fact that a patient gets skeletal tuberculosis is a reflection of his reticuloendothelial system at 
the time of infection31. Others hypothesize that the mycobacterial infection itself brings out subtle changes to 
weaken the immunoregulatory system in man32. Only one third of patients with bone and joint TB will give a 
history of pulmonary disease33. Apart from hematogenous spread rare methods of spread to the skeleton are 
through Batson’s plexus of veins to axial skeleton and direct spread from contiguous lymph nodes. 
 
HIV infection not only predisposes to new tubercular infection but also reactivates dormant foci34,35. 
The role of BCG as a protective measure is still to be firmly established and in various trials across the world the 
rate of protection offered by it varies from low to as high as 80%. BCG vaccination activates macrophages to be 
more effective killer cells against mycobacteria36. 
 
Clinical Profile of the Patient 
 No age is spared from the disease though it affects most frequently during the first three decades of life. 
In communities with low prevalence of TB, most of the cases occur after fifty years of age while in areas where 
prevalence is high the majority of the people are already infected by the age of twenty33. 
 
The age profile of osteoarticular TB in Indian patients shows that it is mostly a disease of first three decades37,38. 
In the developed countries, however, a much older population is involved, the median age of diagnosis being 61 
years39. 
 
In most series no difference in the sex composition of the disease has been recorded40,41,42. Tuli in 1997 in his 
series reported 52 percent incidence in males and 48 percent in females. 
 
 
Clinical Presentation 
 Osteoarticular TB is characteristically insidious in onset and starts as monoarticular or mono-osseous 
involvement. Fever and night sweats are not common. Local pain, swelling and limitation of movement are the 
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usual presenting features38. The symptomatology usually presents four to eight weeks before radiological 
findings can be discerned. In children, it often wakes up the child at night because muscle spasm gets reduced 
and causes pain. It is classically called night cries43. 
 
 Symptoms of tuberculosis of spine are commonly insidious but sometimes they may be acute. Pain is 
the commonest symptom and may be accompanied by local tenderness or slightly kyphosis. The spine is stiff 
and tender on percussion. Spasm of vertebral muscles is present. A cold abscess may be present clinically. 
Paraspinal abscess may develop and present as loin mass or as a psoas abscess causing hip flexion due to psoas 
spasm. 
 
 Articular TB usually presents with gradually worsening monoarthritis, which may often be associated 
with cold abscess. It needs to be underscored that articular cartilage is preserved for a long time. Cartilage is 
resistant to tubercular infection because it contains plasmin inhibitors and the bacilli do not possess plasminogen 
activators unlike pyogenic bacteria. The articular cartilage is thus not attacked by plasmin and remains intact. 
The potential for good functional recovery should therefore be kept in mind. 
 
 Internal gibbus formation and consequent myelomalacic cord changes may lead to poor functional 
outcome despite complete cessation of disease activity. In a 1997 series by SM Tuli, 20% of the cases had 
neurological involvement. 
 
The disease is more severe in children less than 10 years of age. The average vertebral involvement and 
vertebral destruction is more in children leading to more severe deformity and disability44,45. 
 
Regional Distribution 
 Any bone in the body can be involved by tuberculosis46. Almost half the cases of osteoarticular TB will 
involve the spine, extraspinal predilection being most common for hip, knee, elbow, hand and shoulder47. Spinal 
involvement does not spare any part but it is most commonly found in lower thoracic and thoracolumbar spine. 
Thoracic spine disease occurs in 42%, lumbar spine in 26% and cervical spine in 12% cases. The thoracolumbar 
spine is commonly affected because of the excessive stresses and strains it is subjected to, due to excessive 
mobility in the region. Cleveland (1992)48 reported peak incidence curve falling away more or less smoothly in 
each direction. In the series of Paus (1964)49, 39 cases occurred in thoracic spine, 50 in lumbar and 8 in 
cervicodorsal spine, while cervical spine alone was not involved in any case. 
 
Radiological Diagnosis 
 Diagnosis can usually be established on the basis of X-ray pictures. However, MRI and CT scans will 
reveal more extensive disease than predicted by X-rays. They are therefore useful while planning surgical 
approaches and surgery50,51,52. 
 
 Radiographs do not show any pathognomonic features in tuberculosis of bones and joints. Radiographs 
often reveal narrowing of the disc space as the first radiological finding in patients of TB of spine and precede 
the appearance of osseous destructive changes. It is later followed by rarefaction of the vertebral end plates, soft 
tissue abscesses, increasing loss of disc height, variable degrees of osseous destruction and new bone formation. 
Multiple bone involvement in the spine is not uncommon and later fusion or collapse may occur. 
 
 Findings related to extraspinal articular involvement include osteopenia, soft tissue swelling with 
minimum periosteal reaction, narrowing of joint space, cysts in bone adjacent to a joint and enlargement of 
epiphysis in the children. Lytic lesions and periosteal reaction are seen, although latter is much more prominent 
in pyogenic infection. 
 
 CT scan is helpful in detecting small lytic / destroyed areas in the bone. The destruction of bone due to 
the disease process and also the soft tissue swellings or abscess can be seen on CT scan better and much 
earlier30. It also helps in evaluating difficult areas in the spine such as cervicodorsal junctions, which cannot be 
seen properly with plain X-rays. Similar lesions in lumbosacral, sacroiliac and posterior elements of vertebrae, 
ribs and sternum are better seen on CT53. CT guided biopsies can yield adequate samples in 25-89% of the 
cases54. MRI is a far better diagnostic tool than CT scan or plain radiographs. It demonstrates the presence and 
extent of compression of neural elements by adjacent bone and soft tissue. The anatomical pattern of 
involvement, particularly of soft tissues and discs is specific for tuberculosis55. It is useful to differentiate 
between pyogenic and tubercular spondylitis56. It also helps in detection of skip and multifocal lesions. Contrast 
enhanced MRI is the best imaging study to differentiate abscess from fibrous tissue, evaluate intraspinal 
extension, cord compression, focal myelopathy, meningeal disease and paraspinal extension50. In spinal disease, 
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imaging features that favour TB rather than non-TB vertebral osteomyelitis are (i) multilevel involvement, (ii) 
multicentric involvement, (iii) relative spacing of intervertebral disc, (iv) large paravertebral abscess, (v) bone 
fragment, and (vi) rim enhancement pattern on MRI. 
 
Haematological Tests 
 Low haemoglobin, relative lymphocytosis and increased ESR are often seen in patients with active 
disease. Repeated estimation of ESR at 3-6 monthly intervals gives an estimation of activity of disease70. 
According to Watts et al (1996)33, general markers of inflammation, such as measurement of the erythrocyte 
sedimentation rate, are neither specific nor completely reliable. In another study conducted in Nepal has 
demonstrated that an elevated value of erythrocyte sedimentation rate is non-specific and has no diagnostic 
value in children71. 
 
Serological Tests 
 Most of the serological tests have low turn around time, high negative predictive value and are useful 
as screening tests. In disease endemic countries like India, serological tests have low sensitivity. Low sensitivity 
is also seen in smear negative patients and HIV positive cases72. 
 
 Even in children, serology has found little place in the routine diagnosis of tuberculosis, even though it 
is rapid and does not require sample to be taken from the site of disease. Most of the serological tests have high 
sensitivity but low specificity73. 
 
Skin Test 
 Purified-protein derivative or tuberculin skin test results interpretation depends on the prevalence of 
exposure to tuberculosis, immunosuppression, or the possibility of previous vaccination with Bacilli Calmette-
Guerin. Debilitated or malnourished patients who have extensive disease too have a false negative skin test73. 
Patients who are co-infected with the human immunodeficiency virus and tuberculosis are prone to anergy and 
negative skin testing, especially in the later stage of acquired immunodeficiency syndrome74. 
 
Microscopy and Culture 
 The ultimate diagnosis of tuberculosis depends on the recognition of mycobacterium tuberculosis on 
either histological study or culture, or ideally both. Because of the frequency of associated tuberculosis in the 
lungs and kidneys, culture of specimens of sputum and urine can be useful, however, these tests are often not 
performed on orthopaedic patients. 
 
 Fluorochrome and the traditional Ziehl-Neelsen stain are relatively rapid and inexpensive stains for 
acid-fast bacilli, but may produce false-negative results. Stains to identify acid-fast bacilli reliably require the 
presence of at least 104 acid fast bacilli per milliliter of specimen73, but cultures are more sensitive and reliably 
identify mycobacteria in a concentration of 103 organisms per milliliter of specimen75. Drug susceptibility 
testing is possible with cultures. 
 
 Cold abscesses rarely demonstrate mycobacteria on microscopy75. However, culture can be helpful to 
assess the activity of disease presenting with persistent cold abscess. A negative culture from an aspirate of cold 
abscess indicates high chances of loss of activity of disease. 
 
Biopsy 
 In countries where tuberculosis is highly prevalent and where medical facilities are limited, patients 
who have clinical symptoms and radiographic findings suggestive of the disease may not need to have a biopsy 
of the lesion in order for the physician to make a diagnosis and to institute treatment. Biopsy and possible 
operative treatment are reserved for patients who fail to respond to adequate chemotherapy, have substantial 
neurological impairment, or in whom either resistant strains or other disease entities are suspected33. Biopsy is 
mandatory in the areas with low prevalence of disease or where multidrug resistant strains are common, both to 
make the diagnosis and to determine the antibiotic sensitivity33. 
 
 Anti-tubercular treatment should be initiated at the time of the biopsy to decrease the likelihood of 
dissemination of the disease during that procedure. This is most important when the infection may involve the 
central nervous system and when there is a high index of suspicion, either because of a high prevalence of 
endemic disease or because active tuberculosis has been suggested on the basis of the clinical history or the 
findings on frozen section. 
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 In the spine, CT-guided needle biopsy usually yields sufficient material either from the spine itself or 
from an adjacent abscess76. Open biopsy of the spine is usually reserved for occasions when either closed 
techniques have proved insufficient or other procedures, such as decompression and possibly arthrodesis, are 
contemplated. 
 If biopsy specimen is taken from a joint, tissue from adjacent cystic lesions and the synovial tissue 
should also be obtained and sent for both histological and culture studies. Simple aspiration of the joint is much 
less likely to lead to a definitive diagnosis77,78. 
 
TB BACTEC System 
 This technique is specific for myobacterial growth, where presence of bacteria is detected on the basis 
of their metabolism rather than their visible growth72. It is a highly sensitive, specific and rapid test for detection 
for respiratory as well as non-respiratory smear positive specimens. Time for detection of M. tuberculosis 
complex is half of the time period (2-8 weeks) required for growth on L-J media79. 
 
Polymerase Chain Reaction (PCR) 
 It is emerging diagnostic tool. A negative PCR never eliminates the possibility of tuberculosis, and a 
positive result is not always confirmatory71. In extrapulmonary tuberculosis, the study by Li et al (2000) 
suggests that molecular diagnosis by PCR is useful for early detection of tuberculosis in histological material 
where morphological features are suggestive but not confirmatory because of negative staining for AFB80. PCR 
has been found to be extremely useful in making an early and reliable diagnosis of extra-pulmonary tuberculosis 
especially from joint tissues, synovial fluid, bone marrow aspirate, and peripheral blood81. Malhan et al (2001) 
too suggest role of PCR in atypical presentation of bone pains82. DNA based PCR is very sensitive but it may 
not be able to distinguish between viable and non-viable bacilli. Messenger RNA based transcription PCR (RT-
PCR) may be more specific in this regard71. 
 
Antitubercular Drugs 
 With the discovery of streptomycin by Walksman in 1944, the approach to treatment of TB was 
changed forever. Chemotherapy become the anchorsheet of treatment70. Streptomycin was soon followed by 
addition of other effective antituberculous drugs such as isoniazid (H), rifampicin (R), pyrazinamide (Z) and 
ethambutol (E)71,72,73; later researchers established the usefulness of multidrug regimens75,76. Anti-tuberculous 
drugs are divided into the standard or first line and reserve or second line drugs. Another classification divides 
these drugs according to their ability to kill the bacilli into bacteriostatic and bactericidal drugs. 
 
 Bactericidal effect refers to the ability of the drug to kill large number of actively metabolizing bacilli 
rapidly. Sterilizing property on the other hand is defined as the ability to kill special populations of slowly or 
intermittently metabolizing semi-dormant bacilli, also known as persisters. 
 
 An important property of many ATT drugs is the ability to use them intermittently i.e. twice or thrice 
weekly without compromising with their efficacy. This property actually is a manifestation of what is called the 
“Lag Phase”. The tubercle bacillus has a long generation time (20 hrs under favourable conditions). When a 
culture of mycobacterial tuberculosis is subjected to an antitubercular drug, it leads to reduction in the number 
of bacilli. When the drug is washed away after 24 hours, the organisms fail to start multiplying immediately. 
The numbers continue to decrease for some more time till finally new multiplication starts taking place. This 
time interval is called lag phase. During this lag phase, there is no need for administration of drugs. The effect 
takes place with most ATT drugs except thioacetazone77,78. The lag phases after 24 hours of exposure to various 
drugs are as follows: 

1) INH – 6 to 9 days 
2) Rmp – 2 to 3 days 
3) Pyrazinamide – 40 days 
4) Ethambutol – 4 to 5 days 
5) Streptomycin – 8 to 10 days 
6) Thioacetazone – 0 

 
The first line drugs include 

• Isoniazid – H 
• Rifampicin – R 
• Pyrazinamide – Z 
• Streptomycin – S 
• Ethambutol – E 
• Thioacetazone 
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The second line or reserve drugs are the following: 

• Aminoiglycosides – Amikacin, Kanamycin, Capreomycin 
• Thioamides – Ethionamide, Proteionamide 
• Fluoroquinolones – Ciprofloxacin, Ofloxacin, Cycloserine 
• Paraaminosalicyclic acid 

 
 
Isoniazid (H) 
 It is the foremost antitubercular drug. It is bactericidal, extremely potent and inexpensive. It diffuses 
into the macrophages and is effective against both intracellular and extracellular bacilli. It prevents development 
of drug resistance to other drugs used in combination. It acts preferentially on rapidly dividing bacilli. Hence 
bactericidal activity is high in the early phase. Within the first two days of administration it kills 95% of tubercle 
bacilli79. It is given in a dose of 5 mg/kg/day at maximum dose of 300 mg/day. Chief adverse effect is 
pyridoxine deficiency leading to peripheral neuropathy and sometimes convulsions. Hepatitis is another 
significant adverse effect80. 
 
Rifampicin (R) 
 It is an effective bactericidal. It is effective against mycobacteria resistant to other standard 
chemotherapy agents and also against some of the atypical mycobacteria. It acts best on slowly or intermittently 
dividing bacilli. It is also effective against both intra and extra-cellular bacteria and it is the only drug effective 
against persisters. It imparts orange red colour to body secretions. Dosage is 10 mg/.kg with maximum limit of 
600 mg/day. Important side effects are hepatitis and serum sickness. 
 
Pyrazinamide (Z) 
 It is a synthetic analogue of nicotinamide. It is only weakly cidal. It is more effective against 
intracellular bacilli. It is most effective against slow multiplying bacteria at acidic pH and it possesses a strong 
sterilizing effect on tubercular lesions when used in combination with other drugs. It has been shown that the 
relapse rate in regimens not containing Z is 3 times more than those with Z. It is however ineffective against 
atypical mycobacteria. It is given in a dose of 35 mg/kg/day. Adverse reaction includes toxic hepatitis which is 
not dose dependent81. 
 
Streptomycin 
 It is an aminoglycoside antibiotic derived from Streptomyces griseus and major use lies against 
tubercle bacilli and gram-negative infection. It is bactericidal against rapidly multiplying mycobacteria in the 
wall of the cavity at neutral pH. It does not diffuse into macrophages and caseous material and also does not 
cross the blood brain barrier. Meningeal penetration increases when they are inflamed. Primary mycobacterial 
resistance is seen in 2-3% of cases secondary resistance can develop rapidly if used alone. 
 
 It is usually administered in a dose of 15 mg/kg/day by intramuscular injection. Major side effects are 
nephrotoxicity and ototoxicity and should not be used in patients with renal impairment. Injections are painful 
and sterile abscesses can form at injection sites. 
 
Ethambutol 
 It is bacteriostatic and mainly acts over the rapidly dividing bacilli and against the atypical bacteria. It 
possesses sterilizing property and hence prevents relapse. It is effective against mycobacteria resistant to 
isoniazid streptomycin, PAS and ethionamide and also against atypical mycobacteria. It has no action against 
intracellular bacilli. It is given in a dose of 30 µg/kg/day. Dose dependent optic neuritis and resulting poor 
colour discrimination and other optic side effects can be a problem in approximately 2% of patients receiving 
dose higher than 15 mg/kg/day81-83. 
 
 
 
 
Second Line Drugs 
 In general the second line drugs are less effective and more toxic than the standard / first line drugs. 
The need for these drugs arises in patients with resistant mycobacterial infection or in those who develop 
significant toxicity with one or more first line drugs81,84,85. 
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 In this category the newer drugs include Amikacin, Fluoroquinolones, Rifabutin, Clarithromycin and 
Clofazemine which are especially useful in treatment of resistant atypical mycobacterial infection. This 
mandates their combination with standard first line drugs81,85-87. 
 
 Fluoroquinolones are synthetic compounds structurally related to nalidixic acid. They are active against 
mycobacteria and no cross-resistance has been reported between them and other antitubercular drugs88. Apart 
from ciprofloxacin and ofloxacin others tried against mycobacteria are lomefloxacin, levofloxacin and 
temofloxacin89. In case of ofloxacin spontaneous resistance occurs in about 1 in 106 organisms90. 
 
 Amikacin is a semisynthestic derivative of kanamycin. Although it has been shown to be effective 
against mycobacterium avium-intercellulare complex, its activity against M. tuberculosis has been reported to be 
low and hence it may not be very useful in the treatment of tuberculosis91. Capreomycin has the same 
pharmacokinetics and toxicities as other aminoglycosides. It has incomplete cross resistance against amikacin 
and kanamycin92. In TRC study, 6% of SHR sensitive and 15% of SHR resistant strains were found to be 
resistant to capreomycin93. 
 
 Rifabutin is a semisynthetic spiropiperidyl derivative that has been found to be active against 30% of 
Rifampicin resistant M. tuberculosis strains94. It has greater tissue concentration and a much longer half life than 
rifampicin95. The longer half life may possibly delay the emergence of resistance to companion drugs. It has got 
good in-vitro activity against both rifampicin sensitive and resistant strains. However, caseating lesions in cavity 
walls, containing numerous bacilli, characteristic of human cavity type of pulmonary koch’s, may contain lesser 
concentrations of the drug than in plasma. In such sites it may not be an effective antimycobacterial. 
 
Rifapentine is a cyclopentyl rifamycin and has extremely long half life and has 2-4 times greater activity as 
compared to rifampicin96. It has better tissue penetration unlike rifampicin. 
 
 Clarithromycin has been shown to be highly active against multiple drug resistant M. avium complex97. 
It reduces bacillary load leading to clinical improvement in M. avium disease in AIDS patients92. However, very 
little is known about its activity against mycobacterium tuberculosis. 
 
Treatment Regimens for Tuberculosis 
 The scourge of tuberculosis has led to great global efforts to interrupt its devastating effect. Treatment 
methods varied from bizarre exotic methods to very simple treatments like changes in diet, residence, climate or 
employment. These methods might have been effective in some cases but the major breakthrough come in 1940s 
with the discovery of streptomycin. PAS was also discovered in the same decade and it was found that PAS 
prevented the emergence of drug resistance if given in combination with streptomycin, thus dawned the era of 
combination chemotherapy. Treatment of this dreaded disease evolved so much so that in a decade from 1942 to 
1954, the prognosis of an individual with TB changed from a dismal outlook to the expectation of complete 
cure. 
 
 Soon after the development of the principle of multidrug therapy for active infection came the 
theoretical notion than an initial intensive phase of therapy with more than two drugs followed by a continuous 
phase during which fewer drugs could be given, would be more effective in achieving good outcome. In the 
1960s several studies provided strong evidence for the concept of initial intensive phase using multiple drugs98. 
In the first 20 years after the introduction of isoniazid, standard chemotherapy included 2-3 months of H, S, P 
followed by H and P for at least 12 months. 
 
 In the course of time it was realized that long term therapy of 18-24 months though effective was 
expensive and led to non-compliance on the part of the patient. Especially the British Medical Research Council 
took up several field trials of short course regimens99. In the year 1972, Wallace Fox showed that addition of R 
or Z to regimens containing H made it possible to shorten the duration of treatment. The BMRC100 East African 
study showed that the relapse rate was reduced from 22% to 8% by the addition of Z and to 3% by the addition 
of R and that the period of study could be reduced to only 6 months by giving both R and Z. 
 
These trials established that 
a) Regimens containing rifampicin could allow for effective short course therapy of active positive, cavitary 

disease. 
b) At least two bactericidal drugs needed to be included in SCC. 
c) Relapses in the short course chemotherapy tend to occur within the first year of completion of therapy. 
d) Multidrug therapy can be given with minimal toxicity. 
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e) Relapses occurring after short course, multiagent therapy are almost always caused by organisms that retain 
their original sensitivity pattern, i.e. multiagents are effective in preventing emergence of drug resistance. 

 
It was also noticed that the major cause of treatment failure, relapse and emergence of drug resistance was the 
non-adherence to therapy by the patient. To overcome this problem two methods were studied – supervised 
therapy and intermittent therapy. 
 
 In the year 1964, it was demonstrated that intermittent regimens can be as effective as daily 
regimens101. It was found that efficiency of INH did not change significantly as interval of dosage was increased 
from one to four days. The rationale behind this regimen is the phenomenon of ‘Lag Effect’ shown by 
mycobacteria with all anti-tubercular drugs except thioacetazone. The great merit of intermittent therapy is the 
practical advantage it offers in the form of direct observation and cost effectiveness. 
 
 With increasing use of chemotherapy there has been proliferation of the regimens used by practitioners. 
Evolving a consensus on the treatment of Koch’s has proved extremely difficult. Most of the medical 
community does agree to the effectiveness of Short Course Chemotherapy. However, it is not possible to 
extrapolate the results of treatment of pulmonary Koch’s to osteoarticular tuberculosis33. The different nature of 
pathology of the tubercular lesions in bones and joints and their avascular nature, leading to poor penetration of 
drugs, raises questions regarding effectiveness of short course chemotherapy. This discourages most 
practitioners from using the short course regimen for treatment of osteoarticular TB. A proper evidence based 
end-point to the institution of ATT is still to be defined. 
 
 Watts et al (1996) have expressed discontent with SCC and recommend 12-18 months long 
chemotherapy. Moon et al (2002)103 reported excellent results using 12-18 months long therapy. Other authors 
opine 9 months to be favourable duration for treatment104,105. 
 
 In contradistinction to the above, many studies have shown that short courses may be effective. In one 
study it was shown that irrespective of the duration of therapy (ranging from 6-9 months), radiological evidence 
of bony fusion occurred at the end of 36 months106. An Algerian study107 showed that both the failure and 
relapse rates of 6 months regimen were much lower than that of 12 month regimen in both isoniazid sensitive 
and isoniazid resistant groups. 
 
 Similarly short course regimens in conjunction with surgery have shown as good results as those with 
long course regimens with surgery108,109. SCC has been demonstrated to be effective in pediatric osteoarticular 
TB. Studies comparing 6 months and 9 months ambulant chemotherapy with that of 6 month chemotherapy plus 
surgery have demonstrated similar results. 
 
 Clear cut guidelines for duration of treatment are therefore still to evolve and the issue is mired in 
controversy. This prompts injudiciously long administration of ATT and sometimes arbitrary addition of second 
line drugs. Further studies are needed to resolve these issues. 
 
AIMS AND OBJECTIVES 
1. Evaluation of efficacy of short term intermittent chemotherapy (STIC) in osteoarticular tuberculosis, 

i.e. WHO category-I 
2. The role of MRI in diagnosis and assessment of spinal TB and efficacy of STIC. 
3. To find the local recurrence rate, if any of osteoarticular tuberculosis after competed treatment by 

STIC. 
 

MATERIALS AND METHODS 
Study design: Prospective study to evaluate the efficacy of short term intermittent chemotherapy (STIC) in 
osteoarticular tuberculosis. 
 
 
Setting: Department of Orthopaedic Surgery, Yenepoya Medical College Hospital, Deralkatte, Mangalore. 
Study Group: All patients below 70 years of age, who have osteoarticular tuberculosis. 
 
Exclusion Criteria 
• Cases of osteoarticular tuberculosis with immunocompromised status such as HIV, cancer, severe protein 

energy malnutrition, diabetes mellitus or renal failure. 
• Cases of osteoarticular TB in age group of more than 70 years. 
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• All cases under the WHO criteria of relapse, treatment after failure and defaulter 
• TB patients taking immunosuppressive drugs 
• Cases of osteoarticular TB during pregnancy 
 
Methodology 
 After suitable inclusion of patient in the study, detailed clinical assessment including history, general 
and systemic physical examination was done for each patient in accordance with the proforma attached for the 
study. 
 
Investigations 
Following investigations have been done in all patients included in the study: 
• Hemoglobin concentration (Hb) 
• Total leucocyte count (TLC) 
• Differential leucocyte count (DLC) 
• Erythrocyte sedimentation rate (ESR) 
• Baseline liver function test (LFT) 
• Random blood sugar 
• Chest X-ray PA view 
• X-ray of the affected part of the body 
• Ziehl-Neelsen stain of aspirate / pus or biopsy and histological examination, wherever possible 
• MRI in all spinal TB cases and some extraspinal cases 
 
Treatment Regimen 
 Treatment has been given according to WHO regimen for osteoarticular TB. The DOTS regimen 
recommended by WHO for extrapulmonary category-I has been given i.e. 2 (HRZE)3 + 4 (HR)3. Treatment 
duration has been increased whenever patient has complained of re-appearance of constitutional symptoms. 
Surgical intervention was used only as an adjunct to the chemotherapy. 
 
 All patients were called for follow-up every month and a record of ESR and clinical parameters were 
taken. All patients were followed till the end of study, i.e. December 2015. In some cases of spinal TB a repeat 
MRI was done to assess the effect of treatment. 
 
Clinical parameters for evaluation were: 
• Subjective sense of well being 
• Improvement in constitutional symptoms like fever, anorexia, lassitude etc. 
• Subjective decrease in pain and gain in weight 
• Decrease in size of abscess 
• Healing of sinus 
• Erythrocyte sedimentation rate 
• Radiological signs of healing 
 
 After completion of treatment, patients were called at the interval of every three month and assessed to 
find local recurrence of osteoarticular TB. The result has been compiled and analysed statistically. 
 

OBSERVATIONS AND RESULTS 
 During the period from April 2006 to August 2007, 104 patients could qualify the inclusion criteria. 
During the course of study 10 patients were lost to follow-up. The following data are based on the remaining 94 
patients of osteoarticular tuberculosis who came to Yenepoya Medical College Hospital, Mangalore during the 
above mentioned period. The patients were further divided into categories: 
 
 

1) Extraspinal tuberculosis 
2) Spinal tuberculosis 

 
Regional and gender based distribution 
Out of the total 94 patients, there were 38 extraspinal cases and 56 cases of spinal tuberculosis. 
 

Table 1: Regional and gender based distribution of patients with osteoarticular tuberculosis 
Gender Spinal Extraspinal Osteoarticular 
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Males 25 23 48 
Females 31 15 46 
Total 56 38 94 

 
 There were 48 male and 46 female patients in the study population. The number of males was higher in 
extraspinal cases. i.e. 23 males as compared to the 15 female patients while the number of female patients is 
higher in spinal TB, i.e. 31 females as compared to the 25 males. However, the total number of male and female 
in osteoarticular tuberculosis patients remain approximately equal, i.e. 48 male versus 46 female patients (Table 
1 and Fig. 1).  

 
Fig. 1: Gender distribution of patients of osteoarticular tuberculosis 
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Age distribution 
Median age of the study population was 26 (3-70 years) 

Table 2: Age distribution of patient with osteoarticular tuberculosis 
Age group (years) No. of patients Percentage 

0-10 7 8% 
11-20 25 27% 
21-30 28 30% 
31-40 21 22% 
41-50 5 5% 
51-60 5 5% 
61-70 3 3% 
Total 94 100% 

 
Fig. 2: Age distribution of patients of osteoarticular TB 
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74 (79%) patients belonged to the age group of 11-40 years. The maximum number of patients was from the age 
group of 21-30 years (30%) (Table 2, Fig. 2). 

 
Table 3: Age distribution of patients with spinal TB 

Age group (years) No. of patients Percentage 
0-10 2 4% 

11-20 10 18% 
21-30 19 34% 
31-40 17 30% 
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41-50 2 4% 
51-60 3 5% 
61-70 3 5% 
Total 56 100% 

 
Fig. 3: Age distribution of patients with spinal TB 
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 Median age in spinal TB cases was 30 years. The maximum number of cases was from the age group of 
21-30 years. 46 (82%) patients belonged to the age group of 11-40 years (Table 3, Fig. 3). 

 
Table 4: Age distribution of patients with extraspinal TB 

Age group (years) No. of patients Percentage 
0-10 5 13% 

11-20 15 39% 
21-30 9 24% 
31-40 4 11% 
41-50 3 8% 
51-60 2 5% 
61-70 0 0% 
Total 38 100% 

 
Median age in extraspinal cases was 18. The maximum number of patients was from the age group of 11-20, i.e. 
39%, 24 (63%) belonged to the age group of 11-30 years. There was no case of extraspinal TB in the age group 
of 61-70 years (Table 4, Fig. 4 and 5). 

Fig. 4: Age distribution of patients with extraspinal TB 
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Fig. 5: Age distribution of spinal and extraspinal tuberculosis in graphic representation 
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Table 5: Occupation of patients with spinal TB 

Occupation No. of patients Percentage 
Student 12 21% 
Housewife 25 45% 
Factory worker 18 32% 
Service  1 2% 
Total 56 100% 

 
Table 6: Occupation of patients with extraspinal TB 

Occupation No. of patients Percentage 
Student 20 53% 
Housewife 6 16% 
Factory worker 10 26% 
Farmer 1 2.5% 
Pre-school 1 2.5% 
Total 38 100% 

 
Fig. 6: Comparison of distribution of occupation among patients of osteoarticular TB 
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The most commonly affected group was of students in extraspinal tuberculosis which is 20 (53%) of the total 
extraspinal cases. 
Most common group affected by spinal TB is house wives 25 (45%). 
Factory workers are the second most common group affected in both the extraspinal and spinal TB cases (Table 
5, Table 6, Fig. 6). 
 
Clinical Evaluation 
Pain is the most common presenting complaint in osteoarticular tuberculosis. 

 
Table 7: Distribution of symptoms in patients of spinal tuberculosis 

Clinical features No. of patients Percentage 
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Pain 53 95% 
Constitutional symptoms 50 89% 
Palpable abscess 15 27% 
Neurological deficit 20 36% 

 
Among the spinal TB patients 53 (95%) of the patients presented with pain; 50 (89%) of the patient had the 
positive history of constitutional symptoms. 
15 (27%) patients presented with palpable cold abscess. 20 (36%) patient presented with neurological deficit at 
the time of presentation. 2 of these patients had bladder and bowel involvement at the time of presentation 
(Table 7, Fig. 7) 
 

Fig. 7: Comparison of symptomatology in patients of osteoarticular TB 
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Table 8: Distribution of symptomatology in patients of extraspinal TB 
Clinical features No. of patients Percentage 

Pain 36 95% 
Swelling / abscess 26 68% 
Constitutional symptoms 20 53% 

 
Among the extraspinal tuberculosis patients, 36 (95%) patients presented with complaint of pain, 26 (68%) of 
patients had swelling / abscess at the time of presentation. 
20 (53%) of patients gave a positive history of one or more of constitutional symptoms like loss of appetite, 
evening rise of temperature, loss of weight (Table 8, Fig. 7). 
 
Hematological Parameters 

Table 9: Gender based distribution of hemoglobin in patients of osteoarticular TB 
 

Type of TB Median Hb in males Median Hb in females 
Spinal 10 10 
Extra-spinal 10 10 

  
Erythrocyte sedimentation rate (ESR) 
All ESR studies were done from the same laboratory in each patient. An ESR value between 0-15 was 
considered normal in study group irrespective of gender. 
93 (99%) patients had an elevated ESR at the time of presentation. Median value at the time of presentation was 
52 (15-70 mm in 1st hr). 
 
 
 
 
 

Table 10: Pattern of ESR among patients of osteoarticular tuberculosis on presentation 
ESR Spinal Extraspinal OATB 

Highest 70 70 70 
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Median 55 50 52 
Lowest 15 30 15 

 
Fig. 8: Comparison of distribution of ESR values in osteoarticular TB and its sub-groups 
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 In patients of spinal tuberculosis, 55 (98%) had an elevated ESR at the time of presentation. Median 
value at the time of presentation was 55 (15-70 mm in 1st hr). In patients of extraspinal tuberculosis, 38 (100%) 
had an elevated ESR at the time of presentation (Table 10, Fig. 8). Median value at the time of presentation was 
50 (30-70 mm in 1st hr). 

 
 

Table 11: Gender based ESR distribution among patients of osteoarticular tuberculosis at the time of 
presentation 

Type of TB Median ESR in 
females 

Median ESR in 
males 

Median ESR in 
total patients 

Extra spinal 46 56 50 
Spinal 55 55 55 

 
Fig. 9: Gender based ESR distribution among patients of osteoarticular tuberculosis at the time of 

presentation 
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Radiology 
Skiagram as well as MRI of the affected part was done in all spinal tuberculosis patients. 
 

Table 12: Radiological and MRI findings in all spinal tuberculosis patients 
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Findings Skiagram MRI 
Positive 24 (43%) 56 (100%) 
Negative 32 (47%) 0 
False positive 0 1 (1.7%) 

 
Fig. 10: Comparison between results of skiagram and MRI in spinal TB patients  
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 Among the spinal TB cases, 24 (43%) patients had a positive picture on X-ray, 56 (100%) patients had 
a positive picture on MRI. 1 (1.7%) had presented with backache with neurological deficit. She had no finings 
on X-ray. MRI gave findings of tuberculosis which was later found to be false positive when she did not show 
any sign of improvement after giving one month of ATT. Repeat MRI was done which showed meningioma and 
was confirmed by surgery (Table 12, Fig. 10). 
 
EXTRASPINAL TB CASES 
Comparison between results of skiagram and MRI in extraspinal cases 
MRI in extraspinal TB was done in selected cases. MRI was done in only 22 cases of extraspinal TB. 

Table 13: Radiological and MRI findings in extraspinal tuberculosis patients 
Findings MRI Skiagram 

Positive 22 (100%) 18 (47%) 
Negative 0 20 (53%) 

 
Fig. 11: Comparison between radiological findings in extraspinal tuberculosis patients 
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MRI was done in only 22 cases and showed positive results in all cases suggestive of TB. Skiagram was done in 
all 38 cases. 
Only 18 (47%) patients had x-ray picture suggestive of TB (Table 13, Fig. 11). 
Histopathology 
Aspiration and microscopy was done in selected patients, only when the site was accessible without causing 
much morbidity. 
3 patients showed AFB positive on microscopy out of 18 patients, i.e. 16%. 
3 patients showed FNAC positive histopathological picture. 
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15 patients went for diagnostic biopsy, all of them showed positive pathological picture of necrotizing 
granulomatous inflammation with Langhans giant cells, i.e. 100% patients showed positive histopathological 
picture. 
Regional distribution of lesions 

Table 14: Distribution of lesions in patients of spinal TB 
Site No. of patients Percentage 

Cervical 5 9% 
Cervico-dorsal 1 2% 
Dorsal 14 25% 
Dorsolumbar 5 9% 
Lumbar 21 37% 
Lumbosacral 9 16% 
Multifocal / skip 1 2% 
Total 56 100% 

 
Patients of spinal tuberculosis were classified into sub-groups on the basis of vertebral involvement. Those 
patients having contiguous involvement of two different vertebrae were categorized into that sub-group as 
indicated by its name. 
Patients with involvement of different categories of vertebra with normal vertebra in between were designated 
as skip lesions. 
Lumbar spine was most commonly involved 21 (37%), followed by dorsal spine 14 (25%). 

 
Fig. 12: Distribution of lesions in patients of spinal TB 
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 An account of total number of times a particular segment of spine was involved was prepared and the 
male and female subsets of the population were separately observed to find any difference in pattern of 
involvement. One contiguous involvement of vertebra in one segment of spine irrespective of the number of 
vertebra involved was calculated as one lesion. In case of involvement of two different types of vertebrae, for 
example lumbosacral was accounted as one each in both lumbar and sacral categories (Table 14, Fig. 12). 

 
Table 15: Gender and region based distribution of lesions in spinal TB 

Level Male Females 
No. of patients % No. of patients % 

Cervical 3 10 3 7 
Dorsal 9 31 12 28 
Lumbar 13 45 23 53 
Sacral 4 14 5 12 
Total 29 100 43 100 

 
Fig. 13: Gender and region based distribution of lesions in spinal TB 
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Pattern of involvement in males: 
13 (45%) lesions were seen in lumbar spine. 
9 (31%) lesions were seen in dorsal spine. 
Among females 
23 (53%) lesions were seen in lumbar spine. 
12 (28%) lesions were seen in dorsal spine (Table 15, Fig. 13). 
 
Gender and region based distribution of lesions of spinal TB 

Table 16: Gender and region based distribution of individual involved vertebra in patients of spinal TB 
 Cervical Dorsal Lumbar Sacral Total % 

Male 7 22 25 6 60 39% 
Female 6 32 50 6 94 61% 
Total 13 54 75 12 154 100% 
% of total 
vertebrae 
involved 

9% 35% 48% 8% 100%  

 
If an account is made of the total number of vertebra involved. 
Total number of vertebra involved is 154 
75 (48%) of vertebra were lumbar 
54 (35%) of vertebra were dorsal 
13 (9%) of vertebra were cervical 
12 (8%) of vertebra were sacral (Table 16). 
 

Table 17: Gender and region based distribution of percentage of involved vertebra in patients of spinal 
TB 

Level No. of vertebra 
in males 

% of vertebra in 
males 

No. of vertebra 
in females 

% of vertebra in 
females 

Cervical 7 12% 6 6.5% 
Dorsal 22 37% 32 34% 
Lumbar 25 41% 50 53% 
Sacral 6 10% 6 6.5% 
Coccygeal 0 0% 0 0% 
 60 100% 94 100% 

 
 
 
 
 
 
 

Fig. 14: Gender and region based distribution of percentage of involved vertebra in patients of spinal TB 
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94 (61%) vertebrae were involved in females. 
60 (39%) vertebra were involved in males. 
Among the male patients 

• 25 (41%) were lumbar vertebra 
• 22 (37%) were dorsal vertebra 
• 7 (12%) were cervical vertebra 
• 6 (10%) were sacral vertebra 
• No coccygeal involvement was seen 

Among the female patients 
• 50 (53%) were lumbar vertebrae 
• 32 (34%) were dorsal vertebrae 
• 6 (6.5%) were cervical vertebrae 
• 6 (6.5%) were sacral vertebrae 
• No coccygeal involvement was seen (Table 17, Fig. 14). 

 
Association with pulmonary tuberculosis 

Table 18: Association between pulmonary and osteoarticular tuberculosis 
Type of TB Positive pulmonary 

Koch’s 
Negative pulmonary 

Koch’s 
Percentage 

Spinal 10 46 18 
Extrapsinal 2 36 5 
Total 12 82 13 

 
12 (13%) patients had history of pulmonary Koch’s infection. 
Of these, one patient had an active pulmonary disease. 
10 (18%) patients of spinal tuberculosis had positive history of pulmonary tuberculosis. 
2 (5%) patients of extraspinal TB had positive history of pulmonary tuberculosis (Table 18). 
 
Multifocal tuberculosis 
Among the patients of spinal tuberculosis, one had multifocal involvement. 
The patient was 23 year old male with involvement of L5 vertebra with pre and paravertebral collection with 
associated left knee swelling and synovial thickening. Synovial fluid was AFB negative. He was put on DOTS 
category-I with extension of continuation phase for further 4 month. Total 10 month of treatment was given and 
patient recovered fully. 

Table 19: Distribution of lesions in patients of extraspinal TB 
Site No. of patients Percentage 

Hip 11 29% 
Knee 6 16% 
Elbow 4 11% 
Long bone 5 13% 
Short bone 5 13% 
Cold abscess 5 13% 
SI joint 2 5% 
Total 38 100% 
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 Among the patients of extraspinal TB, regional distribution was almost uniform. Hip (29%) was the 
most commonly involved joint followed by knee (16%). Short bones of hand and foot were involved in 13% 
cases. 
Long bones were also involved in 13% cases. 
Cold abscess was found in 13% cases (Table 19, Fig, 15). 

Fig. 15: Distribution of lesions in patients of extraspinal TB 
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Treatment 
 All the patients were started on WHO DOTS category-I [2(HRZE)3 + 4 (HR)3] chemotherapy. Clinical 
evaluation and estimation of ESR was done every month. Radiographs were taken at the end 6 and 12 months. 
Repeat MRI was done in selected cases of spinal tuberculosis when patient showed recurrence of constitutional 
symptoms during the course of continuation phase of therapy to assess the nature of healing process. All repeat 
MRI showed healing in progress and significant reduction of lesion. But the radiological healings lagged behind 
the clinical healing. 
 Chemotherapy was stopped after there was satisfactory relief in pain, improvement of constitutional 
symptoms, neurological deficit and function, fall in ESR and improvement in radiological features. In patients 
not showing clinical improvement and satisfactory fall in ESR, treatment was extended upto 14 months on case 
to case basis. 
 
Surgical intervention was done in 16 patients of extraspinal TB. 
15 patients underwent diagnostic biopsy and debridement. 
1 patient underwent incision and drainage of cold abscess. 
 

Table 20: Trend of ESR in extraspinal TB 
ESR ESR0 ESR1 ESR2 ESR3 ESR4 ESR5 ESR6 ESR7 ESR8 

Highest 70 65 40 20 20 18 10 20 22 
Mean 51.45 44.89 38.66 31.74 25.95 21.21 20.50 25.22 22.39 
Lowest 30 22 5 5 10 10 15 - - 
 
Out of total 38 patients of extraspinal osteoarticular TB:  

• 20 (53%) were given 6 months of antitubercular treatment 
• 17 cases (45%) were given 8 months of ATT 
• 1 case (2%) was given 10 month of ATT i.e. 98% of extraspinal tuberculosis patients took 6 to 8 

months of ATT. 
 
A significant relief in constitutional symptoms and pain was seen at the end of 2 months when intensive phase 
was completed. 
Median ESR value was found to come to normal at the end of 2 months of intensive phase. 
Student ‘t’ test was applied between the 0, 2 and 6 ESR values. 
p-value change from 0 to 2 month <0.001 
p-value change from 0 to 6 month <0.001 
These p-values indicate a very significant fall of ESR with successful treatment. The fall in ESR was found to 
be statistically significant and not by chance alone (Table 20, Fig. 16). 
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Fig 16: Trend of ESR with treatment in patients of extraspinal TB who received 6 months ATT 
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Table 21: Trend of ESR in patients of spinal TB who received 6 months of ATT 

 
ESR 0 1 2 3 4 5 6 T+3 T+6 T+9 T+12 
Highest 60 52 46 30 38 28 22 18 15 20 20 
Mean 46.84 41.69 33.30 25.46 20.84 17.46 15.76 16.38 12.83 14.16 13.6 
Lowest 15 10 10 8 8 10 8 22 10 8 10 
T=Duration of treatment (months) 
 

Fig. 17: Trend of ESR in patients of spinal TB who received 6 months of ATT 
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Student t-test was applied between the 0, 2 and 6 ESR values 
p-value change from 0 to 2 month >0.05 
p-value change from 0 to 6 month <0.05 
These p-values indicate a very significant fall of ESR with successful treatment. The fall in ESR was found to 
be statistically significant and not by chance alone (Table 21, Fig. 17). 
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Out of total 56 patients of spinal TB 
• 2 patients (3.5%) were given 14 month of treatment 
• 1 patient (1.7%) was given 13 month of treatment 
• 7 patients (12.54%) were given 10 month of treatment 
• 1 patient (1.7%) was given 9 month of treatment 
• 32 patients (57%) were given 8 month of treatment 
• 13 patients (23%) were given 6 month of treatment 

Treatment duration was extended on subjective valuation of constitutional symptoms and ESR as these patients 
still have complain of constitutional symptoms and raised ESR as they approached the completion of 6 month 
therapy. Then they were given extension of continuation phase on monthly basis till the disappearance of 
constitutional symptoms and ESR normalization (Table 22, Fig. 18). 

 
Table 22: Trend of ESR in patients of spinal TB who received more than 6 months of ATT 

ESR 0 1 2 3 4 5 6 7 8 10 11 12 13 
Highest 65 60 41 44 40 32 35 30 32 24 18 20 18 
Mean 54.46 48.37 39.06 35.13 29.13 26.09 29.13 25.79 24.16 19.79 19.61 17.31 16.72 
Lowest 30 25 18 20 35 20 22 25 20 10 10 12 15 

 
Fig. 18: Trend of ESR in patients of spinal TB who received more than 6 months of ATT 
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20 patients had neurological deficit at the time of presentation with bladder and bowel involvement in 2 cases. 
Neurological deficit resolved in 14 cases. 
4 cases however had developed spasticity of lower limb. Repeat MRI at the end of therapy has showed healed 
lesion and bone marrow fatty replacement with myelomalacic changes. 
 
ESR fall was considerably distinct as compared to other patient who had taken ATT for 6 months. The rate of 
fall of ESR was slow in patients who needed extension of treatment as compared to those who took 6 month of 
ATT and came to normal only after 10-12 months. 
 
Student t-test was applied between the patient who took six months of ATT and >6 months of ATT and 
following inference was drawn: 
• Both categories of patients were responding to the treatment in the same manner and their ESR was 

falling significantly from the baseline during the intensive phase but their fall was statistically not 
significant (p>0.05). 

• During the continuation phase, the fall of ESR was different in both categories and their fall was 
statistically significant (p<0.001), which was also supported by the constitutional symptoms in the form 
of lassitude and loss of appetite which prompted us to extend the continuation phase till the 
normalization of ESR and constitutional symptoms on case to case basis. 
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• During the follow-up and extended period of continuation phase, the fall of ESR was not significant, 
i.e. (p>0.05), which shows that the patient who took extended continuation phase, really needed further 
treatment for normalization of ESR and constitutional symptoms. 

These p-values indicate that the fall of ESR was not significant during intensive phase, but with successful 
treatment, the fall of ESR was found to be statistically significant and not by chance alone (Table 23, Fig. 19). 
 
Table 23: Mean ESR value during treatment and follow-up of patients of spinal tuberculosis who received 

six month and >6 month of treatment 
 0 1 2 3 4 5 6 7 8 T+3 T+6 T+9 T+12 

6 month 49.84 41.69 33.3 25.46 20.84 17.46 15.7 14.00 15.00 16.38 12.8 14.1 13.6 
>6 
month 

54.46 48.37 39.06 35.13 29.13 26.09 29.13 25.7 24.16 19.7 19.6 17.31 16.72 

p-value 0.061 0.067 0.130 0.002 0.009 0.002 0.001   0.0881 0.065 0.0318 0.193 
 

Fig. 19: Trend of mean ESR in patients of spinal tuberculosis who received 6 month of ATT and >6 
month of ATT 
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Weight gain 
Among the extraspinal tuberculosis patients 36 (95%) patients has shown increase in weight during the course 
of treatment. Among the spinal tuberculosis patients, 54 (96%) patients had shown increase in weight during the 
course of treatment. 
 
Complications 
Two patients had reported for nausea and vomiting after taking the drug empty stomach one each in spinal and 
extraspinal TB. LFT was within the normal limit. One patient required dose adjustment as she was 12 years old 
female. 
Second patient was given symptomatic treatment or asked to take Rifampicin with breakfast. 
There was no evident icterus and both patients improved without any further LFT derangement. 
Not a single patient required stoppage of ATT due to side effects. 
 
Relapse 
During the course of study, there was no relapse. One patient has shown cervical lymphadenopathy of tubercular 
origin proved by FNAC after 5 month of treatment completion. He was treated for D10-D12 spinal TB for 8 
month. Radiologically the vertebrae showed healed status. Now he is taking ATT category II. He has no 
complaint of pain or tenderness of spine. Longest follow-up is 27 months and shortest follow up is 6 months. 
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IV. DISCUSSION 
Tuberculosis is highly prevalent in India and continues to be a leading cause of morbidity and mortality from a 
curable infectious disease9. 
 
 The management of osteoarticular TB is primarily medical. Nussbaum et al (1997), Moon et al (1997) 
and Ramchandra110,111,112 2005 have expressed inhibition to the use of SCC in osteoarticular tuberculosis 
especially in spinal tuberculosis. Biddulph (1990), Upadhyay (1996), Parthasarthy (1999) and Oguz et al (2005) 
have demonstrated that short course regimes of 6-9 months long (not necessarily, WHO protocol) have excellent 
results108. Most of the medical community does agree to the effectiveness of short course chemotherapy for 
osteoarticular tuberculosis. However, many authors opined that it is not possible to extrapolate the results of 
treatment of pulmonary Koch’s to osteoarticular tuberculosis33,102. Watts et al (1996) have expressed discontent 
with SCC and recommended 12-18 months long chemotherapy. Other authors opine 9 months to be favourable 
duration for treatment104,105. It is evident that workers across the world have divided opinion regarding the 
duration of multidrug therapy, drug to be used, regimen to be followed and treatment of drug resistance. A 
proper evidence based end-point to the institution of ATT is still to be defined. 
 
 The WHO has issued standard guidelines regarding management of tubeculosis in developing 
countries13, and has recommended SCC for treatment of osteoarticular tuberculosis. 
 
This prospective study conducted in Yenepoya Medical College Hospital, Mangalore, Karnataka, India during 
the period from December 2013 to December 2015 intended to check the efficacy of WHO protocol SCC in 
patients of osteoarticular tuberculosis. 104 patients qualified the inclusion criteria, 9 of them were lost to follow-
up. After repeat MRI one patient turned out to be a case of meningioma and was referred to higher centre for 
further management. The final data is based on the findings of the remaining 94 patients.  
 
Prevalence of spinal and extraspinal tubeculosis among patients of osteoarticular tuberculosis 
The patients were divided into two categories: 

1) Extraspinal tuberculosis: Extraspinal tuberculosis included those patients of osteoarticular tuberculosis, 
who did not have involvement of spine. Total number of patients in this category was 38 (40.4%). 

2) Spinal tuberculosis: Spinal tuberculosis included those patients of osteoarticular tuberculosis, who had 
involvement of vertebrae. Patients having other bone tuberculosis in association with vertebrae were also 
included in the category of spinal tuberculosis. Total number of patients in this category was 56 (59.6%). 
The prevalence of spinal tuberculosis seen was higher than the contemporary global prevalence of 30-
50%33. This higher prevalence can be attributed to more referral of spinal tuberculosis to our centre, 
which is a tertiary care insurance hospital. 

 
Gender distribution of patients with osteoarticular tuberculosis 
 This study population comprised of 48 (51%) male patients and 46 (49%) female patients, thus there is 
no remarkable difference in sex composition. In most series no difference in the sex composition of the disease 
has been recorded40,41,42. Tuli in 1997 in his series reported 52 percent incidence in males and 48 percent in 
females. The subgroup of extraspinal tuberculosis had greater predominance of male patients, there were 23 
(61%) males and 15 (39%) females. In contrast, the spinal TB subgroup comprised of 31 (55%) females and 25 
(45%) males. Tuli (2004)57 Sinan et al (2004) have shown a higher percentage of males in spinal TB. Oguz et al 
(2005)113, however have shown greater involvement of females in cases of lumbar tuberculosis. This higher 
incidence of spinal tuberculosis in women can probably be attributed to the relatively poorer health status of our 
women and the more stress their vertebral column has to bear while performing the various activities as a 
housewife, the activities which demand a lot of bending and lifting weights. 
 
Age distribution of patients with osteoarticular tuberculosis 
 The median age of the study population was 26 years (3-70 years). The median age of extraspinal 
tuberculosis patients was 18 years (3-60), and that of the spinal tuberculosis patients was 30 years (5-70). In the 
study population the maximum number of patients was from the age group of 21-30 years (30%) and 74 (79%) 
patients belonged to the age group of 11-40 years. Watts et al33 have shown that age distribution of tuberculosis 
is based on the endemicity of disease. This skewedness towards young population signifies the endemicity of 
this disease in our country. However, on close observation it appears that spinal tuberculosis patients are older 
than the extraspinal patients. The age group 0-40 years contributes 87% patients of extraspinal tuberculosis. A 
similar fraction of patients (82%) were from the age group 11-50 years in spinal tuberculosis. 
 
 
Distribution of occupation among patients of osteoarticular tuberculosis 
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 Ninety five percent of the patients were from the class of manual workers, house wives and students in 
both spinal and extraspinal subgroups as well as the study population. Thus the disease hits the society where it 
hurts most. The young and the working class of society are affected most. However, close observation revealed 
that the spinal tuberculosis patients include a very large number of housewives (45%) and the extraspinal 
tuberculosis patients include a very large number of students (53%). This pattern can be attributed to higher 
stress to the spine in case of housewives and secondly to the involvement of younger population in extraspinal 
tuberculosis leading to large number of students getting affected. 
 
Distribution of symptomatology among patients of osteoarticular tuberculosis 
 Pain is the most common symptom of osteoarticular tuberculosis. Ninety five (95%) of osteoarticular 
tuberculosis patients presented with the complaint of pain. Watts et al (1996)5, Sinan et al (2004)63, Oguz et al 
(2005)113 too have found pain to be the most common presenting symptoms. Among the spinal tuberculosis 
patients, the second most common feature was constitutional symptoms (89%), cold abscess was found in (27%) 
of cases. About 36% patients presented with neurological deficit. 
 
 The second common feature in extraspinal tuberculosis was a swelling / abscess (68%). 53% of patients 
had a positive history of constitutional symptoms. 68% of patients have swelling or abscess at the time of 
presentation, therefore healing of an abscess can be a useful tool to assess recovery of extraspinal tuberculosis; 
unfortunately this is not so in spinal tuberculosis. Constitutional symptoms (89%) can be valuable in diagnosis 
and evaluation during the course of treatment. Most of the patient (65%) who were given more than 6 months of 
treatment had shown reappearance of constitutional symptoms at the end of 6th month of therapy. Constitutional 
symptoms therefore are a good clinical adjunct in addition to ESR to monitor the progress of treatment and 
duration of therapy, which is still an enigma to today’s orthopaedician. 
 
Distribution of haemoglobin and ESR among patients of osteoarticular tuberculosis 
 Median haemoglobin in males as well as female was 10 gm%, which was below normal. This is 
probably a reflection of the concurrent poor nutritional status of the affected population. 
 
 An elevated ESR was seen in 99% of all patients, 98% of spinal cases and 100% of extraspinal cases. 
Median values of ESR at the time of presentation was 52 mm in 1st hr among all cases, 50 mm in 1st hr in 
extraspinal cases and 55 mm in 1st hr in spinal cases. Workers around the world are not in unison regarding the 
usefulness of ESR as an indicator of disease activity. Vaughan (2005)116, Vohra et al (1997) reported an elevated 
ESR at the time of presentation. Watts (1996)33 and Rasool (2001) found that it might remain low and is non-
specific. Although the values of ESR fluctuate between a wide range, we found an elevated ESR in addition to 
presence of constitutional symptoms to be a useful index of disease activity and thus helpful in making an early 
diagnosis and treatment follow-up. 
 
Radiographic Evaluation 
 Radiograph of the affected part was taken in all patients. However, findings suggestive of tuberculosis 
were seen in only 56% of extraspinal tuberculosis patients and 43% of spinal tuberculosis cases. Thus 
radiography is not a sensitive tool for early diagnosis of osteoarticular tuberculosis, which is so important for a 
good functional outcome. The radiological changes associated with healing also appear late and thus, if 
radiographic findings are the end point of treatment prolonged drug therapy is given. However, it is a cheap and 
very useful investigation for diagnosis especially in areas where facilities of advanced radiology are not present. 
 
Magnetic Resonance Imaging (MRI) 
 MRI was done in all cases of spinal tuberculosis and selected (22 out of 38) cases of extraspinal 
tuberculosis. In contrast to radiography all 56 (100%) patients of spinal tuberculosis and 22 (100%) patients of 
extraspinal tuberculosis in whom MRI was done showed picture suggestive of tuberculosis. One case of false 
positive was noticed during the course of study as the patient did not responded to ATT and repeat MRI showed 
it to be a case of meningioma which was confirmed by surgery. This case was referred to higher centre for 
further management and was not included in the study. We can conclude that the changes in MRI appear earlier 
than the radiograph and therefore an early diagnosis is achievable with MRI. Besides as corroborated in 
literature, the bony involvement, soft tissue involvement, compression of neural elements are all clearly depicted 
in MRI55,56,63. The findings of healing too are apparent earliest in MRI57, however it is not possible to distinguish 
a resolving collection from a persisting one. Although cost is an inhibiting factor with MRI, but as quoted by 
Oguz et al113, it is useful to invest time and money to make the diagnosis of spinal tuberculosis than to deal with 
the catastrophic consequences of delayed diagnosis. On the basis of MRI and clinical evaluation the diagnosis 
can be safely made. Only in case of doubt patients should be taken up for histopathological evaluation33. 
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Microbiology and Histopathology 
 Aspiration of abscess was done in 18 cases of osteoarticular tuberculosis of which 3 cases showed AFB 
bacilli, i.e. 16%. FNAC was done in 3 cases and all showed positive histopathological picture. Diagnostic 
biopsy was done in 15 cases and a positive result in the form of necrotizing granulomatous inflammation with 
Langhans giant cell was seen in all cases (100%). 
 
 Demonstration of AFB in pus on direct microscopy are not common in osteoarticular tuberculosis as 
shown by earlier workers64,65,116. The reason for this can be the paucibacillary nature of osteoarticular 
tuberculosis. Histopathological examination is very sensitive and specific to diagnose tuberculosis although 
obtaining material for evaluation is an invasive procedure. In doubtful cases it must be done to confirm the 
diagnosis. 
 
Regional distribution of lesions in patients of osteoarticular tuberculosis 
 Regional distribution of osteoarticular tuberculosis in spinal subgroup is distinct in males and females. 
53% of lesions were seen in lumbar spine of females as compared to 45% lesions in males. In contrast 31% of 
males have dorsal spine lesions as compared to 28% of lesions in females. 
 
 An account of total number of vertebrae involved was also made. Among the males the total number of 
lumbar and dorsal vertebrae was 13 (45%) and 9 (31%) respectively. Similarly cervical vertebrae was involved 
in 3 (10%) and sacral vertebrae 4 (14%) with no coccygeal lesions. Whereas, in females the distribution of 
vertebral lesions was 23 (53%) lumbar vertebrae followed by 12 (28%) dorsal vertebrae, 5 (12%), sacral 
vertebrae and 3 (7%) cervical vertebrae and no coccygeal involvement. Therefore the percentage of lumbar 
vertebrae involvement was higher in females as compared to males and the dorsal vertebrae involvement was 
lower than the males. In Oguz et al (2005)113 study of lumbar and lumbosacral tuberculosis the number of 
female patients was more than males. 
 
 Among the extraspinal tuberculosis cases the distribution of lesions was more or less uniform. Hip joint 
constituted 11 (29%) of cases and was the most common joint to be involved followed by the knee joint 6 
(16%), elbow 4 (11%), long bones 5 (13%), short bones 5 (13%), cold abscess without bony involvement 5 
(13%). The cold abscess patients without any bony involvement were effectively treated with short term 
intermittent chemotherapy (STIC) of 6 months duration without any extension of treatment duration. So, it can 
be safely concluded that the extrapulmonary tuberculosis without bony involvement can be treated with short 
term intermittent chemotherapy (STIC). 
 
Association with pulmonary Koch’s 
 A history of pulmonary tuberculosis was seen in 10 (18%) spinal tuberculosis patients, 2 (5%) 
extraspinal tuberculosis patients and in a total of 12 (13%) osteoarticular tuberculosis patient. This is 
significantly lower than the 30% rate reported in literature. Of these, one patient has an active disease of 
pulmonary Koch’s. In our study, among the spinal tuberculosis patients, where more patients of elder age group 
were involved, the past history of pulmonary tuberculosis was positive in more patients (18%). This finding 
supports the fact that involvement of older patients is more the result of immune suppression and re-activation 
of disease than endemicity of tuberculosis33. 
 
Treatment (chemotherapy) 
 All the patients were started on WHO protocol short term intermittent chemotherapy (STIC) i.e. DOTS 
category-I after clinical evaluation and estimation of ESR at the time of presentation. Clinical evaluation and 
estimation of ESR were done every month during the course of treatment and every 3 months after completion 
of treatment. Though workers across the world have doubts about the reliability, sensitivity and specificity58 of 
ESR in diagnosis of tuberculosis33,116. It has been demonstrated that the recovery of patient was associated with 
fall in ESR57. ESR was chosen as marker of activity in these patients because of the following reasons: 
Consistently fall of ESR closely followed the activity of disease in majority of patients in first few months of 
treatment when even MRI is unable to show the healing changes and assessment of improvement is purely 
clinical. Besides, it is cheap, time saving and a reproducible investigation if followed from the same lab. 
In patients not showing clinical improvement and a satisfactory fall in ESR, treatment was extended till the 
normalization of ESR and disappearance of constitutional symptoms. 
 
20 (53%) patients of extraspinal TB received chemotherapy for 6 months and 17 (45%) patients were given 8 
months of chemotherapy. Significant pain relief and a fall in ESR was found at the end of 2 months of intensive 
phase in all cases. On application of statistical analysis this fall at the end of 2 months (p value <0.001) and the 



A Prospective Study To Evaluate The Efficacy Of Short-Term Intermittent Chemotherapy (STIC) As).. 

DOI: 10.9790/0853-1504066166                                 www.iosrjournals.org                                             88 | Page 

end of 6 months (p-value <0.001) was statistically highly significant. Chemotherapy was given to one patient for 
a period of 10 months as his ESR was above normal and constitutional symptoms did not subside . 
So, we can conclude that 98% of extraspinal TB patient can be treated with 8 months of DOTS category-I 
therapy. 
 
 Regarding spinal TB, all of the 56 patients who were followed up showed signs of recovery both in 
terms of ESR and constitutional symptoms. Of these, 13 (23%) did not show any further deterioration 
afterwards till the termination of the treatment at 6 months. The remaining 43 patients (77%) showed some kind 
of deterioration during the continuation phase. Deterioration was inferred from either ESR raised or presence of 
constitutional symptoms or subjective reversal of feeling of well being. On application of statistical analysis 
(student t-test) between patients of spinal tuberculosis who needed extension of continuation phase and those 
who took ATT for 6 months, the fall of ESR at the end of second month of intensive phase was not significant 
(p>0.05) but at the end of 6 month (p<0.05) was statistically highly significant and not by chance alone during 
the course of treatment. 
 
 In the absence of any fixed guidelines, the treatment duration of these patients was extended for further 
two months, three months or four months, the tendency throughout being to terminate the therapy as early as 
clinical symptoms allowed. 
 
 The fall in ESR at the end of 2 months (p-value >0.05) was statistically not significant, however at the 
end of 6 month (p-value <0.05) was found to be statistically significant. This implies that the fall in ESR value 
is not by chance in all forms of tuberculosis whether spinal or extraspinal tuberculosis. So, we can safely say 
that the spinal tuberculosis requires longer duration of therapy than the extraspinal tuberculosis as 94% patients 
required 6-10 months of chemotherapy. 
 
After closely monitoring the patient during the treatment and follow-up in our study, we found that on the basis 
of clinical parameters: 

• Unlike pulmonary kochs where criteria for extension of intensive phase are well defined under DOTS, 
it is not possible to decide whether extension intensive phase will affect the duration of treatment. 

• At 6 months, i.e. at the end of DOTS therapy it is possible to decide the extension of continuation 
phase based on investigation and constitutional symptoms. 

• In our study, we extended the duration of continuation phase at the end of 6 months if there was 
presence of constitutional symptoms or if the fall of ESR was not significant. 

 
 The important question that arises from the above discussion and which was always a dilemma for us 
was whether there was a need for prolonging the duration of intensive phase. This we think should be an 
important question for further research. 
  
In pursuit of the answer to the above question, it can be suggested that future studies be carried out wherein 
 patients are put into 3 groups A, B and C prior to start of treatment. Group A should be given 2 months 
of intensive phase and 4 months of continuous phase; group B should be given 3 month of intensive phase and 4 
months of continuation phase, while group C should be given 4 month of intensive phase and 4 month of 
continuation phase. This scheme will ensure much better statistical comparison. Further it is suggested that if 
required therapy can be continued after the stipulated period in each group but this additional period should not 
be considered in the study. 
 
 20 patients had neurological deficit at the time of presentation with bladder and bowel involvement in 2 
cases. Neurological deficit resolved in 16 cases. 4 cases however had developed spasticity of lower limb. Repeat 
MRI at the end of therapy has showed healed lesion and bone marrow fatty replacement with myelomalacic 
changes. 
 
It was found that patients of TB of spine, hip and knee have to visit the DOTS Centre on alternate days during 
the intensive phase. This protocol goes against the principle of treatment, which requires the patient to be 
immobilized, instead of helping the patient to recover it causes more harm. It should therefore be brought to the 
notice of the authorities that there is a need to have a new look into this aspect. 
 
Weight Gain 
In our study weight gain was found to be a very useful indicator of clinical improvement. Among the spinal 
tuberculosis patients, 54 (96%) had shown increase in weight gain and in extraspinal tuberculosis 36 (95%) 
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patients have shown increase in weight during the course of subjective evaluation and a study to look at an 
objective evaluation would be worthwhile to assess early response to treatment and further follow-up. 
 
 
Drug related complication 
One patient of drug induced hepatitis was seen. She was a 12 year old girl and required dose adjustment and 
symptomatic treatment, the recovery was uneventful. Drug related complication was very low in our series but 
this needs to be proved statistically. 
 
Relapse 
Relapse is associated with all treatment regimens, even if the treatment has been taken religiously with 100% 
compliance and the standard regimen 2 HRZE / 4 HR has a relapse rate of 2 to 3%4. 
 
 During the course of study there was one case of relapse among the patient after 5 months of treatment. 
He had taken ATT for spinal tuberculosis for 8 months. After 5 months of follow-up he came with cervical 
lymphadenopathy, which was proved to be tubercular in origin by FNAC report. Now he is taking ATT under 
DOTS category-II. Longest follow-up was 27 months and shortest follow-up is 6 months. However, a prolonged 
follow-up for 5-10 years is necessary for realizing the potential of short term intermittent chemotherapy in 
osteoarticular tuberculosis (STIC) in preventing relapse. 
 
In this study we have found that DOTS category-I treatment is effective but the duration of treatment is not 
adequate as majority of patient required extension of treatment regime, especially in cases of spinal tuberculosis, 
where only 13 (23%) patients took ATT for 6 months. 
 
It is thus found that 98% of extraspinal cases can be treated with 8 months of DOTS category-I treatment. In 
case of spinal TB 94.6% cases have been adequately treated with 10 months of therapy. With 8 and 6 months of 
therapy, the proportion of cured cases declines to 80% and 23% respectively. Hence, it may be concluded that 
for the treatment of a satisfactory proportion of patient at least 10 months of treatment will be required. 

 
SUMMARY AND CONCLUSION 

 During the study period from December 2013 to December 2015 a total of 94 patients were evaluated 
for osteoarticular tuberculosis, started on ATT i.e. DOTS Category-I and observed for various parameters as 
mentioned in proforma, in the Department of Orthopaedics, ESI Hospital, Basaidarapur, Delhi. 
 
• Osteoarticular tuberculosis has two different patterns of involvement 

- Spinal tuberculosis 
- Extraspinal tuberculosis 

• Spinal tuberculosis is more common (59.6%). It is associated with a greater morbidity and has dreaded 
complications like paraplegia (36%) and loss of control of bladder and bowel function (3.5%). 

• The population involved by spinal tuberculosis is older (86% patients from the second to fifth decade) than 
the extraspinal tuberculosis (87% patients from the first four decades) by a decade. 

• Extraspinally hip (29%), knee (16%), and elbow (11%) are the major joints commonly involved and 
regional distribution in spinal tuberculosis is different in males and females. 

• Majority of spinal patients are housewives most probably as a result of its preponderance in females and a 
decade older than extraspinal TB patients. 

• Majority of extraspinal tuberculosis patients are students probably because of its preponderance in younger 
population. 

• Constitutional symptoms like low grade fever, loss of appetite, loss of weight are common in osteoarticular 
tuberculosis (74%), more so in spinal tuberculosis (89%). 

• Though osteoarticular tuberculosis is a secondary lesion, evidence of pulmonary disease was seen in only 
(13%) of patients. Patients of spinal tuberculosis have a higher rate of old pulmonary koch’s (18%), the 
population affected was older too. 

• Radiographic changes are non-specific, appear late and suggestive of tuberculosis in (44.6%) of cases. 
• MRI is a very useful diagnostic modality especially in cases where X-rays are non-contributory. Signs 

suggestive of tubercular involvement appear early and sensitivity in our series is 100%. 
• ESR was found to be elevated in (99%) of patients. It is a useful contributory factor in diagnosis and 

follow-up of patients. It is also a useful index of disease activity and its fall is statistically significant during 
the course of treatment. 
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• The fall of ESR was not steep in patient who took ATT for more than six months as compared to those who 
took six months of ATT. 

• Diagnosis of osteoarticular tuberculosis can be made in most of the cases if three parameters are positive, 
i.e. presence of constitutional symptoms, raised ESR and positive MRI findings. 

• Diagnosis should be reviewed if patient does not show any improvement after taking ATT for more than 
one month. 

• The demonstration of necrotizing inflammation with granulomas and Langhan’s giant cells in a biopsy is 
more sensitive tool (100%) as compared to demonstration of acid fast bacilli (16.6%). 

• Medical management is the mainstay in osteoarticular tuberculosis. Surgery at its best is an adjunct to 
chemotherapy to deal with complications and to help in diagnosis. 

• WHO short term intermittent chemotherapy (STIC) in osteoarticular tuberculosis, i.e. DOTS category-I was 
found sufficient in (53%) in extraspinal tuberculosis and 23% in spinal TB. 

• MDR TB is rare entity in osteoarticular tuberculosis, as no case was found in our study. 
• There was one case of relapse during the course of study, after 5 months of treatment completion. Longest 

follow-up from time of stopping ATT was 27 months and shortest follow-up was six months. 
• Patients are not able to take adequate rest especially in spinal, hip and knee tuberculosis as they have to go 

to DOTS centre on alternate days, which causes more harm. This calls for a new look on DOTS policy for 
this group 

• Short term intermittent chemotherapy (STIC) i.e. DOTS category-I efficacy is good but not adequate in 
osteoarticular tuberculosis. 

• Success of pulmonary koch’s treatment with DOTS cannot be extrapolated to osteoarticular tuberculosis 
due to different nature of disease. 

• All osteoarticular tuberculosis should be kept in category I group considering serious nature of the disease. 
• It is recommended that further studies be carried out using four months of intensive phase therapy and 

variable period of 4 to 6 months of continuation phase to find out if this might shorten the duration of 
treatment. 

 
The study is not without its limitations 
• Selection bias as only those patients who are ESI, beneficiary came for treatment. A multicentric study at 

several centres and catering to different populations would be more meaningful. 
• Sample size is small. The statistical analysis will be even more relevant if a larger sample is drawn from the 

population. 
• Intensive phase should be increased from two to four months as patient showed good improvement in 

intensive phase as compared to continuation phase. 
• Follow-up period is short. A prolonged follow-up of 5-10 years is essential to ascertain the actual rate of 

relapse. 
 
To conclude, osteoarticular tuberculosis is common orthopaedic problem in India that can be diagnosed early 
with judicious use of clinical evaluation and MRI. DOTS category-I treatment needs to be given for at least 8 
months in extraspinal osteoarticular tuberculosis, which will treat 98% of the patients. Finally DOTS category-I 
treatment needs to be given for at least 10 months in spinal osteoarticular tuberculosis if at least 95% of the 
patients are to be treated. 
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• Case No. 1 (extraspinal TB) 
• A 21 year old female 

• Presented with complaints of pain and swelling left elbow 
• Severe restriction of movement of left elbow 

  
Range of movement at the time of presentation 

 

  
X-ray showing soft tissue swelling, no bony changes 

 

  
Range of movement after the end of treatment 
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X-ray film after completion of treatment 

 
Case No. 02 (Spinal TB) 

A 38 year old male Presented with complaints of pain in back, associated with neurological deficits 

 
X-ray film pre treatment 

 

 
MRI film clearly demonstrate the lesion 
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X-ray film pre treatment 

 
X-ray film after completion of treatment 

 
Clinical picture showing good functional outcome 
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Case No. 03 (Spinal TB) 
A 11 year old male Presented with complain of pain in cervical spine for 1 month 

 
X-ray film at the time of presentation showing paraspinal muscle spasm 

 

 
MRI film clearly demonstrate the lesion 

 

 
 



A Prospective Study To Evaluate The Efficacy Of Short-Term Intermittent Chemotherapy (STIC) As).. 

DOI: 10.9790/0853-1504066166                                 www.iosrjournals.org                                             95 | Page 

  
Clinical pictures showing good functional outcome 

 

 
   X-ray film showing healing after completion of therapy 

 
REFERENCES 

[1]. Editorial tuberculosis: Retrospect and prospect Clinician 1968; 32: 1-2. 
[2]. Park K. Textbook of Preventive and Social Medicine, 17th ed. 2002: 138-52. 
[3]. Tuli SM. General principles of osteoarticular tuberculosis, clinical orthopaedics and related research. Lippincott Williams & 

Wilkins 2002: 11-19. 
[4]. Treatment of tuberculosis. Guidelines for National Programme, 3rd ed. 2003: 35 WHO. 
[5]. Watts HG, Lifeso RM. Tuberculosis of bones and joints. J Bone Joint Surg Am 1996; 78(2): 288-99. 
[6]. Menon MPS (ed). History of tuberculosis. In: Pulmonary Tuberculosis, 2nd ed. New Delhi: National Book Trust; 8-14. 
[7]. Herzog H. History of tuberculosis. Respiration 1998; 65: 5-15. 
[8]. Keers RY. Pulmonary tuberculosis. A journey down the centuries. London: Bailliere-Tundall, 1978. 
[9]. Christopher D. Global epidemiology of tuberculosis. The Lancet 2006; 368: 938-940. 
[10]. Treatment of tuberculosis: Guidelines for National Programmes. World Health Organization, 1997. 
[11]. Raviglion MC, et al. Assessment of worldwide tuberculosis control. Lancet 1997; 350: 624. 
[12]. Starke JR, Smith MHD. Tuberculosis. In Feigin RD, Cherry TD (eds). Textbook of Pediatric Infectious Diseases, 4th ed. London: 

WB Saunders Company; 1998: 1196-239. 
[13]. Treatment of tuberculosis: Guidelines for National Programmes, 3rd ed. 2003, 35, WHO 
[14]. Raviglione MC, Harrison’s Principles of Internal Medicine, 15th ed. 2001: 1024-35. 
[15]. Wilkinson MC. Observations on the pathogenesis and treatment of skeletal tuberculosis. Ann R Coll Surg Engl 1949; 4(3): 168-

71. 
[16]. Mukhopadhyay B. The role of excisional biopsy in the treatment of bone and joint tuberculosis. Ann R Coll Surg Engl 1956; 18: 

288-313. 
[17]. Tuli SM, Srivastava TP, Varma BP, Sinha GP. Tuberculosis of spine. Acta Orthop Scand 1967; 38(4): 445-58. 
[18]. Imaeda T, Coppola KM, Furness G. Deoxyribonucleic acids relatedness among selected strains of M. tuberculosis, M. bovis, 

BCG, M. microti and M. africanum. Int J Sys Bacteriol 1985; 35: 147-50. 
[19]. Wayne LG, Bubica GP. The mycobacteria. In: PHA Sneath, et al (eds). Bergey’s Manual of Systematic Bacteriology. Baltimore, 

Williams & Wilkins, 1989: 1435-57. 
[20]. Girdlestone GR. Tuberculosis of bones and joints. Modern trends in Orthopaedics, series 1, pp 35, Butterworth and Co. London, 

1950. 
[21]. Karlson AG. Mycobacteria of surgical interest. Surg Clin North Am 53: 905-12. 
[22]. Dahl HK. Examination of pH in tubeculous pus. Acta Orthop Scand 1951; 20: 176. 
[23]. Dobson J. Tuberculosis of the spine; an analysis of the results of conservative treatment and of the factors influencing the 

prognosis. J Bone Joint Surg Br 1951; 33-B(4): 517-31. 
[24]. Wilkinson MC. Synovectomy and curettage in the treatment of tuberculosis of joints. J Bone Joint Surg Br 1953; 35-B(2): 209-

23.  



A Prospective Study To Evaluate The Efficacy Of Short-Term Intermittent Chemotherapy (STIC) As).. 

DOI: 10.9790/0853-1504066166                                 www.iosrjournals.org                                             96 | Page 

[25]. Hald J Jr. The value of histological and bacteriological examination in tuberculosis of bones and joints. Acta Orthop Scand 1964; 
35: 91-9. 

[26]. Kemp HB, Jackson JW, Jeremiah JD, Cook J. Anterior fusion of the spine for infective lesions in adults. J Bone Joint Surg Br 
1973; 55(4): 715-34. 

[27]. Masood S. Diagnosis of tuberculosis of bone and soft tissue by fine-needle aspiration biopsy. Diagn Cytopathol 1992; 8(5): 451-
5. 

[28]. Comstock GW. Epidemiology of tuberculosis. Am Rev Respir Dis 1982; 125 (3 Pt 2): 8-15. 
[29]. Selwyn PA, Sckell BM, Alcabes P, Friedland GH, Klein RS, Schoenbaum EE. High risk of active tuberculosis in HIV-infected 

drug users with cutaneous anergy. JAMA 1992; 268(4): 504-9. 
[30]. Carrol ED, Clark JE, Cant AJ. Non-pulmonary tuberculosis. Paediatr Respir Rev 2001; 2(2): 113-9. 
[31]. Tuli SM. Pathology and pathogenesis. In: Tuli SM (ed). Tuberculosis of the skeletal system, 3rd ed. New Delhi: Jaypee Brothers 

Medical Publishers Ltd.; 2004: 9-19. 
[32]. Rook GA, Hernandez-Pando R. T cell helper types and endocrines in the regulation of tissue-damaging mechanisms in 

tuberculosis. Immunobiology 1994; 191(4-5): 478-92. 
[33]. Watts HG, Lifeso RM. Tuberculosis of bones and joints. J Bone Joint Surg Am 1996; 78(2): 288-98. 
[34]. Jellis JE. Human immunodeficiency virus and osteoarticular tuberculosis. Clin Orthop Relat Res 2002; 398: 27-31. 
[35]. Leibert E, Schluger NW, Bonk S, Rom WN. Spinal tuberculosis in patients with human immunodeficiency virus infection: 

clinical presentation, therapy and outcome. Tuber Lung Dis 1996; 77(4): 329-34. 
[36]. Stanford JL, Grange JM. The promise of immunotherapy for tuberculosis. Respir Med 1994; 88(1): 3-7. 
[37]. Bavadekar AV. Osteoarticular tuberculosis in children. Prog Pediatr Surg 1982; 15: 131-51. 
[38]. Tuli SM. Clinical features. In: Tuli SM (ed). Tuberculosis of the skeletal system, 3rd ed. New Delhi: Jaypee Brothers Medical 

Publishers Ltd.; 2004: 191-197. 
[39]. Management of spinal tuberculosis. Current concepts. www.medicalnewstoday.com/medicalnews.php. 
[40]. Konstam PG, Blesovsky A. The ambulant treatment of spinal tuberculosis. Br J Surg 1962; 50: 26-38. 
[41]. Hahn MS. Clinical study of spinal tuberculosis. New Med J 1977; 20: 1-6. 
[42]. Lifeso RM, Weaver P, Hrader PH. Tuberculous spondylitis in adults. J Bone Joint Surg 1985; 64A: 1405-13. 
[43]. Seth V, Kabra SK. Essentials of tuberculosis in children, 2nd ed, Jaypee Brothers 2001: 174-89. 
[44]. Chang JH, Kim SK, Lee WY. Diagnostic issues in tuberculosis of the ribs with a review of 12 surgically proven cases. 

Respirology 1999; 4(3): 244-53. 
[45]. Unuwar E, Oghug F, Sadikoglu B, Siddal M, et al. Calvarial tubeculosis. J Ped Child Health 1999; 35: 221-2. 
[46]. Hsu SH, Sun JS, Chen IH, Liu TK. Reappraisal of skeletal tuberculosis: role of radiological imaging. J Formos Med Assoc 1993; 

92(1): 34-41. 
[47]. Hazra A, Baisakhi L. Chemotherapy of osteoarticular tuberculosis. Ind J Pharmacol 2005; 37: 5-12. 
[48]. Cleveland M, Bosworth DM. Pathology of tuberculosis of spine. JBJS 1942; 24: 527-46. 
[49]. Paus B. Treatment for tuberculosis of the spine. anti-tuberculosis drugs in conjunction with radical operation and short 

hospitalization with no enforced recumbency or immobilization. Acta Orthop Scand Suppl 1964: 72: 1-139. 
[50]. Ahmadi J, Bajaj A, Destian S, Segall HD, Zee CS. Spinal tuberculosis: atypical observations at MR imaging. Radiology 1993; 

189(2): 489-93. 
[51]. al-Mulhim FA, Ibrahim EM, el-Hassan AY, Moharram HM. Magnetic resonance imaging of tuberculous spondylitis. Spine 

1995; 20(21): 2287-92. 
[52]. Arizono T, Oga M, Shiota E, Honda K, Sugioka Y. Differentiation of vertebral osteomyelitis and tuberculous spondylitis by 

magnetic resonance imaging. Int Orthop 1995; 19(5): 319-22. 
[53]. Tuli SM. X-ray appearances and findings on modern imaging. In: Tuli SM (ed). Tuberculosis of the skeletal system, 3rd ed. New 

Delhi: Jaypee Brothers Medical Publishers Ltd.; 2004: 198-224. 
[54]. Mondal A. Cytopathological diagnosis of vertebral tuberculosis with fine needle aspiration biopsy. JBJS 1991; 76: 181-184. 
[55]. Desai SS. Early diagnosis of spinal tuberculosis by MRI. J Bone Joint Surg Br 1994; 76(6): 863-9. 
[56]. Jung NY, Jee WH, Ha KY, Park CK, Byun JY. Discrimination of tuberculous spondylitis from pyogenic spondylitis on MRI. 

AJR Am J Roentgenol 2004; 182(6): 1405-10. 
[57]. Tuli SM. Tuberculosis of skeletal system. 3rd ed. Jaypee Medical Publishers (P) Ltd. 2004. 
[58]. Lodha R, Kabra SK. Newer diagnostic modalities of tuberculosis. Ind J Paediatr 2004; 71: 221-227. 
[59]. What is new in diagnosis of tuberculosis? ICMR Bull 2002; 32: 8. 
[60]. Rooney JJ Jr, Crocco JA, Kramer S, Lyons HA. Further observations on tuberculin reactions in active tuberculosis. Am J Med 

1976; 60: 517-522. 
[61]. Reider HL, Cauthen GM, Bloch AN. Cole CH, Hotman D, Snider DE Je, Bigler WJ, Witte JJ. Tuberculosis and acquired 

immunodeficiency syndrome – Florida. Arch Intern Med 1989; 149: 1268-1273. 
[62]. Glassroth J. Diagnosis of tuberculosis. In: Tuberculosis. A comprehensive International approach. 149-165. Marcel Dekker 1993, 

New York. 
[63]. Sinan T, Hana AK, Ismail M, Ben-Nakhi A, Sheikh M. Spinal tuberculosis: CT and MR features. An Saudi Med 2004; 6: 437-

441. 
[64]. Weaver P, Lifeso RM. The radiological diagnosis of tuberculosis of the adult supine. Skel Radiol 1984; 12: 178-186. 
[65]. Griffith D. Orthopaedic tubeculosis. Bi J Hosp Med 1975; 14: 146-157. 
[66]. Shenai S, Rodrigues C, Mehta AP. Newer rapid diagnostic methods for tubeculosis: A preliminary experience. Ind Tuberc 2004; 

51: 219-230. 
[67]. Li JY, Lo ST, Ng CS. Molecular detection of Mycobacterium tuberculosis in tissues showing granulomatous inflammation 

without demonstrable acid fast bacilli. Diagn Mol Pathol 2000; 9: 67-74. 
[68]. Verettas D, Kazakos C, Tilkeridis C, Dermon A, Petrou H, Galanis V. Polymerase chain reaction for the detection og 

mycobacterium tubeculosis in synovial fluid, tissue samples, bone marrow aspirate and peripheral blood. Acta Orthop Belg 2003; 
69(5): 396-9. 

[69]. Malhan K, Kumar A, Sherman KPL. Use of polymerase chain reaction in diagnosis of occult tuberculosis of the fibula. Acta 
Orthop Belg 2001; 67(5): 510-2. 

[70]. Walksman SA. Antibiotics and tubeculosis. JAMA 1947; 135: 478-485. 
[71]. Fox HH. The chemical attack on tuberculosis. Trans N Y Acad Sci 1953; 15(7): 234-42. 
[72]. Wilson TM. Current therapeutic CXL capreomycin and ethambutol. Practitioner 1967; 199: 817-824. 
[73]. Furezz S. Chemical and biological properties of rifampicin. Antibiot Chemother 1986; 16: 316-351. 



A Prospective Study To Evaluate The Efficacy Of Short-Term Intermittent Chemotherapy (STIC) As).. 

DOI: 10.9790/0853-1504066166                                 www.iosrjournals.org                                             97 | Page 

[74]. Hobby GL, Lenert TF. Observations on the action of rifampin and ethambutol alone and in combination with other 
antituberculous drugs. Am Rev Respir Dis 1972; 105(2): 292-5. 

[75]. Edwards PQ. Tuberculosis, now and the future: short-term therapy, preventive therapy, and bacillus Calmette-Guérin. Bull N Y 
Acad Med 1977; 53(6): 526-31. 

[76]. Barnes PF, Bloch AB, Davidson PT, Snider DE Jr. Tuberculosis in patients with human immunodeficiency virus infection. N 
Engl J Med 1991; 324(23): 1644-50. 

[77]. Devi T Santha. Chemotherapy of tuberculosis: Challenges and solutions. NTI 2000; 36: 13-18. 
[78]. Dickinson JM, Mitchison DA. In vitro studies on the choice of drugs for intermittent chemotherapy of tubeculosis. Tubercle 

1966; 47: 370-380. 
[79]. Mitchison DA. Role of individual drugs in the chemotherapy of tuberculosis. Int J Tuberc Lung Dis 2000; 4(9): 796-806.  
[80]. Kallan BM, Singh K, Aggarwal NP, Singh M. Liver enzyme during treatment with reserve regimen. Int J Tuber 1982; XXIX: 

226-230. 
[81]. Mandell GL, Petri JR. Drugs used in chemotherapy of tuberculosis, M. avium complex disease and leprosy. In: Hardmen JG, 

Gilman AG, Limbird LE (eds). Goodman and Gilman. The Pharmacologic Basis of Therapeutic , ed. 9. New York: McGraw Hill 
1987: 1155-1174. 

[82]. Donomae I. The combined use of capreomycin and ethambutol in re-treatment of pulmonary tuberculosis. Am Rev Respir Dis 
1968; 98(4): 699-702. 

[83]. WHO. Treatment of tuberculosis: Guidelines for national programmes, ed. 2, Geneva, World Health Organization. 
[84]. Cauthen GM, Killburn JO, Kelly GD, Good RC. Resistance to antitubecular drugs in patients with and without prior treatment: 

Survey of 31 state and large city laboratories. Am Rev Respir Dis 1988; 137: 268. 
[85]. Iseman MD. Treatment of multidrug-resistant tuberculosis. N Engl J Med 1993; 329(11): 784-91.  
[86]. Kemper CA, Meng TC, Nussbaum J, et al. Treatment of mycobacterium arium complex bacteria in AIDS with a four drug oral 

regimen – rfampicin, ethambutol, clofazemine and ciprofloxacin. Am Intern Med 1972; 116: 446-472. 
[87]. Young LS. Mycobacterium avium complex infection. J Infect Dis 1988; 157(5): 863-7. 
[88]. Parenti F.  New experimental drugs for the treatment of tuberculosis. Rev Infect Dis 1989; 11: S479-83. 
[89]. Karl Drlica K, Muhammad M Malik, Jian Ying J, Ruth Levitg R. The fluoroquinolones as antitubecular agents. In: Rom WN, 

Stuart Garey (eds). Tubeculosis, 1st ed. London: Little Brown and Co.; 1995: 745-50. 
[90]. Tsukumara M. In vitro antitubeculosis activity of a new antibacterial substance ofloxacin (DL8280). Am Rev Respir Dis 1985; 

131: 348. 
[91]. Allen BW, Mitchison DA, Chan YC, Yew WW, Allan WG, Girling DJ. Amikacin in the treatment of pulmonary tuberculosis. 

Tubercle 1983; 64(2): 111-8. 
[92]. Davidson PT, Le HQ. Drug treatment of tuberculosis--1992. Drugs 1992; 43(5): 651-73. 
[93]. Venkatraman P, Paramasivan CN, Prabhakar R. In vitro activity of capreomycin and ciprofloxacin against South Indian isolates 

of M. tuberculosis. Indian J Tuberc 1993; 40: 21. 
[94]. Grosset JH. New approaches in anti-mycobacterial chemotherapy. Drugs Today 1988; 24: 291-301. 
[95]. O'Brien RJ, Lyle MA, Snider DE Jr. Rifabutin (ansamycin LM 427): a new rifamycin-S derivative for the treatment of 

mycobacterial diseases. Rev Infect Dis 1987; 9(3): 519-30. 
[96]. American Thoracic Society. Treatment of tuberculosis and tuberculous infection in adults and children. Am J Respir Crit Care 

Med 1994; 149: 1359-74. 
[97]. Rastogi N, Goh KS, Labrousse V. Activity of clarithromycin compared with those of other drugs against Mycobacterium 

paratuberculosis and further enhancement of its extracellular and intracellular activities by ethambutol. Antimicrob Agents 
Chemother 1992; 36(12): 2843-6. 

[98]. East Africa, Br Med Res Council. Third Thioacetazone investigation: Isoniazid with thioacetazone in the treatment of pulm 
tuberculosis in East Africa – the effect of an initial streptomycin supplement. Tubercle 1966; 47: 1-32. 

[99]. East African / Br. Med Res Council. Controlled clinical trials of four short course (6 months) regimens of chemotherapy for 
treatment of pulmonary. Third Report, Lancet 1974; ii: 237-40. 

[100]. East Africa / Br Med Res Council. Controlled clinical trials of four short course (6 months) regimen of chemotherapy for 
treatment of pulmonary tuberculosis. Lancet 1973; 1(7816): 1331-1339. 

[101]. Toman K. What were the main landmarks in the development of tuberculosis treatment? In: Toman’s Tuberculosis Case 
Detection, Monitoring, Treatment, 2nd ed. 2004, WHO. 

[102]. Tuli SM. Principles of management of osteoarticular tuberculosis. In: Tuli SM (Ed). Tuberculosis of Skeletal System, 3rd ed. New 
Delhi: Jaypee Brothers Medical Publisher’s Ltd.; 2004: 43-64. 

[103]. Moon MS, Moon YW, Moon JL, Kim SS< Sun DH. Clin Orthop Re Res 2002; 398(1): 40-49. 
[104]. Garicea-Porrua C, Gonzales-Gay MA, Sanchez-Andrade A, Vasquez-Caruncho M. Arthritis in the right great toe as the clinical 

presentation of tuberculosis. Arth Rheum 1998; 41: 374-375. 
[105]. Resnick D, Nigayama G. Osteomyelitis, septic arthritis and soft tissue infections organism in diagnosis of bone and joint disease. 

WB Saunders Company, Philadelphia; 1995: 2448-2558. 
[106]. A controlled trial of six-month and nine-month regimens of chemotherapy in patients undergoing radical surgery for tuberculosis 

of the spine in Hong Kong. Tenth Report of the Medical Research Council Working Party on Tuberculosis of the Spine. Tubercle 
1996; 67: 243-59. 

[107]. Controlled clinical trial comparing a 6-month and a 12-month regimen in the treatment of pulmonary tuberculosis in the Algerian 
Sahara. Algerian Working Group / British Medical Research Council Cooperation Study. Am Rev Respir Dis 1984; 129: 921-8. 

[108]. Upadhyay SS, Saji MJ, Yau AC. Duration of antituberculosis chemotherapy in conjunction with radical surgery in the 
management of spinal tuberculosis. Spin 1996; 21(16): 1898-1903. 

[109]. Loembe PM, Mwnyombet-Ompounga L, Assengone-Zeh Y, Kengue-Lechiombeka PR. Early anterolateral surgery for 
tuberculosis of the lower cervical spine with neurological complications in adult. Our experience in Gabon. Neurochirurgie 2000; 
46: 51-548. 

[110]. Nussbaum S, Rockwold GL, Bergman TA, Erickson DL, Seljeskog EL. Spinal tuberculosis: a diagnostic and management 
challenge. J Neurosurg 1997; 87: 136-8. 

[111]. Moon MS. Tuberculosis of spine. Controversies and a new challenge. Spine 1997; 22: 1791-7. 
[112]. Ramchandran S, Clifton IJ, Collyns TA, Watson JP, Pearson SB. The treatment of spinal tuberculosis: a retrospective study. Int J 

Tub Lung Dis 2005; 9(5): 541-544. 
[113]. Oguz K, Ufuk Ai, Remzi O, Cagatay O. Tuberculosis of the lumbar spine: outcomes after combined treatment with short-course 

two-drug therapy and surgery. Internet J Orthop Surg 2005; 2: 1-18. 



A Prospective Study To Evaluate The Efficacy Of Short-Term Intermittent Chemotherapy (STIC) As).. 

DOI: 10.9790/0853-1504066166                                 www.iosrjournals.org                                             98 | Page 

[114]. Parthasarathy R, Sriram K, Santha T, Prabhakar R, Somasundaram PR, Sivasubramanian S. Short course chemotherapy for 
tuberculosis of the spine. A comparison between ambulant treatment and radical surgery-ten year report. JBJS Br 1999; 81: 464-
71. 

[115]. Biddulph J. Short course chemotherapy for childhood tuberculosis. Ped Inf Dis J 1990; 9: 785-93. 
[116]. Vaughan KD. Extraspinal osteoarticular tuberculosis. A forgotten entity? West Indian Med J 2005; 54(3): 202. 


