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Investigation of outcome measures and anomalous lower 

extremity in osteoarthritis patients with Jumpstart nutrition® 

supplementation 
 

Abstract  

Background: Osteoarthritis (OA) is characterized by cartilage and synovial 

inflammation as well as anomalous lower extremity leading to joint pain, and 

impairment in lifestyle and epidemic of obesity. This study aimed to use the Jumpstart 

Nutrition® supplement (JNS) for achieving symmetry of aberrant lower extremity and 

improving the outcome measures in the management of OA.  

Methods: This week-twelve registry included 108 patients treated with JNS mainly 

comprised of calcium, phosphorus, magnesium, vitamin-K2, coenzyme-Q10, vitamin-C, 

boswellic acids, and curcumin mixed with soy and whey proteins (experimental group) 

and 72 were treated with symptomatic slow-acting drugs (control group) for chronic OA 

confirmed with radiological images. The outcome measures (Visual analogue scale, 

Western Ontario and McMaster Universities Osteoarthritis Index, Knee-injury 

Osteoarthritis Outcomes Scale, and Body mass index), and anomalous lower extremity 

included bilateral: knee gaps between biceps femoris-short head and surface of the bed, 

diameters of muscles at the calf, the thigh, 4cm above and below the patella, angles of 

straight leg raising, knee- flexion and-extension in supine were evaluated with 

appropriate protocol at week-0 and at week-12 for both the groups. 

Results: After week-12, risk ratios of studied lower extremity, and mean ±standard 

deviation of all outcome measures were significantly improved (p<0.0001), and 

Kellgren-Lawrence scale (KLS) was upgraded to ≥2 in experimental group compared to 

control. 

Conclusions: This registry study indicates that JNS can be used to achieve symmetry of 

studied lower extremity and to improve the outcome measures safely as an effective 

management of OA patients confirmed with radiological images correlated with KLS. 

Keywords: Osteoarthrosis, Dietary supplement, Abnormal lower extremity, Aberrant 

outcome measures, Symptomatic slow-acting drugs. 
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Osteoarthrosis (OA) is a major cause of disability and impaired quality of life, with 

a significant impact on healthcare costs (1-2). World Health Organization has reported 

that nearly 130 million people will suffer from OA worldwide by 2050 and the women 

will be almost double of the men over the age of 60 years, constituting a significant 

social burden (3-4). The principal objectives of the treatment of OA are to relive pain, 

to sustain joint flexibility, to optimize joint and limb functions and to enhance quality 

of life. Muscle relaxants may occasionally relieve pain (although they can cause 

significant side effects in the elderly). Oral corticosteroids have generally no role in OA, 

although intra-articular depot corticosteroids can relieve pain and increase joint 

flexibility in selected patients (2). Synthetic hyaluronans (comparable to hyaluronic 

acid) can be injected in the knee joint, obtaining pain relief for prolonged periods of 

time but the effects on the evolution of the disease are limited.   

http://caspjim.com/article-1-2169-en.html
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Therefore, this new evidence could potentially increase 

public interest in the benefits of alternative treatments. 

Currently 69% of patients with OA take some form of 

dietary supplements for their condition as an alternative 

therapy (5) The first choice of supplementary treatment is 

commonly recommended with symptomatic slow-acting 

drugs for osteoarthritis (SYSADOA) which include 

glucosamine sulfate, glucosamine hydrochloride, 

chondroitin sulfate, hyaluronic acid, diclofenac sodium 2%, 

avocado soybean unsaponifiables (ASU) (1:2 avocado and 

soybean oils), and diacerein to be used two times a day (5-

8) to control pain and flexibility of muscles and to control 

erosion of bones temporarily, but all have tremendous side-

effects in the long run (8-13). Non-steroidal anti-

inflammatory drugs (NSAIDs) including cyclooxygenase-2 

(COX-2) inhibitors, either do not modify the disease course 

or have been associated with serious renal and 

cardiovascular effects and gastrointestinal bleeding (14). At 

the same time, the clinical guidelines of these dietary 

supplements are still controversial, and their clinical 

benefits or herms have not been established.  

In this study, Jumpstart Nutrition® supplement (JNS) is 

suggested as the most effective with low cost alternative in 

the management of OA (15) The JNS is composed of 

calcium, phosphorus, magnesium, and iron as minerals 

required for improving bones and muscles health, 

coenzyme- Q10 (ubiquinone), vitamin-K2 (menaquinone), 

vitamin-C, folic acid, and vitamin-D2 as essential vitamins 

required for muscles and bones, boswellic acids and 

curcumin as antioxidants for relieving pain, inflammation, 

and stiffness of muscles and  natural protein powers of soy 

and whey for promoting mainly bone growth and muscle 

strength, according to their dietary reference intakes as 

recommended by the Food and Nutrition Board of the 

Institute of Medicine, National Academy of Sciences 

(Washington, DC, USA) (16-18) to treat OA patients. 

Compared to the conventional supplementary treatment 

with SYSADOA (5-8). 

Furthermore, it is  to be noted that nano curcumin (19) 

and boswellic acids (20) contained in JNS have proven to 

inhibit activation of nuclear factor kappa B (NF-kB) (21-22) 

a potent inducer of chronic inflammation and pain (23) 

whereas, calcium, phosphorus, vitamin-K2, coenzyme-Q10, 

vitamin C, folic acid contained in JNS have proven to inhibit 

the strength of the muscles, thereby the gap between the 

tibiofemoral and patella-femoral joints increased because of 

coenzyme Q10  (24-26) and at the same time, osteoblasts 

(cells that build up) produce inactive osteocalcin and it 

needs vitamin K2 to become fully activated and bind 

calcium to make the skeleton stronger and less susceptible 

to fracture (27) Again, the matrix Gla protein (MGP) of 

vitamin- K2 is a central calcification inhibitor produced by 

the cells of vascular smooth muscles and regulates the 

potentially fatal accumulation of calcium which keeps 

calcium from accumulating in the walls of blood vessels 

(28). 

The aim of this present supplement registry study was to 

conduct a pilot assessment of a new preparation (JNS) in 

subjects with OA, to maintain the symmetry in the lower 

extremity correlated with radiographic changes evaluated 

by Kellgren-Lawrence grading scale (29) and substantial 

improvement of pain and functional activities evaluated by 

visual analogue scale (VAS) (30) The Western Ontario and 

McMaster Universities Osteoarthritis Index (WOMAC) 

(31) Knee-injury and osteoarthritis outcome score (KOOS) 

(32) and Body mass index (BMI) (33) cost-effectively in 

comparison with OA subjects treated with SYSADOA (5-

8).  

 

 

Methods 

Recruitment of patients: Out of 369 approached cohorts, a 

total of 334 Indian patients of different ethnics group, aged 

45 to 75 years old, suffering for more than six years with 

OA who were treated at OPTM Health Care (P) Ltd 

(License Number 34218956 under The West Bengal 

Clinical Establishment Act 1950, India) from November 

2018 to January 2019. Were included in this 12-week 

registry. OPTM Research Institute Ethics Committee has 

evaluated and approved the present study protocol. An 

institutional review board-approved consent form for the 

physical examination, and radiological images required for 

the study was signed by all patients in the first phase of the 

screening procedure. The eligibility criteria for this study 

were age between 45-75 years, clinical knee OA confirmed 

by radiography (osteophytes and/or joint space narrowing 

assed by radiologist), continues ongoing or recurrent 

chronic pain more than three to six months, and a BMI>30 

kg/m2. 

Exclusion criteria: One hundred fifty-four of 334 patients 

with concomitant diseases or risk conditions requiring drug 

treatment, severe metabolic disorders, drugs/alcohol 

addiction and /or psychiatric diseases, oncological 

conditions, pregnant, planned conception, multiple drug 

dependence, a history of cancer including caranomatosis 

and granulocytic leukemia, a history of chronic liver, 

kidney, and heart diseases, patients with amputated legs and 

also patients who did not agree to a physical and 

radiological evaluations, and /or attend weekly follow-up 

visits were all included in exclusion criteria. 

Study design: After evaluating the exclusion criteria, 108 

of the remaining 180 patients suffering with acute OA 

confirmed with radiological images having severe pain with 

disable lifestyle because of abnormal lower anatomical 
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features were treated with JNS considered as experimental 

patients and the remaining 72 subjects were treated with 

with symptomatic slow-acting drugs for osteoarthritis 

(SYSADOA) which include glucosamine sulfate, 

glucosamine hydrochloride, chondroitin sulfate, hyaluronic 

acid,diclofenac sodium 2%, avocado soybean 

unsaponifiables (ASU) (1:2 avocado and soybean oils), and 

diacerein considered as control subjects. The study flow 

chart according to consolidated standards of reporting trials 

is shown in figure 1. The gender-wise classifications of age 

groups 45-55, 56-65, and 66-75 years of the subjects for 

both the groups are shown in figures 2-3.  

Evaluation of anatomical features: Physical examinations 

were evaluated at week 0 at week 12 of post-treatment 

including anatomical measurements such as bilateral gap at 

the knees between the point of short head of the biceps 

femoris at the lateral knee and the surface of the bed while 

supine (KGB), bilateral diameter of muscles at the thighs 

(DTM), bilateral diameter of muscles of the calves (DCM), 

bilateral diameter of muscles connected with the knee joints 

4 cm above the patella (DAP) and 4 cm below the patella 

(DBP), bilateral straight legs raising in supine (SLR), 

bilateral angles of flexion insupine (KFS), and bilateral 

angles of extension in supine (KES). 

A meter scale was used to measure KGB. The parameters 

of DTM, DCM, DAP and DBP were measured using a 

meter tape and a goniometer was used for straight leg 

raising, flexion and extension measurements based on the 

American Academy of Orthopedic Surgeons (AAOS) ,1965 

(34). The mean, standard deviation (SD), and their mean 

differences (MDs), 95% confidence intervals (CIs), and p-

values, risk ratios, correlation coefficient and their p-values 

were evaluated at week 0 and at week 12 for both the groups 

according to their age groups of 45-55, 56-65; and 66-75 

years.  

Evaluation of pain under visual analogue scale: Visual 

analogue scale (VAS) for pain is a one-dimensional 

measure of pain intensity[30] Observation of patient’s 

perceived symptoms of pain intensity in the last 24 hours 

was point out on the line of 100 mm. The pain intensity 

marked as no pain (0-4 mm), mild pain (5-44 mm), 

moderate pain (45-74 mm), and severe pain (75-100 mm) 

separately for right leg, left leg, and lower back pain under 

the scale was evaluated for each patient at the baseline and 

at the end of 12-week for both the groups. Their mean, SD, 

and p-values, and the mean percentage of improvement and 

declination were evaluated at the end of 12-week for all the 

patents separately. 

Evaluation of pain, stiffness and physical function under 

the Western Ontario and McMaster Universities 

Osteoarthritis Index: The scoring data for pain, stiffness 

and functional disability of individual patient were 

evaluated by using the Western Ontario and McMaster 

Universities Osteoarthritis Index (WOMAC) as per method 

followed by previous researcher (31) The mean, SD and p-

values and the improvementand declination of pain, 

stiffness and physical functional abilities were evaluated at 

week 12 for all the patents for both the groups separately. 

Evaluation of Knee-injury Osteoarthritis Outcomes 

Scale: The Knee-injury Osteoarthritis Outcomes Scale 

(KOOS) developed by Ewa Roos and co-authors in the 

1990s to assess the patient’s opinion about their knee and 

associated problems including quality of life as an 

instrument (32) A Likert scale is used and all items have 

five possible answer options scored from 0 to 4 and each of 

the five scores is calculated as the sum of the items included. 

It holds 42 items in five separately scored subscales 

experienced during last week such as pain (0-36); other 

symptoms (0-28); function, daily living or activities of daily 

living (ADL) (0-68); function, sport and recreation 

activities (0-20); and quality of life (QOL) (0-16). Scores 

are transformed to a 0-100 scale with zero representing 

extreme knee problems and 100 representing no knee 

problems as common in orthopedic assessment scales and 

generic measures. Scores between 0 and 100 represent the 

percentage of total possible score achieved. All the scoring 

data under KOOS were evaluated separately for each cohort 

of experimental and control groups at week 0 and week 12. 

Their mean, SD and p-values for both overall and separately 

by gender were also graphically evaluated. The knee-injury 

osteoarthritis outcomes scale (KOOS) was developed by 

Ewa M. Roos and co-authors in the 1990s to assess the 

patient’s opinion about their knee and associated problems 

as an instrument (32).  

Evaluation of Body mass index:Body weight in kilogram 

was measured without shoes or heavy clothing using an 

electronic scale. Height in meter was measured without 

shoes using a wall-mounted stadiometer (33) Body mass 

index (BMI, kg/m2) was calculated for all the patients based 

on measured weights and heights at pre- and post-treatment 

for both the groups. Their mean, SD and p-values and the 

improvement and declination were evaluated at week 12 for 

all the patents separately 

Evaluation of radiological images with the Kellgren-

Lawrence grading scale: The Kellgren and Lawrence 

system is a common method of classifying the severity of 

knee osteoarthritis (OA) developed by Kellgren et al. (29) 

The KL classification was originally described using 

anterior-posterior (AP) knee radiographs based on the five 

grades such as Grade 0, which demonstrates no 

radiographic features of OA present; Grade 1, which 

demonstrates doubtful joint space narrowing (JSN) with 

possible osteophyte lipping; Grate 2, which demonstrates 

possible JSN with definite osteophyte formation; Grade 3, 
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which demonstrates definite JSN, moderate osteophyte 

formation, some sclerosis and possible deformity of bony 

ends and Grade 4, which demonstrates large osteophyte 

formation, severe JSN with marked sclerosis and definite 

deformity of bony ends. Radiological images for both knee 

joints of 180 patients were collected, both anterior-posterior 

(AP) and lateral views, at week 0 and week 12. The AP 

views of the knee joints of 180 patients were assessed by K-

L grading scale. The AP view of knee joints x-ray images 

of two such patients, (before and after the treatment) are 

separately evaluated for both the groups.  

Management of supplement studies: The formulation of 

the JNS has been scientifically evaluated by Nanophyto 

wellness Pvt Ltd, Kolkata, India. As discussed in the 

previous study (15) the pharmacokinetics of the ingredients 

used in the supplement along with their dietary reference 

intakes (DRIs) as recommended by the Food and Nutrition 

Board of the Institute of Medicine, National Academy of 

Sciences (USA) (16) has been strictly scrutinized by the 

Food Safety and Standards Authority of India (FSSAI) 

before issuing the license (bearing the number 

10018031002579) to the company for distribution of the 

products (17-18). 

It is composed of 747 mg of minerals (calcium, 

phosphorus, magnesium, iron in the ratio 5:4: 2:0.21), 

125.13 mg of vitamins (coenzyme-Q10, vitamin-C, folic 

acid, vitamin-K2, and vitamin-D2 in the ratio  100mg: 25mg: 

100µg: 20µg: 8µg), and 275 mg of phytonutrients 

(boswellic acids and curcumin in the ratio 8:3) mixed with 

soya and whey proteins in the ratio 2:1 to make a dose of 25 

g per serving with 250 ml of cold water. The minerals were 

collected from Mitushi Biopharma, Ahmedabad, Gujarat, 

India, vitamins were collected from Herbo Nutra, Razapur 

Khurd, New Delhi and other phytonutrients were collected 

from Sami Labs Ltd, Bangalore, India, and protein powders 

were collected from Kiwi Nutritech, Chennai, India. 

All subjects were treated according to the best available 

therapeutic strategy (standard management) or their 

condition.  

In addition, during the registry period, patients in the 

experimental group could use 25g power of JNS mixed with 

250 ml of water a day, to alleviate their symptoms. The 

dosage was calculated based on previous reports done by 

the several researchers (16-17, 35). The aim of the 

supplement studies is to define the field of active evaluation 

of supplements and possible activation of reducing pain to 

improve the lifestyle by enhancing the symmetrical 

balances in the lower extremity or to other management 

plans. The following rules were adopted for the use of 

supplements in this study: 

 As the supplements are not drugs, they are not 

prescribed but recommended for the improvement of the 

levels of outcome measures and lower anatomical 

parameters during the management of OA. 

 The supplement is used in addition to the best 

management/ care, if available, based on appropriate 

international guidelines. 

 There is no interference with any other treatment or 

preventive measure while using the supplement. 

 A register is always maintained for the evaluation of 

these studies. 

 The supplement is not very costly and easily available in 

the market without prescription. 

 The patients considered as experimental subjects are 

those who have consumed the supplement continuously 

for week 12 as per register. 

 A possible placebo effect is explained, and no placebo 

is used.  

 Safety and tolerability were strictly evaluated.  

External study reviewers: All results and data before and 

after the treatment were evaluated by an external reviewing 

panel consisting of a biostatistician, a radiologist, and a 

general medical practitioner, not in contract with the 

registry patients.  

Evaluation of the interrater reliabilities and the degree 

of accuracy of data: The agreement between the interrater 

reliabilities and the degree of accuracy for all the anatomical 

parameters of patients treated with JNS compare to control 

subjects according to the   Cohen’s Kappa (k) values were 

evaluated.   

Data collection and statistical analysis: The primary aim 

was to investigate group diffences after the intensive 

treatment programme for 12 weeks with JNS and 

SYSADOA of the study participants.Data were summarized 

using descriptive statistics for continuous variables (e.g., 

mean, standard deviation, number of patients, minimum, 

maximum), frequency tables, and 95% confidence intervals. 

 Statistical analyses were done using software (Graph Pad 

Prism, Version,5.0) with repeated measures for student-t 

test to determine significant values at p<0.05 level along 

with risk ratios, among two variables for measuring 

different improvement parameters of female-only and male-

only patients separately. Intra- and inter-observer was 

determined using kappa statistics for anatomical 

parameters. An alpha level of 5% was established i.e., a p-

value less than 0.05 was considered statistically significant.  

 

 

Results 

Enrolment and baseline characteristics of patients: 

Three-hundred thirty-four patients were screened out of 369 

approaches. A total of 180 patients met the inclusion criteria 

and were enrolled.  Finally, 108 patients were selected in 

experimental group and 72 were in control group (figure 1). 
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The gender-wise analyses of age groups of 45-55, 55-65, 

and 65-75 years, for both the groups were shown in figures 

2-3. In India, people with different ethnic groups have 

different types of food habits and take different kinds of 

food at the old age. They are also suffering with other 

disorders and take the help of different kinds of orthotics in 

OA. Therefore, in the baseline data analyses, Indian ethnic 

groups, food habits, other habits, multiple complaints are 

taken into consideration and shown in table 1. In both 

groups, women with OA changes are more prevailing than 

men by 14.38% and 15.28% with the age group of 65-75 

years in the experimental and control groups respectively. 

All the patients were suffering from OA with severe pain, 

deterioration of daily lifestyle and restricted movement of 

lower extremity due to bone erosion and skeletal muscle 

damaged confirmed by radiological images.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Study flow chart according to Consolidated Standards of Reporting Trials (CONSORT) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Classification of age groups (45-55, 56-65 and 66-75 years) of 108 experimental patients, 36male-only and 

72female-only using Jumpstart Nutrition® supplement 
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Figure 3. Classification of age groups (45-55, 56-65 and 66-75 years) of 72 control patients, 27 male-only and 45 female-

only without using Jumpstart Nutrition® supplement 

 

Table 1. Demographic data and baseline characteristics of the study subjects 

Characteristic 

Experimental group Control group 

Female Male Female Male 

No of subjects (%) 72 (66.67) 36 (33.33) 45 (62.50) 27 (37.50) 

Mean age (SD) in years 64.89 (11.87) 64.37 (10.51) 63.88 (12.12) 65.12 (14.77) 

Mean weight (SD) in kg 77.78 (6.17) 82.73 (6.19) 75.85 (7.32) 79.89 (7.77) 

Mean height (SD) in meter 1.55 (0.92) 1.58 (0.88) 1.56 (0.93) 1.59 (0.98) 

Mean BMI (SD) in kg/m² 32.51 (0.66) 33.51 (0.71) 30.77(0.82) 31.61 (0.98) 

Mean symptom duration in years (SD) 6.82 (1.73) 7.72 (1.68) 6.82 (2.71) 7.17 (2.83) 

Indian ethnic group (%) 

Bengali 24 (33.33) 8 (22.22) 8 (17.78) 6 (22.22) 

Gujrati 9 (12.50) 5 (13.89) 5 (11.11) 3 (11.11) 

Marwaree 8 (11.11) 4 (11.11) 6 (13.33) 4 (14.81) 

Marathi 7 (9.72) 4 (11.11) 6 (13.33) 2 (7.41) 

Tamil 6 (8.33) 5 (13.89) 5 (11.11) 3 (11.11) 

Punjabi 6 (8.33) 4 (11.11) 6 (13.33) 5 (18.52) 

Shindhi 7 (9.72) 3 (8.33) 4 (8.89) 2 (7.41) 

North East India 5 (6.94) 3 (8.33) 5 (11.11) 2 (7.41) 

Dietary habits (%) 

Vegetarian 37 (51.39) 21 (58.33) 31 (68.89) 15 (55.56) 

Non- vegetarian 35 (48.61) 15(41.67) 14 (31.11) 12 (44.44) 

Other habits (%) 

Smoking 12 (16.67) 6 (16.67) 11(24.44) 11 (40.74) 

Drinking alcohol 8(11.11) 2 (5.56) 9 (13.33) 12(44.44) 

Drinking tea and coffee 31 (43.06) 16 (44.44) 29 (54.44) 18 (66.67) 

Chewing tobacco 7 (9.72) 1 (2.78) 5(11.11) 4 (14.81) 
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Characteristic 

Experimental group Control group 

Female Male Female Male 

Work status (%) 

Employed fulltime 4 (5.56) 3 (8.33) 5 (11.11) 3 (11.11) 

Employed part time 3 (4.17) 2 (5.56) 2 (4.44) 2 (7.41) 

Housewife / Home- maker 58 (80.56) 0.00(0.00) 32 (71.11) 0.00(0.00) 

Retired 4 (5.56) 23 (63.89) 4 (8.89) 19(70.37) 

Self employed 3 (4.17) 8 (22.22) 2 (4.44) 3 (11.11) 

Marital status (%) 

Single 2 (2.78) 2 (5.56) 2 (4.44) 1(3.70) 

Married 49 (68.06) 21 (58.33) 35 (77.78) 21 (77.78) 

Separated 2 ((2.78) 2 (5.56) 1 (2.22) 1(3.70) 

Divorced 1 (1.39) 2 (5.56) 2 (4.44) 2(7.41) 

Widowed 18 (25.00) 9 (25.00) 5 (11.11) 2(7.41) 

Multiple complaints or comorbidities (%) 

Constipation 69 (95.83) 31 (86.11) 39 (886.67) 21(77.78) 

Acidity and reflux 68 (94.44) 29 (80.56) 35(77.78) 19 (70.37) 

Insomnia 67(93.06) 28 (77.78) 3168.89) 15 (55.56) 

Varicose veins 31 (43.06) 21(58.33) 19 (42.22) 11(40.74) 

Urinary incontinence 33 (45.83) 22 (61.11) 29 (64.44) 21(77.78) 

Crepitus during knee flexion 66 (91.67) 31(86.11) 38 (84.44) 1866.67) 

Morning stiffness (<30 min.) 65 (90.28) 28 (77.78) 36 (80.00) 17 (62.96) 

Measures taken to diminish pain and inflammation (%) 

Kneecap uses 68 (94.44) 31 (86.11) 23 (51.11) 15 (55.56) 

Lumbar belt uses 45 (62.50) 25 (69.44) 11 (24.44) 8 (29.63) 

Paracetamol and NSAID use 71 (98.61) 24 (66.67) 41 (91.11) 23 (85.19) 

Arthrocentesis (four months ago) 31 (43.06) 12 (33.33) 13 (28.89) 8 (29.63) 

Use of hyaluronic acid injection 32 (44.44) 27 (75.00) 21 (46.67) 6 (22.22) 

Use of corticosteroid injection 28 (38.89) 29 (80.56) 9 (20.00) 4 (14.81) 

Massage with herbal or other gels 71 (98.61) 34 (94.44) 41 (91.11) 21 (77.78) 

Homeopathic treatment 69 (95.83) 35(97.22) 39 (86.67) 23 (85.19) 

Ayurvedic treatment 71 (98.61) 34 (94.44) 43 (95.56) 24 (88.89) 

Stick/walker use 33 (45.83) 19 (52.78) 21 (46.67) 17 (62.96) 

SD: standard deviation; KOA: knee-osteoarthritis; NSAID: non-steroidal anti-inflammatory drug. 

 

 

Anatomical parameters: In the experimental group, the 

measurements of KGB, DAP and DBP were all reduced and 

DCM and DTM were all increased and observed to be 

symmetrical for both the legs at week 12 and were highly 

significant (p<0.0001) when compared to the control group 

(tables 2A-3B) But they were not significant and remained 

as asymmetrical in the control group at week 12 when 

compared to week 0 (tables 2A-3B). 
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Table 2A. Age group wise analyses of mean and standard divisions of KGB, DAP and DBP of 72 control patients, 

female (n=45), male (n=27) and 108 experimental patients, female (n=72), male (n=36) at week 0 and week 12 

P
a

ra
m

et
er

 

A
g

e 
g

ro
u

p
 

Gender 

Control group Experimental group 

At week 0 At week12 At week 0 At week12 

Right leg Left leg Right leg Left leg Right leg Left leg Right leg Left leg 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

K
G

B
 i

n
 c

m
 

4
5

-5
5
 

Female 

(nᶜ=4, nᵉ=6)  
 

6.61 

(1.81) 

6.94 

(1.97) 

6.60  

(1.70) 

6.90 

(1.89) 

6.60 

(1.70) 

6.70 

(1.89) 

3.05 

(0.27) 

3.05 

(0.27) 

Male 

(nᶜ=3, nᵉ=4) 

7.01  

(1.98) 

7.98 

(2.39) 

6.98  

(1.86) 

7.92 

(2.16) 

5.98 

(1.86) 

6.14 

(2.16) 

3.20 

(0.27) 

3.20 

(0.27) 

5
5

-6
5
 Female 

(nᶜ=14, nᵉ=16) 

9.20 

(1.76) 

10.12 

(2.21) 

8.68  

(1.86) 

9.73  

(2.13) 

7.68 

(1.86) 

7.83 

(2.13) 

3.56 

(0.31) 

3.56 

(0.31) 

Male 

(nᶜ=8,nᵉ=10) 

8.85 

(2.21) 

9.42 

(2.31) 

8.43  

(2.36) 

9.11 

(2.59) 

7.43 

(2.36) 

8.12 

(2.59) 

3.76 

(0.18) 

3.76 

(0.18) 

6
5

-7
5
 Female 

(nᶜ=27,nᵉ=50) 

11.08  

(1.53) 

11.78 

(1.35) 

10.76  

(1.49) 

11.56 

(1.56) 

9.95 

(1.49) 

10.40 

(1.56) 

3.78 

(0.21) 

3.78 

(0.21) 

Male 

(nᶜ=16,nᵉ=22) 

9.13 

(1.19) 

10.23 

(1.52) 

8.92 

(1.24) 

9.98 

(1.41) 

8.52 

(1.24) 

8.74 

(1.41) 

3.75 

(0.21) 

3.75 

(0.21) 

4
5

-7
5
 Female 

(nᶜ=45,nᵉ=72) 

10.1 

(1.63) 

10.83 

(1.72) 

9.74 

(1.63) 

10.58 

(1.79) 

9.17 

(1.63) 

9.52 

(1.79) 

3.67 

(0.25) 

3.67 

(0.25) 

Male 

(nᶜ=27,nᵉ=36) 

8.81 

(1.65) 

9.74 

(1.89) 

8.56 

(1.92) 

9.49 

(1.72) 

7.94 

(1.72) 

8.28 

(1.92) 

3.69 

(0.21) 

3.69 

(0.21) 

D
A

P
 i

n
 c

m
 

4
5

-5
5
 Female 

(nᶜ=4, nᵉ=6) 

42.70  

(2.76) 

42.31 

(3.29) 

42.59 

(2.86) 

42.18 

(3.34) 

42.59 

(2.86) 

42.18 

(3.34) 

40.45 

(3.42) 

40.45 

(3.42) 

Male 

(nᶜ=3, nᵉ=4) 

43.11  

(3.87) 

42.61 

(3.19) 

42.80 

(4.04) 

42.50 

(3.32) 

42.80 

(4.04) 

42.50 

(3.32) 

37.80 

(1.64) 

37.80 

(1.64) 

5
5

-6
5
 Female 

(nᶜ=14, nᵉ=16) 

42.68  

(6.99) 

42.88 

(7.01) 

42.57 

(7.08) 

42.80 

(7.13) 

42.57 

(7.08) 

42.80 

(7.13) 

40.13 

(7.01) 

40.13 

(7.01) 

Male 

(nᶜ=8,nᵉ=10) 

41.39 

(4.11) 

41.56 

(3.71) 

41.31 

(4.20) 

41.50 

(3.90) 

41.31 

(4.20) 

41.50 

(3.90) 

38.00 

(3.96) 

38.00 

(3.96) 

6
5

-7
5
 Female 

(nᶜ=27,nᵉ=50) 

42.90 

(3.66) 

43.32 

(3.68) 

42.81 

(3.96) 

43.26 

(3.89) 

41.91 

(3.96) 

41.99 

(3.89) 

39.64 

(3.85) 

39.64 

(3.85) 

Male 

(nᶜ=16,nᵉ=22) 

42.02 

(4.98) 

42.45 

(4.58) 

41.61 

(4.68) 

42.34 

(4.71) 

40.85 

(4.68) 

41.15 

(4.71) 

38.13 

(3.77) 

38.13 

(3.77) 

4
5

-7
5
 Female 

(nᶜ=45,nᵉ=72) 

42.81 

(4.89) 

43.09 

(4.94) 

42.72 

(5.07) 

43.02 

(5.09) 

42.11 

(5.07) 

42.19 

(5.09) 

39.82 

(5.02) 

39.82 

(5.02) 

Male 

(nᶜ=27,nᵉ=36) 

41.95 

(4.63) 

42.2 

(4.22) 

41.65 

(4.48) 

42.11 

(4.36) 

41.19 

(4.48) 

41.4 

(4.36) 

38.06 

(3.69) 

38.06 

(3.69) 

D
B

P
 i

n
 c

m
 

4
5

-5
5
 Female 

(nᶜ=4, nᵉ=6) 

33.79  

(2.81) 

34.34 

(2.98) 

33.73 

(2.71) 

34.18  

(2.87) 

33.73 

(2.71) 

33.68 

(2.87) 

32.65 

(2.65) 

32.65 

(2.65) 

Male 

(nᶜ=3, nᵉ=4) 

34.81  

(2.55) 

34.71 

(2.21) 

34.70  

(2.66) 

34.60  

(2.38) 

34.70 

(2.66) 

34.60 

(2.38) 

31.20 

(0.84) 

31.20 

(0.84) 

5
5

-6
5
 Female 

(nᶜ=14, nᵉ=16) 

35.49 

(5.12) 

36.41 

(5.25) 

35.41 

(5.38) 

36.32 

(5.34) 

35.30 

(5.38) 

35.52 

(5.34) 

34.30 

(5.32) 

34.30 

(5.32) 

Male 

(nᶜ=8,nᵉ=10) 

34.75  

(2.15) 

35.33 

(2.41) 

34.73 

(2.55) 

35.26 

(2.52) 

34.73 

(2.55) 

35.12 

(2.52) 

31.73 

(2.98) 

31.73 

(2.98) 

6
5

-7
5
 Female 

(nᶜ=27,nᵉ=50) 

35.09  

(2.87) 

35.92 

(2.77) 

35.01 

(3.07) 

35.85 

(2.99) 

34.66 

(3.07) 

34.59 

(2.99) 

33.51 

(2.95) 

33.51 

(2.95) 

Male 

(nᶜ=16,nᵉ=22) 

35.01 

(3.86) 

35.83 

(4.37) 

34.96 

(4.04) 

35.78 

(4.18) 

34.18 

(4.04) 

34.25 

(4.18) 

32.28 

(3.92) 

32.28 

(3.92) 

4
5

-7
5
 Female 

(nᶜ=45,nᵉ=72) 

35.1 

(3.71) 

35.93 

(3.74) 

35.02 

(3.91) 

35.85 

(3.87) 

34.68 

(3.91) 

34.8 

(3.87) 

33.61 

(3.83) 

33.61 

(3.83) 

Male 

(nᶜ=27,nᵉ=36) 

34.91 

(3.31) 

35.56 

(3.7) 

34.86 

(3.53) 

35.49 

(3.6) 

34.39 

(3.53) 

34.53 

(3.6) 

32.01 

(3.47) 

32.01 

(3.47) 

KGB: knee gap between the point of short head of the biceps femoris at the lateral knee and the surface of the bed; DAP: diameter of 
muscles connected with the knee joints 4 cm above the patella; DBP: diameter of muscles connected with the knee joints 4 cm below the 

patella; SD: standard deviation; nᶜ: number of patient in control group, nᵉ: number of patient in experimental group 
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Table 2B. Age group wise changes in knee gaps between biceps femoris-short head and surface of the bed (KGB) and 

diameters of muscles at 4 cm above and below the patella in control group, female (n=45) and male (n=27) from week 0-

12, in experimental group female (n=72) and male (n=36) from week 0-12 and control-vs-experimental group at week 12 

P
a

ra
m

et
er

 

A
g

e 
g

ro
u

p
 

Gender 

Changes in control group  

from week 0 to week 12 

Changes in experimental group  from week 

0 to week 12 

Changes in control -vs- experimental group  

at week 12 

Right leg Left leg Right leg  Left leg  Right leg  Left leg  

MD 

(95% CI) 

MD 

(95% CI) 

MD 

(95% CI) 
p-value 

MD 

(95% CI) 
p-value 

MD 

(95% CI) 
p-value 

MD 

(95% CI) 
p-value 

K
G

B
 i

n
 c

m
 

4
5

-5
5
 

Female 

(nᶜ=4, nᵉ=6) 

*-0.01 

(-3.05, 3.03) 

*-0.04 

(-3.38, 3.30) 

-3.55 

(-4.63, -2.47) 
<0.0001 

-3.66 

(-4.85, -2.45) 
<0.0001 

-3.55 

(-5.13, -1.97) 
0.0008 

-3.85 

(-5.61, -2.09) 
0.001 

Male 

(nᶜ=3, nᵉ=4) 

*-0.03 

(-4.38, 4.32) 

*-0.06 

(-5.22, 5.10) 

-2.78 

(-4.72, -0.84) 
0.011 

-2.94 

(-5.18, -0.69) 
0.017 

-3.78 

(-6.13, -1.43) 
0.009 

-4.72 

(-7.43, -2.01) 
0.0066 

5
5

-6
5
 

Female 

(nᶜ=14, nᵉ=16) 

*-0.52 

(-1.93, 0.89) 

*-0.39 

(-2.08, 1.30) 

-4.12 

(-4.81, -3.43) 
<0.0001 

-4.27 

(-5.06, -3.48) 
<0.0001 

-5.12 

(-6.00, -4.15) 
<0.0001 

-6.17 

(-7.77, -5.07) 
<0.0001 

Male 

(nᶜ=8,nᵉ=10) 

*-0.42 

(-2.87, 2.03) 

*-0.31 

(-2.94, 2.32) 

-3.67 

(-5.02, -2.31) 
<0.0001 

-4.36 

(-5.85, -2.87) 
<0.0001 

-4.67 

(-6.24, -3.09) 
<0.0001 

-5.35 

(-7.08, -3.62) 
<0.0001 

6
5

-7
5
 

Female 

(nᶜ=27,nᵉ=50) 

*-0.32 

(-1.14, 0.51) 

*-0.22 

(-1.02, 0.58) 

-6.19 

(-6.58, -5.80) 
<0.0001 

-6.64 

(-7.05, -6.23) 
<0.0001 

-6.98 

(-7.41, -6.55) 
<0.0001 

-7.78 

(-8.22, -7.34) 
<0.0001 

Male 

(nᶜ=16,nᵉ=22) 

*-0.21 

(-1.09, 0.67) 

*-0.25 

(-1.31, 0.81) 

-4.77 

(-5.19, -4.35) 
<0.0001 

-4.99 

(-5.46, -4.52) 
<0.0001 

-5.17 

(-5.71, -4.13) 
<0.0001 

-6.23 

(-6.85, -5.61) 
<0.0001 

4
5

-7
5
 

Female 

(nᶜ=45,nᵉ=72) 

*-0.36 

(-1.04, 0.32) 

*-0.25 

(-0.98, 0.48) 

-5.5 

(-5.88, -5.12) 
<0.0001 

-5.85 

(-6.27, -5.43) 
<0.0001 

-6.07 

(-6.46, -5.68) 
<0.0001 

-6.91 

(-7.33, -6.49) 
<0.0001 

Male 

(nᶜ=27,nᵉ=36) 

*-0.25 

(-1.23, 0.73) 

*-0.25 

(-1.24, 0.74) 

-4.25 

(-4.83, -3.67) 
<0.0001 

-4.59 

(-5.23, -3.95) 
<0.0001 

-4.87 

(-5.51, -4.23) 
<0.0001 

-5.80 

(-6.38, -5.22) 
<0.0001 

D
A

P
 i

n
 c

m
 

4
5

-5
5
 

Female 

(nᶜ=4, nᵉ=6) 

*-0.11 

(-4.97, 4.75) 

*-0.13 

(-5.87, 5.61) 

-2.14 

(4.94, 0.66) 
0.127 

-1.73 

(-4.74, 1.28) 
0.244 

-2.14 

(-6.94, 2.66) 
0.3335 

-1.73 

(-6.78, 3.32) 
0.452 

Male 

(nᶜ=3, nᵉ=4) 

*-0.31 

(-9.28, 8.66) 

*-0.11 

(-7.49, 7.27) 

-5.00 

(-9.50, -0.50) 
0.033 

-4.70 

(-8.52, -0.88) 
0.022 

-5.00 

(-10.60, 0.60) 
0.0703 

-4.70 

(-9.52, 0.12) 
0.054 

5
5

-6
5
 

Female 

(nᶜ=14, nᵉ=16) 

*-0.11 

(-5.58, 5.35) 

*-0.08 

(-5.57, 5.41) 

-2.44 

(-6.08, 1.20) 
0.185 

-2.67 

(-6.32, 0.98) 
0.149 

-2.44 

(-7.77, 2.84) 
0.3519 

-2.67 

(-7.97, 2.63) 
0.3107 

Male 

(nᶜ=8,nᵉ=10) 

*-0.08 

(-4.54, 4.38) 

*0.06 

(-4.14, 4.02) 

-3.31 

(-6.61, -0.01) 
0.049 

-3.50 

(-6.68, -3.19) 
0.032 

-3.31 

(-7.40, 0.78) 
0.1055 

-3.50 

(-7.46, 0.46) 
0.0791 

6
5

-7
5
 

Female 

(nᶜ=27,nᵉ=50) 

*-0.72 

(-1.36, 2.80) 

*-0.06 

(-2.13, 2.01) 

-2.27 

(-3.71, -0.83) 
0.002 

-2.35 

(-3.77, -0.93) 
0.001 

-3.17 

(-5.02, -1.32) 
0.001 

-3.62 

(-5.46, -1.78) 
0.0002 

Male 

(nᶜ=16,nᵉ=22) 

*-0.41 

(-3.90, 3.08) 

*-11 

(-3.46, 3.24) 

-2.72 

(-4.72, -0.72) 
0.008 

-3.02 

(-5.02, -1.01) 
0.004 

-3.48 

(-6.26, -0.70) 
0.0156 

-4.21 

(-7.01, -1.42) 
0.0042 

4
5

-7
5
 

Female 

(nᶜ=45,nᵉ=72) 

*-0.09 

(-2.18, 1.99) 

*-0.07 

(-2.17, 2.03) 

-2.29 

(-3.95, -0.83) 
0.0073 

-2.37 

(-4.04, -0.70) 
0.0056 

-2.90 

(-4.80, -1.00) 
0.003 

-3.20 

(-5.10, -1.30) 
0.0011 

Male 

(nᶜ=27,nᵉ=36) 

*-0.30 

(-2.79, 2.19) 

*-0.09 

(-2.43, 2.25) 

-3.13 

(-5.06, -1.20) 
0.0019 

-3.34 

(-5.24, -1.44) 
0.0008 

-3.59 

(-5.65, -1.53) 
0.0009 

-4.05 

(-6.08, -2.02) 
0.0002 
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B. 

P
a

ra
m

et
er

 

A
g

e 
g

ro
u

p
 

Gender 

Changes in control group  

from week 0 to week 12 

Changes in experimental group  from week 

0 to week 12 

Changes in control -vs- experimental group  

at week 12 

Right leg Left leg Right leg  Left leg  Right leg  Left leg  

MD 

(95% CI) 

MD 

(95% CI) 

MD 

(95% CI) 
p-value 

MD 

(95% CI) 
p-value 

MD 

(95% CI) 
p-value 

MD 

(95% CI) 
p-value 

D
B

P
 i

n
 c

m
 

4
5

-5
5
 

Female 

(nᶜ=4, nᵉ=6) 

*-0.06 

(-4.84, 4.71) 

*-0.16 

(-5.22, 4.90) 

-1.08 

(-3.46, 1.30) 
0.356 

-1.03 

(-3.49, 1.42) 
0.392 

-1.08 

(-5.06, 2.90) 
0.5487 

-1.53 

(-5.61, 2.54) 
0.4113 

Male 

(nᶜ=3, nᵉ=4) 

*-0.11 

(-6.02, 5.80) 

*-0.11 

(-5.32, 5.10) 

-3.50 

(-6.38, -0.62) 
0.023 

-3.40 

(-6.01, -0.79) 
0.017 

-3.5 

(-7.04, 0.04) 
0.0519 

-3.40 

(-6.62, -0.18) 
0.042 

5
5

-6
5
 

Female 

(nᶜ=14, nᵉ=16) 

*-0.08 

(-4.16, 4.00) 

*-0.09 

(-4.20, 4.02) 

-1.00 

(-3.76, 1.76) 
0.472 

-1.22 

(-3.97, 1.53) 
0.379 

-1.11 

(-5.12, 2.90) 
0.5751 

-2.02 

(-6.02, 1.98) 
0.3092 

Male 

(nᶜ=8,nᵉ=10) 

*-0.02 

(-2.55, 2.51) 

*-0.07 

(-2.71, 2.57) 

-3.00 

(-5.24, -0.75) 
0.011 

-3.39 

(-5.62, -1.16) 
0.004 

-3.00 

(-5.82, -0.18) 
0.0382 

-3.53 

(-6.33, -0.73) 
0.0168 

6
5

-7
5
 

Female 

(nᶜ=27,nᵉ=50) 

*-0.08 

(-1.70, 1.54) 

*-0.07 

(-1.64, 1.50) 

-1.15 

(-2.26, -0.04) 
0.042 

-1.08 

(-2.17, 0.01) 
0.052 

-1.5 

(-2.92, -0.08) 
0.0392 

-2.34 

(-3.75, -0.93) 
0.0015 

Male 

(nᶜ=16,nᵉ=22) 

*-0.05 

(-2.90, 2.80) 

*-0.05 

(-3.14, 3.04) 

-1.90 

(-3.77, -0.03) 
0.046 

-1.97 

(-3.87, -0.06) 
0.043 

-2.68 

(-5.33, -0.03) 
0.0473 

-3.50 

(-6.19, -0.81) 
0.0121 

4
5

-7
5
 

Female 

(nᶜ=45,nᵉ=72) 

*-0.08 

(-1.68, 1.52) 

*-0.14 

(-1.73, 1.45) 

-1.07 

(-2.34, 0.21) 
0.0994 

-1.19 

(-2.46, 0.08) 
0.0657 

-1.41 

(-2.86, 0.04) 
0.0571 

-2.24 

(-3.69, -0.79) 
0.0027 

Male 

(nᶜ=27,nᵉ=36) 

*-0.05 

(-1.92, 1.82) 

*-0.07 

(-2.06, 1.92) 

-2.38 

(-4.03, -0.73) 
0.0052 

-2.52 

(-4.18, -0.86) 
0.0035 

-2.85 

(-4.63, -1.07) 
0.0022 

-2.48 

(-4.28, -0.68) 
0.0076 

KGB: knee gap between the point of short head of the biceps femoris at the lateral knee and the surface of the bed; DAP: diameter of muscles connected with 

the knee joints 4 cm above the patella; DBP: diameter of muscles connected with the knee joints 4 cm below the patella; MD: mean difference; CI: confidence 

interval; *p = not significant; nᶜ: number of patient in control group, nᵉ: number of patient in experimental group 

 

Table 3A.  Age group wise analyses of mean and standard divisions of DTM and DCM of 72 control patients, female 

(n=45), male (n=27) and 108 experimental patients, female (n=72), male (n=36) at week 0 and week 12 

P
a

ra
m

et
er

 

A
g

e 
g

ro
u

p
 

Gender 

Control group Experimental group 

At week 0 At week12 At week 0 At week12 

Right leg Left leg Right leg Left leg Right leg Left leg Right leg Left leg 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

D
T

M
 i

n
 c

m
 

4
5

-5
5
 

Female 

(nᶜ=4, nᵉ=6) 

46.98 

(3.34) 

47.68 

(3.68) 

47.00 

(3.28) 

47.79 

(3.58) 

47.00 

(3.28) 

46.77 

(3.58) 

48.14 

(3.46) 

48.14 

(3.46) 

Male 

(nᶜ=3, nᵉ=4) 

45.47 

(3.15) 

46.21 

(2.74) 

45.50 

(3.04) 

46.25 

(2.62) 

45.50 

(3.04) 

46.00 

(2.62) 

49.80 

(0.67) 

49.80 

(0.67) 

5
5

-6
5
 

Female 

(nᶜ=14, nᵉ=16) 

49.29 

(7.35) 

49.38 

(7.55) 

49.32 

(7.51) 

49.40 

(7.57 

48.48 

(7.51) 

48.50 

(7.57) 

49.45 

(7.55) 

49.45 

(7.55) 

Male 

(nᶜ=8,nᵉ=10) 

47.09 

(4.23) 

47.23 

(3.91) 

47.11 

(4.03) 

47.25 

(3.84) 

45.69 

(4.03) 

45.73 

(3.84) 

48.96 

(3.25) 

48.96 

(3.25) 

6
5

-7
5
 

Female 

(nᶜ=27,nᵉ=50) 

49.31 

(4.44) 

49.45 

(4.12) 

49.38 

(4.21) 

49.50 

(4.05) 

48.37 

(4.21) 

48.46 

(4.09) 

49.35 

(4.66) 

49.35 

(4.66) 
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P
a

ra
m

et
er

 

A
g

e 
g

ro
u

p
 

Gender 

Control group Experimental group 

At week 0 At week12 At week 0 At week12 

Right leg Left leg Right leg Left leg Right leg Left leg Right leg Left leg 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Male 

(nᶜ=16,nᵉ=22) 

46.69 

(4.72) 

47.36 

(4.81) 

46.71 

(4.70) 

47.40 

(4.70) 

46.76 

(4.70) 

47.04 

(4.70) 

49.71 

(4.08) 

49.71 

(4.08) 

4
5

-7
5
 

Female 

(nᶜ=45,nᵉ=72) 

49.1 

(5.44) 

49.27 

(5.4) 
49.15 (5.4) 

49.32 

(5.37) 
48.28 (5.4) 

48.32 

(5.39) 

49.27 

(5.64) 

49.27 

(5.64) 

Male 

(nᶜ=27,nᵉ=36) 

46.71 

(4.45) 

47.22 

(4.39) 

46.73 

(4.37) 

47.25 

(4.3) 

46.32 

(4.37) 

46.54 

(4.3) 

49.48 

(3.65) 

49.48 

(3.65) 

D
C

M
 i

n
 c

m
 

4
5

-5
5
 

Female 

(nᶜ=4, nᵉ=6) 

33.72 

(2.61) 

33.97 

(2.87) 

33.75 

(2.52) 

34.01 

(2.98) 

33.00 

(2.52) 

33.23 

(3.00) 

32.14 

(2.68) 

32.14 

(2.68) 

Male 

(nᶜ=3, nᵉ=4) 

33.98 

(0.72) 

34.37 

(0.99) 

34.00 

(0.61) 

34.40 

(1.02) 

34.00 

(0.61) 

34.40 

(1.02) 

35.10 

(0.22) 

35.10 

(0.22) 

5
5

-6
5
 

Female 

(nᶜ=14, nᵉ=16) 

34.10 

(5.32) 

34.88 

(5.21) 

34.12 

(5.21) 

34.89 

(5.36) 

33.99 

(5.21) 

34.00 

(5.36) 

33.97 

(5.26) 

33.97 

(5.26) 

Male 

(nᶜ=8,nᵉ=10) 

34.42 

(2.29) 

34.70 

(2.31) 

34.43 

(2.28) 

34.72 

(2.33) 

34.38 

(2.28) 

34.58 

(2.33) 

35.54 

(2.16) 

35.54 

(2.16) 

6
5

-7
5
 

Female 

(nᶜ=27,nᵉ=50) 

34.04 

(3.14) 

34.96 

(2.98) 

34.03 

(3.03) 

34.95 

(3.02) 

33.69 

(3.03) 

33.64 

(3.02) 

34.47 

(3.13) 

34.47 

(3.13) 

Male 

(nᶜ=16,nᵉ=22) 

34.86 

(3.74) 

35.04 

(3.68) 

34.84 

(3.63) 

35.01 

(3.58) 

34.31 

(3.63) 

34.47 

(3.58) 

35.18 

(3.77) 

35.18 

(3.77) 

4
5

-7
5
 

Female 

(nᶜ=45,nᵉ=72) 

34.03 

(3.91) 

34.85 

(3.81) 

34.03 

(3.81) 

34.85 

(3.9) 
33.7 (3.81) 

33.72 

(3.9) 

34.11 

(3.89) 

34.11 

(3.89) 

Male 

(nᶜ=27,nᵉ=36) 

34.63 

(3.17) 

34.86 

(3.14) 

34.63 

(3.09) 

34.86 

(3.08) 
34.3 (3.09) 

34.5 

(3.08) 

35.28 

(3.16) 

35.28 

(3.16) 

DTM: diameter of muscles at the thighs; DCM: diameter of muscles at the calves; SD: standard deviation; nᶜ: number of patient in 
control group, nᵉ: number of patient in experimental group 

 

Table 3B.  Age group wise changes in diameters of muscles at thigh and calf in control group, female (n=45) and male 

(n=27) from week o -12, in experimental group female (n=72) and male (n=36) from week 0-12 and control-vs-

experimental group at week 12 

P
a

ra
m

et
er

 

A
g

e 
g

ro
u

p
 

Gender 

Changes in control 

group  from week 0 to 

week 12 

Changes in experimental group  from 

week 0 to week 12 

Changes in control -vs- experimental 

group  at week 12 

Right leg Left leg Right leg Left leg Right leg Left leg 

MD 

(95% CI) 

MD 

(95% CI) 

MD 

(95% CI) 

p-

value 

MD 

(95% CI) 

p-

value 

MD 

(95% CI) 

p-

value 

MD 

(95% CI) 

p-

value 

D
T

M
 i

n
 c

m
 

4
5

-5
5
 

Female 

(nᶜ=4, nᵉ=6) 

*0.02 

(-5.71, 5.74) 

*0.11 

(-6.17, 6.39) 

1.14 

(-1.86, 4.14) 
0.437 

1.37 

(-1.76, 4.51) 
0.372 

1.14 

(-3.91, 6.19) 
0.616 

0.35 

(-4.87, 5.57) 
0.880 

Male 

(nᶜ=3, nᵉ=4) 

*0.03 

(-6.99, 7.05) 

*0.04 

(-6.04, 6.12) 

4.3 

(1.39, 7.51) 
0.014 

3.8 

(1.01, 6.59) 
0.014 

4.3 

(0.39, 8.21) 
0.036 

3.55 

( 0.14, 6.96) 
0.044 

5
5

-6
5
 

Female 

(nᶜ=14, nᵉ=16) 

*0.03 

(-5.74, 5.80) 

*0.02 

(-5.85, 5.89) 

1.48 

(-2.41, 5.37) 
0.449 

1.46 

(-2.45, 5.37) 
0.457 

0.13 

(-5.52, 5.78) 
0.962 

0.05 

(-5.62, 5.72) 
0.985 

Male 

(nᶜ=8,nᵉ=10) 

*0.02 

(-4.40, 4.45) 

*0.02 

(-4.13, 4.18) 

3.27 

(0.31, 6.23) 
0.032 

3.23 

(0.35, 6.11) 
0.029 

1.85 

(-1.78, 5.48) 
0.296 

1.71 

(-1.83, 5.25) 
0.321 

6
5

-7
5
 

Female 

(nᶜ=27,nᵉ=50) 

*0.07 

(-2.29, 2.43) 

*0.05 

(-2.18, 2.28) 

0.98 

(-0.65, 2.61) 
0.237 

0.89 

(-0.72, 2.5) 
0.277 

0.5 

(-1.65, 2.64) 
0.643 

0.38 

(-1.74, 2.50) 
0.722 

Male 

(nᶜ=16,nᵉ=22) 

*0.02 

(-3.38, 3.42) 

*0.04 

(-3.39, 3.47) 

2.95 

(0.88, 5.02) 
0.005 

2.67 

(0.6, 4.74) 
0.012 

3 

(0.11, 5.89) 
0.042 

2.31 

(-0.59, 5.21) 
0.114 
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P
a

ra
m

et
er

 

A
g

e 
g

ro
u

p
 

Gender 

Changes in control 

group  from week 0 to 

week 12 

Changes in experimental group  from 

week 0 to week 12 

Changes in control -vs- experimental 

group  at week 12 

Right leg Left leg Right leg Left leg Right leg Left leg 

MD 

(95% CI) 

MD 

(95% CI) 

MD 

(95% CI) 

p-

value 

MD 

(95% CI) 

p-

value 

MD 

(95% CI) 

p-

value 

MD 

(95% CI) 

p-

value 

4
5

-7
5
 

Female 

(nᶜ=45,nᵉ=72) 

*-0.05 

(-2.22, 2.32) 

*0.05 

(-2.21, 2.31) 

0.99 

(-0.83, 2.81) 
0.283 

0.95 

(-0.87, 2.77) 
0.303 

0.12 

(-1.97, 2.21) 
0.909 

-0.05 

(-2.13, 2.03) 
0.962 

Male 

(nᶜ=27,nᵉ=36) 

*0.02 

(-2.39, 2.43) 

*-0.97 

(-3.34, 1.40) 

3.16 

(1.27, 5.05) 
0.001 

2.94 

(1.06, 4.81) 
0.002 

2.75 

(0.72, 4.77) 
0.008 

2.23 

(0.22, 4.24) 
0.029 

D
C

M
 i

n
 c

m
 

4
5

-5
5
 

Female 

(nᶜ=4, nᵉ=6) 

*0.03 

(-4.39, 4.49) 

*0.04 

(-5.02, 5.10) 

-0.86 

(-3.17, 1.45) 
0.447 

-1.09 

(-3.62, 1.44) 
0.379 

0.38 

(-3.51, 4.29) 
0.823 

0.13 

(-4.03, 4.29) 
0.944 

Male 

(nᶜ=3, nᵉ=4) 

*0.02 

(-1.49, 1.53) 

*0.03 

(-2.25, 2.31) 

1.01 

(0.34, 1.67) 
0.008 

0.61 

(-0.47, 1.69) 
0.227 

1.1 

(0.27, 1.93) 
0.018 

0.70 

(-0.61, 2.01) 
0.228 

5
5

-6
5
 

Female 

(nᶜ=14, nᵉ=16) 

*0.02 

(-4.07, 4.11) 

*0.01 

(-4.10, 4.12) 

-0.02 

(-2.72, 2.68) 
0.988 

-0.03 

(-2.78, 2.71) 
0.983 

0.85 

(-3.07, 4.77) 
0.660 

0.08 

(-3.90, 4.06) 
0.967 

Male 

(nᶜ=8,nᵉ=10) 

*0.01 

(-2.44, 2.46) 

*0.02 

(-2.47, 2.51) 

1.16 

(-0.64, 2.96) 
0.195 

0.96 

(-0.86, 2.78) 
0.287 

1.16 

(-1.06, 3.38) 
0.285 

0.82 

(-1.48, 3.12) 
0.461 

6
5

-7
5
 

Female 

(nᶜ=27,nᵉ=50) 

*-0.01 

(-1.69, 1.67) 

*-0.01 

(-1.65, 1.63) 

0.78 

(-0.35, 1.91) 
0.175 

0.83 

(-0.3, 1.96) 
0.149 

0.44 

(-1.03, 1.91) 
0.553 

0.13 

(-1.95, 1.59) 
0.871 

Male 

(nᶜ=16,nᵉ=22) 

*-0.02 

(-2.68, 2.64) 

*-0.03 

(-2.65, 2.59) 

0.87 

(-0.87, 2.61) 
0.322 

0.71 

(-1.02, 2.44) 
0.415 

0.34 

(-2.13, 2.81) 
0.782 

0.17 

(-2.29, 2.63) 
0.889 

4
5

-7
5
 

Female 

(nᶜ=45,nᵉ=72) 

*0.00 

(-1.62, 1.62) 

*0.00 

(-1.61, 1.61) 

0.41 

(-0.86, 1.68) 
0.523 

0.39 

(-0.89, 1.67) 
0.549 

0.08 

(-1.37, 1.53) 
0.913 

-0.74 

(-2.21, 0.72) 
0.319 

Male 

(nᶜ=27,nᵉ=36) 

*0.00 

(-1.71, 1.71) 

*0.00 

(-1.70, 1.70) 

0.98 

(-0.49, 2.45) 
0.187 

0.78 

(-0.69, 2.25) 
0.292 

0.65 

(-0.94, 2.24) 
0.417 

0.42 

(-1.17,2.01) 
0.599 

DTM: diameter of muscles at the thighs; DCM: diameter of muscles at the calves; MD: mean difference; CI: confidence interval; 

*p = not significant; nᶜ: number of patient in control group, nᵉ: number of patient in experimental group 

 

In the experimental group, the mean ±SD values of SLR 

and KFS at week 12 all increased, decreased for KES and 

observed to be all symmetrical for both the legs. All the 

differences were highly significant (p<0.0001) when 

compared to the female-only and man-only of control group 

(table 4A-B) But the mean ±SD values were not significant 

and remained as asymmetrical for female-only and male-

only of control group at week-12 compared to week 0 (table 

4A-B)

 

Table 4A. Age group wise analyses of mean and standard divisions of SLR, KFS, and KES of 72 control patients, 

female (n=45), male (n=27) and 108 experimental patients, female (n=72), male (n=36) at week 0 and week 12 

P
a

ra
m

et
er

 

A
g

e 
g

ro
u

p
 

Gender 

Control group Experimental group 

At week 0 At week12 At week 0 At week12 

Right leg Left leg Right leg Left leg Right leg Left leg Right leg Left leg 

Mean (SD) Mean (SD) 
Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

S
L

R
 i

n
 d

eg
re

e 

4
5

-5
5
 

Female 

(nᶜ=4, nᵉ=6) 

43.58 

(14.48) 

42.18 

(14.04) 

43.55  

(14.59) 

42.12 

(14.19) 

43.55 

(14.59) 

43.45 

(14.19) 

75.45 

(2.16) 

75.45 

(2.16) 

Male 

(nᶜ=3, nᵉ=4) 

41.27 

(17.51) 

38.20 

(17.49) 

41.23  

(17.71) 

38.17  

(17.62) 

53.20 

(17.71) 

52.40 

(17.62) 

75.00 

(1.58) 

75.00 

(1.58) 
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5
5

-6
5
 

Female 

(nᶜ=14, nᵉ=16) 

42.80 

(13.98) 

39.55 

(14.99) 

42.67  

(14.05) 

39.39  

(15.44) 

42.67 

(14.05) 

41.60 

(15.44) 

74.03 

(2.71) 

74.03 

(2.71) 

Male 

(nᶜ=8,nᵉ=10) 

46.15 

(12.71) 

44.36 

(12.83) 

46.12  

(12.93) 

44.25  

(12.91) 

49.65 

(12.93) 

51.12 

(12.91) 

72.54 

(1.98) 

72.54 

(1.98) 

6
5

-7
5
 

Female 

(nᶜ=27,nᵉ=50) 

34.88 

(4.42) 

32.18  

(4.98) 

34.77  

(4.45) 

32.09  

(5.09) 

34.53 

(4.45) 

33.96 

(5.09) 

71.33 

(1.78) 

71.33 

(1.78) 

Male 

(nᶜ=16,nᵉ=22) 

38.77 

(8.81) 

36.90  

(8.53) 

38.65  

(8.70) 

36.81 

(8.56) 

40.94 

(8.70) 

39.44 

(8.56) 

71.17 

(1.36) 

71.17 

(1.36) 

4
5

-7
5
 

Female 

(nᶜ=45,nᵉ=72) 

38.12 

(9.55) 

35.36 

(10.11) 

38.01 

(9.6) 

35.25 

(10.37) 

37.86 

(9.6) 

37.18 

(10.37) 

72.54 

(2.14) 

72.54 

(2.14) 

Male 

(nᶜ=27,nᵉ=36) 

41.29 

(11.14) 

39.34 

(11.05) 

41.2 

(11.19) 

39.25 

(11.11) 

44.81 

(11.19) 

44.23 

(11.11) 

71.94 

(1.6) 
71.94 (1.6) 

K
F

S
 i

n
 d

eg
re

e
 

4
5

-5
5
 

Female 

(nᶜ=4, nᵉ=6) 

107.80 

(2.73) 

104.67 

(4.19) 

107.65 

(3.63) 

104.54  

(4.10) 

110.09 

(13.63) 

110.55 

(14.10) 

138.91 

(1.22) 

138.91 

(1.22) 

Male 

(nᶜ=3, nᵉ=4) 

110.58 

(4.91) 

102.40 

(1.81) 

110.49  

(4.82) 

102.25  

(1.79) 

103.20 

(4.82) 

102.20 

(1.79) 

140.00 

(0.03) 

140.00 

(0.03) 

5
5

-6
5
 

Female 

(nᶜ=14, nᵉ=16) 

108.20 

(3.64) 

105.85 

(3.91) 

108.12 

(3.53) 

105.76  

(3.88) 

109.77 

(13.53) 

110.37 

(13.88) 

136.97 

(1.10) 

136.97 

(1.10) 

Male 

(nᶜ=8,nᵉ=10) 

109.30 

(6.21) 

114.37 

(5.81) 

109.17 

(6.78) 

114.25  

(5.72) 

114.15 

(16.78) 

115.85 

(15.72) 

139.00 

(4.26) 

139.00 

(4.26) 

6
5

-7
5
 

Female 

(nᶜ=27,nᵉ=50) 

104.98 

(4.61) 

103.25 

(4.11) 

104.81  

(4.73) 

103.11  

(4.15) 

105.03 

(4.73) 

104.93 

(4.15) 

136.36 

(0.97) 

136.36 

(0.97) 

Male 

(nᶜ=16,nᵉ=22) 

110.15 

(10.41) 

104.78 

(10.59) 

110.01  

(10.62) 

104.65  

(10.61) 

110.33 

(10.62) 

110.64 

(10.61) 

137.58 

(4.40) 

137.58 

(4.40) 

4
5

-7
5
 

Female 

(nᶜ=45,nᵉ=72) 

106.23 

(4.19) 

104.19 

(4.06) 

106.09 

(4.3) 

104.06 

(4.06) 

106.95 

(9.32) 

107.12 

(9.38) 

136.78 

(1.04) 

136.78 

(1.04) 

Male 

(nᶜ=27,nᵉ=36) 

109.61 

(8.9) 

107.55 

(8.84) 

109.79 

(9.16) 

107.42 

(8.84) 

110.88 

(12.54) 

111.51 

(12.03) 

138.24 

(4.15) 

138.24 

(4.15) 

K
E

S
 i

n
 d

eg
re

e 

4
5

-5
5
 

Female 

(nᶜ=4, nᵉ=6) 

20.18 

(4.41) 

17.96  

(4.52) 

20.25  

(4.38) 

18.03  

(4.43) 

16.94 

(4.38) 

17.07 

(4.43) 

9.50  

(0.45) 

9.50  

(0.45) 

Male 

(nᶜ=3, nᵉ=4) 

18.55 

(4.57) 

17.75  

(3.78) 

18.65  

(4.58) 

18.01  

(3.99) 

13.70 

(4.58) 

13.60 

(4.99) 

8.50  

(0.21) 

8.50  

(0.21) 

5
5

-6
5
 

Female 

(nᶜ=14, nᵉ=16) 

19.54 

(2.91) 

17.38  

(3.71) 

19.65 

(2.86) 

17.45  

(3.66) 

17.49 

(2.86) 

17.85 

(3.66) 

8.88  

(0.25) 

8.88  

(0.25) 

Male 

(nᶜ=8,nᵉ=10) 

18.01 

(5.81) 

17.33  

(5.01) 

18.11  

(5.75) 

17.42  

(5.02) 

15.19 

(5.75) 

14.19 

(5.02) 

8.88  

(0.55) 

8.88  

(0.55) 

6
5

-7
5
 

Female 

(nᶜ=27,nᵉ=50) 

17.88 

(2.61) 

18.35  

(2.71) 

18.05  

(2.58) 

18.47  

(2.64) 

18.05 

(2.58) 

17.89 

(2.64) 

8.35  

(0.43) 

8.35  

(0.43) 

Male 

(nᶜ=16,nᵉ=22) 

17.68 

(2.29) 

16.92  

(2.39) 

17.79 

(2.31) 

17.03 

(2.42) 

17.36 

(2.31) 

17.47 

(2.42) 

9.11  

(0.73) 

9.11  

(0.73) 

4
5

-7
5
 

Female 

(nᶜ=45,nᵉ=72) 

18.6  

(2.91) 

18.01  

(3.24) 

18.74 

(2.87) 

18.11 

(3.18) 

17.78 

(2.87) 
17.8 (3.18) 

8.62 

(0.39) 
8.62 (0.39) 

Male 

(nᶜ=27,nᵉ=36) 

17.86 

(3.94) 

17.12  

(3.54) 

17.97 

(3.92) 

17.24 

(3.57) 

16.36 

(3.92) 

16.11 

(3.68) 

8.96 

(0.65) 
8.96 (0.65) 

SLR: straight legs raising in supine; KFS: angle of knee flexion in supine; KES: angle of knee extension in supine; SD: standard deviation; nᶜ: 

number of patient in control group, nᵉ: number of patient in experimental group 
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Table 4B.  Age group wise changes in angles of straight leg raising, knee flexion and knee extension in supine  in control 

group, female (n=45) and male (n=27) from week 0 -12, in experimental group  female (n=72) and male (n=36) from 

week 0-12 and control-vs-experimental group at week 12 

P
a

ra
m

e
te

r 

A
g

e
 g

ro
u

p
 

Gender 

Changes in control group  

from week 0 to week 12 

Changes in experimental group  from week 0 to 

week 12 

Changes in control -vs- experimental group  at 

week 12 

Right leg Left leg Right leg  Left leg  Right leg  Left leg  

MD  

(95% CI) 

MD 

 (95% CI) 

MD  

(95% CI) 
P-value 

MD  

(95% CI) 
P-value 

MD  

(95% CI) 
p-value 

MD  

(95% CI) 
P-value 

S
L

R
 i

n
 d

e
g
r
ee

 

4
5

-5
5
 

Female 

(nᶜ=4, nᵉ=6) 

*-0.03 

(-25.18, 25.12) 

*0.06 

(-24.48, 24.36) 

31.90 

(22.62, 41.18) 
<0.0001 

32 

(22.97, 41.03) 
<0.0001 

31.9 

(18.36, 45.44) 
0.0006 

33.33 

(20.15, 46.51) 
0.0004 

Male 

(nᶜ=3, nᵉ=4) 

*-0.04 

(-39.96, 39.88) 

*-0.03 

(-39.83, 39.77) 

21.80 

(3.46, 40.14) 
0.025 

22.6 

(4.36, 40.84) 
0.025 

33.77 

(11.65, 55.89) 
0.0111 

36.83 

(14.82, 58.84) 
0.0077 

5
5

-6
5
 

Female 

(nᶜ=14, nᵉ=16) 

*-0.13 

(-11.02, 10.76) 

*-0.16 

(-11.98, 11.66) 

31.36 

(26.13, 36.59) 
<0.0001 

32.43 

(26.70, 38.16) 
<0.0001 

31.36 

(24.04, 38.69) 
<0.0001 

34.64 

(26.61, 42.67) 
<0.0001 

Male 

(nᶜ=8,nᵉ=10) 

*-03 

(-13.78, 13.72) 

*-0.11 

(-13.91, 13.69) 

22.89 

(15.40, 30.38) 
<0.0001 

21.42 

(13.94, 28.90) 
<0.0001 

26.42 

(17.69, 35.15) 
<0.0001 

28.29 

(19.57, 37.01) 
<0.0001 

6
5

-7
5
 

Female 

(nᶜ=27,nᵉ=50) 

*-0.11 

(-2.53, 2.31) 

*-0.09 

(-2.84, 2.66) 

36.80 

(35.53, 38.05) 
<0.0001 

37.37 

(35.97, 38.77) 
<0.0001 

36.56 

(35.14, 37.98) 
<0.0001 

39.24 

(37.66, 40.82) 
<0.0001 

Male 

(nᶜ=16,nᵉ=22) 

*-0.12 

(-6.44, 6.21) 

*-0.09 

(-6.26, 6.08) 

30.23 

(27.30, 33.16) 
<0.0001 

31.73 

(28.85, 34.61) 
<0.0001 

32.52 

(28.71, 36.33) 
<0.0001 

34.36 

(30.61, 38.11) 
<0.0001 

4
5

-7
5
 

Female 

(nᶜ=45,nᵉ=72) 

*-0.11 

(-4.12, 3.90) 

*-0.11 

(-4.40, 4.18) 

34.68 

(32.39, 36.97) 
<0.0001 

35.36 

(32.89, 37.83) 
<0.0001 

34.53 

(32.21, 36.85) 
<0.0001 

37.29 

(34.79,39.79) 
<0.0001 

Male 

(nᶜ=27,nᵉ=36) 

*-0.09 

(-6.19, 6.01) 

*-0.09 

(-6.14, 5.96) 

27.13 

(23.37, 30.89) 
<0.0001 

27.71 

(23.98, 31.44) 
<0.0001 

30.74 

(26.97, 34.51) 
<0.0001 

32.69 

(28.95, 36.43) 
<0.0001 

K
F

S
 i

n
 d

e
g
r
ee

 

4
5

-5
5
 

Female 

(nᶜ=4, nᵉ=6) 

*-0.15 

(-5.71, 5.41) 

*-0.13 

(-7.31, 7.05) 

28.82 

(20.21, 37.43) 
<0.0001 

28.36 

(19.46, 37.26) 
<0.0001 

31.26 

(18.75, 43.77) 
0.0004 

33.37 

(20.44, 46.30) 
0.0003 

Male 

(nᶜ=3, nᵉ=4) 

*-0.09 

(-11.12, 10.94) 

*-0.15 

(-4.23, 3.93) 

36.80 

(31.83, 41.77) 
<0.0001 

37.80 

(35.95, 39.65) 
<0.0001 

29.51 

(23.52, 35.49) 
0.0001 

37.75 

(35.53,39.97) 
<0.0001 

5
5

-6
5
 

Female (nᶜ=14, 

nᵉ=16) 

*-0.08 

(-2.86, 2.71) 

*-0.09 

(-3.12, 2.94) 

27.20 

(22.24, 32.16) 
<0.0001 

26.60 

(21.51, 31.69) 
<0.0001 

28.85 

(21.91, 35.79) 
<0.0001 

31.21 

(24.09, 38.33) 
<0.0001 

Male 

(nᶜ=8,nᵉ=10) 

*-0.13 

(-7.10, 6.84) 

*-0.12 

(-6.30, 6.06) 

24.85 

(14.94, 34.76) 
<0.0001 

23.15 

(13.82, 32.47) 
<0.0001 

26.86 

(15.22, 38.44) 
0.0002 

24.75 

(13.81,35.69) 
0.0002 

6
5

-7
5
 

Female 

(nᶜ=27,nᵉ=50) 

*-0.17 

(-2.72, 2.38) 

*-0.14 

(-2.40, 2.12) 

31.33 

(30.07, 32.59) 
<0.0001 

31.43 

(30.32, 32.53) 
<0.0001 

31.55 

(30.17, 32.93) 
<0.0001 

33.25 

(32.03, 34.47) 
<0.0001 

Male 

(nᶜ=16,nᵉ=22) 

*-0.14 

(-7.32, 7.45) 

*-0.13 

(-7.78, 7.52) 

27.25 

(23.43, 31.07) 
<0.0001 

26.94 

(23.12, 30.76) 
<0.0001 

27.57 

(22.48, 32.66) 
<0.0001 

32.93 

(27.85,38.01) 
<0.0001 
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P
a

ra
m

e
te

r 

A
g

e
 g

ro
u

p
 

Gender 

Changes in control group  

from week 0 to week 12 

Changes in experimental group  from week 0 to 

week 12 

Changes in control -vs- experimental group  at 

week 12 

Right leg Left leg Right leg  Left leg  Right leg  Left leg  

MD  

(95% CI) 

MD 

 (95% CI) 

MD  

(95% CI) 
P-value 

MD  

(95% CI) 
P-value 

MD  

(95% CI) 
p-value 

MD  

(95% CI) 
P-value 

4
5

-7
5
 

Female 

(nᶜ=45,nᵉ=72) 

*-0.14 

(-1.92,1.64) 

*-0.10 

(-1.80, 1.60) 

29.83 

(27.64, 32.01) 
<0.0001 

29.66 

(27.46, 31.86) 
<0.0001 

30.69 

(29.64, 31.74) 
<0.0001 

32.72 

(31.72, 33.71) 
<0.0001 

Male 

(nᶜ=27,nᵉ=36) 

*0.18 

(-4.75, 5.11) 

*-0.13 

(-4.96, 4.70) 

27.36 

(22.97, 31.75) 
<0.0001 

26.73 

(22.50, 30.96) 
<0.0001 

28.45 

(25.01, 31.89) 
<0.0001 

30.82 

(27.47, 34.16) 
<0.0001 

K
E

S
 i

n
 d

eg
r
ee

 

4
5

-5
5
 

Female 

(nᶜ=4, nᵉ=6) 

*0.07 

(-7.53, 7.67) 

*0.28 

(-7.46, 8.02) 

-7.34 

(-10.11, -4.57) 
<0.0001 

-7.47 

(-10.27,-4.67) 
<0.0001 

-10.75 

(-14.78, -6.72) 
0.0003 

-8.53 

(-12.60, -4.46) 
0.0013 

Male 

(nᶜ=3, nᵉ=4) 

*0.10 

(-8.00, 8.20) 

*0.26 

(-8.55, 9.07) 

-5.2 

(-9.93, -0.47) 
0.035 

-5.10 

(-10.25, 0.05) 
0.035 

-10.15 

(-15.86, -4.45) 
0.0059 

-9.51 

(-15.71,-3.31) 
0.011 

5
5

-6
5
 

Female (nᶜ=14, 

nᵉ=16) 

*0.11 

(-2.85, 3.07) 

*0.07 

(-2.79, 2.93) 

-8.61 

(-9.66, -7.56) 
<0.0001 

-8.97 

(-10.31, -7.63) 
<0.0001 

-10.77 

(-12.24, -9.3) 
<0.0001 

-8.57 

(-10.46, -6.67) 
<0.0001 

Male 

(nᶜ=8,nᵉ=10) 

*0.10 

(-6.10, 6.30) 

*0.09 

(-5.29, 5.47) 

-6.31 

(-9.62, -3.00) 
0.0006 

-5.31 

(-8.20, -2.42) 
0.0006 

-9.23 

(-13.08, -5.39) 
0.0001 

-8.54 

(-11.90, -5.17) 
0.0001 

6
5

-7
5
 

Female 

(nᶜ=27,nᵉ=50) 

*0.17 

(-1.24, 1.58) 

*0.12 

(-1.34, 1.58) 

-9.7 

(-10.38, -9.02) 
<0.0001 

-9.54 

(-10.24, -8.84) 
<0.0001 

-9.7 

(-10.44, -8.96) 
<0.0001 

-10.12 

(-10.88, -9.36) 
<0.0001 

Male 

(nᶜ=16,nᵉ=22) 

*0.11 

(-1.55, 1.77) 

*0.11 

(-1.63, 1.85) 

-8.25 

(-9.05, -7.44) 
<0.0001 

-8.31 

(-9.15, -7.47) 
<0.0001 

-8.68 

(-9.74, -7.62) 
<0.0001 

-7.92 

(-9.03, -6.82) 
<0.0001 

4
5

-7
5
 

Female 

(nᶜ=45,nᵉ=72) 

*0.14 

(-1.07, 1.35) 

*0.10 

(-1.24, 1.44) 

-9.16 

(-9.83, -8.48) 
<0.0001 

-9.18 

(-9.93, -8.43) 
<0.0001 

-10.12 

(-10.79, -9.44) 
<0.0001 

9.48 

(-10.24,-8.74) 
<0.0001 

Male 

(nᶜ=27,nᵉ=36) 

*0.11 

(-2.04, 2.26) 

*0.12 

(-1.82, 2.06) 

-7.40 

(-8.72, -6.08) 
<0.0001 

-7.15 

(-8.39, -5.91) 
<0.0001 

-9.01 

(-10.34, -7.68) 
<0.0001 

-8.28 

(-9.49, -7.07) 
<0.0001 

SLR: straight legs raising in supine; KFS: angle of knee flexion in supine; KES: angle of knee extension in supine; SD: standard deviation; *p = not significant; 

nᶜ: number of patient in control group, nᵉ: number of patient in experimental group 

 

 

Table 5 shows that the risk ratios for all the studied 

anatomical parameters for both the legs of experimental 

subjects (female and male) treated with JNS were highly 

significant (p<0.0001) compared to the control subjects 

(Figure 5).  

Table 6 shows that the correlation coefficients of aberrant 

anatomical parameters between week 0 and week 12 were 

all positively correlated for the subjects of experimental 

group. 

Improvements on bone health as per radiological images 

as assessed by Kellgren-Lawrance grading scale: All the 

anterior-posterior (AP) views of the x-ray reports of 180 

patients with OA at the baseline exhibited degenerative 

changes, particularly in the medial tibiofemoral 

compartment, with marked joint space narrowing with 

osteophytes and bilateral varus/valgus deformities. The AP 

view of X-rays for bilateral knee joints of 108 patients after 

twelve weeks of treatment with JNS indicated substantial 

improvements on degenerative changes as well as bone 

health as assessed under K-L grading scale upgraded 

between ≥ 2 and ≥3 shown in table 7 and the balance of 72 

patients treated with SYSADOA having further 

deterioration on bone health. X-rays images of two such 

patients suffering from pain in the knee joint before and 

after the treatment with supplements were depicted in figure 

8.
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Table 5. Analysis of risk ratios of lower extremities of 108 patients, female (n=72), and male (n=36), using Jumpstart 

Nutrition® supplement compared to 72 control subjects, female (n=45), and male (n=27) at week 12 

 

RIGHT LEG LEFT LEG 

RR 
95% CI 

P-value RR 
95% CI 

P-value 
Lower Upper Lower Upper 

KGB 
Female 0.204 0.14 0.31 <0.0001 0.211 0.14 0.32 <0.0001 

Male 0.12 0.06 0.25 <0.0001 0.122 0.06 0.26 <0.0001 

DAP 
Female 0.594 0.45 0.77 0.0001 0.611 0.47 0.81 0.0004 

Male 0.143 0.06 0.34 <0.0001 0.135 0.05 0.32 <0.0001 

DBP 
Female 0.549 0.43 0.69 <0.0001 0.577 0.45 0.73 <0.0001 

Male 0.17 0.08 0.35 <0.0001 0.175 0.09 0.35 <0.0001 

DTM 
Female 0.617 0.47 0.81 0.0004 0.677 0.51 0.89 0.0056 

Male 0.163 0.08 0.33 <0.0001 0.189 0.09 0.39 <0.0001 

DCM 
Female 0.486 0.36 0.65 <0.0001 0.5 0.37 0.68 <0.0001 

Male 0.2 0.11 0.39 <0.0001 0.21 0.11 0.4 <0.0001 

SLR 
Female 0.315 0.23 0.43 <0.0001 0.308 0.23 0.42 <0.0001 

Male 0.122 0.06 0.26 <0.0001 0.125 0.06 0.26 <0.0001 

KFS 
Female 0.075 0.04 0.15 <0.0001 0.076 0.04 0.16 <0.0001 

Male 0.104 0.04 0.24 <0.0001 0.109 0.05 0.25 <0.0001 

KES 
Female 0.106 0.06 0.19 <0.0001 0.108 0.06 0.19 <0.0001 

Male 0.17 0.09 0.32 <0.0001 0.178 0.09 0.34 <0.0001 

RR:  risk ratio; KGB: knee gap between the point of short head of the biceps femoris at the lateral knee and the surface of 

the bed; DAP: diameter of muscles connected with the knee joints 4 cm above the patella; DBP: diameter of muscles 

connected with the knee joints 4 cm below the patella; DTM: diameter of muscles at the thighs; DCM: diameter of muscles 

at the calves; SLR: straight legs raising in supine; KFS: angle of knee flexion in supine; KES: angle of knee extension in 

supine; CI: confidence interval. 

 

Table 6. Age group wise analyses of Correlation coefficient of 108 experimental patients, female (n=72), male (n=36) 

between week 0 and week 12 

P
a

ra
m

et
er

 Correlation 

Coefficient 

between 

week 0 and 

week 12 

Age group: 45-55 years Age group: 55-65 years Age group: 65-75 years 

Right leg Left leg Right leg Left leg Right leg Left leg 

Female 

(n= 6) 

Male 

(n=4) 

Female 

(n= 6) 

Male 

(n=4) 

Female 

(n=16) 

Male 

(n=10) 

Female 

(n=16) 

Male 

(n=10) 

Female 

(n=50) 

Male 

(n=22) 

Female 

(n=50) 

Male 

(n=22) 

K
G

B
 

Correlation 

Coefficient 
0.431 0.148 0.229 0.289 0.368 0.71 0.447 0.621 0.314 0.238 0.158 0.341 

p-value 0.185 0.812 0.498 0.638 0.045 0.006 0.013 0.023 0.016 0.162 0.235 0.042 

D
A

P
 

Correlation 

Coefficient 
0.986 0.527 0.937 0.432 0.980 0.887 0.976 0.838 0.914 0.809 0.904 0.799 

p-value 0.000 0.361 0.000 0.467 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

D
B

P
 

Correlation 

Coefficient 
0.646 0.189 0.965 0.487 0.987 0.736 0.991 0.399 0.985 0.892 0.988 0.867 

p-value 0.032 0.760 0.000 0.406 0.000 0.004 0.000 0.018 0.000 0.000 0.000 0.000 
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P
a

ra
m

et
er

 Correlation 

Coefficient 

between 

week 0 and 

week 12 

Age group: 45-55 years Age group: 55-65 years Age group: 65-75 years 

Right leg Left leg Right leg Left leg Right leg Left leg 

Female 

(n= 6) 

Male 

(n=4) 

Female 

(n= 6) 

Male 

(n=4) 

Female 

(n=16) 

Male 

(n=10) 

Female 

(n=16) 

Male 

(n=10) 

Female 

(n=50) 

Male 

(n=22) 

Female 

(n=50) 

Male 

(n=22) 

D
T

M
 

Correlation 

Coefficient 
0.894 0.632 0.963 0.632 0.963 0.010 0.966 0.318 0.908 0.455 0.891 0.470 

p-value 0.000 0.367 0.000 0.367 0.000 0.974 0.000 0.290 0.000 0.005 0.000 0.004 

D
C

M
 

Correlation 

Coefficient 
0.984 0.510 0.943 0.817 0.836 0.891 0.745 0.724 0.592 0.841 0.485 0.837 

p-value 0.000 0.500 0.001 0.184 0.000 0.001 0.000 0.005 0.000 0.000 0.000 0.000 

S
L

R
 

Correlation 

Coefficient 
0.108 0.300 0.053 0.400 -0.290 -0.046 -0.275 -0.010 0.324 0.132 -0.185 0.251 

p-value 0.752 0.624 0.877 0.505 0.120 0.881 0.141 0.973 0.013 0.444 0.165 0.139 

K
F

S
 

Correlation 

Coefficient 
0.692 0.354 0.714 0.341 0.166 0.346 0.194 0.316 0.080 0.368 -0.118 0.273 

p-value 0.018 0.559 0.013 0.567 0.380 0.247 0.305 0.292 0.549 0.027 0.378 0.108 

K
E

S
 

Correlation 

Coefficient 
0.277 0.707 0.295 0.725 0.266 0.566 -0.245 0.392 0.086 0.231 0.155 0.139 

p-value 0.409 0.182 0.378 0.165 0.155 0.044 0.192 0.185 0.517 0.175 0.244 0.420 

KGB: knee gap between the point of short head of the biceps femoris at the lateral knee and the surface of the bed; DAP: diameter of muscles connected 

with the knee joints 4 cm above the patella; DBP: diameter of muscles connected with the knee joints 4 cm below the patella; DTM: diameter of muscles at 

the thighs; DCM: diameter of muscles at the calves; SLR: straight legs raising in supine; KFS: angle of knee flexion in supine; KES: angle of knee extension 

in supine 

 

Table 7. Kellgren-Lawrence (KL) grading scale for knee-osteoarthritis of 108 experimental subjects and  

72 Control subjects 

Knee 

joints 
Gradation 

Control Group Experimental Group 

Baseline After 12-week Baseline After 12-week 

Number % Number % Number % Number % 

K
O

A
 (

R
t.

 k
n

ee
) 

Grade-0 None None None None None None None None 

Grade-1 None None None None None None 19 17.59 

Grade-2 None None None None None None 42 38.89 

Grade-3 23 31.94 11 15.28 42 38.89 32 29.63 

Grade-4 49 68.05 61 84.72 66 61.11 15 13.89 

K
O

A
 (

L
t.

 k
n

ee
) 

Grade-0 None None None None None None None None 

Grade-1 None None None None None None 24 22.22 

Grade-2 None None None None None None 55 50.93 

Grade-3 19 26.39 9 12.50 34 31.48 29 26.85 

Grade-4 53 73.61 63 87.50 74 68.52 None None 

KOA: knee-osteoarthritis 
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Figure 4. ROC Curves for lower extremity Experimental group (n=108)-vs-Control Group (n=72) 

 

 

Pain, stiffness, performance parameters: The mean 

levels of improvements: on pain under VAS; on pain, 

stiffness and physical functions under WOMAC index; of 

the five separately scored subscales under KOOS knee 

survey and reduction of body weight confirmed by BMI at 

week 12 of the treatment with JNS for female-only and 

male-only patients in the experimental group were all highly 

significant (p<0.05) compared to the treatment with 

SYSADOA of  female-only and male-only subjects in 

control group and depicted in figures 6-7. The mean levels 

of deterioration after 12-week of control group for female-

only and male-only patients was not at all significant (data 

not shown). 

Analysis of the interrater reliabilities and the degree of 

accuracy of data: The favorable agreements between the 

interrater reliabilities and the degree of accuracy for all the 

anatomical parameters of patients treated with JNS compare 

to control subjects according to the Cohen’s Kappa (k) 

values were assessed and shown in table 8.   

Safety and cost evaluation: The topics of safety and 

tolerability were evaluated. There were no problems with 

the supplement and no significant safety problems requiring 

the suspension of the supplement or altering compliance to 

the supplementation plan were observed. The use of other 

drugs including physiotherapy, painkillers and rescue 

medication also decreased in the JNS group compared to 

control subjects (p<0.05).  

The blood tests relating to liver and kidney function tests 

such as albumin, bilirubin, alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), gamma-glutamyl 

transferase (GGT), alkaline phosphatase (ALP), lactic 

dehydrogenase (LDH), blood urea nitrogen (BUN) and 

creatinine were made for the patients treated with JNS 

before and after the treatment at week-twelve. All the results 

were shown within normal limits (the analyses of data are 

not shown). 

The average management cost was evaluated for the 

subjects using JNS. This cost was defined as an average 

100% (for the 12 weeks of management) including 

treatment, diagnostic and loss of working days and these 

were reduced to 95% with range 79-96 (p<0.05).

 



 

Caspian Journal of Internal Medicine 2024 (Winter); 15(1): 1-27 

JNS for aberrant lower extremity and outcomes in OA                                                      19 
 

Table 8. Analysis of kappa values of anatomical parameters at twelve-week of 108 experimental patients, female (n=72), 

and male (n=36) compare to 72 control patients 

Parameters 

RIGHT LEG LEFT LEG 

Kappa (k) SE of k 
95% CI 

Agreement Kappa (k) SE of k 
95% CI 

Agreement 
Low High Low High 

KGB 0.74 0.05 0.644 0.839 Substantial 0.73 0.05 0.634 0.83 Substantial 

DAP 0.38 0.069 0.241 0.512 Fair 0.41 0.068 0.278 0.545 Moderate 

DBP 0.45 0.064 0.327 0.577 Moderate 0.46 0.062 0.334 0.579 Moderate 

DTM 0.34 0.068 0.202 0.47 Fair 0.33 0.068 0.197 0.462 Fair 

DCM 0.45 0.067 0.316 0.578 Moderate 0.42 0.066 0.292 0.552 Moderate 

SLR 0.67 0.054 0.562 0.774 Substantial 0.65 0.054 0.543 0.756 Substantial 

KFS 0.84 0.041 0.759 0.92 Almost perfect 0.81 0.045 0.718 0.893 Almost perfect 

KES 0.72 0.051 0.62 0.821 Substantial 0.72 0.051 0.62 0.821 Substantial 

Agreement interpretation of k value: <0: Poor; 0.00-0.20: Slight; 0.21-0.40: Fair; 0.41 - 0.60: Moderate; 0.61 - 0.80: Substantial; 0.81 - 1.00: Almost 

perfect. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Risk Ratio of lower extremities of 108 subjects, (female: 72 and male: 36), using Jumpstart Nutrition® 

Supplement compared to 72 control subjects (female: 45 and male: 27) at week twelve. (RR: risk ratio; KGB: knee gap between 

the point of short head of the biceps femoris at the lateral knee and the surface of the bed; DAP: diameter of muscles connected with the knee joints 4 cm 

above the patella; DBP: diameter of muscles connected with the knee joints 4 cm below the patella; DTM: diameter of muscles at the thighs; DCM: diameter 

of muscles at the calves; SLR: straight legs raising in supine; KFS: angle of knee flexion in supine; KES: angle of knee extension in supine; CI: confidence 

interval) 
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Figure 6. Risk Ratio of outcome measures of 108 subjects, (female: 72 and male: 36), using Jumstart Nutrition® 

Supplement compared to 72 control subjects (female: 45 and male:27) at week twelve 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. ROC curves for body mass index (BMI) Experimental group (female: 72 and male: 36) vs Control group 

(female: 45 and male: 27( 
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Figure 8. Radiological images of the patients with OA before and after the treatment with  

Jumpstart Nutrition® supplement at week 12  

 

 

Discussion 

To our knowledge, this is the first study to investigate the 

effects of aberrant lower extremity and outcome measures 

on OA patients with the treatment of JNS compared to the 

treatment with SYSADOA. We found that the women with 

OA changes are more prevailing than men with the age 

group 65-75 years in experimental group than control group 

which proclaim the prediction made by WHO so far as the 

gender as well as age-limit of people are concerned (3-4). 

The present results suggest that there is a close 

relationship of the risk factors between the asymmetrical 

lower extremity (KGB, DAP, DBP, DCM, DTM, SLR, 

KFS, and KES) (tables 2A-6) and the pain with disable-

related outcome measures including obesity (VAS, 

WOMAC index, KOOS, and BMI) (figures 5-6) in OA. 

There are no medications available to cure OA 

permanently except some kinds of non-steroidal anti-

inflammatory drugs (NSAIDs) including SYSADOA, 

corticosteroids for relieving pain, inflammation, stiffness, 

improvement of quality of life temporarily. But they have 

tremendous side-effects like cardiovascular and 

gastrointestinal problems (14).  

Transgressed with the conventional treatment protocol, 

the new evidence could potentially increase public interest 

in the benefits of alternative treatments. According to 

Basedown et al., currently 69% of patients with OA take 

some form of dietary supplements for their condition as an 

alternative therapy (5).  

According to Lang (36) muscles support the bone 

structure, particularly during the process of growth and 

development. The close relationship between muscle and 

bone are observed through the mechanostat theory, 

evaluated firstly to determine gender differences by Frost 

(37-38). During the attainment of aging, peak bone and 

muscle strength, both men and women begin to lose both 

bone and muscle tissues and possibilities of muscles and 

bone damage widely known as sarcopenia (39-42).  

Interestingly, researchers have investigated knee-

osteoarthritis (KOA), which occurs due to the damage of leg 

muscles such as quadriceps femoris, extensor muscle, etc. 

The quadriceps strength (peak torque generation) is an 

important evaluation for physical function in men and 

women (43-47) for the evolution of weakness of the 

quadriceps muscle during OA. The bones, muscles and 

cartilage are the important tissues deformed during OA as 

an evidenced by radiographic marker (48-49). The author 

has further established that the deranged lower anatomical 

features are the risk factors for OA (50) and established the 

normalization of the deranged anatomical features for OA 

with the help of established phytotherapy (51-59).  

The present results indicate that various anatomical 

parameters are deranged, may be due to muscle wasting, 
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weakness and degeneration, connective tissue damage, 

potential loss of joint cartilage, bone hypertrophy and joint 

effusion as a result of which both the legs become 

asymmetrical, when patient suffers with OA.  

When we further analyzed the limb-wise deformities, it 

was observed that the KGBs increased and not touching the 

back of knee joints (popliteal region) on the bed while 

supine. They become asymmetrical may be due to the 

cumulative effects of muscle wasting, weakness, 

inflammation and stiffness of the connective muscles during 

the disease condition. This further increased may be due to 

the prolonged use of knee supports, hyaluronic acid 

injections or corticosteroid injections or arthrocentesis are 

used for quick diminishing of pain, stiffness, inflammation 

and for increasing the strength of muscles temporally. 

Our results show that there is reduction of KGB by 

59.98% and 61.45% in the right and left legs for female-

only and by 53.53% and 55.43% in the right and left legs 

for man-only respectively by using JNS in the experimental 

pooled group (45-75 years) and they become symmetry at 

week-12 compared to week 0 (table 2A-B), where as in the 

control pooled group (45-75 years), these were decreased by 

3.56% and 2.31%  for right and left legs for female-only and 

by 2.84% and 2.57% in the right and left leg for man-only 

respectively and they remain asymmetry at week-12 

compared to week 0 (table 2A-B).The cumulative effects of 

muscular wasting, inflammation, effusion or blood clotting 

due to engorgement of saphenous vein, probably be the 

reason of the asymmetry of DAP due to the inflammation 

over the medial tibiofemoral joints. It may be the further 

reason of using knee braces, hyaluronic acid injections or 

corticosteroid injections or arthrocentesis for quick 

diminishing of pain, stiffness and inflammation. Moreover, 

the radiological images indicate that there is marked 

effusion at medial tibiofemoral joint due to severe damage 

of cartilage during OA (Figure 4). At the same time, the 

cumulative effects of muscular wasting, inflammation, 

effusion or blood clotting on the anterior, posterior, lateral 

and medial parts of lower legs especially tibialis and 

anterior extensor hallucis longus and digitorial longus, 

gastrocnomius, soleus, and Achilles tendon may be the 

causing effects of asymmetry for both the DBPs.  The 

radiological imaging of the knee joints confirmed the same. 

Our results indicate that there is reduction of DAP and 

DBP by 6.79% and 4.03% in the right knee joint 

respectively and that to left knee joints by 7.44% and 6.25%  

for female-only and by 8.62% and 8.18% in the right knee 

joint and that to left knee joint by 9.62% and 9.81% for man-

only respectively by using JNS in the experimental pooled 

group (45-75 years) and they become symmetry at week-12 

(table 2A-B), where as in the control pooled group (45-75 

years), these were diminished by 0.21% and 0.16% in case 

of DAP and 0.23% and 0.22% in case of DBP for right and 

left legs respectively for female-only and that of by 0.72% 

and 0.21% in case of DAP and 0.14% and 0.20% in case of 

DBP for right and left legs respectively for man-only and 

they remain asymmetry at week-12 (Table 2A-B).  

It is further observed that there is increased in 

asymmetrical of DTM between the legs, probably due to the 

cumulative effects of muscular wasting/ muscular bulging 

in the posterior region of the thighs and may be commonly 

compressed the sciatic nerve which is originating from the 

tubersity of the ischium and inserting to the tibia resulting 

which patient is complained the acute or mild pain in the 

lumbar region along with knee pain. The reason for 

decreased asymmetrical DCM of both legs may be due to 

cumulative muscular wasting / stiffness of gastrocnemius 

muscles for which further compressed the tibial nerve which 

is a branch of sciatic nerve, may be affected of prolong use 

of knee supports, tenderness of Achilles tendon, soleus, 

calcaneus spurs, rigidity of ankle joints and such other 

reasons. Therefore, researchers have identified that the 

slight difference of the diameter of the calf muscle of two 

legs trigger up the compression in the lumbar vertebrae as 

they misaligned (51-53). 

The present results show that there is an increase in 

muscles diameter of DTM by 2.05% and 1.97% in the right 

and left legs for female-only and by 6.82% and 6.32% in the 

right and left legs for man-only respectively by using JNS 

in the experimental pooled group (45-75 years) and they 

become symmetry at week 12 (table 3A-B), whereas in the 

control pooled group, those who are using SYSADOA, 

these were improved by 0.10% and 0.10% for right and left 

legs for female-only and by 0.04% and 0.06% in the right 

and left leg for man-only respectively and they remain 

asymmetry at week-12 (table 3A-B). Furthermore, the 

present results show that DCM has increased by 1.22% and 

1.16% in the right and left legs for female-only and that  

increased by 2.86% and 2.26% in the right and left legs for 

male-only and they become symmetry at week-12 with JNS 

in the experimental pooled group (45-75 years (table 3A-B) 

but there were no improvements in the muscle diameter of 

the right and left legs for female-only and that for male-only 

and remain as asymmetrical at week-12 in the control 

pooled group  (45-75 years) when used SYSADOA (table 

3A-B)  

It is well known that the knee flexion and extension are 

two main activities of the movement of the knee joint. All 
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the muscles that move these joints are in the anterior, 

posterior and lateral thigh region and for the flexion activity 

the muscles nerve root is sciatic nerve and for extension is 

femoral nerve. It reveals from the present results that SLR, 

and KFS are all reduced and at the same time the KES of 

both legs increased during OA, the reasons for the same may 

be due to massive muscular wasting, stiffness and muscle 

degeneration especially the quadriceps muscles and tendons 

and healthy muscle fibers replaced by fibrosis and fat 

making muscle tissues in the thigh region and the legs 

probably the reason of asymmetry between the legs for 

SLR, KFS, and KES.  

The results indicate that there is an increase of angles of 

SLR and KFS by 91.60% and 27.89% in the right leg and 

that to left leg by 95.10% and 27.69% for female-only and 

by 60.54% and 24.68% in the right leg and that to left leg 

by 62.65% and 23.97% for man-only respectively and they 

become symmetry at week 12 by using JNS in the 

experimental  pooled group (45-75) (table 4A-B), whereas 

in the control pooled group, these were further reduced by 

0.29% and 0.31% in case of SLR and 0.13% and 0.12% in 

case of KFS for right and left legs respectively for female-

only and that of by 0.22% and 0.23% in case of SLR and 

0.16% and 0.12% in case of KFS for right and left legs 

respectively for man-only and they remain asymmetry at  

week-12 (table 4A-B). Furthermore, in the experimental 

pooled group, there is diminution of angles of KES by 

51.52% and 51.57% in the right and left legs for female-

only and the same has be reduced by 45.23% and 44.38% in 

the right and left legs for man-only and they become 

symmetry at week-12  with JNS  (table 4)  whereas patients 

under control pooled group (45-75), the increased levels of  

KES angle were recorded as 0.75% and 0.56% in the right 

and left legs for female-only and the same was recorded as 

0.62% and 0.70% in the right and left leg respectively for 

man-only and they remain as asymmetrical at week12 (table 

4A-B ) 

Finally, table 5 shows the risk ratios of all the parameters 

of lower extremity of OA patients treated with JNS at week 

12 were highly significant (p<0.0001) compared to control 

group treated with SYSADOA. 

Therefore, in the present supplementary study, the 

vitamin CoQ10 and vitamin K2 are mixed because of 

CoQ10 levels decrease with aging, and this loss of 

antioxidant power coupled with increased reactive oxygen 

species (ROS) production can result in an age-related 

oxidative stress that can influence the development of other 

metabolic conditions (60) and vitamin K2 in the form of 

MK-7 (menaquinone form , where 7 signifies the number of 

5-carbon units), has been shown to be a bioactive compound 

in regulating osteoporosis, atherosclerosis, cancer and 

inflammatory diseases without risk of negative side effects 

or overdosing (61).  

Pain syndromes, inflammation and impaired quality of 

life are the major perception factors among patients in any 

musculoskeletal disorders especially OA (15, 62-63). To 

overcome these phenomenon, boswellic acids and curcumin 

are added with this supplement (64). The author has already 

been elaborated in detail the significance of the ingredients 

(boswellic acids and curcumin) and cost-effectiveness used 

in the supplement in the previous article (15, 20). This 

powerful antioxidant (64) is now available in a new delivery 

system (Jumpstart Nutrition®, Nanophyto Wellness Private 

Ltd, Kolkata, India) that improves the bioavailability of 

curcuminoids and boswellic acids (15, 19, 20). 

In the present study, it indicates that all the 

internationally-acclaimed pain-related parameters under 

VAS,  WOMAC index, and KOOS are in much favorable 

positions (decreasing levels of pain activities and increasing 

levels of lifestyle) of the patients under experimental group 

at week 12 treatment protocol (figures 5-6) compared to 

control group Therefore, JNS exerts a significant anti-

inflammatory action in these patients, leading to a reduction 

in symptoms of pain and disability and the compositions can 

be used as supplement to achieve the symmetrical effects of 

lower extremity in OA patients.  

Again, obesity is the important phenomenon for 

developing OA as reduced quadriceps strength relative to 

body weight is a risk factor for knee OA (65). Therefore, 

vitamin-K2 is the important ingredient in the supplement. 

Several researchers have shown that vitamin-K2 intake may 

support reducing body weight, waist circumference, body 

composition, visceral fat (66-68). Moreover, the vitamin-K2 

treatment supports osteogenic differentiation within bone 

marrow mesenchymal stem cells (69, 70). 

Figure 6 shows that there is substantial reduction of 

bodyweight due to supplementary diet mixed with vitamin-

K2. In the present study, the reduction of bodyweights is 

recorded as 13.13 % for female-only and 11.04% for man-

only in the experimental group compared to control. 

Our results show the probable improvements on reducing 

osteophytes, joint space narrowing, sclerosis, bony 

deformities of knee-joints of the OA patients treated with 

JNS under experimental group as assessed by K-L grading 

scale. More numbers of patients of supplementary group 

have shifted to higher grades (grade 2 and grade 3) from 

grade 4 for both right and left knee joints with JNS as 

against further deterioration of OA in the control group 
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(table 6 and figure 4). The author has further elaborated in 

detail the functions of calcium, phosphorus, vitamin-K2, 

vitamin-D2, coenzyme-Q10, soy and whey proteins contain 

in JNS for the improvement of OA patients in the previous 

study (15). 

Finally, it is to be observed that there are almost perfect  

to fair agreement between  the interrater  reliabilities and the 

degree of accuracy  for all the anatomical parameters  of 

patients treated with JNS compared to control subjects 

according to the Cohen’s Kappa (k) valuations (table 8).  

However, this study has several important limitations. 

Firstly, the biasedness of the results has not been checked 

as we have taken a small sample size. The supplement was 

studied at short term (≤3 months) but we are unsure whether 

equivalent efficacy and safety would have been achieved in 

the long term. Secondly, the present study relied 

predominantly on x-ray based determination of OA, but 

higher resolution magnetic resonance imaging (MRI) 

modalities may prove to be a stronger clinical correlation 

than symptoms and radiographic measures with the more 

sensitive measure of cartilage pathology. Because research 

showed that meniscal subluxation is a risk factor for 

cartilage loss and joints space narrowing in people with 

symptomatic KOA (71, 72) and conflicting evidence is 

found for the association between meniscal subluxation and 

pain (73). Thirdly, patients restricted to be treated with  

supplement are those suffering from the following 

disorders:  adverse pathogenic effects on milk products; 

concomitant diseases required parallel multiple drug 

treatment; a history of cancer including caranomatosis and 

granulocytic leukemia; a history of chronic liver, heart and 

kidney diseases;  patients refuse to do x-rays, a physical 

evaluation and /or attend weekly follow-up visits; patients 

with dementia, morbid obesity, pregnancy, prior knee 

surgery. In addition to that patients with amputated legs are 

restricted to this study.  

In conclusion, this supplement registry study suggests 

that Jumps Jumpstart Nutrition® can be considered as an 

effective bone, and muscle nutrition supplementary 

management of OA patients for the improvement of risk 

factors by achieving the symmetries in the deranged lower 

anatomical parameters such as KGB, DAP, DBP, DTM, 

DCM, SLR, KFS, and KES (tables 2A-6) confirming 

findings with knee joint radiographic images correlated 

with Kellgren-Lawrence grading scale (table 7 and figure 4) 

and  improving the internationally approved outcome 

measures along with  functional activities including 

bodyweight under VAS, WOMAC, KOOS, and BMI 

(figures 6-7).  

Further research is suggested to be under taken for the 

evaluation of inflammation, muscular dystrophy, 

connective tissue damage and skeletal muscles damage with 

the help of analyses of suitable biomarkers such as 

interleukin-10, tumor necrosis factor-alpha, C-reactive 

protein, creatine kinase-muscle and aldolase-A by using 

Jumpstart Nutrition® supplement in other musculoskeletal 

diseases such as rheumatoid arthritis. 
 

 

Acknowledgments 

The author acknowledges the assistance of Ayondeep 

Ganguly and Anondeep Ganguly for coordinating the 

patients and arranging all data from biochemists. 

 

Funding: No external funding is received for this research. 

Conflict of Interests: The author declares that there are no 

conflicts of interest regarding the present study. 

 

 

References  

1. Altman RD. Early management of osteoarthritis. Am J 

Manag Care 2010; 16: S41-7.  

2. Porter RS, Kaplan JL. The Merck Manual of diagnosis 

and therapy. 19th ed. New Jersey: Merck Sharp & 

Dohme Corp , Whitehouse Station, NJ 2011.  

3. World Health Organization. Priority diseases and reason 

for inclusion. WHO 2013. 

http://www.who.int/medicines/areas/priority_medicin

es/Ch6_12Osteo.pdf 

4. Cross M, Smith E, Hoy D, et al. The global burden of 

hip and knee-osteoarthritis: estimates from the global 

burden of disease 2010 study. Ann Rheum Dis 2014; 

73: 1323-1330. 

5. Basedow M, Runciman WB, March L, et al. Australians 

with osteoarthritis: the use of and beliefs about 

complementary and alternative medicines. 

Complement Ther Clin Pract 2014; 20: 237–42. 

6. Anson, P. Supplements help relieve pain of 

osteoarthritis. Pain news network 2016. Available 

from: 

https://www.painnewsnetwork.org/stories/2016/1/4/s

upplements-help-relieve-pain-of-osteoarthritis. 

Accessed Jan 04, 2016. 

7. Liu X, Machado GC, Eyles JP, et al. Dietary 

supplements for treating osteoarthritis: a systematic 

review and meta-analysis. Br J Sports Med 2018; 52: 

167–175. 

8. Wadsworth LT, Kent JD, Holt RJ. Efficacy and safety 

of diclofenac sodium 2% topical solution for 

https://www.painnewsnetwork.org/stories/2016/1/4/supplements-help-relieve-pain-of-osteoarthritis.%20Accessed%20Jan%2004
https://www.painnewsnetwork.org/stories/2016/1/4/supplements-help-relieve-pain-of-osteoarthritis.%20Accessed%20Jan%2004
https://www.painnewsnetwork.org/stories/2016/1/4/supplements-help-relieve-pain-of-osteoarthritis.%20Accessed%20Jan%2004


 

Caspian Journal of Internal Medicine 2024 (Winter); 15(1): 1-27 

JNS for aberrant lower extremity and outcomes in OA                                                      25 
 

osteoarthritis of the knee: a randomized, double-blind, 

vehicle-controlled, 4week study. Curr Med Res Opin 

2016; 32: 241-250.  

9. Park CY. Vitamin D in the prevention and treatment of 

osteoarthritis: From clinical interventions to cellular 

evidence. Nutrients 2019; 11(2): 243. 

10. Chlebowski RT, Pettinger M, Johnson KC, et al. 

Calcium plus vitamin supplementation and joint 

symptoms in postmenopausal women in the Women’s 

health initiative randomized trial. J Acad Nutr Diet 

2013; 113: 1302-1310. 

11. Li Y, Xiao W, Luo W, et al. Alteration of amino acid 

metabolism in osteoarthritis: its implications for 

nutrition and health. Amino Acids 2016; 48: 907-914.  

12. Da Camara CC, Dowless GV. Glucosamine sulphate 

for osteoarthritis. Ann Pharmacother 1998; 32: 580-7. 

13. Fransen M, Agaliotis M. Nairn L, et al. Glucosamine 

and chondroitin for knee osteoarthritis: a double-bind 

randomised placebo-controlled clinical trial 

evaluating single and combination regimens. Ann 

Rheum Dis 2015; 74: 851-858. 

14. Coruzzi G, Venturi N, Spaggiari S. Gastrointestinal 

safety of novel nonsteroidal anti-inflammatory drugs: 

selective COX-2 inhibitors and beyond. Acta Biomed 

2007; 78: 96-110.u 

15. Ganguly A. Role of Jumpstart Nutrition®, a dietary 

supplement, to ameliorate calcium-to-Phosphorus 

ratio and parathyroid hormone of patients with 

osteoarthritis. Med Sci (Basel) 2019; 7: 105. 

16. Institute of Medicine (US) Food and Nutrition Board. 

Dietary reference intakes: A risk assessment model for 

establishing upper intake levels for nutrients. 

Washington (DC): National Academies Press (US) 

1998. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK45189/ doi: 

10.17226/6432.  

17. Yates AA, Schlicker SA, Suitor CW. Dietary 

Reference intakes: the new basis for recommendations 

for calcium and related nutrients, B vitamins, and 

choline. J Am Diet Assoc 1998; 98: 699-706. 

18. Yates AA. Establishing new principles for nutrient 

reference values (NRVs) for food labelling purpose. 

Nutr Res Pract 2007; 1: 89-93.  

19. Badmaev V, Majeed M. Curcuminoids from Curcuma 

longa in disease prevention & treatment. Sabinsa 

Corporation USA 2008. Available from: 

www.sabinsa.com/newsroom/WhitePapers/Curcumin

oids_From_Cucuma_Longa_In_Disease_Prevention_

and_Treatment.pdf. Accessed Nov 6, 2017. 

20. Siddiqui MZ. Boswellia serrata, a potential anti-

inflammatory agent: An overview. Indian J Pharm Sci 

2011; 73: 255-61. 

21. Corson TW, Crews CM. Molecular understanding and 

modern application of traditional medicines: triumphs 

and trials. Cell 2007; 130: 769-74.  

22. Resch KL, Hill S, Ernst E. Use of complimentary 

therapies by individuals with ‘arthritis’. Clin 

Rheumatol 1997; 16: 391-5.  

23. Lott DJ, Jasani MK, Birdwood GFB. Studies in 

osteoarthritis: Pathogenesis, intervention, assessment. 

1st ed. Chichester: Wiley 1987. 

24. Mattson MP. Hormesis defined. Ageing Res Rev 

2008; 7: 1–7.  

25. Konopka AR, Sreekumaran Nair K. Mitochondrial 

and skeletal muscle health with advancing age. Mol 

Cell Endocrinol 2013; 379: 19–29.  

26. Rodic TC, Selbels DR, Babu JR, et al. Potential role 

of coenzyme Q10 in health and disease conditions. 

Nutr Diet Suppl 2018; 10: 1-11 

27. Hauschka PV. Osteocalcin: the vitamin K-dependent 

Ca2+-binding protein of bone matrix. Haemostasis 

1986; 16: 258–272.  

28. Theuwissen E, Smit E, Vermeer C. The role of vitamin 

K in soft-tissue calcification. Adv Nutr 2012; 3: 166–

173.  

29. Kellgren JH, Lawrence JS. Radiological assessment of 

osteo-arthrosis. Ann Rheum Dis 1957; 16: 494-502 

30. Bodian CA, Freedman G, Hossain S, Eisenkraft JB, 

Beilin Y. The visual analog scale for pain: Clinical 

significance in postoperative patients. Anesthesiology 

2001; 95: 1356-1361. 

31. Bellamy N, Buchanan WW, Goldsmith CH, Campbell 

J, Stitt LW. Validation study of WOMAC: a health 

status instrument for measuring clinically important 

patient relevant outcomes to antirheumatic drug 

therapy in patients with osteoarthritis of the hip or 

knee. J Rheumatol 1988; 15: 1833-1840. 

32. Roos EM, Lohmander LS. The knee injury and 

osteoarthritis outcome score (KOOS): from joint 

injury to osteoarthritis. Health Qual Life Outcomes 

2003; 1: 1-8. 

33. Ferrera LA. Focus on body mass index and health 

research. 1st ed. New York: Nova Science Pub Inc 

2006; pp: 30-34. ISBN 978-1-59454-963-2.  

34. American Academy of Orthopaedic Surgeons 

(AAOS). Joint motion: Method of measuring and 

recording. Chicago 1965; pp: 25-28. OCLC Number / 

Unique Identifier: 301640901.  



 

 Caspian Journal of Internal Medicine 2024 (Winter); 15(1): 1-27 

26                                                                           Apurba G & Sudip K 

B. 

35. Spencer H, Kramer L, Osis D, Norris C. Effect of 

phosphorus on the absorption of calcium and on the 

calcium balance in man J Nutr 1978; 108: 447-457. 

36. Lang TF. The bone-muscle relationship in men and 

women. J Osteoporos 2011; 2011: 702735.  

37. Frost, H.M. Bone mass and the mechanist at: a 

proposal. Anat Rec 1987; 219: 1-9  

38. Frost HM. Muscle, bone, and the Utah paradigm: a 

1999 overview. Med Sci Sports Exerc 2000; 32: 911-

917. 

39. Bellayou H, Hamzi K, Rafai MA, et al. Duchenne and 

Becker muscular dystrophy: Contribution of a 

molecular and immunohisto chemical analysis in 

diagnosis in Morocco. J Biomed Biotechnol 2009; 

2009: 325210. 

40. Walsh MC, Hunter GR, Livingstone MB. Sarcopenia 

in premenopausal and postmenopausal women with 

osteopenia, osteoporosis and normal bone mineral 

density. Osteoporos Int 2006; 17: 61-67. 

41. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al. 

Sarcopenia: European consensus on definition and 

diagnosis: Report of the European Working Group on 

Sarcopenia in Older People. Age Ageing 2010; 39: 

412-423 

42. Scott D, Blizzard L, Fell J, Jones G. Prospective study 

of self-reported pain, radiographic osteoarthritis, 

sarcopenia progression, and falls risk in community-

dwelling older adults. Arthritis Care Res (Hoboken) 

2012; 64: 30-37. 

43. Slemenda C, Brandt KD, Heilman DK, et al. 

Quadriceps weakness and osteoarthritis of the knee. 

Ann Intern Med 1997; 127: 97-104, 

44. Liikavainio T, Lyytinen T, Tyrvainen E, Sipila S, 

Arokoski JP. Physical function and properties of 

quadriceps femoris muscle in men with knee 

osteoarthritis. Arch Phys Med Rehabi 2008; 89: 2185-

2194. 

45. Palmieri-Smith RM, Thomas AC, Karvonen-Gutierrez 

C, Sowers MF. Isometric quadriceps strength in 

women with mild, moderate, and severe knee 

osteoarthritis. AmJ Phys Med Rehabil 2010; 89: 541-

548. 

46. Alnahdi AH, Zeni JA, Snyder-Mackler L. Muscle 

impairments in patients with knee osteoarthritis. 

Sports Health 2012; 4: 284-294. 

47. Oiestad BE, Juhl CB, Eitzen I, Thorlund JB. Knee 

extensor muscle weakness is a risk factor for 

development of knee osteoarthritis. A systematic 

review and meta-analysis. Osteoarthritis and Cartilage 

2015; 23: 171-177. 

48. Omori G, Koga Y, Tanaka M, et al. Quadriceps muscle 

strength and its relationship to radiographic knee 

osteoarthritis in Japanese elderly. J Orthop Sci 2013; 

18: 536-542. 

49. Felson DT. Osteoarthritis of the knee. New Engl J Med 

2006; 354: 841-848. 

50. Ganguly A. Diagnosis of knee osteoarthritis risk 

through abnormal musculo-postural features. Int Arch 

BioMed Clin Res 2018; 4:39-46. 

51. Ganguly A. The degenerative changes in lumbar 

region always lead to bilateral degenerative changes in 

knee-joints and vice-versa: sensation of pain cannot 

only be the parameter of degeneration. Anat Physiol 

2015; S3: 002.  

52. Ganguly A. A novel topical phytotherapy for 

normalization of aberrant leg anatomical and 

biochemical risks in failed spine surgery associated 

with knee osteoarthritis: A unique case study. J Drug 

Deliv Ther 2019; 9: 301-306. 

53. Ganguly A. Evaluation of A cost-effective novel 

diagnostic method for lumbar herniated disc with 

knee-osteoarthritis: A randomized sample study. 

Medical sci 2019; 7: 69. 

54. Ganguly A. Topical phytotherapeutic treatment for 

achieving knee symmetry in osteoarthritis - A 

sustainable approach. Int J Phytomedicine 2015; 7: 

290-301. 

55. Ganguly A. Obtaining normal flexion and extension of 

knee joints on supine, prone and standing positions in 

osteoarthritis by topical phytotherapeutic treatment 

irrespective of age and sex. Int J Phytomedicine 2015; 

7: 290-301. 

56. Ganguly A. Degenerative changes in lumbar-region 

occur simultaneously with bilateral-osteoarthritic 

changes in knee-joints and vice-versa: normalization 

with topical application of phytoconstiuents by 

specialized techniques involving possible cartilage-

regeneration. Int J Sci Res 2015; 6: 6. 

57. Ganguly A. Normalization of varus/valgus deformities 

in osteoarthritis by external application of 

phytoconstituents: confirmed with anatomical

 observations and biochemical profiles and 

radiological images. Anat Physiol: Current Research 

2016; 6: 224.  

58. Ganguly A. Diagnosis, prevention & phytotherapy for 

osteoarthritic disorders. 1st ed. Republic of Moldova: 

Scholars’ Press, Omni Scriptum Publishing Group 

2017; pp: 13, 14, 46-48. ISBN: 978-3-330-65274-3. 

59. Ganguly A. Topical phytotherapy: Management of 

deranged anatomical and abnormal biochemical risk 



 

Caspian Journal of Internal Medicine 2024 (Winter); 15(1): 1-27 

JNS for aberrant lower extremity and outcomes in OA                                                      27 
 

factors during failed total knee arthroplasty: A unique 

case study. J Orthopaedics Rheumatol 2018; 5: 6. 

60. Lance J, McCabe S, Clancy RL, Pierce J. Coenzyme 

Q10 – a therapeutic agent. Medsurg Nurs 2012; 21: 

367–371 

61. Halder M, Petsophonsakul P, Akbulut A C, et al. 

Vitamin K: Double bonds beyond coagulation insights 

into differences between Vitamin K1 and K2 in health 

and disease. Int J Mol Sci 2019; 20: 896. 

62. Felson DT. Epidemiology of hip and knee 

osteoarthritis. Epidemiologic Reviews 1988; 10:1-28 

63. Johnson VL, Hunter DJ. The epidemiology of 

osteoarthritis. Best Pract Res Clin Rheumatol 2014; 

28: 5-15. 

64. Gianni G, Mark D, Roberta, et al. Phytoproflex®: 

Supplementary management of osteoarthrosis: A 

supplement registry. Minerva medica 2018; 109: 88-

89. 

65. Slemenda C, Heilman DK, Brandt KD, et al. Reduced 

quadriceps strength relative to body weight: a risk 

factor for knee osteoarthritis inwomen? Arthritis 

Rheum 1998; 41: 1951-1959. 

66. Juanola-Falgarona M, Salas-Salvadó J, Estruch R, et 

al. Association between dietary phylloquinone intake 

and peripheral metabolic risk markers related to 

insulin resistance and diabetes in elderly subjects at 

high cardiovascular risk. Cardiovasc Diabetol 2013; 

12: 7.  

67. Shea MK, Booth SL, Gundberg CM, et al. Adulthood 

obesity is positively associated with adipose tissue 

concentrations of vitamin K and inversely associated 

with circulating indicators of vitamin K status in men 

and women. J Nutr 2010; 140: 1029–1034. 

68. Knapen MHJ, Jardon KM, Vermeer C. Vitamin K-

induced effects on body fat and weight: Results from 

a 3-year vitamin K2 intervention study. Eur J Clin Nutr 

2017; 72: 136–141. 

69. Tamura T, Yoneda M, Yamane K, et al. Serum leptin 

and adiponectin are positively associated with bone 

mineral density at the distal radius in patients with type 

2 diabetes mellitus. Metabolism 2007; 56: 623–628 

70. Zhang Y, Weng S, Yin J, et al. Vitamin K2 promotes 

mesenchymal stem cell differentiation by inhibiting 

miR-133a expression. Mol Med Rep 2017; 15: 2473–

2480. 

71. Gale DR, Chaisson CE, Totterman SM, et al. Meniscal 

subluxation: association with osteoarthritis and joint 

space narrowing. Osteoarthritis Cartilage 1999; 7: 

526–532. 

72. Neogi T. Clinical significance of bone changes in 

osteoarthritis. Ther Adv Musculoskelet Dis 2012; 4: 

259–267. 

73.  Hunter DJ, Zhang YQ, Niu JB, et al. The association 

of meniscal pathologic changes with cartilage loss in 

symptomatic knee osteoarthritis. Arthritis Rheum 

2006; 54: 795–801. 

 


