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INTRODUCTION 

ACL injuries and associated risk factors have been 

extensively studied in international literature. Age, sex, 

height, weight, BMI are the physical variables those have 

been extensively studied as risk factors for ACL 

injuries.1,2,4 Preoperative MRI to look for ACL dimensions 

like sagittal length, tibial footprint size, femoral footprint 

size, dimensions of intercondylar notch are the local 

parameters studied in view of ACL risk factors.3,5 

Recently advanced measurement like ACL volume, hip 

abduction muscle strength, sagittal obliquity of ACL on 

MRI, knee hyperextension, size of lateral femoral condyle, 

Intercondylar Roof Inclination Angle.6-9 

When age and the morphological characteristics of the 

anterior cruciate ligament (ACL) on MRI were compared, 

Takanori found that, the sagittal ACL area was 

significantly larger in the young group when compared 

with the elderly group. Wang et al concluded that men had 

greater absolute ACL volume and ACL width than women 

p<0.001.2 Greater body mass index and hip abduction 

muscle strength can predict ACL injuries in noncontact 

players.9 Javad et al in their prospective study have shown 

that, age, sex, body mass and BMI were strong 

contributors (p<0.05) to structural property of ACL like to 

elongation, energy at failure, and linear stiffness and load 

to failure in different proportion. 1 
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Indian population is diverse in terms of height, colour, 

body skeletal structure varying from north Indians being 

taller than south Indian and eastern Indian population. 

Index of obesity also varies at different age groups as 

younger population less than 30 years tend to be more 

active physically and less obese than population more than 

40 years as BMI starts increasing in their sedentary 

lifestyle. Although this statement can also be confounded 

by presence or absence of physical activities in the later 

group. 

Similar thought process can be applied to ACL injuries in 

either of the genders. Female athletes have been proven to 

be lesser volume of ACL than male athletes leading to 

higher risk for ACL injury.10 But that is difficult to be 

applied to all type of body habitus in the same gender. The 

type of body built containing different percentage of fat, 

muscle mass and slenderness can give different results 

when compared to both sexes. 

Somatotyping considers overall body status which 

includes overall fat content of body, muscle mass and 

slenderness i.e., skeletal structure of an individual. It has 

an advantage as it considers all parameters like weight, 

height, BMI in a single-criteria. Somatotyping is also 

applicable to all ages and both genders. 

Objective of this study is to find the relationship that 

relates the Indian scenario of mixed culture population 

using somatotype as parameter and correlate incidence of 

ACL injury. In a study of 100 patients of ACL tear, 

Authors have tried to evaluate relation between occurrence 

of ACL tear and body-built type in Indian nonathletic 

population. Overweight patients may have different 

proportion of body fat content and muscle mass content. 

For example, endomorph obese have more fat than muscle 

mass whereas mesomorph overweight patients are of 

stalky built and have more of muscle mass compared to fat 

content. This factor along with their skeletal architecture 

contributes to higher overall body weight in mesomorphs 

and may have different proportion of risk for ACL tears. 

METHODS 

This was a prospective randomised study. We selected 100 

patients between 15 and 50 years coming to OPD having 

ACL tear confirmed clinically and on MRI in D Y Patil 

Hospital between 2015 to 2022. Complete ACL injuries 

less than 6 months old, with and without meniscus tear 

were selected. 

Those excluded from study were multi-ligament injuries, 

associated fracture around the knee, mucoid degeneration 

of ACL. Road traffic accident injuries were also excluded 

as direct knee trauma automatically eliminates the effect 

of body architecture effect on incidence of ACL injuries. 

Each patient having ACL injury was clinically examined 

for different parameters like skin fold thickness at triceps, 

infra-scapular and supra-iliac regions. Circumference of 

flexed arm and calf level was measured using the 

measuring tape. Epicondylar and condylar width at elbow 

and distal femur respectively was measured. Lastly body-

built index was calculated in terms of endomorphy, 

mesomorphy and ectomorphy using the heath-carter 

Anthropometric somatotype manual.13 Then associations 

between independent variable of somatotype with 

presence of ACL tear was studied. 

Permission for the study was requested from and granted 

by the head of ethical committee at the institution from 

which patient pool was selected. 

     

Figure 1: Epinodylar width. 

       

Figure 2: Infra-scapular skin thickness. 
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Figure 3: Triceps skin thickness.         

 

Figure 4: Skin measuring Caliper. 

Following formulae were used for calculating somatotype. 

Endomorphy=-0.7182+0.1451×Z-0.00068×Z2+ 

0.0000014×Z3  

Where: Z-triceps skinfold + subscapular skinfold + supra-

iliac skin fold 

Mesomorphy=0.858 × biepicondylar breadth + 0.601 × 

bicondylar breadth + 0.188 × corrected arm circumference 

+0.161×corrected calf circumference-(body height×0.131 

+4.5  

Where: corrected arm circumference -flexed arm 

circumference-triceps skinfold, corrected calf 

circumference- calf circumference-medial calf skinfold; 

Ectomorphy=HMR×0.732–28.58 where: HMR=body 

height/cube root of body mass. If HMR ≤38.25 than 0.1 is 

assigned. If HMR>40.75 than: ectomorphy 

=HMR×0.463/17.63 

The associations between injury occurrence (dependent 

variable) and anthropometric-somatotype characteristics 

(independent variable) was established using the forward 

conditional logistic regression analysis.   

RESULTS 

Respondent demographic were shown in Table 1. 

Table 1: Physical parameters. 

Demographics  Percentage (%) 

Gender 

Male   75 

Female   25 

Age (Years) 

18-35   75 

36-49  12.5 

50-60  12.5 

Body height (cm) 

131-140 12.5 

141-150  0 

151-160  6.25 

161-170  50 

171-180  25 

181-190  6.25 

Body weight (kg)  

50-59  37.5 

60-69  31.25 

70-79  6.25 

80-89  12.5 

90-99  12.5 

Skin fold thickness (cm) 

● Triceps 

10-15  37.5 

16-20  50 

21-25  12.5 

Continued. 



Deore S et al. Int J Res Orthop. 2023 Mar;9(2):310-316 

                                               International Journal of Research in Orthopaedics | March-April 2023 | Vol 9 | Issue 2    Page 313 

Demographics  Percentage (%) 

Skin fold thickness (cm) 

Subscapularis 

10-15  37.5 

16-20  37.5 

21-25  25 

Suprailiac 

10-15  37.5 

16-20  18.75 

21-25  25 

26-30  18.75 

● Calf  

10-15  25 

16-20  37.5 

21-25  37.5 

Circumference (cm)  

Flexed arm 

20-25  12.5 

26-30  43.75 

31-35  37.5 

36-40  6.25 

Calf 

26-30  6.25 

31-35  37.5 

36-40  37.5 

41-45  18.75 

Breadth (cm) 

Biepi-condyle 

5.0-5.9  12.5 

6.0-6.9  56.25 

7.0-7.9  31.25 

Bicondylar 

8.0-8.9  31.25 

9.0-9.9  56.25 

10.0-10.9  12.5 

Body built (index) 

● Endomorphy  

3.0-3.9  12.5 

4.0-4.9  37.5 

5.0-5.9  12.5 

6.0-6.9  25 

7.0-7.9  12.5 

Mesomorphy 

2.0-2.9  6.25 

3.0-3.9  31.25 

4.0-4.9  25 

5.0-5.9  6.25 

6.0-6.9  18.75 

7.0-7.9  12.5 

Ectomorphy 

0.0-0.9  31.25 

1.0-1.9  37.5 

2.0-2.9  6.25 

3.0-3.9  18.75 

4.0-4.9  0 

5.0-5.9  0 

6.0-6.9  6.25 



Deore S et al. Int J Res Orthop. 2023 Mar;9(2):310-316 

                                               International Journal of Research in Orthopaedics | March-April 2023 | Vol 9 | Issue 2    Page 314 

Table 2: Variables for somatotype. 

Variables Mean  SD Min Max  

Height (cm) 167.24 13.89 137.16 187.9 

Weight (Kg) 68.03 14.98 50 95.9 

Skin fold thickness 

Triceps  17.06 3.79 10 24 

Infrascapular  17.88 3.56 13 24 

Suprailiac  18.94 5.93 11 30 

Calf  19 3.52 13 25 

Circumference (cm) 

Calf  36.25 3.88 28 42 

Flexed arm 30.19 3.69 23.5 36 

Breadth (cm)  

Bicondylar  9.22 0.64 8 10.5 

Epicondylar 6.43 0.62 5.2 7.4 

Body built index 

Endomorphy 5.49 1.15 3.89 7.69 

mesomorphy 4.75 1.53 2.51 7.2 

ectomorphy 1.78 1.62 0.1 6.15 

Ratings on each component of ½ to 2½ are considered low, 

3 to 5 are moderate, 5 to 7 are high, and 7 and above are 

very high. The rating is phenotypical and was applicable 

to both genders from childhood to old age. We found that 

amongst all those have ACL injury, endomorphy was 

higher grade (5.49), followed by mesomorphy (4.75). 

Lesser grades of ectomorphs i.e., slender people were 

having ACL injuries. Though there was low margin of 

grading between the two, endomorphy was higher in ACL 

injured people followed by mesomorphy. 

DISCUSSION 

The technique of somatotyping is used to evaluate 

different body shape and composition. The somatotype is 

the quantification of the body shape and composition of 

the human body. It is expressed in endomorphy, 

mesomorphy and ectomorphy components. Endomorphy 

is the relative fatness, mesomorphy is the relative 

musculo-skeletal robustness, and ectomorphy is the 

relative linearity or slenderness of a physique.11-13   

As discussed in introduction, ACL injuries and associated 

risk factors have been extensively studied in international 

literature. Age, sex, height, weight, BMI are the physical 

variables those have been extensively studied as risk 

factors for ACL injuries.1,2,4 Anatomical factors localised 

to knee joint studied are preoperative MRI to look for ACL 

dimensions like sagittal length, tibial footprint size, 

femoral footprint size, dimensions of intercondylar notch 

width.3,5 

Javad et al in their prospective study have shown that, age, 

sex, body mass and BMI were strong contributors (p<0.05) 

to structural property of ACL like to elongation, energy at 

failure, and linear stiffness and load to failure in different 

proportion. ACL length is not significant contributor to 

any structural property. 

ACL minimal area and ACL volume had significant 

correlation with ACL elongation, energy at failure, and 

linear stiffness (p<0.05). Wang et al concluded that men 

had greater absolute ACL volume and ACL width than 

women (p<0.001).3 

When BMI is considered as risk factor, patient-reported 

outcome measures were similar for patients with BMI 

above and below 25 kg/m2, but there is evidence that obese 

patients have lower IKDC scores.4  

Indian population is diverse in terms of height, colour, 

body skeletal structure varying from north Indians being 

taller south Indian and eastern Indian population. 

Somatotyping considers overall body status which 

includes overall fat content of body, muscle mass and 

skeletal structure of an individual. It has an advantage as it 

considers all parameters like weight, height, BMI in a 

single-criteria. Somatotyping is also applicable to all ages 

and both genders. 

We hypothesised that Indian scenario of mixed culture 

population using somatotype as parameter to correlate 

incidence of ACL injury. Overweight pts may have 

different proportion of body fat content and muscle mass 

content. For example, endomorph overweight patients 

have more fat than muscle mass whereas mesomorph 

overweight patients are of stalky built and have more of 

muscle mass compared to fat content. This factor along 

with their skeletal architecture contributes to higher 

overall body weight in mesomorphs.  

The correlation between somatotype and lower limb 

injuries has been studied in 1997 by Diana Hoper in high 

performance netball players. They used Heath-Carter 

somatotype scale to measure dependent somatotype 

variables. None of the three variables were associated with 

incidence of injury. But mesomorphy and ectomorphy 
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were significantly associated with the playing position of 

the athlete. 

One more study that has taken body-built index 

somatotype into consideration was done by Zaletel. 

Important finding in their study was somatotype types was 

specifically related to the injuries at 3 locations (ankle, foot 

and toes).11 

Kim et al found a positive association between body-fat 

measures and foot injury occurrence in ballet dancers. An 

endomorphic somatotype component having more fatness 

and roundness of the body had higher ankle-injury 

prevalence.14 Though our study population didn’t contain 

athletes, similar biomechanics can be applied to Indian 

population in terms of incidence of knee injuries. Though 

there was low margin of grading between the two, 

endomorphy was higher in ACL injured people followed 

by mesomorphy.  

Ectomorphism or slenderness has been associated with 

higher foot injuries due to longer dimensions of foot in 

plyers. But no correlation was found with incidence of 

knee injuries.15 In our study, ectomorph grading was lesser 

compared to the other two, which means ectomorphs or 

slender people are associated with low incidence ACL 

injuries.    

Limitations 

The main limitation of this study was that we didn’t 

evaluate the mechanism of injury in these population. 

Though we had excluded high velocity direct trauma to the 

knee as the confounding factor because it can cause injury 

in all categories of somatotpyes i.e., endomorphs, 

mesomorphs and ectomorphs. Also sample size should 

have been more and multicentric study would give more 

conclusions and be more powerful. So, a larger scale of 

study with large sample size and multicetric study could 

throw more insight into this hypothesis. 

CONCLUSION 

Risk factors for ACL injuries have been extensively 

studied. Obesity, Female gender, High BMR have been 

proven to be associated with higher risk for ACL injuries 

but, Body built Index i.e, somatotype which considers 

relative of proportion of fitness, muscle mass and skeletal 

architecture can be another predictive variables. In our 

study endomorph and mesomorph were found to be at 

higher risk for ACL injuries, whereas multicentric study 

with higher sample size may throw more light on this 

hypothesis. 
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