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ABSTRACT 23 
 24 

Aims: The establishment of normal values for the hamstring flexibility and isometric posterior 
thigh force of healthy adults performing standard motor task consisting of acting against a 
rubber band in the supine position. 
Study design: Observation and ecological. 
Place and Duration of Study: During a Sports Medicine three days event (Congreso DePunta) 
in Uruguay, September 2018. 
Methodology: Random samples of 21 men and 16 women practicing different sport activities 
were asked to have their biomechanics properties measured by DINABANG, which is a novel 
clinical instrument to guide lower limb rehabilitation. DINABANG measures the force signal 
during the following specific motor task: in supine position, consists of hip flexion with fully 
extended knee and with malleolus attached to a rubber band held by the Physical Therapist 
behind the head of the person, until further effort would lift the person from the mat.  
Results: Normal values for body weight specific peak force during isometric effort with 
extended limb in supine position and malleolus strap tied to an elastic band are (mean ± SD) 1.7 
± 0.4 / 1.9 ± 0.5 N•Kg-1 for men and 2.1 ± 0.5 / 2.3 ± 0.5 N•Kg-1 for women and weak/strong 
limb respectively. The volunteer-defined flexibility angles of the healthy young populations (21 
men and 16 women) were found to be 67.5° ± 6.5° and 77.5°± 9.7° merging the distributions of 
both lower limbs, strong and weak. 
Conclusion: These values will be included in subsequent versions of DINABANG to be used in 
clinical practice to help avoiding muscle strains by quantifying efforts during rehabilitation under 
Physical Therapist monitoring. DINABANG allows to safely perform a motor task in the medical 
office. It can be said that DINABANG is compatible with an ecological approach to rehabilitation. 
 25 
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1. INTRODUCTION 27 
 28 



 

Lower limb movement analysis has been addressed in several studies to determine the sequence of 29 
contraction of posterior and anterior muscles of the thigh (1). Moreover, muscle force characterization is 30 
increasingly important in rehabilitation and sports medicine (2), especially for elite athletes (3) (4). Hamstring 31 
injuries occur during sports when the athlete, during terminal swing phase of running (5), extends the lower 32 
limb beyond limits. Rehabilitation is very important after injuries or surgical repair. Despite the existence of 33 
rehabilitation protocols (6) there is no evidence of validated functional protocols that emulate the specific motor 34 
task. Moreover, for football players, rehabilitation is seldom complete (7) giving rise to unwanted sequelae. 35 
Considering the importance of a good rehabilitation, it is surprising that little has been published on such 36 
measurements. One of the reasons for such lack of protocols and of normal measurements maybe the 37 
absence on the market instruments suitable for fieldwork. To foster quantitative evaluation of rehabilitation and 38 
to further the efficiency of sports training, we have developed CINARTRO (8) to quantify knee joint movement, 39 
CINAR-3D (9) to estimate leg rotation and DINABANG (10) to measure motor task force for hamstring strains 40 
avoidance during guided exercise. To this end, DINABANG is able to measure angular velocity, force and 41 
torque to help the Physical Therapist during hamstring rehabilitation exercises.  42 
 43 
This report establishes the first set of isometric normal values using DINABANG in healthy adults, as a 44 
contribution to physiological knowledge but primarily to be included in subsequent versions of DINABANG as 45 
reference values to compare measurements to. 46 
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Fig. 1. The Physical Therapist, located behind the volunteer’s head, holds the elastic band attached to 67 
the distal portion of tibia. 68 
 69 
2. MATERIAL AND METHODS  70 
 71 
2.1 Participants 72 
A group of young healthy adults practicing different sport activities at a nonprofessional level was asked to be 73 
part of the present research. The study was carried out in accordance with the guidelines contained in the 74 
Declaration of Helsinki and all participants signed an informed consent approved by the University Ethics 75 
Committee of the Hospital de Clínicas. We studied a population of n= 37 athletes (men n= 21, women n=16), 76 
whose ages, standing heights and body masses were (mean ± SD) men: 24.6 ± 3.8 years, 174.3 ± 7.4 cm and 77 
72.4 ± 11.6 Kg, women: 26.0 ± 6.7 years, 166.9 ± 4.0 cm and 61.9 ± 7.5 Kg. The sportspersons were 78 
evaluated during a Sports Medicine three days event (Congreso DePunta) in Uruguay, September 2018. 79 
Participants were excluded if they have had hamstring injuries ever or any knee injury history in the 12 months 80 
prior to the event. 81 
 82 
2.2 Measurements 83 
DINABANG is an original device (10) to record the force, angular velocity and elastic band vector direction 84 
which, along with lower limb length and weight, allows monitoring torque and effort during guided exercise. 85 
Among other information, DINABANG provides the isometric force measurement as the maximum value of the 86 
force signal. The specific motor task analysed by DINABANG consists of thigh posterior muscles contraction 87 
under Physical Therapist direction (Figure 1). The motor task, in supine position, consists of hip flexion with 88 
fully extended knee and with malleolus attached to a rubber band held by the Therapist behind the head of the 89 



 

athlete. There is an instant when, despite increasing the effort, the force signal does not increase anymore 90 
because the patient or the Therapist let go, since the lumbar region would be otherwise lifted. 91 
 92 
2.3 Design and procedures 93 
The measurement of thigh posterior muscle force is the result of a special setup by which the person is laying 94 
down in supine position on a gymnastic mat. DINABANG strap bracelet is successively attached to the tibia, 95 
immediately above the malleolus of the strong and later weak limb. The Physical Therapist is located behind 96 
the head of the volunteer holding an elastic TheraBand® attached to the strap (Figure 1) and guides the 97 
isometric effort, one limb at a time. The position familiarization phase consists of selecting the most 98 
comfortable angle for the active limb, around 60° with respect to the horizontal plane (Figure 2, angle graph). 99 
This angle depends on the flexibility of the volunteer and is estimated by the angle signal given by DINABANG 100 
(Figure 2). The leg is pushed towards 0°, extending the hip with fully extended knee. Once in a comfortable 101 
position (60° approximately, time b in Figure 2), the athlete is asked to increase the strength of his or her effort 102 
until the lumbar region is about to be lifted from the mat (point c in Figure 2). At this point, there is a drastic 103 
decrease in the force applied because the athlete stops his or her effort. The peak force reached is measured 104 
by selecting the maximum of the signal (point c, Figure 2), which therefore represents the necessary force to 105 
barely lift the body. The relaxing phase of the limb goes from point c to point d in Figure 2 while maintaining 106 
roughly the same 60° position as held in place by the elastic band.  107 
 108 

 109 

Fig. 2. DINABANG angle and force measurements. Phase a-b: familiarization at most comfortable position 60°; 110 
phase b-c: increasing isometric force; point c: lumbar region about to be lifted and interruption of effort; phase c-d: relaxing 111 
limb held in place by elastic band. 112 
 113 
The average of the comfortable hip flexion angles (three trials per athlete) is a measure of hamstring flexibility 114 
score for each limb. We therefore used the “passive straight-leg-raise test” (11) to estimate the flexibility angle. 115 
 116 
2.4 Statistical Analysis 117 
We performed Kolmogorov-Smirnov and Shapiro-Wilk tests to assess Gaussian distribution within men’s and 118 
women’s data, as well as within strong and weak limbs of both genders. We applied non-paired t-test to men 119 
versus women strong limb and weak limb hamstring flexibility angle (bilateral) and hamstring isometric force 120 
(unilateral) respectively. Type 1 error was set at 5% and all data were analysed with XLSTAT Free®. 121 
 122 
3. RESULTS 123 
 124 
The maximum isometric standardized force measurements (N·Kg-1) (12) (13)  were separated in strong and 125 
weak limb series, for men and women as shown in Table 1. For both lower limbs (weak and strong) women 126 
body weight-specific force is higher than men’s which represents a statistically different physiologic reality 127 
(Table 1). 128 
 129 
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Table 1. Weak/strong standardized peak force analysis of 74 lower limbs 133 

 Weak Limb 

(n=37) 

Strong Limb 

(n=37) 

 Mean SD Mean SD 

Men 1.7 0.4 1.9 0.5 

Women 2.1 0.5 2.3 0.5 

ƿ values < 0.01 0.03 

 134 
Figure 3 shows the four adjusted distribution curves of the posterior thigh isometric force of strong and weak 135 
lower limbs of a normal population. The mean force exerted is 1.7 ± 0.4 N·Kg-1 and 1.9 ± 0.5 N·Kg-1 for men 136 
and 2.1 ± 0.5 N·Kg-1 and 2.3 ± 0.5 N·Kg-1 for women, exercising the weak and strong limb respectively. The 137 
women curves are displaced towards higher values, with respect to men. 138 
 139 

Table 2. Weak/strong and men/women flexibility angle analysis 140 

 
Men (n=42) Women (n=32) 

 Mean SD Mean SD 

Angle Strong Limb (°) 67.5 6.6 77.9 10.7 

Angle Weak Limb (°) 67.5 6.5 77.1 8.7 

ƿ values =  0.96 0.80 

 141 

In a similar way, the measurements of the flexibility angle selected by each athlete to perform the isometric 142 
effort are given in Table 2. The weak limb flexibility angle distribution coincides with the strong limb flexibility 143 
angle distribution, which allow us to show a single distribution (Table 2): 67.5° for men and 77.5° for women. 144 
Women flexibility angle is thus larger by about 10 degrees than the selected angle for men (Table 2). 145 
 146 

 147 

Fig. 3. Body weight adjusted normal distributions of posterior thigh isometric force. Note that the women 148 
Gaussian curve spans higher weight specific figures than men’s curve. 149 

 150 
Figure 4 shows the adjusted distribution curves of men and women flexibility angle resulting from 42 and 32 151 
lower limbs respectively. The normal population of men selects an angle of 67.5° ± 6.5° while women select an 152 
angle of 77.5°± 10°. The flexibility of women is greater than men’s by about 13%. 153 
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 155 

Fig. 4. Adjusted normal distributions of flexibility angles for isometric force of the lower limb. Note that 156 
the women Gaussian curve spans higher angles than men’s curve by 13%. 157 

 158 
4. DISCUSSION 159 
 160 
We believe that the measurements reported here are the first to be taken by a clinical instrument such as 161 
DINABANG. Isometric efforts of the order of 2 N·Kg-1 of body weight are similar to other muscle force 162 
measurements such as the isometric mid-thigh pull (IMTP) motor task for which a standardized value of 0.92 ± 163 
0.15 N·Kg-1 (3). Our figure of 2.0 ± 0.5 N·Kg-1 is higher than the IMTP because strength developed by the 164 
hamstring opposing the elastic band is by far larger than the strength of the downwards mid-thigh pull. 165 
 166 
The rationale to develop DINABANG was in the first place derived from observing a significant post-operative 167 
weakness (14) of posterior hamstring muscles after Anterior Cruciate Ligament (ACL) repair after all kinds of 168 
surgical techniques. Common clinical Physical Therapy practice was to stress mobility rehabilitation and front 169 
(quadriceps) recovery. No special attention was ever given to posterior thigh muscles. This clearly appeared to 170 
us as a limitation since no objective measurement was available to support such practices. According to our 171 
clinical experience it is good to include strengthening of both posterior and anterior limb muscles. Posterior 172 
thigh strengthening is an important goal to work towards to, contrary to common practice which only stresses 173 
mobility and front recovery (quadriceps training). Our experience with ACL rehabilitation suggests (14) that 174 
posterior knee structures are affected by surgery of the hamstring tendon autograph because of its reduced 175 
activity (15) secondary to postsurgical pain. Therefore, one of the major problems addressed by the Physical 176 
Therapist, in addition to the rehabilitation of the functional quadriceps which is the visible aspect, is to return 177 
full functionality to the hamstring. Patients with a hamstring weakness should work towards restoration of its 178 
strength and, by doing so, inevitably face rupture risks. Until now there was nothing but clinical judgment by 179 
the Physical Therapist to control such efforts and therefore to avoid iatrogenic consequences of excess 180 
exercise. DINABANG was conceived (10) to address this very critical point of rehabilitation. It allows setting 181 
safety alarms during rehabilitation exercises. Hence, the original measurements given here for the first time 182 
are a contribution to include safety standards to limit efforts during rehabilitation. Such limits are also useful on 183 
the lower side of the normal interval, because they allow the Physical Therapist to detect insufficient patient 184 
effort to fulfill the muscular strengthening goals. 185 
 186 
Askling and Thorstensson (7) published an empirical test with unfortunately no quantitative angle 187 
measurements. We addressed this limitation by developing DINABANG instrument and by publishing the 188 
measurements we are reporting in the present paper. The use of DINABANG may in the future be useful to 189 
measure athletes’ efforts during Askling’s h-test as a very much-needed objective quantification. The simple 190 
maneuvers associated with DINABANG make of it a good candidate for ecological rehabilitation since it can be 191 
used in the sports field, indoor gymnasium or even the athlete’s dwellings. 192 
 193 
The force exerted by the volunteers may appear to be of a low value. Indeed, the forces would be a lot larger 194 
in case the body was tied to the medical table or mat. In our case, the peak force is the consequence of 195 
interrupting the increasing isometric effort when it is barely capable of lifting the body. The standard evaluation 196 
technique described in this paper and tested for the first time at the Congreso DePunta in 2018 is a simple and 197 
repeatable measurement to be used in clinical settings. The objective and unmistakable situation of the lumbar 198 
region lifting from the mat is part of the protocol to measure, in a standardized way, the force exerted during 199 
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this test. Since the definition of the peak force is given by the lifting of the athlete’s body, we have adopted a 200 
specific unit such as N·Kg-1: heavier bodies are usually associated with higher muscle masses, thus justifying 201 
our unit selection. 202 
 203 
DINABANG is a novel instrument now available for lower limb muscle rehabilitation. Despite the costly 204 
instrumentation offered on the market for isokinetic and isometric evaluation, DINABANG only uses simple and 205 
common elements such as an elastic band, a strap around the distal tibia, a microcontroller/Bluetooth® device 206 
and a laptop computer. This outfit is readily available in the outpatient unit or in the training field. Normal 207 
values of body weight specific effort are available after the 74 measurements published in the present paper 208 
which will be included in the DINABANG software. The use of such an instrument for bilateral evaluation over 209 
time will allow monitoring the rehabilitation progression and may be used to detect any limb asymmetry. The 210 
contribution of this research may in the near future have consequences on the efficiency of elite athletes 211 
training and on their performance. 212 
 213 
5. CONCLUSION 214 
 215 
DINABANG is a novel clinical instrument which needed normal values to be included as real time alarms 216 
during rehabilitation exercises. The measurements of body-mass-normalised peak forces and of the flexibility 217 
angle reported here fill this need and, at the same time, constitute unpublished normal measurements for 218 
young healthy adults. DINABANG for the first time allows to perform safely a motor task within the medical 219 
office in very much the same way it is done in the sports field. It can be said that DINABANG is compatible with 220 
an ecological approach to rehabilitation. The inherent safety of DINABANG is due to its capacity to measure 221 
efforts and to alert of any excess. 222 
 223 
ACKNOWLEDGEMENTS 224 
 225 
The authors thank the help received from the intellectual property unit (UPI) of the Universidad de la 226 
República, Uruguay, to describe and protect all DINABANG academic findings. Thanks, are given to Physical 227 
Therapists Nicoll López and Andrés Rey who were responsible for the organization of the DINABANG 228 
measurements setting at Congreso dePunta. The authors also acknowledge the tutorship of three electronics 229 
engineering student authors by Dr. Pablo Pérez and Dr. Francisco Veirano. The authors also thank Prof. Dr. 230 
Fernando Silveira for general guidance and support since the beginning of the DINABANG project. A special 231 
acknowledgement is here expressed to Dr. Edgardo Barboza (AUF-Uruguay National Football Team Medical 232 
Officer) for useful comments and motivation as well as to Maestro Oscar Washington Tabares, (AUF-Uruguay 233 
National Football Team Coach). Special thanks are expressed here to Dr. Valentina Agostini who made very 234 
useful comments and suggestions on previous versions of this paper. 235 
 236 
COMPETING INTERESTS 237 
 238 
The authors have declared that no competing interests exist regarding the publication of this paper. 239 

 240 
AUTHORS’ CONTRIBUTIONS 241 
 242 
The following table indicates the specific contributions made by each author. All authors read and approved 243 
the final manuscript. 244 
 245 

Author’s name Conception and 
design of the 

study 

Data 
collection 

Data analysis 
and 

interpretation 

Drafting the article 
and/or its critical 

revision 

Final approval of 
the version to be 

published 
Santos D. × × × × × 
Morales I. ×  × × × 

Mattiozzi A.  × × × × 
Peláez A.  × ×  × 
Pérez S. × ×   × 

Fernández A.  × ×  × 
Vignoli M.  ×   × 

Domínguez J.  × ×  × 
Battistin M.  ×   × 
Barboza R.  ×   × 
Martínez C.  ×   × 
Stefanelli L. × ×  × × 
González S. × ×   × 



 

Simini F. ×  × × × 

CONSENT 246 
 247 
All authors declare that written informed consent was obtained from the professional and amateur 248 
sportsperson for publication of this research paper and accompanying images. A copy of the written consent is 249 
available for review by the Editorial office/Chief Editor/Editorial Board members of this journal. 250 
 251 
ETHICAL APPROVAL  252 
 253 
The Programa de Apoyo a la Investigación Estudiantil PAIE 2018 research was carried out in accordance with 254 
the guidelines contained in the declaration of Helsinki and all participants signed an informed consent 255 
approved by the University Ethics Committee of the Hospital de Clínicas directed by Prof. Dr. Raúl Ruggia.  256 
 257 
REFERENCES 258 
 259 
1.  Monajati A, Larumbe-Zabala E, Goss-Sampson M, Naclerio F. Analysis of the Hamstring Muscle 260 
Activation During two Injury Prevention Exercises. J Hum Kinet. 2017;60(1):29–37.  261 
2.  Erickson LN, Sherry MA. Rehabilitation and return to sport after hamstring strain injury. J Sport Heal Sci. 262 
2017;6(3):262–70.  263 
3.  Dos Santos T, Thomas C, Comfort P, Mcmahon, Jones P. Relationships between Isometric Force-Time 264 
Characteristics and Dynamic Performance. Sports. 2017;5(3):68.  265 
4.  Wan X, Qu F, Garrett WE, Liu H, Yu B. The effect of hamstring flexibility on peak hamstring muscle strain 266 
in sprinting. J Sport Heal Sci. 2017;6(3):283–9.  267 
5.  Schache AG, Wrigley T V., Baker R, Pandy MG. Biomechanical response to hamstring muscle strain 268 
injury. Gait Posture. 2009;29(2):332–8.  269 
6.  Ramos GA, Arliani GG, Astur DC, Pochini A de C, Ejnisman B, Cohen M. Rehabilitation of hamstring 270 
muscle injuries: a literature review. Rev Bras Ortop (English Ed [Internet]. 2017;52(1):11–6. Available from: 271 
https://linkinghub.elsevier.com/retrieve/pii/S2255497116301318 272 
7.  Askling C, Thorstensson A. Hamstring muscle strain in sprinters. New Stud Athl. 2008;23(3):67–79.  273 
8.  Simini F, Santos D. Anterior Cruciate Ligament reconstruction follow-up instrumentation based on Centre 274 
of Rotation videofluoroscopy determination: Development of an original equipment, CINARTRO, and first 275 
clinical use. In: Conference Record - IEEE Instrumentation and Measurement Technology Conference. 2014. 276 
p. 923–6.  277 
9.  Ledesma MR, Braidot A, Santos D, Simini F. 3D Reconstruction of Knee Motion by Videofluoroscopy & 278 
Videography with Orthogonal Cameras. In: XV International Symposium on 3D Analysis of Human (3DAHM-279 
2018). 2018. p. In: press.  280 
10.  Santos D, Fernández A, Barboza R, Dominguez J, Veirano F, Pérez P, et al. DINABANG: Explosive 281 
Force Hamstring Rehabilitation Biomechanics Instrument. 6th Int Conf Biotechnol Bioeng 2017 Offenburg, Ger. 282 
2017;23(1):2017.  283 
11.  Andersen JC. Flexibility in Performance: Foundational Concepts and Practical Issues. Athl Ther Today. 284 
2006;11(3):9–12.  285 
12.  Blackburn JT, Norcross MF, Padua D a. Influences of hamstring stiffness and strength on anterior knee 286 
joint stability. Clin Biomech (Bristol, Avon). 2011 Mar;26(3):278–83.  287 
13.  Knezevic O, Mirkov D, Marko K, Milovanovic D, Jaric S. Evaluation of Isokinetic and Isometric Strength 288 
Measures for Monitoring Muscle Function Recovery After Anterior Cruciate Ligament Reconstruction. J 289 
Strength Cond Res. 2014;1722–31.  290 
14.  Santos D, Massa F, Simini F. Evaluation of anterior cruciate ligament reconstructed patients should 291 
include both self-evaluation and anteroposterior joint movement estimation? Phys Ther Rehabil. 2015;2(1):3.  292 
15.  Grinsven S Van, Cingel REH Van, Holla CJM, Loon CJM Van. Evidence-based rehabilitation following 293 
anterior cruciate ligament reconstruction. Knee Surg Sport Traumatol Arthrosc. 2010;18:1128–44.  294 

 295 


