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Abstract: - Ultra-endurance running demands far more than determination and physical strength. Events such as the steep ascents of
the Ooty Ultra or the repetitive trail loops of the Hennur Bamboo Ultra test an athlete’s physiology, biomechanics, and mental
endurance simultaneously. In recent years, the increasing availability of wearable technology has made it possible to analyse these
demands with a level of precision that was previously unavailable.

This paper explores the intersection of biomechanics, sports science, and data analytics in understanding ultra-marathon performance. It
proposes that principles commonly applied in information security and risk governance can also be used to interpret and manage the
complex physiological data generated during endurance training and racing.

Particular attention is given to runners with specific biomechanical characteristics, such as pes planus (flat feet), and how these
characteristics influence gait mechanics, cadence, and impact forces during long-distance running. Using telemetry data collected from
wearable devices, runners can continuously monitor these variables and adjust their running mechanics in real time.

The discussion also highlights the importance of appropriate fuelling strategies, recovery cycles, and training progression. Many novice
runners encounter injury risks when transitioning from everyday footwear to intensive endurance training without adequately preparing
their musculoskeletal systems.

Ultimately, this paper argues that the modern ultra-marathoner can be viewed as both a biological and engineered system. By combining
biomechanical analysis with structured data governance principles, athletes and coaches can better understand performance patterns,
reduce injury risk, and improve endurance outcomes.

Keywords: Biomechanics, Performance Analytics, Endurance Sports, Telemetry, Interdisciplinary Technology.

Objectives/Purpose/Rationale of the study:
The study is guided by three primary objectives:

1. To examine the relationship between biomechanical variables particularly the mechanics associated with a lowered
medial longitudinal arch, and continuous telemetry data recorded across different ultra-endurance terrains.

2. To develop a mathematical framework capable of interpreting ground reaction forces and vertical stiffness during
extreme running conditions such as steep elevation gains and repetitive trail loops.

3. To explore the application of data governance principles in athletic training, particularly for optimizing pacing
strategies, nutrition planning, and recovery cycles to minimize physiological failure during ultra-endurance events.

Research Design/Methodology

The framework presented in this paper combines theoretical biomechanical models with real-world performance data collected from
endurance running activities. Initially, established mathematical models used in biomechanics - particularly those related to ground
reaction forces and movement mechanics - were examined and mapped against telemetry data collected from commonly used
wearable running devices.
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A comparative analysis was conducted between two ultra-endurance race formats: the Ooty Ultra, characterized by sustained climbs
and significant elevation changes, and the Hennur Bamboo Ultra, which involves repetitive trail loops on softer terrain. These
contrasting environments provide valuable insight into how terrain influences pacing strategies, fatigue development, and
biomechanical stress.

In addition, the reliability of the collected biometric data was evaluated through a structured validation process inspired by
information security audit practices. Applying governance principles commonly used in enterprise IT environments allowed the
study to maintain consistency and accuracy in the interpretation of physiological data.

DISCUSSION
The Physics of the Stride: Arch Mechanics and Kinetic Transference

Understanding the mechanical behavior of the human body during running is essential when interpreting performance data. During
a typical gait cycle, the foot undergoes a phase known as pronation, which helps distribute the forces generated when the foot strikes
the ground.

For runners with pes planus (flat arches), this pronation phase tends to last longer than usual. As a result, the structural rigidity of
the foot is reduced, altering how impact forces are absorbed and transferred through the kinetic chain.

One important variable used to quantify the interaction between the runner and the ground is vertical stiffness:

Fmax

vert Ay
Where E,,,, represents the maximum vertical ground reaction force, and Ay represents vertical displacement.

During events like the Hennur Bamboo Ultra, the softer trail surface increases vertical displacement, requiring greater muscular
effort to stabilize the body. For runners with flat arches, the natural spring-like function of the foot is less efficient, which can lead
to greater transmission of shock forces upward through the ankles, knees, and hips.

Monitoring cadence, ground contact time, and stride symmetry through wearable telemetry allows runners to detect early signs of
fatigue-related biomechanical deterioration.

Example:

Frnax 18 @ runner’s maximum vertical ground reaction force (the impact of the runner’s foot hitting the ground). For an average
runner, this is roughly 2.5 times their body weight. Ay is vertical displacement (how much the runner’s centre of mass drops during
that foot strike).

Let's assume a runner weighing 75 kg. The force this runner hit the ground with F,,,, is roughly 75 x 9.81 (gravity) x 2.5 =1,839
Newtons.

If the runner has a perfectly aligned kinetic chain and rigid arches, the centre of mass might only drop 0.10 meters (Ay).
Optimal Stiffness: 1,839/0.10 = 18,390 N/m.

Now, factor in a pes planus (flat foot) profile. Because the medial arch collapses further inward to absorb the shock, that pronation
phase takes longer, and the body drops slightly more - say, 0.12 meters.

Flat Arch Stiffness: 1,839/0.12=15,325 N/m.

Observation: The lower stiffness means the foot is leaking kinetic energy. Instead of bouncing back elastically, the runner has to use
more active muscular force to push off the ground for every single step.

Predictive Pacing and Telemetric Risk Governance
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Moving to ultra-endurance requires a shift in pacing calculations. By applying mathematical modelling to historical race data, we
establish a sustainable baseline using the modified Riegel formula:

t2: tl'(

da

dy

;

t, and d; are runner’s known time and distance. t, and d, are runner’s target time and distance. c is the fatigue factor.

To illustrate this transition, we analyse telemetry from recorded efforts across varying distances and terrains. Utilizing empirical

data recorded over a 42.45 km distance on relatively flat terrain (130m elevation), where the moving time t; was 5 hours, 20 minutes,
and 17 seconds (yielding an average pace of 7:33/km), we establish a primary cardiovascular baseline. During this effort, the average
heart rate remained stable at 155 bpm with a cadence of 165 spm.

Lap Distance
1 1.00 km
2 1.00 km
3 1.00 km
4 1.00 km
5 1.00 km
6 1.00 km
7 1.00 km
8 1.00 km
9 1.00 km

10 1.00 km

1 1.00 km

12 1.00 km

13 1.00 km

14 1.00 km

15 1.00 km

16 1.00 km

17 1.00 km

18 1.00 km

19 1.00 km

20 1.00 km

21 1.00 km

22 1.00 km

23 0.49 km

24 1.00 km

25 0.56 km

26 1.00 km

27 1.00 km

28 1.00 km

29 1.00 km

30 1.00 km

31 1.00 km

32 1.00 km

33 1.00 km

34 1.00 km

35 1.00 km

36 1.00 km

37 1.00 km

38 1.00 km

39 1.00 km

40 1.00 km

41 1.00 km

42 1.00 km

43 1.00 km

44 0.39 km

Time
6:06
6:04
615
5:30
5:38
6:52
6:08
5:54
5:44
b4
6:48
5:28
727
5:42
616
617
742
6:41
818
6:47
8:19
9:08
4:28
8:52
&17
8:32
8:53
10:19
9:38
Tbb
10:35
8:15
8:20
9:54
9:07
8:59
10:33
T:43
9:19
8:16
8:07
8:41
7:35
2:42

Pace
6:06 fkm
6:04 fkm
6:15 /km
5:30 /km
5:38 /fkm
6:52 /km
6:08 fkm
5:54 fkm
5i44 fkm
6:44 fm
648 /km
5:28 fkm
7:27 fkm
5:42 fkm
616 fkm
6:17 /km
Ti42 fkm
641 fkm
8:18 /km
6:47 fkm
8:19 /km
9:08 /km
8:59 /km
8:52 fkm
7:35 fkm
8:32 /km
8:53 /km

10:19 /km
9:38 fkm
7:44 fum

10:35 fkm
8:15 fkm
8:20 fkm
954 fkm
9:07 /km
8:59 /km

10:33 fkm
7:43 fkm
9:19 /km
8116 /km
8:07 /km
8:41 /km
7:35 fkm

6:51 fkm

GAP
5:59 fkm
6:04 fkm
6:15 /km
5:30 fkm
5:38 fkm
6:06 fkm
6:07 /km
5:52 fkm
5:43 fkm
6:31 fkm
6:20 fm
5:45 fkm
7:16 fkm
5:47 fkm
616 fkm
6217 fkm
7:29 fkm
6:38 fkm
T:47 fum
6:49 fkm
8:04 fm
8:50 /km
8:55 /km
7246 fkm
7236 fkm
8:30 fkm
8:50 /km
9:22 fkm
9:23 fkm
747 fem

10:27 fkm
8:14 /km
7:53 fkm
927 fkm
8:20 fkm
8:50 /km
9:00 fkm
T:42 fkm
9:34 fkm
8:06 fkm
8:03 /km
8:25 fkm
7:33 fum

6145 fkm

Elev
3m
Am
Om
Oom
2m
~4m
2m
Om
Om
11m
17m
-25m
8m
-6m
1m
Am
Bm
2m
9m
Bm
Bm
-6m
1m
2m
Am
im
Om
3m
5m
3m
3m
im
1m
9m
Alm
Om
26m
Bm
A3m
1m
Om
Om
1m

im

HR
130 bpm
137 bom
159 bpm
166 bpm
174 bpm
164 bpm
167 bpm
163 bpm
170 bpm
165 bpm
169 bpm
171 bpm
163 bpm
171 bpm
169 bpm
168 bpm
159 bpm
164 bpm
160 bpm
162 bpm
154 bpm
149 bpm
147 bpm
158 bpm
157 bpm
152 bpm
148 bpm
139 bpm
143 bpm
156 bpm
132 bpm
143 bpm
156 bpm
147 bpm
149 bom
147 bpm
151 bpm
155 bpm
141 bpm
152 bpm
153 bpm
149 bpm
162 bpm

166 bpm

However, projecting this to ultra-endurance trail distances radically alters the fatigue factor (c). When the distance expands to 110.69

km on trails with 703m of elevation gain, the time t, expands to over 21 hours and 16 minutes, causing the pace to decouple
significantly to 11:32/km. Furthermore, introducing aggressive elevation - such as an 884m climb over just 29.78 km - yields a pace
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of 9:03/km despite an almost identical average heart rate of 154 bpm. This proves that cardiovascular effort does not scale linearly

with pace when topography and surface conditions change.

KM Pace GAP Elev HR
N 830 /i 828 s in 148 5pm 56 10:39 /km 10:12 fkm Tm 130 bom
2 36 7 956 e 20m 140b0m 57 10:52 fkm 10:45 fkm 3m 122 bpm
3 8:46 fim 819 fkm Im 146 bpm 58 1251 fem 1249 fim om 116 bom
‘ 9:03 Jem 848 7em . 15250m 59 11:30 fkm 11:29 /km Om 122 bpm
5 910 fn 46 2 s - 60 10:33 /km 10:38 /km A2m 129 bpm
6 9133 fum 9:27 fum T 147 o 61 10:17 fkm 9:50 fkm 4m 136 bpm
. 910 7 854 7en am LB bom 62 10:57 fkm 1018 fkm Lm 130 bom
8 7:59 fkm 7:54 i 5m 154 bpm & 10:04 fim 9i47 fem Om 151 tom
9 9:26 fum 8:58 fim 17m 155 bom 64 11:40 fum 139 fim 3m 125 tom
0 812 jom 812 en om 156 6om 85 10:36 fkm 10:20 fkm 2m 126 bpm
1 7:16 fkm 7:15 fum Om 169 pm 66 a7 fem 048 i 0m 133 bpm
1 pe—— P 8m 156 bom 67 10:57 jkm 10:54 fkm im 127 bpm
5 826 fcn 257 pen 10m 163 bom 68 12:37 jkm 12:36 /km Om 128 bpm
1 843 fem 30 0 3n 156 5o 69 957 /km 957 fkm 2m 132 bpm
5 E20 —— om 150 o 70 945 fim 9:39 fkm 8m 134 bpm
16 8:49 fkm 8:45 /am 9m 157 bpm 7 10:43 jkm 10:19 /km 3Im 131 bpm
17 8549 /e 34 am 156 oo 72 11:57 fkm 11:19 /km 11m 127 bpm
1B P 911 pem om 153 bom 73 13:37 jkm 13:21 fkm Om 123 bpm
19 1120 fkm 10556 /i 12, 149 bom 74 11:08 fkm 11:03 fkm Alm 122 bpm
20 11:05 /km 10:55 fkm 4m 146 bpm 75 10:27 fkm 10:17 fim “bm 128 bpm
2 13:454m  13:38 /m im 132 bpm % Skl fem F5 pan gm 143 bpm
oy 1337 S 13:34 o on 128 bom 77 8:01 /km 757 fkm 2m 151 bpm
23 12:20 /km 12:20 fkm 2m 128 bpm 78 44:13 fkm 4355 fkm 3m 137 bpm
% 12:40 fkm 12:36 fkm Om 153 bom 79 12:38 fim 12:35 fkm Om 117 bom
25 11:21 e 1115 im 134 bom 80 14:13 fem 14:38 fkm A9m 123 bom
2 10:38 fkm 10:37 2m 136 bom 81 14344 fiem 13:54 jkm 11m 128 bpm
27 A0/n 1108 /km am 138 bpm 82 1G58 Mm 1141 fem 2m 131 bpm
28 11:09 fkm 11:05 fien im 137 bom 83 1553 fim 15:10 /km 5m 127 bpm
29 1345 jm 1341 fkm Om 129 bpm 84 10:16 /km 10:10 fkm 9m 137 bpm
30 10:56 /km 10:53 /km Om 132 bom 85 9:26 /km 9:09 /km 2m 142 bpm
31 11324m  11:28 e on 130 bpm 8 9115 flm F:04 fim 2m 145 bpm
32 10:01 /km 9:58 /i Om 136 bpm 87 9:33 pm 907 fan 15m 147 bpm
33 11:00 fien 10:56 fien Om 131 bpm 88 12446 fim 12:37 /km 3m 133 bpm
34 10:14 /km 10:09 /km 2m 134 bpm 89 13:20 /km 13:12 fhm 2m 114 bpm
35 10:39 fkm 10:34 fkm im 132 bpm 90 13:34 fim 13:30 A Om 115 bpm
36 10:32 fkm 10:29 /i Om 131 bpm 91 13:05 /km 13:05 /km 2m 115 bpm
37 12:14 fkm 1214 A 2m 127 bom 92 11:47 fkm 12:43 fkm im 116 bpm
38 11:14 fkm 11:10 /km im 124 bpm 93 14:20 /km 1414 /km im 116 bpm
39 12:54 fkm 12:50 fm Am 114 bpm 94 13:41 /km 13:41 /km 2m 112 bpm
40 10:33 km 10:30 /km Om 113 bpm 95 13:53 fkm 13:50 fkm Om 108 bpm
4 9:00 fkm 8:57 fkm Om 122 bom % 13:58 fkm 13:53 /km im 108 bpm
42 10:10 /xm 10:07 /km am 119 bpm 97 17:19 /km 17:15 fkm Om 106 bpm
43 8:59 fkm 8:57 fkm Om 128 bpm 98 14:22 fkm 14:19 /km Am 101 bpm
4b 13111 /km 13:06 fkm Om 112 bpm 99 11:51 fkm 11:49 /km Om 110 bpm
45 10:59 A 10:52 fkm im 114 bpm 100 12110 fkm 12:32 fkm A8m 115 bpm
46 10:51 /km 10:45 fkm 2m 114 bpm 101 10:13 fkm 9:40 fkm 10m 128 bpm
&7 9:45 fkm 9:42 fkm Om 121 bpm 102 10:20 /km 10:04 fkm 2m 123 bpm
48 11:32 /fkm 11:39 /km Im 130 bpm 103 10:51 /km 10:21 fkm 4m 119 bpm
49 11:13 fkm 11:11 /km im 117 bpm 104 11:13 fkm 11:09 fkm 9m 113 bpm
50 9:40 fkm 9:51 fkm 16m 128 bpm 105 11:28 fkm 11:11 fkm Am 113 bpm
51 951 /km 9:21 fkm 8m 134 bpm 106 11:52 /km 11:32 fkm Am 114 bpm
52 9:08 fkm 8:38 /km 12m 141 bpm 107 15:07 /km 14:33 fkm 13m 112 bpm
53 11:09 /km 10:57 /km Am 125 bpm 108 17:12 /km 17:03 fkm 2m 110 bpm
54 12:18 /km 12:21 /km A3 m 118 bpm 109 14:06 fkm 13:56 fkm 2m 112 bpm
55 1044 fkm 10:23 km Om 126 bpm 110 1343 fkm 13:37 fkm im 108 bpm
RA 10:39 fem 10:12 fiem Tm 130 hom 0.69 14:35 fkm 14:42 fkm -bm 109 bpm

Example:

1JERT V151 S030620

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)

Page 4



Published by : International Journal of Engineering Research & Technology (IJERT)
https://lwww.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 03, March - 2026

Let's calculate the exact fatigue factor ¢ a runner may experience transitioning from the flat tarmac of the Tata Mumbai Marathon
to the trails of the Hennur Bamboo Ultra.

Tata Mumbai Baseline: d; =42.45 km, t;=320.28 minutes (time taken to complete the full marathon = 5h 20m 17s).
Hennur Target: d, = 110.69 km, t, = 1276.4 minutes (21h 16m 24s).

Plugging this in to solve for the runner’s fatigue factor:

110.69)C

3.985 = (2.607)¢

To solve for ¢, we use logarithms:

_ In (3.985)
“Tin2607) "

Observation: Elite marathoners usually hold a fatigue factor of ¢ = 1.06. A standard amateur holds around 1.15. Above
runner’s c=1.44 mathematically proves how the heat, trail conditions, and repetitive loops at Hennur could be on the
runner’s system compared to a flat road race.

We can quantify the risk of physical failure by developing a Physiological Risk Score (PRS):

( ) dt + B ;ASl(t)

PRS(t) = f o
max

0

Part 1 (The Cardio): The integral of a runner’s actual heart rate against his/her max heart rate (HR). The exponent
penalizes the runner heavily for spiking his/her heart rate too high.

Part 2 (The Biomechanics): The runner’s Asymmetry Score AS;, scaled by an importance factor 3.

The Asymmetry Score, ), AS;(t), is critical. For a runner with a lowered medial arch, muscle fatigue disproportionately
impacts the posterior tibial tendon. A drop in cadence below the established 165 spm baseline or an increase in cardiac drift
flagged by telemetry serves as a biomechanical intrusion detection system.

Example:

Let's simplify this to a one-hour snapshot during the climbs of the Ooty Ultra.

IJERTV 151 S030620 Page 5
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



Published by : International Journal of Engineering Research & Technology (IJERT)

https://www.ijert.org/ I SSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 03, March - 2026
KM Pace GAP Elev HR
1 6:08 /km 6:13 /km -B8m 140 bpm
2 6155 fkm 6:54 fkm 2m 135 bpm
3 8:17 /km 8:09 /km 5m 121 bpm
4 8:53 /km 8:30 fkm 14m 139 bpm
5 10:11 /km 8:12 /km 60 m 148 bpm
6 10:07 /km 8:11 /km 59m 151 bpm
7 10:55 /km 8:31 /km 69m 157 bpm
8 10:17 /km 7:43 fkm 78m 155 bpm
9 10:50 /km 8:33 /km 64 m 158 bpm
10 11:04 /km 8:20 /km 66 m 161 bpm
11 711 fkm 7:17 fkm -42m 143 bpm
12 6:38 /km 7:04 fkm 51m 164 bpm
13 6:32 /km 7:19 fkm -84m 163 bpm
14 912 /km 906 /km Alm 136 bpm
15 8:03 /km 7:55 fkm 4m 157 bpm
16 7:36 /km 7:40 /km 21m 153 bpm
17 7:25 fkm 7:59 fkm -37m 158 bpm
18 6:58 /km 7:45 fkm -58 m 157 bpm
19 6:38 /km 7:19 /km -52m 158 bpm
20 7:14 fkm 7:28 jkm 19m 160 bpm
21 758 /km 7:58 /km -56 m 154 bpm
22 7:08 /km 741 fkm 105 m 160 bpm
23 B:32 fkm 8:00 /km -36m 162 bpm
24 10:50 /km 8:50 /km 53m 165 bpm
25 11:13 /km 8:57 /km 63m 158 bpm
26 11:31 /km 906 /km 63m 165 bpm
27 11:23 /km 8:55 /km &7 m 155 bpm
28 13:05 /km 9:32 fkm B83m 161 bpm
29 13:13 /km 10:59 /km 49m 152 bpm
0.77 9:33 /km 8:50 /km 10m 149 bpm

Assuming a Max HR of 190 bpm, and runner’s actual average HR being 154 bpm. We'll set the penalty a = 2.
Cardio Strain = (154/190) x 60 minutes = (0.81)? x 60 = 39.3 points.

Now, let's say fatigue is hitting the runner’s posterior tibial tendon due to flat arches. His/her smartwatch flags that left foot
is on the ground for 260 milliseconds, but the right foot is pushing off in 245 milliseconds.

Asymmetry (4S) = (260-245)/260 = 0.057.
If we weight biomechanics heavily (8 = 100), the runner’s Biomechanical Strain = 100 x 0.057 = 5.7 points.

Observation: The runner’s PRS for that hour is 45. If the runner has mapped out his/her risk architecture before the race
and decided that a PRS over 50 means an impending IT band or tendon injury, the runner now knows he/she is 5 points
away from a system crash and need to execute a walk-run protocol immediately.

The Vulnerability of the Unpatched Novice

A novice runner embarking on a training block without aligning to established biomechanical techniques accrues
biomechanical technical debt. A new runner often experiences a "honeymoon phase" where the cardiovascular system
adapts faster than the musculoskeletal infrastructure. The transition from walking in casual office attire or standard sneakers
to absorbing the Cumulative Load (CL) of trail running requires careful calibration.

S

CL = Z(m-g-An)

n=1
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Where the repeated forces generated with each step accumulate over the total number of strides.
S'is total number of steps.
A, is the dynamic acceleration factor (again, roughly 2.5 for a mid-pack runner, but spikes if the runner overstrides).

During a 42.45 km run, where approximately 2,936 calories may be expended, the cumulative mechanical stress placed
on tendons and joints becomes substantial. When distances extend to 110.69 km, the cumulative load increases
exponentially, significantly raising the risk of structural injury if the body has not been properly conditioned.

Example:
Let's look at the Tata Mumbai Marathon.
The runner’s cadence was 165 steps per minute (spm) and moving time was roughly 320 minutes.
Total Steps (S) = 165 x 320 = 52,800 steps.
Assuming a body mass of 75 kg and good running form (4,, =2.5):
CL=52,800x (75 x9.81 x2.5)
CL =52,800 x 1,839.3 Newtons
CL= 97,115,000 Newtons

Observation: The runner absorbed over 97 million Newtons of force during that single marathon. If a runner with
poor form (say, an overstrider with an A, of 3.0) ran that exact same race, they would absorb over 116 million
Newtons. That 19-million Newton difference is exactly where shin splints and stress fractures happen.

Resource Provisioning and System Maintenance

Preparing for ultra-distance events requires careful planning of energy intake and recovery cycles. The body can be viewed
as a complex biological system that requires continuous energy provisioning during extended physical exertion.

A balanced intake of complex carbohydrates, such as high-fiber oats or other nutrient-dense foods, helps maintain stable
energy availability during long efforts.

During a race, energy intake can be modelled as:

Eexpended - Efat_oxidation

Cintake = T
efficiency

Eexpendea 18 total calorie burn rate per hour

Efat oxidation 18 the max amount of calories a runner’s body can pull from fat stores per hour

Tefriciency 18 the runner’s gut’s ability to process food while running

The caloric demands of ultra-distance races are significant. Failure to replenish sufficient energy can lead to metabolic

depletion and performance collapse.

Equally important is recovery. Sleep and rest function as critical maintenance processes for the body. Skipping recovery
sessions or reducing sleep duration prevents proper repair of micro-damage within muscle fibers and connective tissue.
Over time, this can accumulate into chronic injury.
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Example:

Let's look at the Ooty Ultra 30k.
The runner burned 4,014 calories over roughly 4.5 hours.

Burn Rate (E xpengeq ) = 4014 /4.5 =892 calories/hour

Even trained fat-adapted athletes can only pull about 400 calories an hour from their adipose

tissue (Efat_oxidation)'

The Deficit = 892 - 400 = 492 calories/hour that must come from glycogen or external fueling.
While running hard, blood leaves the stomach, so the runner’s digestive efficiency (Tefficiency )
drops to about 80% (0.8).

492 .
Cintake Z 55 = 615 calories per hour

Observation: The runner needed to ingest at least 615 calories (roughly 150 grams of complex carbohydrates)
every hour at Ooty just to keep the biological servers running. Dropping below this math means total system
depletion.

Findings/Conclusion/Suggestions

The analysis presented in this paper suggests that the modern ultra-marathon runner can be understood not only as an athlete but
also as a highly complex system influenced by biomechanical, physiological, and environmental variables.

By integrating biomechanical principles with data-driven analytics and governance frameworks commonly used in information
security, athletes can develop a more structured and measurable approach to endurance training. Continuous monitoring of cadence,
pacing, heart rate trends, and fuelling strategies enables runners to identify early indicators of fatigue or injury risk.

Future training methodologies may benefit from adopting what could be described as a “zero-trust physiological architecture,”
in which all performance metrics are regularly validated against established baselines. Such an approach encourages proactive
adjustments in training intensity, nutrition, and recovery strategies.

Ultimately, this interdisciplinary perspective provides a pathway for improving performance while reducing injury risk, thereby
expanding the practical limits of human endurance.

REFERENCES

[1] Tong,J. W., & Kong, P. W. (2013). Association between foot type and lower extremity injuries: systematic review and meta-analysis. Journal of Orthopaedic
& Sports Physical Therapy, 43(10), 700-714. https://doi.org/10.2519/jospt.2013.4225

[2] Riegel, P. S. (1981). Athletic Records and Human Endurance. American Scientist, 69(3), 285-290. https://www.jstor.org/stable/27850451
[31 ISACA. (2009). The Risk IT Framework. Information Systems Audit and Control Association. https://www.isaca.org/resources/it-risk
[4] Friel, J. (2015). The Triathlete's Training Bible (4th ed.). VeloPress.
[5] Strava links of the runs:
a)  Tata Mumbai Marathon 2026: https://www.strava.com/activities/17088186488
b)  Ooty Ultra 2024: https://www.strava.com/activities/11073732372
¢)  Hennur Bamboo Ultra 2024: https://www.strava.com/activities/12586340330
IJERTV 151 S030620 Page 8

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



