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1 Introduction

The lying triceps extension with a barbell, often called the skull crusher, is a targeted
exercise for the triceps brachii, emphasizing elbow extension while maintaining shoulder
and scapular stability in a supine position. MMSX Authority’s Gold Standard Blueprint
optimizes technique, minimizes injury risk, and maximizes performance for industrial,
educational, and athletic applications. Each parameter (A-Z) integrates biomechanical
principles, real-time data, and individualized adaptations to ensure safety and efficacy.

2 A: Anatomy & Anthropometry

Parameter: Individual anatomical structure (e.g., humerus length, forearm length, shoul-
der joint angles, muscle attachment points). Gold Standard Principle: Technique varies
with anthropometry; no universal form exists.

Description

Industrially, MMSX Authority employs anthropometric analysis to tailor extension pro-
tocols, reducing elbow injuries by 18% in training programs. Educationally, it teaches
how skeletal proportions influence mechanics. For a humerus-to-forearm ratio > 1.0, el-
bow flexion reaches 100 — 110°; a ratio < 0.8 reduces flexion to 90 — 100°. Longer arms
increase bar path arc by 3-5 cm. Real-Time Example: A trainer uses 3D motion capture
to measure a worker’s 1.1 humerus-to-forearm ratio, setting a 105° elbow flexion target
and adjusting bar weight to 30 kg via IMU.

Adapting to Anatomy

Longer forearms increase the bar’s arc length, requiring greater triceps control. Limited
elbow mobility may necessitate a narrower grip (0.8-1.0x shoulder width) or lighter load
(10-15% body weight) to maintain joint safety.

3 B: Base of Support & Balance

Parameter: Body positioning (feet, hips, upper back) for stability. Gold Standard Prin-
ciple: Upper back and hips on bench, feet flat, torso stable.

Description

Industrially, MMSX Authority promotes a stable base to enhance movement safety. Ed-
ucationally, it teaches force transfer mechanics. Upper back and hips contact the bench,
feet at 0.8 — 1.0z shoulder width, generating ground reaction force (GRF) of 0.6 — 0.9z
body weight. Real-Time Example: Force plates confirm a student’s foot placement gen-
erates 700 N GRF, guiding live adjustments for a 35 kg lift.
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4 C: Core Engagement & Control

Parameter: Activation of abdominal and spinal muscles for trunk rigidity. Gold Standard
Principle: Diaphragmatic breathing ensures intra-abdominal pressure (IAP) of 10 — 15
mmHg.

Description

Industrially, core control prevents spinal movement during extension. Educationally, it
links core stability to upper-body mechanics. Diaphragmatic breathing—inhaling deeply,
bracing lightly—maintains 0—5° lumbar lordosis. Real-Time Example: A sensor monitors
12 mmHg [AP, ensuring stability during a 30 kg lift.

5 D: Depth & Descent

Parameter: Bar descent to forehead or slightly beyond, controlled range of motion. Gold
Standard Principle: Bar reaches forehead level, elbows at 100 — 110° flexion, neutral
lumbar spine.

Description

Industrially, depth maximizes triceps activation. Educationally, it teaches joint range
optimization. Elbow flexion 100 — 110°, shoulder flexion 0 — 10°. Real-Time Example:
IMUs track 105° elbow flexion, adjusting descent to maintain 0° lumbar angle in a 32 kg
lift.

6 E: Eccentric & Concentric Phases (Tempo)

Parameter: Controlled eccentric (2-3 s) and smooth concentric phases. Gold Standard
Principle: Eccentric enhances activation; concentric optimizes control.

Description

Industrially, tempo ensures safe load management, reducing elbow strain. Educationally,
it teaches velocity-control dynamics. Standard: 2 s eccentric, 1 s concentric. Real-Time
Example: IMU tracks 0.2 m/s descent, 100 W ascent in a 30 kg lift, correcting tempo
live.

7 F: Faults & Failure Modes

Parameter: Deviations (e.g., elbow flare, shoulder movement, lumbar hyperextension).
Gold Standard Principle: Identify and correct faults in real-time.
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Description

Industrially, MMSX Authority uses fault detection to reduce injury risks by 15% in arm
training. Educationally, it trains students in error recognition. Elbow flare > 45°, shoul-
der movement > 10°, or lumbar hyperextension > 5° are critical. Real-Time Example:
Motion capture flags 50° elbow flare in a 35 kg lift, prompting live correction.

8 G: Grip & Gaze

Parameter: Grip width and type, head alignment. Gold Standard Principle: Secure grip
(0.8-1.0x shoulder width), neutral cervical spine.

Description

Industrially, MMSX Authority ensures grip safety to prevent bar slippage. Educationally,
it teaches neuromuscular intent via gaze. Overhand grip, gaze 0 — 5° upward. Real-
Time Example: Goniometry tracks a student’s 2° gaze and 0.9z shoulder-width grip,
maintaining spinal alignment in a 30 kg lift.

9 H: Humerus & Elbow Mechanics

Parameter: Coordinated elbow and shoulder motion. Gold Standard Principle: Elbow
extension with minimal shoulder movement.

Description

Industrially, MMSX Authority promotes isolated elbow motion to reduce shoulder stress.
Educationally, it teaches single-joint mechanics. Elbow extension leads shoulder move-
ment by 0.05 — 0.1 s. Real-Time Example: Motion capture detects 0.08 s lag, adjusting
30 Nm elbow torque live for a 32 kg lift.

10 I: Intent & Individualization

Parameter: Goal-specific technique (strength, hypertrophy, endurance). Gold Standard
Principle: Technique adapts to intent.

Description

Industrially, MMSX Authority customizes protocols for job-specific tasks (e.g., repetitive
arm extension). Educationally, it trains students in goal-specific adaptations. Strength:
70 — 85% 1RM; hypertrophy: 50 — 70% 1RM; endurance: 30 — 50% 1RM. Real-Time
Example: A trainer sets a 75% 1RM protocol for strength, monitored via IMU for a 35
kg lift.
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11 J: Joint-by-Joint Analysis

Parameter: Role of each joint (mobility/stability). Gold Standard Principle: Mobility at
elbows, stability at shoulders/lumbar.

Description

Industrially, MMSX Authority ensures joint safety in repetitive extension. Educationally,
it teaches joint function. Elbow (mobility, fault: limited flexion), shoulder (stability,
fault: excessive movement), lumbar (stability, fault: hyperextension). Elbow 100 — 110°,
shoulder 0 — 10°, lumbar 0 — 5°. Real-Time Example: IMUs track a worker’s 105° elbow
flexion, correcting a 7° shoulder movement live for a 30 kg lift.

12 K: Kinematics & Kinetics

Parameter: Motion (angles) and forces. Gold Standard Principle: Combine kinematic
and kinetic data for precision.

Description

Industrially, MMSX Authority optimizes performance metrics for arm training. Educa-
tionally, it grounds students in biomechanics. Bar path +2 c¢m from sagittal plane, GRF
0.6 — 0.9 body weight. Why Lying Triceps Extension? Isolates triceps brachii with
minimal shoulder involvement, reducing joint stress compared to overhead extensions.
Real-Time Example: Force plates record 750 N GRF, with motion capture ensuring 1 cm
bar path deviation in a 32 kg lift.

13 L: Lumbar & Lever Arms

Parameter: Lumbar integrity, moment arms. Gold Standard Principle: Minimize lumbar
shear (< 150 N).

Description

Industrially, MMSX Authority prevents back injuries in arm-focused exercises. Educa-
tionally, it teaches leverage principles. Lever arm 0.05 — 0.1 m due to supine posture.
Why Lying Triceps Extension? Supine position eliminates lumbar shear, focusing load
on triceps. Real-Time Example: A sensor detects 120 N shear with a 0.08 m lever,
prompting posture correction for a 35 kg lift.

14 M: Muscular Contribution

Parameter: Muscle roles (agonists, synergists, stabilizers). Gold Standard Principle:
Balanced activation for optimal performance.
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Description

Industrially, MMSX Authority boosts arm training efficiency. Educationally, it details
muscle function. Triceps brachii (60% MVC), anterior deltoids (20% MVC), core (15%
MVC). Real-Time Example: EMG shows 58% triceps activation, guiding form correction
for a 32 kg lift.

15 N: Neuromuscular Control

Parameter: Consistency and micro-adjustments under load. Gold Standard Principle:
Maintain pattern under fatigue (variance < 4°).

Description

Industrially, MMSX Authority ensures safety in repetitive extension. Educationally, it
teaches stress control. Variance in elbow angle < 4° over 12 reps. Real-Time Example:
An IMU tracks 3° elbow variance over 12 reps, confirming control for a 30 kg lift.

16  O: Objective Measurement

Parameter: 3D motion capture, force plates, EMG. Gold Standard Principle: Quantify
with precision using advanced tools.

Description

Industrially, MMSX Authority validates standards for training compliance. Education-
ally, it trains measurement proficiency. Use Vicon motion capture, Kistler force plates,
and Delsys EMG systems. Real-Time Example: Vicon measures a 1° elbow flexion error,
refined live in a lab for a 32 kg lift.

17 P: Planes of Motion

Parameter: Sagittal dominance, frontal/transverse stability. Gold Standard Principle:
Minimize lateral/rotational deviation (< 2 c¢m).

Description

Industrially, MMSX Authority prevents compensatory injuries. Educationally, it illus-
trates multi-planar control. Bar path shift < 2 cm in frontal/transverse planes. Real-
Time Example: Motion capture detects a 1.5 cm lateral shift, corrected live for a 35 kg
lift.

18  Q: Quality of Repetition

Parameter: Consistency across repetitions. Gold Standard Principle: Maintain depth
and tempo variance < 4° under fatigue.
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Description

Industrially, MMSX Authority ensures task reliability in high-volume arm training. Ed-
ucationally, it teaches endurance mechanics. Elbow angle variance < 4° after 12 reps.
Real-Time Example: An IMU shows 3° elbow variance after 12 reps, praised for consis-
tency in a 30 kg lift.

19 R: Respiration

Parameter: Breathing for stability. Gold Standard Principle: Diaphragmatic breathing
for IAP (10 — 15 mmHg).

Description

Industrially, MMSX Authority enhances stability during extension. Educationally, it
teaches pressure dynamics. Diaphragmatic breathing: inhale deeply, brace lightly before
descent. Real-Time Example: A sensor records 13 mmHg [AP, guiding a student’s breath
hold for a 32 kg lift.

20 T: Torque

Parameter: Rotational force at joints. Gold Standard Principle: Controlled torque gen-
eration.

Description

Industrially, MMSX Authority optimizes force production. Educationally, it teaches joint
mechanics. Elbow torque 30 Nm, shoulder torque 10 Nm. Real-Time Example: Force
plates measure 28 Nm elbow torque, adjusted live for a 32 kg lift.

21 U: Unilateral Considerations

Parameter: Relation to unilateral arm movements. Gold Standard Principle: Bilateral
symmetry informs unilateral training.

Description

Industrially, MMSX Authority enhances balance in asymmetric tasks. Educationally, it
teaches symmetry. Variance between sides < 8% in force output. Real-Time Example:
An IMU notes 6% variance, guiding unilateral training adjustments for a 30 kg lift.

22 V: Valgus/Varus Stress

Parameter: Elbow and wrist alignment. Gold Standard Principle: Prevent deviation
(< 5°).
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Description

Industrially, MMSX Authority prevents joint injuries in repetitive extension. Education-
ally, it teaches alignment. Elbow varus/valgus < 5° wrist flexion < 5°. Real-Time
Example: An IMU flags 6° wrist flexion, corrected to 3° for a 32 kg lift.

23 W: Work Power

Parameter: Mechanical work and power output. Gold Standard Principle: Optimize
output for efficiency.

Description

Industrially, MMSX Authority boosts productivity in arm training. Educationally, it
teaches energetics. Work 150 — 300 J, power 60 — 120 W. Real-Time Example: Force
plates calculate 250 J, 100 W in a 35 kg lift.

24 X: "X-Factor” (Context)

Parameter: Training context (strength, hypertrophy, endurance). Gold Standard Prin-
ciple: Adapt to goal-specific demands.

Description

Industrially, MMSX Authority tailors protocols for job or endurance needs. Education-
ally, it teaches application flexibility. Strength emphasizes maximal load, endurance
focuses on high repetitions. Real-Time Example: A trainer adjusts to 75% 1RM for
strength, monitored via IMU for a 35 kg lift.

25 Y: Yielding (Eccentric Loading)

Parameter: Controlled eccentric phase. Gold Standard Principle: Enhance strength with
2 — 3 s descent.

Description

Industrially, MMSX Authority builds resilience in repetitive extension. Educationally,
it teaches loading mechanics. Eccentric phase at 2 s optimizes activation. Real-Time
Example: An IMU tracks 2.2 s descent, refined to 2 s for a 32 kg lift.

26 7Z: Zenith (Top Position)

Parameter: Full elbow extension, stable shoulders. Gold Standard Principle: Complete
rep with elbows at 180°, shoulders at 0 — 10° flexion.
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Description

Industrially, MMSX Authority ensures task completion. Educationally, it teaches fin-
ish mechanics. Elbows extend to 180°, shoulders maintain 0 — 10° flexion. Real-Time
Example: An IMU confirms 179° elbow extension, prompting full lockout for a 35 kg lift.

27 Mathematical and Real-Time Integration Model
o Joint Angles: IMUs track elbow (100 — 110° flexion), shoulder (0 — 10° flexion),
wrist (0 — 5° flexion).
» Newton’s Forces: GRF = m - a + bar weight (e.g., 750 N for 80 kg + 32 kg).
o Pressure: IAP = 10 — 15 mmHg via sensors.

« EMG Data: Triceps brachii (60% MVC), anterior deltoids (20% MVC), core (15%
MVCQ).

o Torque: 7= F -d (e.g., 30 Nm elbow torque).

» Integration: Kalman filtering smooths data, with real-time feedback via IMUs, force
plates, and EMG.
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