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Collagen

• The most abundant protein 
in the human body

• 28 types identified
• Type I – skin, bone, teeth, 

tendons, ligaments, vascular 
ligature and organs

• Type II – cartilages
• Tyle III – skin and blood 

vessels



Protein Digestion and Amino Acids
Essential Nonessential
Histidine Alanine
Isoleucine Arginine
Leucine Asparagine
Lysine Aspartate
Methionine Cysteine
Phenylalanine Glutamate
Threonine Glutamine
Tryptophan Glycine
Valine Proline

Serine
Tyrosine



Collagen’s Unique Amino Acid 
Content

• Collagen is rich in glycine, proline and hydroxyproline

• Collagen is 33% glycine
• Optimum Nutrition whey is 1.5% glycine
• Chicken Breast 1.84% glycine

More of the collagen-derived amino acids = more endogenous collagen synthesis?



Collagen’s Big 
Break



Methods
• Multi-part Study
• 8 males

• Gelatin Concentration: 0, 5, 
or 15 g mixed is 48 mg 
Vitamin C

• Serum Amino Acid Content
• P1NP (marker of bone 

collagen synthesis)

• Engineered ligament
• CSA
• Collagen content



Amino Acids Found in Collagen Increased in a 
Dose-Dependent Manner



Effect of 72 Hour Supplementation In Vivo

• Sustained elevation of P1NP during entire trial for 15g Group



Collagen increased in a dose dependent 
manner in engineered ligaments



Conclusions

• Supplementation with gelatin and vitamin C resulted in a dose dependent response of 
increased serum AA and increased PINP

• Engineered ligaments showed increased collagen content and crosslinking

Exercise itself is a stimulus of these changes too

• More research is needed
• In vivo, is the increased AA leading to increased collagen synthesis in exercised tissue?
• Does this translate to a larger sample size?
• Is this supplementation helpful to health or performance?



Challenges with Collagen Research

• Relatively new – limited high-quality studies 
have been published

• Meta-analyses of data indicates limited 
outcomes with robust evidence to support 
use

• Many studies compare collagen to a non-
protein containing placebo such as 
maltodextrin

• Many studies are indirectly assessing 
collagen synthesis (ex. P1NP) – unknown if 
there is a true benefit to the working 
joints/tendons



Potential 
Therapeutic 
Uses of 
Collagen

(Australian Institute of Sport, 2021)

Reduce tendon and joint-related pain

Injury reduction through increased tendon and 
ligament cross sectional area and thickness

Treatment or prevention of degenerative diseases 
like osteoarthritis

Assist in bone strength and reduce fracture risk

Improve muscle recovery



Literature 
Review



Reducing Tendon 
Related Pain
21 year old, NBA athlete with hx of patellar 
tendinopathy x 5 years

21 month intervention
15 g collagen (Great Lakes unflavored beef 
gelatin) mixed with 16 oz orange juice 
(~225 mg Vit C) taken 1 hour prior to stress 
relaxation loading rehab program 2x/wk



Reducing Tendon Related Pain - Results

After 18 months, a “blinded” orthopedic surgeon declared the tendon 
normal
Tendon thickness at insertion point reduced by 25%
Tendon thickness increased at mid-point by 10%

Self-reported pain and tenderness decreased; at 18 months the athlete 
considered himself pain free



Reducing Joint Pain

• 97 Varsity/club team athletes at Penn State

• Given 25 mL with 10 g collagen or placebo 
for 24 weeks

• Improvements seen in:
• Joint pain at rest assessed by physician
• Assessed by participants

• Joint pain when walking
• Joint pain when standing
• Joint pain at rest
• Joint pain when carrying objects
• Joint pain when lifting



Prevention of Injury

• 17 elite youth soccer players

• 30 g collagen with 500 mg Vit C after training 
3x/wk for 10 week season

• No changes in knee MIVC or vastus lateralis 
muscle thickness

• No changes in patellar tendon cross 
sectional area

• Patellar tendon stiffness and Youngs’ 
modulus both increased significantly 
more in the collagen group than the 
placebo



Bone Strength and Fracture Risk

• 131 healthy post-menopausal women 

• 5 g collagen peptides or 5 g 
maltodextrin for a year

• Encouraged to take 500-800 mg Ca and 
400-800 IU Vit D, but this was not 
controlled

• 4 day food logs at baseline and 
conclusion of study showed similar 
intakes between the groups; 
inadequate dietary vitamin D, protein 
and fat exceeding recommendations



Bone Strength and Fracture Risk

Group
n ̅𝐗𝐗𝟎𝟎 ± SD0 ̅𝐗𝐗𝟏𝟏𝟐𝟐 ± SD12 p-Value *

P1NP 
[ng/mL]

SCP 66 33.34 ± 24.70 37.22 ± 27.70 0.007

Placebo 65 38.74 ± 27.00 40.6 ± 28.35 0.248

CTX 1 
[ng/mL]

SCP 66 0.81 ± 0.40 0.80 ± 0.35 0.747

Placebo 65 0.68 ± 0.31 0.80 ± 0.58 0.011



Muscle Damage and Recovery

• 24 recreationally active males

• Collagen or maltodextrin given as 10 g 
sachet with 80 mg Vit C twice daily for 7 
days, then 3 days following muscle 
damaging exercise

• 150 countermovement jumps to induce 
muscle damage

• Outcomes assessed:
• Muscle soreness
• Muscle function
• Muscle damage/inflammatory markers
• Bone collagen turnover



Muscle Damage and Recovery



Hodge podge of supplement protocols and interventions

Study Authors Supplement Type Dose Frequency Duration Placebo Additional Notes

Praet, SFE; Purdam, CR; Welvaert, M; Vlahovich, N; 
Lovell, G; Burke, LM; Gaida, JE; Manzanero. S; 
Huges, D; Waddington, G1

Collagen Peptides 
(Tendoforte)

2.5 g Twice daily 3 months Maltodextrin Taken 30 min before exercise

Dressler P, Gehring D, Zdzieblik D, Oesser S, 
Gollhofer A and Konig D2

Collagen Peptides 5 g Daily 6 months Maltodextrin Combined with mechanical loading protocol

Lee J, Tang JCY, Dutton J, Dunn R, Fraser WD, Enright 
K, Clark DR, Steward CE and Erskine RM3

Hydrolyzed Collagen 15 g, 30 g Once before 
exercise

Single 
session

Maltodextrin Compared with 15 g and 0 g doses

Bongers CCWG, Ten Haaf DSM, Catoire M, Kersten 
B, Wouters JA, Eijsvogels TMH and Hopman MTE4

Collagen Peptides 10 g Daily 12 weeks Placebo No significant difference in knee pain compared to 
placebo

Konig D, Oesser S, Scharla S, Zdzieblik D, and 
Gollhofer A5

Specific Collagen 
Peptides (Fortibone)

5 g Daily 12 months Maltodextrin Improved bone mineral density in 
postmenopausal women

Clifford T, Ventress M, Allerton DM, Stansfield S, 
Tang JCY, Fraser WD, Vanhoecke B, Prawitt J, and 
Stevenson E6

Collagen Peptides 
(Peptan)

10 g Twice daily 7 days Isoenergetic, Isovolumic Taken before and after strenuous exercise

Jerger S, Centener C, Lauber B, Seynnes O, Sohnius 
T, Jendricke P, Oesser S, Gollhofer A, and Konig D7

Specific Collagen 
Peptides (Tendoforte)

5 g Daily 14 weeks Maltodextrin Combined with high load resistance training

Kviatkovsky SA, Hickner RC, Cabre HE, Small SD, 
and Ormsbee MJ8

Collagen Peptides 0 g, 10 g, 20 
g

Twice daily 6-9 months Maltodextrin Improved function, pain, and physical and mental 
outcomes in active adults

Wageh M, Fortino SA, Pontello R, Maklad A, McGlory 
C, Kumbhare D, Phillips SM, and Parise G9

Collagen Peptides 20 g Twice daily 10 weeks
20 g whey protein isolate, 2.5 g creatine 
monohydrate, 2 g leucine, 300 mg calcium 
citrate and 1000 IU vit D

0.6 g added glycine and 1.4 g added alanine



Practical Applications
• Healthy athletes – focus on balanced diets with complete sources of protein

• If an athlete can afford it, a collagen supplement may be helpful to reduce joint pain –
but don’t make this a key priority of nutrition program

• 10-30 g of collagen, taken 1 hour prior to activity/rehab may provide a benefit to athletes 
looking to prevent or recover from:

• Tendon/joint injuries
• Bone injuries
• Muscle damage

• Always recommend third party tested supplements



Beware of the 
Supplement Industry

https://www.nsfsport.com/certifie
d-products/
https://sport.wetestyoutrust.com/

https://www.nsfsport.com/certified-products/
https://www.nsfsport.com/certified-products/
https://sport.wetestyoutrust.com/


US Olympic and 
Paraolympic
Committee 
Nutrition has 
resources for Bone, 
Joint and Soft Tissue 
injury recovery

https://www.usopc.org/nutrition
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