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ABSTRACT

Background: Tendinopathies present significant treatment challenges due to the slow healing and low metabolic
activity of tendons. While mechanical loading remains the primary intervention, patients progress frequently
plateaus.

Objective: To critically evaluate the efficacy and optimal timing of hydrolyzed collagen and Vitamin C
supplementation in conjunction with mechanical loading during tendinopathy rehabilitation.

Methods: Laboratory studies, pharmacokinetic research, and clinical trials were systematically reviewed to
assess the impact of these supplements on tendon structure and function.

Results: Ascorbic acid is essential for collagen synthesis and tissue repair, with timing proving critical.
Administration of 15-30 g of hydrolyzed collagen and 40-50 mg of Vitamin C one hour prior to exercise yields
superior outcomes compared to placebo. This protocol results in a doubling of PINP levels, increased tendon
stiffness, and greater improvements in clinical scores (VISA-A) relative to standard care or general nutrition,
thereby enhancing collagen production and recovery.

Conclusion: Collagen and Vitamin C supplementation is most effective when administered exactly 60 minutes
prior to exercise, facilitating tendon healing and strengthening.

Keywords: Collagen, Vitamin C, tendinopathy, nutrient timing, mechanotransduction.

1. Introduction: The Biological Problem
1.1. The Physiopathological Gap in Tendon Rehabilitation

Tendinopathies are common and disabling musculoskeletal disorders that create a significant burden for patients,
including both athletes and those who are less active. In the past, these conditions were thought to be only acute
inflammation, called “tendinitis”. However, new imaging and tissue studies show that chronic tendinopathies are
mainly degenerative, now called “tendinosis”. The widely accepted continuum model describes how
tendinopathy progresses from a reactive phase to tendon dysrepair and finally to degeneration. In this last stage,
collagen fibers become disorganized, and mucoid material accumulates, indicating that the healing process has
failed.

Despite their high prevalence, clinical interventions frequently fail, especially in chronic cases and after surgery.
Current treatments, like NSAIDs or steroid injections, have not led to lasting improvements [1]. These options
mostly hide pain rather than addressing the underlying tendon damage. This is partly because we do not possess
sufficient knowledge of how tendons work and repair themselves at the molecular level. Recently, new
treatments like platelet-rich plasma (PRP) injections, stem cell therapies, and autologous tenocyte implantation
have been introduced. These seek to help the body repair itself and have shown some early promise. However,
their results are inconsistent. Issues with standardization, availability, and a lack of long-term data limit their
broad use.

One of the main challenges in treating these conditions is that the damaged extracellular matrix (ECM) in
tendons does not heal well on its own. It lacks important molecular signals and repair building blocks [1].
Because of this, experts recognize a “biological gap” and see the requirement for targeted treatments. Applying
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specific collagen peptides and Vitamin C together is one such approach, intending to restore the balance needed
for proper tendon healing.

1.2. The Bradytrophic Constraint and the Neovascularization Paradox

Achieving true functional tendon repair is difficult. The body often defaults to forming weak, disorganized tissue.
Healthy tendons are bradytrophic. They possess a sparse microvascular network and a very low basal metabolic
rate [2]. They use much less oxygen than muscles, which means they do not heal easily on their own.

This metabolic limitation creates a pathological paradox in chronic tendinopathy. New blood vessels
inappropriately penetrate the normally avascular tendon core [2] While new blood vessels help healing in other
tissues, in tendons, this process is usually harmful. These new vessels are structurally incompetent. They are
invariably accompanied by nociceptive nerve fibers. These fibers constantly release pain-inducing neuropeptides,
such as Substance P and glutamate. It completely fails to restore true biomechanical strength [2]. This severe
physiological constraint dictates a specific clinical approach. Successful interventions cannot rely solely on
passive systemic blood flow. Instead, therapies must actively optimize the metabolic flux of essential nutrients.
These nutrients must be delivered directly into the avascular core via mechanical forces.

Understanding these constraints, it becomes apparent that efficient rehabilitation must consider systemic
collagen metabolism alongside clinical practice. One major challenge in sports nutrition research is the scarcity
of large clinical studies. Consequently, we do not have enough data on how general diets affect tendinopathies.
This issue is further complicated by the fact that tendon collagen persists for a long time, so short-term dietary
studies cannot detect large changes in tendon structure. Recent nutrition reviews suggest applying the “prudence
principle”, which means using what we know about collagen metabolism to improve tendon health [3]. Tendons
are composed of about 33% glycine and contain substantial amounts of proline and hydroxyproline. Regular
protein sources like whey or casein are good for muscles, but do not provide enough of these specific building
blocks for tendons.

A focused approach is needed, using hydrolyzed collagen and Vitamin C at specific times. This method applies
what we know about collagen biology to tendons, which are hard to study. It directly translates laboratory
research into viable clinical treatments.

2. Cellular and Biochemical Mechanisms
2.1. Synergistic Phenotype Modulation and Hydroxylation Dynamics

The therapeutic and structural functions of L-ascorbic acid (Vitamin C) are considerable. They extend well
beyond their standard classification as a simple enzymatic electron donor. At a basic biochemical level, ascorbic
acid acts as an essential cofactor. It specifically supports the enzymes prolyl 4-hydroxylase and lysyl
hydroxylase. These enzymes are needed for critical biochemical reactions. They add hydroxyl groups to specific
amino acids, namely proline and lysine. This process occurs in newly formed procollagen chains. Ascorbic acid
keeps these enzymes active by keeping its iron atom reduced. This modification is critical. Without it, collagen
chains cannot form a stable triple-helix structure. This structure is absolutely required for proper tendon function.
Unhydroxylated collagen becomes unstable and is easily degraded within the cell. Furthermore, it completely
fails to be incorporated into the extracellular matrix. Emerging molecular evidence expands on this mechanical
enzymatic requirement. It shows that ascorbic acid acts as a potent, active signaling modulator. It works in direct
synergy with Transforming Growth Factor-beta 1 (TGF-B1) [4]. This effect is clearly observed in human
fibroblast and tenocyte cultures. The continuous presence of ascorbic acid significantly increases a specific
phenotypic transition. It increases the TGF-Bl-induced conversion of quiescent, metabolically sluggish
fibroblasts. These cells transform into highly active myofibroblasts. These specialized effector cells are
recognized by their high contractile capacity. They are essential for macroscopic wound closure, and they also
drive critical tissue remodeling [4]. The synchronised co-administration of ascorbic acid and TGF-B1 causes a
substantial upregulation of COL1A1 mRNA expression, leading to the production of mature Type 1 Collagen
and other critical structural elements like a-Actinin [4]. This cellular cooperation makes certain that collagen is
synthesized in large quantities. It guarantees that the cells have the actin-myosin machinery needed to contract
and organize the newly deposited matrix. This organization happens exactly along the lines of mechanical stress.

2.2. Anti-Inflammatory and Antioxidant Synergism: Halting the Catabolic Cascade



The pathogenesis of chronic tendinopathy is heavily driven by mechanically induced microtrauma. This initiates
a sustained, localized biochemical stress response. The synergistic combination of specific collagen peptides and
Vitamin C actively modulates this hostile, catabolic environment. A highly controlled in vitro model utilized
primary human tenocytes exposed to Interleukin-1 beta (IL-1B), a severe inflammatory stimulus. Researchers
applied a targeted orthomolecular mixture containing Vitamin C, collagen peptides, resveratrol, and astaxanthin.
The targeted mixture greatly reduced the damaging inflammatory response in the cells.

Crucially, the treatment successfully blunted NF-«B nuclear translocation. This Nuclear Factor kappa-light-
chain-enhancer of activated B cells is the master transcriptional regulator of the inflammatory response. The
intervention trapped NF-kB in the cytoplasm. This led to a synergistic downstream reduction in primary
catabolic mediators. The most considerable reductions occurred in interleukin-6 (IL-6) and Matrix
Metalloproteinase-2 (MMP-2) [5].

The profound suppression of MMP-2 (gelatinase A) is of paramount clinical importance. In a healthy tendon,
MMPs are tightly regulated. This sustains normal tissue turnover. However, in tendinosis, overactive
metalloproteinases run unchecked. They serve as the primary destructive enzymes. They cause the pathological,
disorganized breakdown of the collagenous ECM.

The Vitamin C and collagen peptide complex neutralizes ROS (Reactive Oxygen Species). It concurrently
suppresses MMP-2 expression. This twofold action effectively drives a critical physiological shift. The tissue
transitions from net catabolism to net anabolism.

2.3. Subcellular Pharmacokinetics: SVCT Transporters and Endoplasmic Reticulum Homeostasis

Vitamin C is a highly water-soluble molecule. Therefore, it cannot passively diffuse across the tenocyte
membrane. This membrane consists of a hydrophobic lipid bilayer. The transition of L-ascorbic acid into the
tenocyte is essential. It moves from the systemic circulation into the intracellular compartment. Specialized
sodium-dependent ascorbate co-transporters strictly govern this process. These are primarily SVCT1 and SVCT2

[6].

SVCT?2 acts as a high-affinity molecular gatekeeper in connective tissues. It couples ascorbate transport with the
influx of sodium ions. These ions move down their electrochemical gradient. This active transport mechanism
promotes the preferential accumulation of Vitamin C. It works against a massive concentration gradient. It
directs the vitamin precisely to sites of high mechanical and oxidative stress [6].

Ascorbate is strongly sequestered once transported into the cell. It accumulates in specific subcellular
compartments at millimolar concentrations. Its primary destination is the Endoplasmic Reticulum (ER). This
organelle serves as the primary site for translation. It is also responsible for the post-translational modification of
procollagen chains [7].

Localized Vitamin C acts as an important regulator within the ER. It maintains strict redox homeostasis. It
protects newly folded proteins from oxidative damage before secretion. Furthermore, emerging biochemical
evidence shows another function. Intracellular ascorbate plays an essential role in regulating proteoglycan
deglycanation. Maintaining proper proteoglycan sizing is clinically critical. Failure to do so results in
pathological water trapping. Water molecules become trapped between collagen fibrils. This leads directly to
mucoid degeneration. It also causes the visible tendon thickening universally observed on ultrasound in patients
with chronic tendinopathy [7].

3. Pharmacokinetics and Nutrient Timing
3.1. Biochemical Profiling: Molecular Weight and Delivery Matrices

Native, undenatured collagen is a massive, complex structural protein. It weighs approximately 300 kDa. It is
characterized by remarkably poor aqueous solubility. It also has virtually non-existent direct gastrointestinal
absorption. Raw collagen must undergo highly controlled processing. This includes multi-step enzymatic
degradation and thermal hydrolysis. This yields Specific Hydrolyzed Collagen (HC) [8]. This process produces
bioavailable, therapeutic peptides. These peptides can cross the intestinal barrier.

An empirical relationship manages the precise physicochemical characterization of this hydrolysis process. It
links the intrinsic viscosity of the HC solution to its average molecular weight. The Mark-Houwink equation
defines this relationship:



[1= (]

Here, [ Jrepresents intrinsic viscosity. The variable M is the molecular weight. The terms K and  are constants
specific to the polymer-solvent system [8]. This equation is clinically relevant. Only specifically calibrated, low-
molecular-weight hydrolysates possess the necessary pharmacokinetic profile. These typically range from 2 to 5
kDa. This profile allows active transport across intestinal enterocytes. This occurs via dedicated PEPT1 (Peptide
transporter 1) cotransporters. Intact, heavy collagen molecules are simply excreted.

Furthermore, the specific dietary delivery vehicle is important. It profoundly dictates the overall
pharmacodynamic profile and absorption kinetics. A key pharmacokinetic trial demonstrated this effect.
Researchers administered a standardized 10 g dose of collagen hydrolysate. This was delivered within a
fermented milk product matrix. This method yielded a significantly higher maximal plasma concentration (Cmax).
It specifically increased collagenogenic di-peptides and tri-peptides, such as Prolyl-Hydroxyproline. This was
compared to a simple aqueous solution (p < 0.05) [9].

This significant difference points to particular mechanisms. The fermentation process possesses distinct
physicochemical characteristics. These likely alter gastric emptying rates. They also protect the peptides from
premature enzymatic cleavage. This protection is vital in the harsh acidic conditions of the stomach.
Consequently, these factors measurably enhance systemic gastrointestinal absorption kinetics.

3.2. Dietary Sources vs. Targeted Nutraceuticals: The Bone Broth Dilemma

Traditional dietary sources are frequently advocated for connective tissue repair. This practice is common within
athletic populations and holistic wellness communities. A prime example is long-simmered bone broth. However,
rigorous pharmacokinetic analysis casts severe doubt on its clinical reliability. Amino acid profiling confirms
this skepticism.

A definitive comparative study evaluated this intervention [10]. They found that whole-food bone broth is highly
unlikely to deliver standardized concentrations of key collagen precursors. These specific precursors include
glycine, proline and hydroxyproline. They compared broth directly with scientifically developed supplemental
hydrolyzed collagen sources.

This lack of standardization results from multiple variables. The amino acid content in bone broth fluctuates
markedly. It depends heavily on the bones’ anatomical origin. Simmering duration and cooking temperature also
alter the composition. Furthermore, the use of acidic extraction agents impacts the final profile.

As a result, relying on whole-food broths leads to unacceptable variability in dosing. It often fails to achieve the
15 g threshold of essential amino acids. This specific dose is strictly required to induce an anabolic response in
targeted tenocytes.

3.3. Transporter Saturation and the Fallacy of Mega-Dosing

Ascorbic acid pharmacokinetics exhibit strict non-linear absorption dynamics. These dynamics are dose-
dependent. The European Food Safety Authority (EFSA) provides specific recommendations. They recommend
a Population Reference Intake for Vitamin C of 95-110 mg/day. This dose maintains adequate systemic
saturation [11]. Despite this, clinical practice in sports medicine is frequently misapplied. There is a pervasive,
culturally ingrained tendency toward chronic megadosing regimens. These frequently involve boluses of 1000 to
3000 mg [12].

However, targeted plasma concentrations are tightly regulated. The intestinal sodium-dependent Vitamin C
transporters (SVCT1) control this process. These specific transporters become completely saturated at single oral
doses. This level occurs at doses exceeding approximately 200 mg. Any excess ascorbic acid beyond this
threshold is simply unabsorbed. This can lead to osmotic diarrhea. Alternatively, it is rapidly cleared by the
kidneys. This results in rapid renal excretion.

Furthermore, physiological doses function as essential antioxidants. However, excessive intracellular
accumulation of unmetabolized Vitamin C presents risks. This is especially true in the presence of free catalytic
metals, such as iron or copper. This combination can trigger the Fenton reaction. Consequently, it paradoxically
acts as a potent pro-oxidant [12]. Additionally, chronic megadosing greatly changes metabolism. It increases the
conversion of ascorbate to oxalate. This drastically increases the risk of calcium oxalate renal stones [12].
Regarding clinical safety, cited randomized controlled trials are consistent. They report a very low incidence of
adverse events. This applies to hydrolyzed collagen and Vitamin C supplementation at recommended doses.
These doses include up to 30 g of collagen and 50 mg of Vitamin C. They are safe whether administered acutely
or over several weeks. Minor, transient gastrointestinal symptoms were occasionally noted. These included mild
bloating or nausea. Still, no serious adverse events were observed. There were no clinically notable safety
concerns in the intervention groups compared with placebo. Consequently, the optimal, evidence-based clinical



approach eschews mega-dosing. Instead, it relies on administering a precise, low-dose orthomolecular bolus. A
dose of 40-50 mg is highly effective. This specific dose is optimized for immediate bioavailability [11,12].

3.4. Mechanotransduction, Nutrient Timing, and the “Sponge Effect”

The final pharmacokinetics barrier is highly critical. It involves delivering circulating nutrients directly into the
pathology site. Passive diffusion of systemic amino acids into the avascular core of the ECM is severely
restricted. This restriction applies in the absence of concurrent mechanical stimuli. Consequently,
supplementation during rest is biologically useless for tendinopathy.

An in vivo microdialysis study evaluated early functional weight-bearing mobilization. This followed an acute
Achilles tendon rupture. The study demonstrated a massive, rapid elevation in peritendinous metabolite
concentrations. This jump occurred immediately upon loading [13]. Specifically, elevated local glutamate levels
showed a strong, direct correlation. They correlated directly with increased local concentrations of procollagen
type I N-terminal propeptide (PINP). PINP is a definitive biomarker of active Type I collagen synthesis (» = 0.6,
p=0.005)[13].

This finding delivers immediate empirical support for the biomechanical “sponge effect”. This phenomenon is
formally known as poroelasticity. It is prominently observed in tendons. Tendons undergo tensile mechanical
loading during exercise. Their inherent viscoelastic traits cause them to compress under this stress. This physical
compression actively expels interstitial fluid. It simultaneously flushes out metabolic waste products.

The load is subsequently released during the relaxation phase. The tendon then rapidly re-expands. This sudden
expansion generates a localized drop in tissue pressure. This negative pressure gradient acts as a strong driving
force. It aggressively facilitates the influx of plasma fluid and dissolved nutrients. These fluids move from the
surrounding, highly vascularized paratenon network. They are pulled deeply into the inner, relatively avascular
regions of the tendon [2,14].

Precise “nutrient timing” becomes essential to clinical success. It strictly optimizes this poroelastic-driven
nutrient transfer. Patients must ingest a specific therapeutic dose. This consists of hydrolyzed collagen (15-30 g)
and Vitamin C (40-50 mg). Ingestion must occur exactly 60 minutes before the intended rehabilitation session.
Aligning supplementation in this specific manner is critical. It makes sure that peak systemic levels of prolyl-
hydroxyproline are present in the circulation. These levels peak at precisely the exact time when the tendon is
mechanically most receptive. This tightly synchronized protocol maximizes nutrient uptake during active
mechanical loading [14]

4. Methods
4.1. Search strategy and Data Sources.

A comprehensive literature search of major scientific databases was conducted to inform this critical review.
Searched databases included PubMed/MEDLINE and Google Scholar. The search strategy utilized standard
Boolean logic, incorporating both Medical Subject Headings (MeSH) and free-text keywords. The primary
search string was: (“tendinopathy” OR “tendinosis” OR “tendon injury” OR “tendon healing”) AND (“collagen
peptides” OR “hydrolyzed collagen” OR “gelatin”) AND (“ascorbic acid” OR “Vitamin C” OR “nutrient
timing”). Secondary manual screening of reference lists from highly cited articles and previous reviews was also
performed. This identified additional relevant supplementary literature. The search encompassed literature
published from 2008 to 2025.

4.2. Eligibility Criteria and Synthesis Strategy

Included publications were peer-reviewed in vitro cellular models, human pharmacokinetic profiling studies, and
in vivo randomized controlled trials (RCTs). These studies investigated the oral administration of specific
collagen peptides and/or Vitamin C.

Studies lacking clear dosage protocols were excluded. We also excluded trials utilizing complex, multi-
ingredient proprietary blends. In these blends, the isolated molecular effect of collagen could not be distinctly
determined. This strict exclusion maintained analytical integrity.

High methodological heterogeneity existed across the available clinical trials. This involved varying the
molecular weights of proprietary peptides. It also included distinct athletic versus sedentary populations.
Furthermore, concurrent mechanical loading regimens were highly diverse. Due to these factors, a formal
quantitative meta-analysis was deemed methodologically inappropriate. Such an approach is prone to generating
artificial effect sizes. Instead, a critical qualitative narrative synthesis was performed.



Methodological quality was strictly evaluated across all included studies. /n vivo RCTs with defined sample
sizes and objective outcome measures were prioritized and assigned greater weight. Conversely, studies
presenting significant confounding variables were referenced with strict interpretive caution.

5. Results: Clinical Efficacy and Functional Outcomes
5.1. Tissue Specificity: ECM Tropism vs. Myofibrillar Synthesis

A basic conceptual barrier exists in sports nutrition. It is the conflation of myofibrillar Muscle Protein Synthesis
(MPS) with the synthesis of the extracellular matrix (ECM). A comprehensive systematic review analyzed 15
randomized controlled trials [15]. It definitively addressed the distinct biological effects of specific collagen
peptide (sCP) supplementation. High-quality, complete proteins are rich in branched-chain amino acids.
Leucine-rich sources, such as whey isolate, are vastly superior for stimulating the mTORC1 pathway. This
pathway drives rapid skeletal muscle hypertrophy. In contrast, collagen supplementation demonstrates a highly
specific, targeted tropism. It uniquely targets the collagenous ECM [15].

Metabolic data unequivocally show a clear pattern. The administration of 15 g/day of sCP consistently and
markedly increases specific circulating systemic biomarkers. These are biomarkers of localized collagen
fibrillogenesis. Specifically, it substantially increases procollagen type I N-terminal propeptide (PINP). Crucially,
it achieves this without exerting any significant anabolic effect on whole-body or myofibrillar MPS [15]. This
confirms a key biological distinction. Collagen peptides do not function as generalized macronutrients. Instead,
they act as specialized orthobiologic signaling molecules. They specifically target bradytrophic tissues.

5.2. The 60-Minute Pre-Exercise Protocol and Dose-Response Kinetics

A landmark randomized, double-blind, crossover trial established the definitive clinical foundation [14]. This
trial validated the strict “nutrient timing” paradigm. Researchers conducted extensive pharmacokinetic blood
profiling of healthy young males. This revealed that serum concentrations of highly enriched collagenogenic
amino acids peaked exactly 60 minutes post-ingestion. These specific amino acids include glycine, proline and
hydroxyproline. Researchers synchronized this chemical peak with mechanical loading. This precise timing
yielded profound anabolic results.

Subjects ingested a 15 g gelatin and Vitamin C bolus. Exactly one hour later, they completed only 6 minutes of
intermittent plyometric loading, specifically rope skipping. These subjects exhibited a massive doubling (+153%)
in the blood concentration of PINP. This peak occurred at 4 hours after exercise (p < 0.05) [14].

Translating this baseline to heavy resistance training calls for attentive dose-response optimization. Researchers
evaluated a cohort of resistance-trained men performing heavy mechanical loading. This loading consisted of 4
sets of barbell back squats at a 10-RM load. Pharmacokinetic analyses demonstrated the efficacy of a 30 g
hydrolyzed collagen (HC) protocol. This dose generated a significantly higher PINP Area Under the Curve
(AUC: 267 £ 79 pg-L'-h). This was vastly superior to both a 15 g dose (p = 0.013) and a placebo (p = 0.002)
[16].

Crucially, the 15 g dose did not differ significantly from the placebo in this heavily loaded cohort. This highly
significant finding demonstrates a critical dosage threshold. A 15 g dose may be sufficient for light plyometrics
or daily rehabilitative loading. However, intense mechanical loading induces a strong mechanical stimulus. This
requires a correspondingly higher threshold dose of raw structural precursors. A minimum of 30 g is necessary.
This higher dose maximizes systemic collagen synthesis. It also prevents acute tissue catabolism [16].

It is important to note a limitation regarding these dosing thresholds. They were determined in a relatively
homogenous cohort of young, resistance-trained men. Therefore, they may not directly translate to other
populations. The generalizability of these conclusions is currently unclear. This uncertainty applies to older
adults, women, or less active populations. Clinical populations are similarly underrepresented.

Emerging evidence suggests multiple confounding factors. Age-related changes in collagen turnover are
significant. Sex-based endocrine influences on connective tissue metabolism also serve a key role. Furthermore,
baseline physical activity levels could influence optimal supplementation protocols. Higher doses may be
required to match the anabolic stimulus of heavy resistance training in athletes. However, lower or gradually
titrated doses may be more appropriate for other demographic groups. These include older adults, women, or
non-athletes. These populations often have reduced tendon loading capacity or concomitant health conditions.



Additional research is urgently needed. Studies must establish tailored dosing recommendations among different
demographic groups. This will ensure safety, efficacy and broad clinical relevance.

5.3. Targeted Supplementation in Chronic Tendinopathy Models

Translating acute biochemical responses to long-term pathological resolution requires stringent clinical trials. A
6-month pilot study evaluated chronic mid-portion Achilles tendinopathy (N = 20) [17]. This study used a
randomized, double-blind, crossover design. All patients underwent a standardized rehabilitation protocol. This
consisted of a rigorously controlled daily calf-strengthening and return-to-running program.

The initial phase lasted 3 months. During this time, the cohort receiving specific collagen peptides demonstrated
rapid, clinically meaningful improvement. Their VISA-A scores increased by 12.6 points. This gain explicitly
exceeds the Minimal Clinically Important Difference (MCID) of 12 points. In contrast, the placebo group saw
merely a subclinical 5.3-point increase [17].

Furthermore, researchers used Contrast-Enhanced Ultrasound (CEUS) imaging. This imaging demonstrated a
significant, objective decrease in pathological microvascularity. This structural improvement occurred
throughout the 6-month intervention in both groups.

The crossover design directly verified the efficacy of the intervention. At the 3-month mark, the placebo group
crossed over to the active supplement. This former placebo group subsequently experienced a delayed but
dramatic surge in functional capacity. Their scores improved by an additional 17.7 points over the remaining 3
months. This finding shows a considerable synergistic effect. Specific collagen peptides heavily enhance
established mechanical exercise protocols [17].

5.4. Biomechanical Augmentation: Stiffness and Material Characteristics

The functional capacity of a tendon dictates its ability to transmit muscular force. It also dictates its resistance to
rupture. These abilities are strictly governed by macroscopic stiffness and the material’s innate properties.

Researchers evaluated a 12-week progressive lower-limb resistance training program. This was combined with a
high-dose nutritional intervention. The dose consisted of 30 g of hydrolyzed collagen and 50 mg of Vitamin C.
The study followed a cohort of middle-aged men. This protocol resulted in marked biomechanical adaptations
[18].

Patellar tendon stiffness measures the tissue’s structural resistance to deformation. This stiffness increased
massively in the collagen group. It rose by +661 + 331 N/mm. In contrast, the placebo cohort saw only a
nominal increase of +247 + 305 N/mm. This group-by-time interaction was highly significant (p = 0.009) [18].

An accelerated increase in Young’s modulus provided fundamental confirmation of this structural adaptation.
This metric indicates an improvement in the internal material quality. It reflects changes within the fibril network
itself. The collagen group improved significantly more than the placebo group (+0.21 £ 0.13 GPa vs. +0.09 £
0.13 GPa; p = 0.018) [18]. Furthermore, definitive structural hypertrophy was clearly evident on MRI. The
collagen cohort exhibited a marked, statistically significant increase. Their mean patellar tendon cross-sectional
area (CSA) expanded substantially (+6.8 £ 5.4 mm?).

These profound adaptations have also been stringently validated elsewhere. Researchers tested a highly specific,
highly loaded demographic. The cohort consisted of elite female Master field hockey athletes. The study
included 22 participants with a mean age of 37 years [19].

The protocol utilized an 8-week eccentric resistance exercise program. This was combined with 30 g of HC and
500 mg of Vitamin C. The intervention resulted in increased thickness of the vastus lateralis muscle. However,
these increases were not statistically significant between the active and placebo cohorts (p > 0.05). This again
demonstrates the strict absence of a generalized myofibrillar effect.

However, tendon-specific adaptations are related to a different story. They were statistically significant and
markedly divergent between groups. The collagen cohort showed a significantly greater increase in patellar
tendon CSA than the placebo group. Most notably, researchers observed a statistically significant improvement
in function. The collagen group achieved a 27.3% increase in peak Rate of Force Development (pRFD). This
was substantially greater than the 8.0% improvement seen in the placebo group (p = 0.039) [19].



5.5. Functional Translation: The Stretch-Shortening Cycle and RFD

The ultimate clinical endpoint for athletic populations is clear. Microscopic tendon hypertrophy must translate
into macroscopic kinetic output. A study evaluated fifty healthy male athletes. They consumed 20 g of
hydrolyzed collagen enriched with 50 mg of Vitamin C. This ingestion occurred exactly 60 minutes prior to
training. These athletes demonstrated a significantly superior recovery of maximal isometric RFD. This was
observed by the end of a 3-week targeted maximal muscle power training program (p = 0.04) [20].

Regarding dynamic jump testing, the biomechanical data perfectly correspond to tendon physiology. The
Countermovement Jump (CMJ) is a complex ballistic movement. It relies heavily on the tendon’s Stretch-
Shortening Cycle (SSC). This cycle stores and rapidly releases elastic strain energy. Supplemented athletes
showed substantial increases in eccentric deceleration impulse during the CMJ (p = 0.008). They also
demonstrated increases in eccentric RFD (p = 0.04) [20].

Crucially, no significant differences whatsoever were observed in the Squat Jump (SJ). The SJ requires a specific
static pause. This pause intentionally eliminates the eccentric stretch phase. It relies almost entirely on concentric
myofibrillar contraction. This biomechanical difference is highly revealing. It definitely confirms that the
nutritional intervention exerts a highly tissue-specific structural effect. It specifically improves the tendon’s
elastic properties. It does not alter raw myofibrillar power output [20].

Furthermore, researchers evaluated severe post-surgical trauma models. A study examined 72 patients following
Anterior Cruciate Ligament reconstruction. Blinded MRI evaluations were conducted at 90 days post-operation.
These scans demonstrated highly advanced structural graft maturation (Signal Intensity Grades 3 and 4). This
advanced maturation occurred in an impressive 61.8% of supplemented patients. In contrast, only 38.2% of the
control group achieved this state (p <0.01) [21].

This pharmacologically enhanced macroscopic graft integrity had a direct functional impact. It translated into a
drastic, clinically significant reduction in late-stage analgesic reliance. Only 8.5% of the supplemented group
required late-stage pain medication, compared to 50.0% of the control group [21].

A comprehensive summary of these key clinical trials is presented in Table 1. This table presents vital
parameters, including sample sizes and participant demographics. It also includes intervention dosages, duration,
control conditions, and primary outcome measures. Finally, it details particular intervention protocols alongside
the corresponding functional outcomes.

Table.1 Summary of Key Clinical Trials Investigating Collagen Peptides and Vitamin C Supplementation.

Author / Study Population Intervention Protocol Key Clinical & Functional

Design Findings

Shaw et al. [14] 8 healthy males 15 g gelatin + Vitamin C; Doubled (+153%) serum
ingested exactly 60 PINP levels at 4 hours post-

Randomized minutes pre-exercise exercise;  established  the

crossover trial definitive 60-minute "nutrient

timing" paradigm.



Praet et al. [17] 20 patients with Achilles
tendinopathy
Double-blind RCT

Crossover

Nulty et al. [18] 20 middle-aged men

Double-blind RCT

Nulty et al. [19] 22 elite female field
hockey players

Triple-blind RCT

Lis & Baar [20] 50 healthy male athletes

Double-blind RCT

Lopez-Vidriero et 72 post-surgical ACL

Specific collagen peptides

(sCPs) vs. placebo; 6
months with calf-
strengthening

30 g HC + 50 mg Vitamin
C; 12-week progressive
resistance training

30 g HC + 500 mg
Vitamin C pre-exercise; 8-
week eccentric training

20 g HC + 50 mg Vitamin
C; ingested 60 minutes
pre-exercise (3 weeks)

HC + Vitamin C complex

VISA-A  scores increased
clinically by 12.6 points
(initial phase) and 17.7 points

(crossover); objectively
decreased pathological
microvascularity.

Patellar  tendon  stiffness
substantially —increased by
+661  N/mm;  significant
concurrent increases in
Young's modulus and PT
CSA.

Divergent tendon adaptations:
significant increase in PT
CSA and explosive peak Rate
of  Force Development
(+27.3%).

Superior recovery of maximal
isometric RFD; significant
enhancements in eccentric
deceleration impulse solely
during CMJ (SSC reliance).

Advanced MRI graft

al. [21] reconstruction patients vs. standard physical maturation (61.8% vs. 38.2%
therapy; 90 days in control); drastic, clinically
Multicenter RCT significant reduction in late-

stage analgesic reliance.

Note: Table created by the authors.

6. Discussion and Methodological Restrictions
6.1. Preclinical Efficacy vs. Clinical Translation: The Mechanotransduction Deficit

Controlled preclinical in vitro and in vivo animal models consistently show accelerated type I collagen
fibrillogenesis. They also show significantly reduced peritendinous fibrotic adhesions following Vitamin C
administration [22]. However, transposing these highly controlled outcomes directly into human clinical trials
remains extraordinarily complex.

A major translational barrier arises owing to inherent biological differences. Animal models and human tendons
differ vastly in tissue composition, metabolic rates, and healing environments. For example, rodent tendons
experience much higher rates of collagen turnover. They are also subject to different loading patterns and
biological repair processes compared to their human counterparts. This makes direct extrapolation highly
problematic.

An illustrative in vivo study using Wistar rats evaluated acute Achilles tendon healing. It specifically tested the
application of a proprietary mucopolygen complex. Rigorous histological evaluations demonstrated highly
organized, parallel collagen fiber organization. However, the ultimate biomechanical testing revealed a major
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limitation. It showed no significant difference in the tissue’s ultimate load-to-failure capacity compared to
controls [23].

This disconnect illustrates a major clinical challenge. Microscopic improvements in collagen architecture
observed in animal models do not necessarily translate into enhanced functional biomechanics in humans. This
directly complicates the formulation of clinical recommendations based solely on preclinical data.

This striking variation illustrates a fundamental, non-negotiable clinical principle of connective tissue biology.
Biochemical precursors can facilitate the initial production and spatial alignment of the extracellular matrix.
However, without concurrent, progressive, and targeted mechanical loading, the tissue fundamentally fails. It
cannot develop adequate intermolecular cross-linking [13, 23].

Mechanical tension is strictly required to upregulate the expression of Lysyl Oxidase (LOX). This is the primary
enzyme responsible for the covalent, enzymatic cross-linking of nascent collagen fibrils. This specific cross-
linking dictates true tensile strength..

Highly specific, heavy eccentric loading is inherently difficult to standardize and enforce in caged, quadrupedal
rodents. Consequently, these preclinical models frequently are unable to reproduce human biomechanics.
Furthermore, abruptly saturating a bradytrophic tissue with massive, uncalibrated doses of antioxidants post-
injury is suboptimal. It is likely far less physiologically effective than preserving a steady, low-dose ascorbic
acid availability. This steady availability must be strictly synchronized with targeted mechanical loading over
several months [22].

6.2. Methodological Restrictions and the Quality of Current Evidence

A wider, critical appraisal of the current literature reveals substantial methodological heterogeneity. This deeply
limits the establishment of universal clinical guidelines. A comprehensive systematic review analyzed 19 major
studies [24]. It revealed alarming variability in measured structural parameters. It also noted distinct differences
in the anatomical locations of tendons. Furthermore, population demographics varied widely, ranging from
sedentary individuals to elite athletes.

Rigorous risk-of-bias assessments were conducted for these trials. They used the validated RoB 2 tool for
randomized trials and the ROBINS-I tool for non-randomized interventions. These assessments indicated a
disturbing trend. The vast majority of interventional sports nutrition studies raised “some concerns”. Many
carried a definitively “high/serious” risk of bias [24].

This statistical fragility stems from multiple systemic factors. Chronically small sample sizes are a major issue.
Studies frequently omit true, double-blinded placebo control groups due to organizational hurdles. Furthermore,
there is an excessive, almost exclusive reliance on subjective Participant-Reported Outcome Measures (PROMs)
such as the VISA-A scale. These subjective scales are often utilized without objective, structural imaging
correlates [24].

Similarly, comprehensive meta-analyses utilize the strict GRADE framework. This stands for Grading of
Recommendations, Assessments, Development, and Evaluation. These analyses exhibit a glaring dichotomy.
Targeted collagen administration may reliably increase overall macroscopic structural volume. This
demonstrates a moderate effect size (SMD = 0.67).

However, bold clinical claims remain severely compromised. These assertions often claim a definitive
enhancement of intrinsic tendon biomechanics, such as Young’s modulus, following long-term, untargeted use.
Ultimately, extreme protocol heterogeneity undermines these functional claims. This results in a “very low”
level of certainty of evidence according to the GRADE criteria [25].

6.3. The Commercial Nutraceutical Landscape: The Confounding “Black Box”.

The rising clinical and commercial interest in targeted tendon nutrition is evident. This interest has inevitably led
to a massive proliferation of commercially available, multi-ingredient proprietary blends. A recent, exhaustive
scoping review identified a heavy dependence on complex, “shotgun” formulations produced by the industry
[26]. Examples include commercial products like TendoActive or Tenosan. These products indiscriminately
combine primary structural precursors, such as collagen peptides. They mix these precursors with broad,
systemic herbal anti-inflammatory agents. The most notable additions include methylsulfonylmethane (MSM),
curcumin, and Boswellia serrata [26].

These complex supplements undeniably exert rapid pain-relieving effects. These effects are both centrally and
peripherally mediated. However, the extreme heterogeneity of their active ingredients poses a problem. It creates
a major methodological challenge for Evidence-Based Medicine. Analysis becomes highly complicated within
such complex pharmaceutical matrices. It is virtually impossible to isolate the primary biological driver of tissue
repair. Furthermore, determining specific, reliable pharmacokinetic dose-response relationships is essentially
unachievable [26].
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Crucially, the inclusion of potent natural anti-inflammatories creates a severe confounding variable. The actual
status of the tendon’s physical integrity is still entirely unclear. It is unknown if the tissue is actively improving
via collagen fibrillogenesis. Alternatively, the patient may simply be experiencing an NSAID-like masking of
nociceptive pain signals. This perceptual masking inappropriately allows athletes to train straight through the
underlying degenerative pathology.

Subsequent research must explicitly examine these confounding factors. Methodological designs must focus on
isolating individual supplement components. Specifically, randomized controlled trials require well-
characterized, single-ingredient interventions. Factorial study designs are also highly recommended. These
precise designs enable the independent evaluation of collagen peptides and Vitamin C. They successfully
separate these core elements from adjunctive anti-inflammatory or herbal compounds.

Researchers must employ strict placebo-controlled, double-blind protocols. Carefully matched control arms are
strictly required. These strict measures will further reduce analytical bias. They will permit the accurate
delineation of ingredient-specific effects. Additionally, advanced biomarker profiling is necessary.
Pharmacokinetic measurements are also essential. These advanced tools can help clarify the precise mechanistic
contributions of each individual supplement component.

Such strict analytical approaches are critical for the field. Such rigorous analytical approaches are critical to
separate the specific actions of collagen and Vitamin C from concurrent ingredients. Ultimately, this level of
research rigor is strictly required for formulating robust, evidence-based clinical guidelines.

6.4. Methodological Discrepancies and the Future of Prophylactic Management

A pervasive methodological flaw severely limits the translational value of current sports nutrition literature.
There is an undue, systemic reliance on notoriously subjective dietary recall questionnaires. This approach
frequently replaces objective, quantitative monitoring. Specifically, exact measurements of plasma Vitamin C
and prolyl-hydroxyproline concentrations are strictly required [27].

Future clinical formulations must rigorously investigate specific pharmacokinetic delivery systems to improve
the quality of evidence. Examples include liposomal-encapsulated or controlled-release Vitamin C matrices.
These cutting-edge systems can actively circumvent inherently poor gastrointestinal absorption rates. They
effectively preserve optimal intracellular therapeutic concentrations. This maintenance is absolutely critical
during the entire 4- to 72-hour exercise remodeling window [27].

Furthermore, the clinical paradigm must shift from reactive treatment to preventive intervention. The continuous,
precisely timed supplementation of specific collagen peptides provides a highly feasible prophylactic strategy.
The “fatigue-failure” model of tendon injury dictates a specific mechanism of failure. Catastrophic ruptures
occur when the accumulation of subclinical microtrauma outpaces the tissue’s basal metabolic repair rate.
Targeted supplementation provides a constant surplus of bioavailable structural precursors. This continuous
supply may successfully manage ongoing subclinical microtrauma. Consequently, this strategy may reduce the
incidence of sudden, devastating macrotraumatic ruptures. Examples include non-contact. Anterior Cruciate
Ligament or Achilles tears in highly loaded athletic populations. The intervention actively restores ECM
deposition homeostasis long before critical mechanical failure occurs [28].

The quickly evolving, highly rigorous future of this field is clearly highlighted by recent developments. The
newly published JUMPFOOD study protocol serves as a perfect example. This long-awaited, well-powered,
double-blind RCT aims to recruit 76 elite jumping athletes. It will play a watershed role in establishing robust
clinical guidelines. These guidelines will guide the nutritional management of jumper’s knee (patellar
tendinopathy). The trial achieves this by rigorously correlating validated VISA-P functional scores with
advanced, continuous structural tendon imaging [29].

6.5. Prospective Directions and Research Gaps

Major strides have occurred in recent years. However, multiple crucial research gaps require rapid attention. This
is necessary to progress the field meaningfully. First, there is a pronounced need for long-term intervention
studies. These studies must assess more than short-term surrogate markers. They must strictly evaluate true
tendon health outcomes and actual functional recovery.

Second, the current evidence base relies on relatively homogenous study populations. Data are primarily derived
from young, resistance-trained men. This heavily limits clinical generalizability. Upcoming research must
address demographic diversity. Trials must incorporate older adults, women, and underrepresented clinical
populations. This ensures research-based guidance can be confidently extended to a wider spectrum of patients.
Third, a critical methodological deficit remains. There is a severe shortage of standardized imaging procedures.
Furthermore, there is considerable variability on outcome measures. The adoption of uniform imaging standards
is strictly required. Consensus guidelines for both structural and functional endpoints are also essential. These
steps will harmonize study results and facilitate future meta-analyses. Dealing with these urgent research gaps in
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future trial designs is critical. It will provide the robust, clinically actionable data needed to evolve nutritional
strategies for tendon rehabilitation and injury prevention.

Several specific research questions are necessary to guide and accelerate progress. Empirically verifiable
hypotheses must drive upcoming trials:

l. Does temporally coordinated supplementation improve outcomes? Specifically, do hydrolyzed collagen
and Vitamin C, administered precisely 60 minutes prior to mechanical loading, yield superior results? Does this
protocol lead to significantly greater improvements in tendon structural qualities and functional outcomes
compared to non-timed or placebo-controlled interventions, as measured by objective imaging and PROMs?

2. What is the minimum effective dose of hydrolyzed collagen required? This must be evaluated in
combination with Vitamin C. What is the exact dose that achieves clinically meaningful gains in tendon cross-
sectional area and functional indices among different populations, such as recreational versus elite athletes, or
older versus young adults?

3. Can long-term, prophylactic use of targeted supplementation reduce injury rates? This involves collagen
and ascorbic acid synchronized with routine physical loading. Can this strategy reduce the incidence of
tendinopathy or catastrophic tendon ruptures in high-risk athletic cohorts, as verified through serial imaging and
injury surveillance registries?

Rigorously designed trials have to address these focused questions. This approach will supply actionable
evidence for clinical best practices. It will likewise foster effective scientific collaboration spanning multiple
disciplines.

7. Conclusions

Contemporary recovery and rehabilitation algorithms for tendinopathies must evolve. They must go beyond
isolated mechanical loading. They must actively incorporate targeted, evidence-based orthomolecular
interventions. The comprehensive evidence synthesized in this review provides a compelling biological and
clinical rationale. The precise, temporally coordinated co-ingestion of specific collagen peptides and ascorbic
acid acts as a highly potent biological catalyst. This specific nutritional intervention transforms the pathological
tendinopathic microenvironment. It shifts the tissue from a locked, catabolic, and degenerative state. It creates an
active, anabolic tissue-remodeling phase. Based on a rigorous appraisal of the current biochemical,
biomechanical, and clinical literature, the following empirically supported conclusions and definitive clinical
paradigms are proposed:

Obligate Biochemical Synergy and Catabolic Suppression: Ascorbic acid functions far beyond its function as
a simple antioxidant. It is an essential, non-substitutable enzymatic cofactor. It is absolutely required for the
post-translational hydroxylation of nascent collagen. It additionally ensures the thermal stabilization of these
newly formed triple helices. Concurrently, it acts as an important signaling modulator. It works in tandem with
specific amino acid sequences. Together, they aggressively neutralize catabolic metalloproteinases, specifically
MMP-2. They successfully halt the NF-kB inflammatory cascade within the tendinopathic microenvironment.
This action strictly forces a physiological shift toward net matrix anabolism.

The Pharmacokinetic “Nutrient Timing” Imperative: Clinical evidence establishes a strict, non-negotiable
pharmacokinetic protocol. A scientifically validated threshold dose of specific hydrolyzed collagen is strictly
required. A minimum of 15 g is needed for light rehabilitation. Up to 30 g is required for heavy mechanical
loading. This dose must be enriched with a low-dose bolus of Vitamin C (40 - 50 mg). Patients must ingest this
exactly 60 minutes prior to targeted exercise. This precise timing secures optimal biological delivery. The
maximal systemic concentration (Cmax) of collagenogenic peptides must precisely coincide with the
mechanically induced poroelastic “sponge effect”. This synchronicity allows the avascular tendon core to
actively draw in circulating structural precursors. This critical absorption takes place exclusively during the
relaxation phase of the stretch-shortening cycle.

Macroscopic Structural and Functional Augmentation: This chemical intervention translates into detectable
macroscopic structural adaptations when the timing protocol is properly executed. High-definition imaging
confirms localized tissue hypertrophy. This is documented as a considerable increase in cross-sectional area.
Imaging also confirms the effective restoration of fibril alignment. Biomechanically, this structural maturation
yields vastly superior functional metrics. It considerably enhances patellar and Achilles tendon stiffness. It
optimizes the intrinsic Young’s modulus. Furthermore, it explosively increases the Rate of Force Development
(RFD) and attenuates eccentric force. These robust improvements are consistent across a range of highly loaded
demographic cohorts.

Urgent Methodological Considerations for Future Research: Wider GRADE meta-analyses currently assign
“very low certainty” classifications to this field. Future clinical guidelines must abandon subjective dietary recall
to definitely overcome this. They must also discard proprietary, multi-ingredient “black-box” supplements. This
field must transition exclusively to highly powered, double-blind, randomized controlled trials. These trials must
use standardized, isolated doses of collagen and ascorbic acid. Crucially, these trials must correlate subjective
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Participant-Reported Outcome Measures (PROMs) with objective data. This requires high-definition imaging
biomarkers, such as Contrast-Enhanced Ultrasound (CEUS) and Ultrasound Tissue Characterization (UTC). This
strict correlation is necessary to fully establish undeniable, universal treatment algorithms. Additionally,
upcoming research should prioritize longitudinal studies. These studies must assess the long-term effects of
optimized nutrient timing strategies. They must focus on tendon integrity and injury prevention across both
clinical and athletic populations.
To summarize, closing the physiological gap in connective tissue repair requires a transformative clinical
paradigm. This paradigm must explicitly integrate mechanical mechanotransduction with targeted orthobiologic
biochemical interventions. Clinicians can only restore extracellular matrix homeostasis by deliberately
synchronizing mechanical loading with precise nutritional strategies. This protocol strictly ensures durable, long-
term tendon resilience. This integrated approach synthesizes the review’s key findings. It firmly stresses the
absolute imperative of multidimensional treatment regimens for effective tendon rehabilitation.
Disclosure

Author’s Contributions
Conceptualization: Wiktor Beska, Alicja Rogozinska, Emilia Skrzypek
Methodology: Mikotaj Kamela, Karol Jackowiak, Jakub Lacki, Michat Kalisiak
Formal analysis: Michat Kalisiak, Michal Kasznicki, Natalia Micek
Investigation: Alicja Rogozinska, Michat Kasznicki, Jakub Lacki
Resources: Wiktor Beska, Matgorzata Czechowska, Jakub Lacki
Data curation: Mikotaj Kamela, Natalia Micek, Matgorzata Czechowska
Writing - original draft preparation: Alicja Rogozinska, Matgorzata Czechowska, Karol Jackowiak
Writing - review and editing: Michat Kalisiak, Natalia Micek, Mikotaj Kamela
Visualization: Karol Jackowiak, Emilia Skrzypek, Emilia Skrzypek

Supervision: Wiktor Beska, Alicja Rogozinska, Michat Kasznicki

All authors have read and approved the final version of the manuscript.
Funding:
This research did not receive any funding.
Institutional Review Board Statement :
Not applicable.
Informed Consent Statement:
Not applicable.
Data Availability Statement:
Not applicable.
Acknowledgments:

Not applicable.

14



Declaration of the use of generative Al and Al-assisted technologies in the writing process.

In preparing this work, the authors used Google Gemini to correct grammatical errors, stylistic issues, and
punctuation mistakes. After using this tool/service, the author(s) have reviewed and edited the content as needed
and accept full responsibility for the substantive content of the publication.

References

1.

2.
3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Andarawis-Puri N, Flatow EL, Soslowsky LJ. Tendon basic science: Development, repair, regeneration,
and healing. J Orthop Res. 2015;33(6):780-784.

Tempfer H, Traweger A. Tendon Vasculature in Health and Disease. Front Physiol. 2015;6:330.

Scott A, Nordin C. Do Dietary Factors Influence Tendon Metabolism? Adv Exp Med Biol. 2016;920:283-
289.

Piersma B, Wouters OY, de Rond S, Boersema M, Gjaltema RAF, Bank RA. Ascorbic acid promotes a
TGEFpB1-induced myofibroblast phenotype switch. Physiol Rep. 2017;5(17):e13324.

Marzagalli M, Battaglia S, Raimondi M, Fontana F, Cozzi M, Ranieri FR, et al. Anti-Inflammatory and
Antioxidant Properties of a New Mixture of Vitamin C, Collagen Peptides, Resveratrol, and Astaxanthin in
Tenocytes: Molecular Basis for Future Applications in Tendinopathies. Mediators Inflamm.
2024;2024:5273198.

Savini I, Rossi A, Pierro C, Avigliano L, Catani MV. SVCT1 and SVCT2: key proteins for vitamin C
uptake. Amino Acids. 2008;34(3):347-355.

Mandl J, Szarka A, Banhegyi G. Vitamin C: update on physiology and pharmacology. Br J Pharmacol.
2009;157(7):1097-1110.

Denis A, Brambati N, Dessauvages B, Gued; S, Ridoux C, Meffre N, et al. Molecular weight determination
of hydrolyzed collagens. Food Hydrocoll. 2008;22(6):989-994.

Walrand S, Chiotelli E, Noirt F, Mwewa S, Lassel T. Consumption of a functional fermented milk
containing collagen hydrolysate improves the concentration of collagen-specific amino acids in plasma. J
Agric Food Chem. 2008;56(17):7790-7795.

Alcock RD, Shaw GC, Burke LM. Bone broth unlikely to provide reliable concentrations of collagen
precursors compared with supplemental sources of collagen used in collagen research. Int J Sport Nutr
Exerc Metab. 2019;29(3):265-272.

EFSA NDA Panel. Scientific Opinion on Dietary Reference Values for vitamin C. EFSA J.
2013;11(11):3418.

Dosedéel M, Jirkovsky E, Macakova K, Krémova LK, Javorska L, Pourova J, et al. Vitamin C-Sources,
Physiological Role, Kinetics, Deficiency, Use, Toxicity, and Determination. Nutrients. 2021;13(2):615.
Valkering KP, Aufwerber S, Ranuccio F, Lunini E, Edman G, Ackermann PW. Functional weight-bearing
mobilization after Achilles tendon rupture enhances early healing response: a single-blinded randomized
controlled trial. Knee Surg Sports Traumatol Arthrosc. 2017;25(6):1807-1816.

Shaw G, Lee-Barthel A, Ross ML, Wang B, Baar K. Vitamin C-enriched gelatin supplementation before
intermittent activity augments collagen synthesis. Am J Clin Nutr. 2017;105(1):136-143.

Khatri M, Naughton RJ, Clifford T, Harper LD, Corr L. The effects of collagen peptide supplementation on
body composition, collagen synthesis, and recovery from joint injury and exercise: a systematic review.
Amino Acids. 2021;53(10):1493-1506.

Lee J, Tang JCY, Dutton J, Dunn R, Fraser WD, Enright K, et al. The Collagen Synthesis Response to an
Acute Bout of Resistance Exercise Is Greater when Ingesting 30 g Hydrolyzed Collagen Compared with 15
g and 0 g in Resistance-Trained Young Men. J Nutr. 2024;154(7):2076-2086.

Praet SFE, Purdam CR, Welvaert M, Vlahovich N, Lovell G, Burke LM, et al. Oral Supplementation of
Specific Collagen Peptides Combined with Calf-Strengthening Exercises Enhances Function and Reduces
Pain in Achilles Tendinopathy Patients. Nutrients. 2019;11(1):76.

Nulty CD, Phelan K, Erskine RM. Hydrolysed Collagen Supplementation Enhances Patellar Tendon
Adaptations to 12 Weeks' Resistance Training in Middle-Aged Men. Eur J Sport Sci. 2025;25(4):e1228]1.
Nulty CD, Erskine RM. Collagen Supplementation Augments Strength Training-Induced Gains in Tendon
Size and Rate of Force Development in Elite Female Master Field Hockey Athletes. Int J Sport Nutr Exerc
Metab. 2025;35(6):510-519.

Lis DM, Jordan M, Lipuma T, Smith T, Schaal K, Baar K. Collagen and Vitamin C Supplementation
Increases Lower Limb Rate of Force Development. Int J Sport Nutr Exerc Metab. 2022;32(2):65-73.
Lépez-Vidriero E, Olivé-Vilas R, Lopez-Capapé D, Varela-Sende L, Lopez-Vidriero R, Til-Pérez L.
Efficacy and Tolerability of Progen, a Nutritional Supplement Based on Innovative Plasma Proteins, in
ACL Reconstruction: A Multicenter Randomized Controlled Trial. Orthop J Sports Med.
2019;7(2):2325967119827237.

15



22.

23.

24.

25.

26.

27.

28.

29.

DePhillipo NN, Aman ZS, Kennedy MI, Begley JP, Moatshe G, LaPrade RF. Efficacy of Vitamin C
Supplementation on Collagen Synthesis and Oxidative Stress After Musculoskeletal Injuries: A Systematic
Review. Orthop J Sports Med. 2018;6(10):2325967118804544.

Turkmen HO, Kalender AM, Tekin SB. Retendo (mucopolygen complex) effects on achille tendon healing.
J Orthop. 2020;20:190-194.

Hijlkema A, Roozenboom C, Mensink M, Zwerver J. The impact of nutrition on tendon health and
tendinopathy: a systematic review. J Int Soc Sports Nutr. 2022;19(1):474-504.

Bischof K, Moitzi AM, Stafilidis S, Kénig D. Impact of Collagen Peptide Supplementation in Combination
with Long-Term Physical Training on Strength, Musculotendinous Remodeling, Functional Recovery, and
Body Composition in Healthy Adults: A Systematic Review with Meta-analysis. Sports Med.
2024;54(11):2865-2888.

Burton I, McCormack A. Nutritional Supplements in the Clinical Management of Tendinopathy: A Scoping
Review. J Sport Rehabil. 2023;32(5):493-504.

Alberts A, Moldoveanu ET, Niculescu AG, Grumezescu AM. Vitamin C: A Comprehensive Review of Its
Role in Health, Disease Prevention, and Therapeutic Potential. Molecules. 2025;30(3):748.

Nyland J, Pyle B, Krupp R, Kittle G, Richards J, Brey J. ACL microtrauma: healing through nutrition,
modified sports training, and increased recovery time. J Exp Orthop. 2022;9(1):121.

van Dam L, Terink R, Mensink M, de Vos RJ, Zwerver J. The JUMPFOOD study: additional effect of
hydrolyzed collagen and vitamin C to exercise treatment for patellar tendinopathy (jumper's knee) in
athletes-study protocol for a double-blind randomized controlled trial. Trials. 2023;24(1):768.

16



	Author / Study Design
	Population
	Intervention Protocol
	Key Clinical & Functional Findings
	Shaw et al. [14]
	Randomized crossover trial
	8 healthy males
	15 g gelatin + Vitamin C; ingested exactly 60 minu
	Doubled (+153%) serum PINP levels at 4 hours post-
	Praet et al. [17]
	Double-blind RCT crossover
	20 patients with Achilles tendinopathy
	Specific collagen peptides (sCPs) vs. placebo; 6 m
	VISA-A scores increased clinically by 12.6 points 
	Nulty et al. [18]
	Double-blind RCT
	20 middle-aged men
	30 g HC + 50 mg Vitamin C; 12-week progressive res
	Patellar tendon stiffness substantially increased 
	Nulty et al. [19]
	22 elite female field hockey players
	30 g HC + 500 mg Vitamin C pre-exercise; 8-week ec
	Divergent tendon adaptations: significant increase
	Lis & Baar [20]
	Double-blind RCT
	50 healthy male athletes
	20 g HC + 50 mg Vitamin C; ingested 60 minutes pre
	Superior recovery of maximal isometric RFD; signif
	López-Vidriero et al. [21]
	Multicenter RCT
	72 post-surgical ACL reconstruction patients
	HC + Vitamin C complex vs. standard physical thera
	Advanced MRI graft maturation (61.8% vs. 38.2% in 

