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Luisa Varela-Sende,§|| PharmD, MSc, Rosa López-Vidriero,* MD, and Luı́s Til-Pérez,† MD
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Background: New biologic strategies are arising to enhance healing and improve the clinical outcome of anterior cruciate ligament
(ACL) reconstruction.

Purpose: To evaluate the efficacy of a new oral nutritional supplement (Progen) that contains hydrolyzed collagen peptides and
plasma proteins, a hyaluronic acid–chondroitin sulfate complex, and vitamin C.

Study Design: Randomized controlled trial; Level of evidence, 2.

Methods: The study included patients who underwent ACL reconstruction with hamstring autografts using the same fixation
method. All patients received the same analgesia and physical therapy (PT) protocol and were randomized to receive either the
nutritional supplement (supplemented group) or no additional therapy (control group). Patients were followed up at days 7, 30, 60,
and 90. Pain was assessed by use of a visual analog scale (VAS) and by analgesic consumption. Clinical outcome was assessed via
International Knee Documentation Committee (IKDC) score and the number of PT sessions. Perceived efficacy and tolerability
were rated on a 5-point Likert scale. Graft maturation was assessed by a blinded musculoskeletal radiologist using magnetic
resonance imaging. The number of adverse events (AEs) was recorded.

Results: The intention-to-treat analysis included 72 patients, 36 allocated to the supplemented group and 36 to the control
group, with no significant differences regarding demographic and preoperative characteristics. Both groups showed significant
improvement in pain and function (measured by VAS and IKDC scores) during the 90-day follow-up period (P < .001 for both),
without significant differences between groups. The supplemented group had fewer patients that needed analgesics (8.5% vs
50.0%; P < .05) and attended fewer PT sessions (38.0 vs 48.4 sessions; P < .001) at 90 days and had a higher IKDC score at
60 days (62.5 vs 55.5; P ¼ .029) compared with the control group. Patient- and physician-perceived efficacy was considered
significantly higher in the supplemented group at 60 and 90 days (P < .05). Perceived tolerability of the overall intervention was
better in the supplemented group at 30, 60, and 90 days (P < .05). Graft maturation showed more advanced degrees (grades 3
and 4) in the supplemented group at 90 days (61.8% vs 38.2%; P < .01). No intolerance or AEs associated with the nutritional
supplement treatment were reported.

Conclusion: The combination of the nutritional supplement and PT after ACL reconstruction improved pain, clinical outcome, and
graft maturation. Nutritional supplementation showed higher efficacy during the second month of recovery, without causing AEs.

Registration: NCT03355651 (ClinicalTrials.gov identifier).

Keywords: anterior cruciate ligament tears; dietary supplementations; platelet-rich plasma; collagen; chondroitin sulfate;
hyaluronic acid; vitamin C

Anterior cruciate ligament (ACL) tears are common
injuries in sports medicine.46 They are disabling, and the
injury may end an athlete’s career. Owing to the relevant
impact on the patient’s life, there is an increasing trend
toward surgical treatment options,46 with overall
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satisfactory outcomes. However, results may differ depend-
ing on the technique, biomechanics of the construct, reha-
bilitation program, concomitant injuries, and biological
features of the healing process.28

In recent years, various strategies have been proposed to
improve surgical outcomes and achieve an earlier return to
play and a decrease in failure rates and secondary surger-
ies. These strategies include the revision of the tunnel
placement29 and the implementation of accelerated reha-
bilitation programs.27 Furthermore, the field of sports
medicine—and particularly ACL surgery—has raised
interest in the use of platelet-rich plasma (PRP), including
growth factors and other cytokines to enhance healing.28,41

The use of PRP to enhance the healing process of ACL
reconstruction and accelerate the patient’s return to play in
safe conditions is an emerging research topic.41 Recently, a
systematic review showed promising results in terms of
intra-articular maturation of grafts, although results
regarding graft integration in the tunnels are controver-
sial.15 The divergence in the reported results might be due
to lack of consensus regarding PRP protocols, which vary in
terms of preparation, application, timing, and dose.28

Various nutritional supplements, including hyaluronic
acid (HA),22 glucosamine sulfate (GS),43 chondroitin sulfate
(CS),33,43 and collagen,10,45 have shown efficacy and safety
in managing hip and knee osteoarthritis. However, results
in this regard are heterogeneous, and studies investigating
the use of nutritional supplements as adjuvants to improve
ACL postsurgical results are scarce. To date, scientific evi-
dence has not shown any benefits of oral supplementation
with chondroprotective substances such as GS14 or with
substances aimed at enhancing muscle strength and per-
formance during recovery (eg, creatinine,51 leucine,24 anti-
oxidants such as vitamins C and E,6 or even high doses of
carbohydrates and proteins21).

The use of injected intra-articular PRP and viscosupple-
mentation with HA is well accepted in the orthopaedic and
rheumatologic literature, and good results have been
reported in randomized studies and systematic reviews in
terms of pain in knee and hip osteoarthritis.9,26 However,
injections are invasive procedures with notable drawbacks,
such as risk of infection, the need for a sterile environment,
pain and other side effects (eg, edema and swelling), and
health care costs.

To overcome the aforementioned limitations, new strat-
egies have been developed to deliver these substances
orally and avoid the drawbacks of injection. Progen, the
nutritional supplement evaluated in the current study, is
a combination of hydrolyzed collagen (CH), porcine plasma

proteins, a complex of HA and CS (HC-15), and vitamin C.1

The rationale behind this combination is that collagen pep-
tides and plasma proteins enhance the healing cascade of
the ACL graft, mainly ligamentization.17,40 HA and CS
have been assessed as chondroprotective agents and have
shown promising results regarding pain reduction.22,35,49,50

Finally, vitamin C is an antioxidant that may play a role in
decreasing proinflammatory cytokines by increasing inter-
leukin 1.7

To our knowledge, this is the first study evaluating the
effect of this oral supplement in the clinical and biological
environment of ACL postsurgical reconstruction.

Our hypothesis was that the use of this oral nutritional
supplement would improve postoperative symptoms and
clinical outcomes, enhance ligamentization, and provide
safe treatment with minimal side effects.

METHODS

Study Design

This was a prospective, multicenter, randomized, open-
label, unblinded postauthorization clinical study to
assess the efficacy of supplementation with plasma pro-
teins, CH, a complex of HA-CS (HC-15), and vitamin C in
patients who underwent arthroscopically assisted func-
tional ACL reconstruction with hamstrings using the
same fixation method, analgesic therapy, and a physical
therapy (PT) protocol. No placebo was used for
comparison.

Patients were recruited between March 2015 and
January 2017 from 3 Spanish centers, including 2 gen-
eral hospitals and 1 sports medicine center. The study
protocol was approved by the ethics committee of Cata-
lan Sports Council, and all patients gave their written
informed consent before entering the study. All data
were managed in agreement with local personal data
protection law (LOPD 15/1999).

ACL reconstruction was performed with the same pro-
cedure in the 3 centers by a single expert surgeon in each
center (E.L.-V., R.O.-V., D.L.-C.) as follows: Both ham-
string tendons were harvested, doubled, and prepared. A
knee arthroscopy was performed to fix any intra-articular
disorder. After arthroscopy, femoral and tibial tunnels
were drilled according to the graft diameters, and the dou-
ble hamstring graft was passed through and secured with
a suspension device on the femur and an interference
screw in the tibia. Patients did not use any orthoses and
were allowed partial weightbearing as tolerated.
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Upon entering the study, patients were consecutively
assigned a randomization number from a centralized ran-
domization list (Random Allocation Software 1.0). Based on
the randomization number, patients were allocated into
one of the following 2 groups: the control group was treated
with the rehabilitation protocol and analgesics only, and
the supplemented group was treated with rehabilitation,
analgesics, and the nutritional supplement (1 sachet daily).
Each sachet contained 2500 mg of CH, 300 mg of porcine
PRP, 50 mg of HC-15, and 40 mg of vitamin C (70% of total
protein content and 328 kcal/100 g of energy value). Treat-
ment for analgesia consisted of paracetamol 1 g (up to 3
doses per day) at the patient’s discretion. Treatment was
administered for 90 days. The patients, therapists, and
treating physicians were not blinded as to randomization
group. Only the radiologists were blinded throughout the
entire study.

The rehabilitation program started on the seventh day
after surgery and was the same for both groups. It consisted
of 2 phases lasting 6 weeks each: The first 6-week phase
aimed at controlling pain, decreasing swelling, and restor-
ing range of motion, and the second 6-week phase included
specific exercises focused on restoring strength and propri-
oception. Concomitant treatment with analgesics was per-
mitted. The surgery was performed at day 0 (baseline).
Assuming a regular rehabilitation time for PT programs
of 8 to 12 weeks,27 patients were followed up with visits
at days 7, 30, 60, and 90 after starting treatment. Compli-
ance with supplemented treatment was assessed by the
number of nonused sachets returned at each follow-up visit
and at the end of the study.

Study Population

The study population included patients aged between 18
and 55 years with partial or complete ACL rupture, diag-
nosed clinically and by magnetic resonance imaging (MRI),
requiring reconstructive surgery. Recruitment was limited
to patients with symptoms of acute or subacute ACL rup-
ture (such as inflammation of the knee and pain with leg
movement) or chronic ACL tear, including instability of the
knee. Other inclusion criteria were ACL ruptures without
osteochondral lesions requiring additional surgery and
patients who, according to their medical records, were
responders to analgesic agents.

Patients with concomitant osteochondral abnormality
were excluded from the study. Other exclusion criteria were
treatment with intra-articular injections of corticosteroids
and/or PRP or with oral glucosamine, CS, HA, or CH in the
2 months prior to surgery. Patients with systemic diseases,
those treated with antibiotics or other drugs that might
alter the healing process, and those who had undergone
arthroscopic lavage in the 90 days prior to surgery were also
excluded.

Study Endpoints and Variables

The primary endpoint was the change in pain throughout
the follow-up period (ie, from baseline to 30, 60, and
90 days), assessed by use of a 100-mm visual analog scale

(VAS) and by means of analgesic consumption. Knee func-
tion was assessed by use of the International Knee Docu-
mentation Committee (IKDC) score. The final score was
interpreted as a measure of function, with higher scores
representing higher levels of function.2,11 The VAS and
IKDC forms are both validated tools for the assessment of
patients with ACL injury.

Secondary endpoints included indirect measures of
functional improvement, such as the number of required
rehabilitation sessions, which was determined at the phy-
sician’s discretion based on achievement of the rehabilita-
tion goals: full range of joint motion, reduction of muscular
atrophy, decrease of joint effusion, and full weightbearing
gait without pain. The maturation and ligamentization of
the graft were assessed by MRI on the days the treatment
started and ended by a blinded musculoskeletal radiologist
using a standard procedure based on ACL oblique parasa-
gittal T1-weighted sequences.38 The signal intensity of the
graft was compared with the posterior cruciate ligament
(typical hypointensity) and graded. Grafts were classified
according to the hypointensity percentage, associated with
maturation, into 4 grades: grade 1 was considered below
25% of hypointensity, grade 2 between 25% and 50%, grade
3 between 50% and 75%, and grade 4 between 75% and
100%. Grafts of grades 3 and 4 were deemed to be in
advanced degrees of maturation or ligamentization.12,48

Perceived efficacy and tolerability of the whole treatment
(ie, PT with or without oral supplementation) were
assessed by patients and physicians using an ad hoc
single-item questionnaire and rated on a 5-point Likert
scale, where higher scores indicated better efficacy and tol-
erability. Last, treatment safety was assessed by means of
all adverse events (AEs) reported throughout follow-up.

Statistical Analysis

The sample size was estimated considering that 20 mm on
the 100-mm VAS was the minimum clinically relevant dif-
ference to detect a relevant change in pain scores in
patients with knee diseases, with a standard deviation
(SD) of 23.38 (data reported in previous studies).8 Under
these assumptions, a study sample of 72 patients (36 in
each group) would provide a statistical power of 90% with
a significance a level of .05.

The analysis was performed as an intention-to-treat (ITT)
analysis; hence, patients lost to follow-up after the first visit
were included in the analysis. Clinical and demographic char-
acteristics of study patients were described by use of means
and standard deviations as quantitative variables. The mean
values of the baseline characteristics in each group were com-
pared by use of an unpaired t test, whereas the percentages
were compared via Fisher exact test. Differences between 2
given visits were analyzed by use of a paired-samples t test,
whereas differences between the study groups throughout the
study were compared by analysis of variance of repeated mea-
sures. In contrast, the physicians’ and patients’ perceptions of
tolerability and efficacy in each study group were compared
via the nonparametric Mann-Whitney U test. The analysis
was performed on available data only, and thus no imputa-
tions were made for missing values, which were eliminated
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pairwise. The significance threshold was set at an a value of
.05, and all analyses were computed by an external statistical
team (Onmedic) using the SAS System statistics software
(version 9.4).

RESULTS

Patient Characteristics

Between March 2015 and January 2017, a total of 80
patients were considered for randomization. Of these, 6
patients were excluded because they lacked a previous MRI
and 2 patients because they did not fulfill the inclusion cri-
teria after the surgery; thus 72 patients (83% males) with a
mean ± SD age of 33.7 ± 9.9 years were included in the study
(Figure 1). Four patients were lost to follow-up (voluntary
withdrawal), 2 in each group of patients. Their available
data were included in the analysis to comply with the ITT
strategy. Ultimately, 68 patients completed the entire
follow-up (34 in each group). All patients assigned to the
supplemented group completed treatment with the nutri-
tional supplement according to the established schedule.

At baseline, patients allocated to the supplemented
group and the control group showed no significant differ-
ences in their demographic characteristics (Table 1). Like-
wise, the scores of all scales used for the assessment of knee
pain and function (VAS and IKDC score) were equal
between the groups. Most patients were taking analgesics
at the beginning of the study (75% of them occasionally),
with no significant differences between groups.

Main Efficacy Scales

Patients in both groups experienced a significant improve-
ment in VAS and IKDC scores during the follow-up period
(P < .001, paired t test at the end of the study). By the 90-
day follow-up, the VAS score had improved in both groups,
decreasing –3.32 ± 2.79 cm in the control group and –3.91 ±
2.72 cm in the supplemented group, with no significant
difference between groups (Figure 2). The corresponding
improvement in the IKDC score was 20.32 ± 15.61 in the
control group and 26.21 ± 19.44 in the supplemented group,
respectively. The IKDC score at the 60-day follow-up was
significantly higher in the supplemented group (62.5 ± 11.7
vs 55.5 ± 11.1; P¼ .029); however, no significant differences
were found at other the visits (Figure 2).

Patients in both groups reported a similar consumption of
analgesic drugs during the first 30 days of treatment. After
that time, analgesic consumption, irrespective of the fre-
quency, was significantly greater in the control group;
analgesics were takenby50% to56% of patients in the control
group versus 9% to 11% in the supplemented group. At the
final follow-up, 91.4% of patients in the supplemented group
did not require any analgesics, whereas the corresponding
proportion in the control group was 50.0% (Figure 3).

Indirect Measures of Efficacy

The cumulative number of rehabilitation sessions
required for recovery, used as an indirect measure of func-
tional improvement, was significantly greater in the con-
trol group (Figure 4). By the 90-day follow-up, patients in
the control group had attended greater number of rehabil-
itation sessions than those in the supplemented group,
with a mean of 48.4 ± 11.3 versus 38.0 ± 9.3 sessions,
respectively (P < .001).

Regarding MRI examination, at the final follow-up,
61.7% of patients in the supplemented group showed
advanced degrees (grades 3 and 4) of graft maturation; the
corresponding percentage in the control group was 38.4% (P
¼ .05) (Table 2).

Perception of Efficacy and Tolerability

Based on the physician’s perception, combined treatment
with PT and the nutritional supplement was significantly
more effective than that based on rehabilitation only, at day
30 of the follow-up period (Figure 5A). Patients rated the
efficacy of combined treatment significantly greater at days
60 and 90 (Figure 5B).

Both physicians and patients rated the tolerability of
treatment with PT and the nutritional supplement higher
than that based on PT only, with significant differences at
days 30 and 60 according to the physicians’ assessments
(Figure 5C) and at days 30, 60, and 90 according to the
patients’ assessments (Figure 5D).

Safety

During the follow-up period, no AEs associated with the nutri-
tional supplement were reported. Overall, 4 patients (5.6%)

Figure 1. Flow diagram of the patients included in the study.
MRI, magnetic resonance imaging.
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reported 7 AEs 4 in the supplemented group and 3 in the
control group. All AEs were considered mild and were attrib-
uted to the rehabilitation protocol.

DISCUSSION

In this open-label, unblinded, parallel-group, multicenter,
randomized clinical trial in patients who underwent

TABLE 1
Baseline Characteristics of Study Patientsa

Overall (N ¼ 68) Supplemented Group (n ¼ 34) Control Group (n ¼ 34) P Valueb

Demographic characteristics
Age, y, mean ± SD 33.71 ± 9.88 32.89 ± 9.23 34.53 ± 10.56 .485
BMI, kg/m2, mean ± SD 24.59 ± 3.11 24.64 ± 3.70 24.54 ± 2.43 .897
Sex, n (%)

Males 60 (83.33) 31 (86.11) 29 (80.56) .753
Females 12 (16.67) 5 (13.89) 7 (19.44)

Clinical characteristics
Affected knee, n (%)

Right 39 (54.2) 20 (55.56) 19 (52.78) �.999
Left 33 (45.8) 16 (44.44) 17 (47.22)

VAS score, mean ± SD 5.00 ± 2.50 5.04 ± 2.44 4.96 ± 2.60 .904
IKDC score, mean ± SD 45.35 ± 13.33 44.83 ± 15.09 45.88 ± 11.50 .740
Basal analgesic consumption, n (%)

Any consumption 41 (56.9) 21 (58.3) 20 (55.6) �.999
Frequency

Often 10 (25.0) 4 (19.1) 6 (31.6) .484
Occasionally 31 (75.6) 17 (81.0) 14 (70.0)

aPercentages of patients in categorical variables were calculated for each group. BMI, body mass index; IKDC, International Knee
Documentation Committee; VAS, visual analog scale.

bP values correspond to the comparison between the supplemented group and the control group (t test for quantitative variables and Fisher
exact test for categorical variables).

Figure 2. Efficacy assessments during the follow-up in the control and supplemented groups. (A) International Knee Documen-
tation Committee score. (B) Visual analog scale pain score. *P < .05, between-group comparison.

Figure 3. Analgesic consumption during the follow-up in the
control and supplemented groups.

Figure 4. Number of rehabilitation sessions needed for recov-
ery in the control and supplemented groups. ***P < .001,
between-group differences.
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surgical reconstruction after ACL injury, both PT only (con-
trol group) and PT combined with a dietary supplement
containing PRP, collagen, HA, CS, and vitamin C (supple-
mented group) were associated with similar improvements
in pain and function during the 90-day follow-up period. At
the end of the follow-up period (ie, 90 days) patients in both
groups showed a significant improvement in pain and knee
function, with no significant differences between groups;
analgesic consumption was similar between groups for the
first 30 days of treatment. At 60-day follow-up, the supple-
mented group had superior outcomes in terms of function,
the need for analgesics, maturation of the graft, number of
PT sessions, and patient-reported efficacy and tolerability.

Both groups were well balanced in terms of demographic
and clinical characteristics, including the functional and
pain scales and the consumption of analgesic drugs at treat-
ment start. Baseline VAS and IKDC scores suggested that
the study sample had a moderate severity of injury at the
beginning of treatment. The IKDC score has not been used
often in previous studies assessing the efficacy of adjuvant
treatments for ACL recovery, precluding comparisons;
however, the severity of pain in the study patients (overall
VAS score at baseline was 5.0) was slightly higher than
that reported by other authors, with their scores ranging
from 2.3 to 3.5.18,20,53 This difference could be due to the
greater proportion of acute-subacute ACL patients under-
going surgery in our centers (86%), who tend to be more
symptomatic than patients with chronic ACL, who report
only instability.

As expected, patients in both groups experienced a tran-
sitory worsening of symptoms during the first week after
surgery. Regarding pain, the transient worsening reached
a significant threshold in the control group but not in the
supplemented group. Worsening of symptoms during the
first week following surgery has been reported in other
studies investigating recovery after ACL reconstruc-
tion.18,20,23,30 After the first week of treatment, the VAS
score decreased progressively in both intervention groups,
showing scores significantly lower than baseline at day 30
and following visits. At the end of treatment, the VAS score
had decreased by 3.9 cm in the supplemented group and
3.3 cm in the control group. Although no statistical differ-
ences were found between the groups, a clinical trend
toward less pain (as assessed by VAS) was found in the
supplemented group throughout the course of the study.

In addition, analgesic consumption was significantly lower
in the supplemented group, indirectly indicating a good
clinical effect in controlling pain. At the last visit, 91% of
patients in the supplemented group did not require analge-
sics at all, whereas 50% of patients in the control group
were still taking analgesics. This observation is consistent
with the proven efficacy of PRP and HA in reducing pain
when used either alone or in combination.9,25,42 Overall, the
therapeutic effects of PRP are well accepted in sports med-
icine in general5,16,28 and in the context of ACL reconstruc-
tion in particular.4,15 In this regard, the combination of
both products may have had an additive and boosting
effect.42 Patients with chondral injury were excluded from
this study, thus ruling out the impact of chondroprotective
effects of both PRP and HA on pain.

Knee function, assessed by the IKDC score, showed a
progressive improvement in the first week after ACL
reconstruction. The improvement in IKDC score from
baseline was statistically significant at postoperative days
30, 60, and 90. The comparative analysis between groups
revealed a significant improvement at 60 days for the sup-
plemented group compared with the control group. We
believe this could be because of better pain control and the
enhancing effect of the nutritional supplement in the bio-
logical process of the ACL reconstruction. According to
this hypothesis, at the 60-day assessment, the supplemen-
ted group could have achieved better range of motion and
more easily tolerated the initial strengthening exercises.
However, this difference was no longer seen at 90 days
because many patients were likely to achieve optimum
graft maturation by 90 days. Differences in PT delivery
between centers may have introduced variability among
study participants, albeit in a similar way in both study
groups.

After a thorough review of the scientific literature, we
found only 1 study was found that investigated the influ-
ence of a similar supplement on the IKDC score. In that
study, Eraslan and Ulkar14 compared the efficacy of GS
versus placebo and found no differences in the IKDC score
between groups at 14 weeks after ACL reconstruction.
Importantly, their approach differed from ours in the use
of a single-ingredient supplement and the start of supple-
mentation 6 weeks after the surgical procedure. Moreover,
treatment with GS lasted 2 months. In view of the obtained
results, we believe that the use of an isolated supplement,
instead of a combination, and the delay in beginning treat-
ment might have underpowered its clinical effect.

PT based on rehabilitation exercises has shown—by
itself—high efficacy in recovery after ACL reconstruc-
tion,23,31,52 thus leading some investigators to study signif-
icant differences when comparing the efficacy of PT only
and that of combined treatments. Accordingly, previous
studies investigating the efficacy of adjuvant treatments
with PT or comparing the efficacy of different types of exer-
cises have found few differences or even conflicting
results.32,34,47,53

In the current study, the number of supervised rehabil-
itation sessions needed, determined at the physician’s dis-
cretion based on the achievement of rehabilitation goals,
was significantly less in the supplemented group. Overall,

TABLE 2
Graft Maturation According to the Blinded
Magnetic Resonance Imaging Examinationa

Grade 1 Grade 2 Grade 3 Grade 4

Control group (n ¼ 34) 8 (23.5) 13 (38.2) 12 (35.5) 1 (2.9)
Supplemented group

(n ¼ 34)
2 (5.9) 11 (32.4) 20 (58.8) 1 (2.9)

aGrafts were classified according to hypointensity percentage
(associated with maturation): grade 1, <25%; grade 2, 25%-50%;
grade 3, 50%–75%; and grade 4, 75%–100%. Values are expressed
as n (%).
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these patients required an average of 10 fewer rehabilita-
tion sessions than those in the control group. This observa-
tion might be associated with the good clinical and
biological effect of the nutritional supplement on pain and
function over time. Typically, the rehabilitation protocol
allows spacing of supervised sessions as patients achieve
the goals of the various phases. In this study, significant
differences were observed at 90 days, when patients who
had achieved full range of motion focused on proprioception
and strengthening. Interestingly, we found a trend toward
significance since the 60-day visit. The beneficial effect of
the nutritional supplement on pain and swelling during the
first 6-week phase may have led to the improvement of
these patients over time compared with the control group,
such that the supplemented group required fewer PT
sessions.

To assess the biological effect of the nutritional supple-
ment on graft maturation, MRI examinations were per-
formed at baseline and at the final follow-up. ACL
parasagittal cuts were performed in T1-weighted
sequences38 and analyzed by a blinded musculoskeletal
radiologist to improve the quality of the study. The exam-
inations revealed a significantly higher percentage of
patients with advanced maturation (grades 3 and 4) in the
supplemented group (61.7%) compared with the control
group (38.4%).

These results are comparable with those of different
studies using injected PRP to accelerate ACL ligamentiza-
tion.36,38 Although promising, the use of PRP is still contro-
versial in terms of maturation. One prior study found a
trend toward significance at 3 months and definite differ-
ences at 6 months or 1 year.15 The use of oral PRP in

combination with CH in the current study may have
enhanced healing and accelerated the natural course of
ligamentization of hamstring grafts compared with injected
PRP. Because collagen is involved in the ligamentization
phase,13 adding active collagen peptides to the preparation
may lead to better results. This approach is important
because hamstring autografts are used frequently and they
tend to mature more slowly than patellar tendon grafts.3,19

Injectable HA has been widely used as intra-articular
viscosupplementation, with positive results and minor local
adverse effects. Preliminary studies comparing oral HA
versus viscosupplementation in the treatment of early
osteoarthritis reported similar effects of both treatments
regarding pain reduction and functional improvement.39

Additionally, the combined use of oral and intra-articular
therapies has shown a boosting effect in terms of pain
relief and reduced analgesic consumption.37 This approach
may open the door to the combined use of oral and intra-
articular PRP.

In line with the consistent trend observed in indirect
measures of efficacy, patients and physicians in the current
study perceived that treatment with PT and dietary sup-
plement was more effective than treatment with PT only,
although differences were not significant at all visits. As
with the IKDC assessment, significant differences in the
subjective perception of efficacy tended to emerge later in
the follow-up period.

The safety and tolerability of orally administered chon-
droprotective agents such as HA, CH, and CS have been
widely reported in the literature.10,22,43,44 However, the
concentration and composition of the various nutritional
supplements available as adjuvants for musculoskeletal

Figure 5. Perception of efficacy and tolerability in the control and supplemented groups throughout all follow-up visits (V2-V5).
Perception of efficacy by (A) physicians and (B) patients. Perception of tolerability by (C) physicians and (D) patients. *P < .05,
between-group differences.

The Orthopaedic Journal of Sports Medicine Oral Supplementation for ACL Healing 7



conditions may differ. Furthermore, the plasma protein
included in the study formulation was a novel ingredient,
and although registry studies have proven its overall
safety,1 data regarding its use in clinical practice are
scarce. Consistent with safety results observed in previous
trials, after 90 days of daily administration of the nutri-
tional supplement in the present study, all AEs reported
were mild, and none were deemed to be associated with the
product. Additionally, treatment tolerability, assessed by
the subjective perception of patients and physicians,
showed a significantly greater tolerability of the supple-
mented group at various visits.

These findings should be interpreted taking into account
some limitations of the study. First, owing to our national
regulations for nutritional support, which do not allow the
study of nutritional supplements as drugs (only as adju-
vants), the study was open-label, was unblinded to physi-
cians, therapists, and patients, and did not include a
placebo for the control group. This is the main limiting
factor of the study. The investigators considered conducting
the clinical study in another country, but this option
entailed a limitation as well, because at the time the prod-
uct was authorized in only a few countries. This design
increases the risk of a placebo effect in the supplemented
group, not only for the patient- and physician-reported out-
comes but also for the duration of postoperative rehabilita-
tion. In this regard, the MRI results, obtained via a blinded
assessment, were of great relevance for supporting the
treatment efficacy. Second, the sample size might be a lim-
itation of the study. Although the sample size was esti-
mated by use of a power analysis, a larger sample might
have allowed us to find more statistically significant differ-
ences between groups in the main efficacy scores at all time
points. Nevertheless, we did find significant differences at
the 60-day follow-up for IKDC score and at the 90-day final
follow-up for maturation of the graft, analgesic consump-
tion, rehabilitation sessions, and efficacy evaluated by the
patient. Third, most of the assessments were patient-
reported and, therefore, are associated with an increased
risk of bias. Despite these limitations, our results showed
internal consistency, as improvements were observed—to a
greater or lesser extent—in the various descriptors of the
therapy outcome.

CONCLUSION

Our results indicate that both interventions are associated
with similar pain reduction and functional recovery after
arthroscopic reconstruction of the ACL with hamstring
autografts. The differences observed between the study
groups in direct and indirect measures of efficacy suggest
that patients who undergo ACL reconstruction may benefit
from adjuvant treatment with the nutritional supplement
in terms of function at 2 months, the need for analgesics,
maturation of the graft, number of PT sessions, and patient-
reported efficacy and tolerability. In addition, our results
show that the use of the nutritional supplement daily for 3
months is safe, without any AEs due to the product. Con-
sidering the noninvasive nature of oral supplementation,

our results have important clinical implications in terms
of possible faster recovery and earlier return to play without
treatment-associated safety concerns.

To the best of our knowledge, this is the first study of this
nutritional supplement in a clinical setting and the first to
show clinical and biological improvements associated with
nutritional supplementation after ACL reconstruction as a
postoperative adjuvant. Nevertheless, further investiga-
tions with this product and with larger study samples with
placebo controls should be conducted to confirm these
improvements.
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