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Aim: This study assessed pain and function at 5–9 years postinjection in a subset of patients who received
intradiscal platelet-rich plasma (PRP) injections for moderate-to-severe lumbar discogenic pain. Patients
& methods: All patients received injections of intradiscal PRP in a previous randomized controlled trial.
Data on pain, function, satisfaction, and need for surgery were collected at one time point of 5–9 years
postinjection and compiled with existing data. Results: In comparison to baseline, there were statistically
significant improvements in pain and function (p < 0.001). All improvements were clinically significant. Six
patients had undergone surgery during the follow-up period. Conclusion: This subset of patients demon-
strated statistically and clinically significant improvements in pain and function at 5–9 years postinjection.
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Low back pain (LBP) is a leading cause of disability in the adult population, and up to 85% of people experience
at least one episode of back pain at some point in time [1]. Episodes of LBP often present suddenly. However, over
75% of patients with new episodes of back pain have a previous history of back pain [2]. According to the United
States Centers for Disease Control and Prevention, more than 70 million Americans today suffer from LBP, costing
the country an estimated US$250 billion each year in lost wages and treatment costs – not to discount the many
years of wellness lost [3–5]. This is not just a problem for the USA; WHO now ranks LBP as a leading cause of
disability worldwide [6].

The most common source of chronic LBP is degenerative disc disease, which is characterized by degeneration
of the intervertebral disc [7,8]. Degeneration of the intervertebral disc occurs progressively with aging, may have a
genetic component, and can be exacerbated by disease and/or injury [9]. The intervertebral discs serve a mechanical
function, transmitting and balancing the load from one’s body weight throughout the spinal column [10]. They
are the largest avascular tissues in the body and are composed of the central nucleus pulposus (NP), the outer
annulus fibrosus (AF), and cartilage and bony endplates, which extend from the AF and NP and attach the disc to
the vertebrae [11]. The AF is composed of organized bundles of type I collagen, whereas the NP contains type II
collagen fibers, which are less organized [11]. The endplates serve to prevent collision between the discs while also
providing nutrients and oxygen to the discs through passive diffusion [11]. During intervertebral disc degeneration,
the development of annular fissures causes the migration of NP contents into the AF. These contents contain high
concentrations of pro-inflammatory cytokines that initiate chemical sensitization of the nociceptors found in the
outer AF [12]. Other processes that occur during degeneration include the loss of glycosaminoglycans, an increase
in denatured type II collagen, and an increase in fibronectin fragments [10].

Most patients with degenerative disc disease in the lumbar spine recover in 6 weeks to 3 months with minimal
treatment, although 20% experience recurring LBP [13]. Treatment of degenerative disc disease involves both con-
servative and surgical procedures [9]. Conservative treatments include rest, physical therapy, and anti-inflammatory
medications, and aim to primarily reduce LBP. Surgical treatments fuse spinal segments with the aim of reducing
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discogenic pain by eliminating motion between segments of the spine [9]. In recent years, the use of autologous cell
therapies to treat degenerative disc disease has increased; these include platelet-rich plasma (PRP) and bone marrow
concentrate, which contains mesenchymal stem cells.

PRP has been studied extensively in the treatment of various musculoskeletal problems and is considered to be
extremely rich in growth factors that promote healing and tissue formation [14]. Studies have shown that these growth
factors are powerful agents in promoting proliferation, cell migration, and synthesis of extracellular matrix proteins
and collagen [15–17]. Additionally, PRP has been shown to prevent the activation of inflammatory mediators [18].
Preclinical studies have demonstrated a positive restorative effect of concentrated PRP on intervertebral disc cells [19].
In a recent review article by Akeda et al., they concluded that there is strong preclinical evidence for the use of
intradiscal PRP, but there is a need for high quality, long-term, clinical studies [20]. Furthermore, several clinical
studies have shown safety and improvements in outcomes up to 2 years following treatment in patients with
discogenic LBP [20–25]. However, the long-term outcomes of intradiscal PRP injections are unknown. Thus, the
purpose of this study was to determine the long-term effects of intradiscal PRP injections on pain and function in
patients with discogenic LBP.

Patients & methods
Ethics & patient selection
This study was a 5- to 9-year follow-up of a previous randomized controlled trial. Approval was obtained from the
institutional review board, and informed consent was obtained from patients who agreed to complete the follow-up
survey. Only patients in the intradiscal PRP arm of the previous study were included in this follow-up study
(n = 29). These patients had symptomatic degenerative intervertebral discs and had received intradiscal injections
containing 3–4 ml of leukocyte-rich PRP, which were prepared using a Harvest centrifuge (Harvest Technologies
Corporation [now Terumo BCT], MA, USA). The platelet concentration in the PRP was three- to five-times that
in baseline whole blood. Inclusion criteria from the previous study included refractory LBP persisting for 6 months
or greater, failure of conservative treatment measures, maintained intervertebral disc height of at least 50%, disc
protrusion less than 5 mm on imaging, concordant pain on discography, and presence of a grade 3 or grade 4
annular fissure. Exclusion criteria included presence of a known bleeding disorder, pregnancy, infection, allergy
to contrast agent, presence of a psychiatric condition, solid bone fusion preventing disc access, severe spinal canal
compromise at the affected levels, extrusions or sequestered disc fragments, previous spinal surgery, spondylolysis,
spondylolisthesis, discordant pain on discography, and presence of a grade 5 annular fissure.

Follow-up & data collection
After informed consent was obtained, follow-up surveys were administered either online or by phone at 5–9 years
following intradiscal PRP injections. The 36-Item Short Form Survey (SF-36) pain scale and numerical rating
scale (NRS) pain scores (current, best, worst) were used to assess pain. The Functional Rating Index (FRI) and
SF-36 physical function scale were used to assess function. Minimal clinically important differences (MCIDs)
for NRS pain, SF-36 pain, FRI, and SF-36 physical function have been shown to be 2.0, 16.9, 9.0, and 4.9
points, respectively [26–29]. The follow-up survey also included questions regarding the number of interventional
spine injections and need for surgery following the intradiscal PRP injections. Satisfaction was assessed using the
modified North American Spine Society questionnaire.

Patients were classified as ‘successes’ or ‘failures’ based on their responses to the follow-up survey. ‘Success’ was
defined as meeting the MCID for both pain and function without the need for surgery. ‘Failure’ was defined as
either needing surgery or not meeting the MCID for pain or function. For patients who did not complete the
follow-up survey, electronic medical records were reviewed to determine whether they underwent surgery after the
intradiscal PRP injection.

Statistical analysis
All 29 patients who were in the PRP arm of the previous randomized controlled trial were included in the analysis.
Baseline continuous variables are presented as means and standard deviations, while frequencies and percentages
are reported for discrete variables. Generalized estimating equation (GEE) was used for the analysis of all outcomes.
This modeling technique was chosen due to its robust nature to handle data, regardless of whether or not they
meet the assumption of normality [30]. Additionally, GEE allows for the clustered analysis of all observations that
have been collected longitudinally and accounts for any missing data from patients who were lost to follow-up.
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Table 1. Baseline characteristics.
Characteristic Overall

Total Mean or N SD or %

Age at injection; years 29 41.1 7.4

Number of levels 29 2.4 0.9

Female sex 29 16 55

Multiple levels injected 29 14 48

Levels injected:

– L1-L2 29 0 0

– L2-L3 29 4 14

– L3-L4 29 16 55

– L4-L5 29 25 86

– L5-S1 29 25 86

Baseline PROMs:

– Current NRS pain 29 4.7 2.3

– Best NRS pain 29 2.8 1.9

– Worst NRS pain 29 8.0 1.4

– FRI score 29 51.5 15.9

– SF36 pain score 29 43.3 23.1

– SF36 physical function score 29 56.4 18.8

FRI: Functional rating index; NRS: Numerical rating scale; PROM: Patient-reported outcome measure; SD: Standard deviation; SF36: 36-item short form.

All observations were analyzed using maximum likelihood estimations. Function and pain outcomes scores were
treated as a continuous response. Each model contained time as the sole predictor (treated as a fixed effect). All
parameter estimates from the GEE models are reported as means and 95% CI. Bonferroni correction was used
to adjust for multiple pairwise comparisons. Statistical significance was defined as p < 0.05. All analyses were
performed with SPSS, version 22.0 (IBM Corp., NY, USA).

Results
Patient flow & baseline characteristics
Multiple attempts were made to contact the 29 patients who were part of a previous randomized controlled trial.
Four patients declined to participate. A total of 21 patients consented to participate, and 19 patients completed
the follow-up survey, with an average time to follow-up of 6.57 years (standard deviation: 1.44). Two patients did
not complete the follow-up survey. The remaining four patients could not be reached. Information regarding need
for surgery was taken from electronic medical records for two patients who did not complete the survey.

The mean age at injection was 41.1 years (standard deviation: 7.4). Multiple levels were injected in almost half
of the patients (n = 14; 48%). Baseline characteristics are shown in Table 1.

Pain
Patients reported significant decreases in current, best, and worst NRS pain at 5–9 years postinjection (4.7 [3.9–5.6]
to 1.3 [0.8–1.9], 2.8 [2.1–3.5] to 0.5 [0.1–1.0], and 8.0 [7.5–8.5] to 4.9 [3.9–5.9], respectively; p < 0.001). SF-36
pain scale scores (higher = better) were also significantly improved (80.4 [72.4–88.4] from 43.3 [35.0–51.5] at
baseline; p < 0.001). All changes in pain scores were clinically significant, according to predefined MCID criteria
(Figures 1 & 2; Table 2).

Physical function
Significant improvements in function were observed at 5–9 years postinjection, as assessed using the SF-36 physical
function scale (where higher scores indicate better function) and FRI (where lower scores indicate better function).
SF-36 physical function scale scores improved from 56.4 (CI: 49.7–63.1) at baseline to 82.9 (CI: 74.8–90.9) at
5–9 years postinjection. The FRI scores improved from 51.5 (CI: 45.8– 57.2) at baseline to 22.4 (CI: 14.6–30.3)
(p < 0.001). All changes in function met MCID criteria for clinical significance (Figures 2 & 3).
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Figure 1. Numerical rating scale pain scores. Parameter estimates and CIs for current (black square), best (dark gray
triangle), and worst (light gray diamond) pain scores at baseline (0 weeks), 1 week, 4 weeks, 8 weeks, 26 weeks,
52 weeks, 104 weeks, and 5–9 years are shown. A score of 0 represents no pain, whereas a score of 10 represents
worst possible pain. Statistical significance was determined via generalized estimating equations. *p < 0.05 versus
baseline (time 0); †p < 0.001 versus baseline (time 0).
NRS: Numerical rating scale.
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Figure 2. 36-Item Short Form Survey pain and physical function scores. Parameter estimates and CIs for SF36 pain (black square) and
SF36 physical function (gray diamond) scores at baseline (0 weeks), 1 week, 4 weeks, 8 weeks, 26 weeks, 52 weeks, 104 weeks, and
5–9 years are shown. Statistical significance was determined via generalized estimating equations. *p < 0.05 versus baseline (time 0);
†p < 0.001 versus baseline (time 0).
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Table 2. Patient-reported outcome measures at 5–9 years postinjection.
PROM Overall

Total Parameter estimate 95% CI

Current NRS pain 29 1.3 0.8–1.9

Best NRS pain 29 0.5 0.1–1.0

Worst NRS pain 29 4.9 3.9–5.9

FRI score 29 22.4 16.6–34.7

SF36 pain score 29 80.4 72.4–88.4

SF36 physical function score 29 82.9 74.8–90.9

FRI: Functional rating index; NRS: Numerical rating scale; PROM: Patient-reported outcome measure; SF36: 36-item short form.
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Figure 3. Functional rating index scores. Parameter estimates and CIs at baseline (0 weeks), 1 week, 4 weeks, 8 weeks, 26 weeks,
52 weeks, 104 weeks, and 5–9 years are shown. Statistical significance was determined via GEEs. *p < 0.05 versus baseline (time 0);
†p < 0.001 versus baseline (time 0).

Pain medication usage, additional injections & patient satisfaction
Of the 19 patients who completed the survey, eight (42%) indicated that they had taken pain medications following
the injection. Four (21%) patients required additional spinal injections, including epidural steroid injections and
zygapophyseal joint injections. At the time of their 5- to 9-year follow-ups, 11 (58%) patients expressed satisfaction
with the intradiscal PRP injection. Two (11%) patients felt that the injection had helped them, but they would not
go through it again for the same outcome. Six (32%) patients felt that they were the same or worse compared with
before the injection, although three of them reported clinically and statistically significant improvements in pain
and function.

Success of intradiscal PRP injections
Successes and failures were determined using data from 21 patients (72%). Of these, 15 (71%) patients reported
clinically and statistically significant improvements in both pain and function at 5–9 years postinjection, and were
classified as successes. Six (29%) patients underwent surgery at the affected levels and were classified as failures. All
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Table 3. Effect of age, sex, and number of levels on success.
Parameter Failure (n = 6) Success (n = 15) p-value

Mean or N SD or % Mean or N SD or %

Females (vs males) 4 67% 8 53% 0.66

Age at injection (years) 43.5 2.6 39.2 8.8 0.26

Number of levels 1.8 1.0 2.4 0.7 0.16

Multiple levels injected 3 50% 8 53% �0.99

SD: Standard deviation.

surgeries took place at an average of 4 years following the injection (range: 1–7 years). Two patients believed that
the intradiscal PRP injection delayed their need for surgery. Sex, age at the time of injection, and the number of
levels injected had no effect on success of the injection (Table 3).

Discussion
Although the short-term effects of intradiscal PRP injections have been demonstrated in the literature, long-
term effects extending 5 years and beyond have not been reported. This study conducted follow-ups at 5–9 years
postintradiscal PRP injection in patients who had symptomatic intervertebral disc degeneration and were previously
enrolled in a randomized controlled trial. The findings showed clinically and statistically significant improvements
in pain and function compared with baseline. About 71% of patients were classified as successes; the remaining
29% of patients required spinal surgery and were classified as failures. There were no effects of sex, age, and number
of levels injected on success of the injection.

Degenerative disc disease, which is characterized as intervertebral disc degeneration, is the most common source
of LBP in adults and accounts for 40% of chronic LBP [8]. It can be caused by genetic, mechanical (e.g., excessive
loading), or environmental factors (e.g., smoking) [31]. The intervertebral discs are avascular, flexible joints that
absorb compressive forces and facilitate load transmission. When degeneration occurs, loss of the extracellular
matrix and an upregulation of pro-inflammatory factors are most commonly seen. Calcification of the endplate
leads to a reduction in its permeability, which blocks the transport of nutrients into the disc [31]. There is also
increased loading on neighboring joints, resulting in chronic discogenic pain. Treatments for degenerative disc
disease often include conservative therapy and progress to surgical interventions if needed.

The use of PRP in the treatment of musculoskeletal disorders has increased in recent years [14]. PRP is prepared
from autologous whole blood and contains a high concentration of platelets, which are thought to supply and
release growth factors that promote healing and tissue formation [32]. These growth factors are contained within the
platelet α granules and include platelet-derived growth factor, transforming growth factor β, and basic fibroblast
growth factor, among others [14,32,33]. Studies have shown that they are powerful agents in regulating cell pro-
liferation, stimulating angiogenesis, promoting cell differentiation, and influencing the synthesis of extracellular
matrix proteins (e.g., proteoglycan, collagen) [14]. PRP was first used by Ferrari et al. in 1987 as an autologous
transfusion component in open heart surgery to avoid homologous blood product transfusion [34]. Since then, it has
been studied extensively in the treatment of musculoskeletal disorders, including tendinopathies and osteoarthritis,
although its long-term effects have been reported in only a small number of studies [14].

The restorative effects of PRP on intervertebral disc cells have been demonstrated in both cell culture and
animal models. In a study in which the L4-L5 intervertebral disc of adult rats was injured with a 21-gauge needle,
treatment with PRP immediately postinjury led to the retainment of morphologic features, less inflammatory cells,
and a higher fluid content, compared with the sham group [35]. Similar findings were found in other animals [36,37].
Furthermore, clinical studies have shown safety and improvements in outcomes at various time points up to 2 years
following treatment. A randomized controlled trial showed improvements in pain and function up to 2 years in
patients receiving intradiscal PRP versus contrast agent (control) [21,22]. Levi et al. reported improvements in pain
and function up to 6 months following an intradiscal PRP injection for discogenic LBP [23]. Most recently, Akeda
et al. isolated PRP releasate from clotted PRP and injected it intradiscally into patients with discogenic LBP. No
patients experienced adverse effects, and pain scores were decreased up to 6 months after treatment [24].

Our current study complements these studies and shows that improvements in pain and function were sustained
at a much longer follow-up of 5–9 years following intradiscal PRP treatment. Importantly, improvements in all
outcomes met the MCID criteria for clinical significance. Less than half of the patients required pain medication
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after the injection, and less than a third of the patients required additional spinal injections. These results suggest
that PRP treatment leads to sustained improvements in pain and function in this cohort of patients with discogenic
LBP.

There were six patients who needed surgery after their intradiscal PRP injections and were classified as failures.
These surgeries were performed at a range of 1–7 years postinjection. The remaining 15 patients with available
data were classified as successes, as they all reported clinically and statistically significant improvements in pain
and function. Previous studies have shown an association between aging and worsening of intervertebral disc
degeneration. It has been suggested that age may be a factor in determining the ability of intervertebral disc cells
to heal [38]. However, in our study, age had no effect on the success of the injection. The number of levels injected,
as well as whether multiple levels were injected, also had no effect.

There were several limitations in this study. First, the sample size was small, as only patients who were enrolled
in the previous randomized controlled trial were included in this study. Second, as this study focused only on
the PRP group from the initial study, there was no follow-up of the control group. The control group from the
initial study was given the option to receive PRP after the 8-week follow-up, and the majority of control subjects
elected to receive PRP or went on to surgery, meaning follow-ups from this group were not obtained after 8 weeks
postinjection. Third, not all patients included in the study could be reached for follow-up. However, for the patients
who did not complete the follow-up survey, we were able to review electronic medical records and determine that
two patients underwent spinal surgery at the affected levels. Fourth, the survey captured information about the
need for pain medication, additional spinal injections, and surgery postinjection. However, patients may have also
undergone other treatments, such as physical therapy and acupuncture. We cannot conclude that the intradiscal
PRP injection was the sole contributor to patient-reported improvements in pain and function.

Conclusion
This study is the first to report long-term results of intradiscal PRP treatment in patients with symptomatic
intervertebral disc degeneration. Improvements in all pain and functional outcomes were sustained over time and
met the definition of clinical significance. Nearly 75% of patients were classified as successes, and a third of the
patients who underwent surgery believed that the PRP injection prolonged their need for surgery. There were no
significant associations between success and age, the number of levels injected, or whether multiple levels were
injected. Future studies evaluating the effectiveness of PRP in LBP will need to be done in larger populations,
and we should investigate ways of optimizing the PRP preparation for intradiscal application. In addition, future
studies analyzing the success of patients according to the cellular characteristics of the blood drawn and the platelet
yield in PRP may provide more insight into when the treatment is most effective.

Translational perspective
Previous studies have shown short-term benefits of intradiscal PRP injections for the treatment of degenerative
disc disease; however, this study provides strong evidence that intradiscal PRP injections provide sustained and
long-term improvements in pain and function. Thus, PRP injections have the potential to become the first line of
treatment for degenerative disc disease, as the long-term effects may outweigh the lower cost of other treatments
that are needed more frequently. PRP injections may also be a viable option for patients who prefer not to undergo
surgery, as they may be effective in delaying the need for surgery. Further studies should analyze the long-term
effects of this treatment on a larger scale, investigate whether or not higher concentrations of platelets would
improve outcomes, and compare PRP to other autologous cell preparations, such as bone marrow concentrate, that
have also shown promise [39].
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Summary points

• This study assessed the long-term outcomes of pain and function following intradiscal platelet-rich plasma
(PRP) injections for the treatment of symptomatic intervertebral disc degeneration.

• Numerical rating scale (NRS) pain scores, SF-36 pain, SF-36 physical function, and the Functional Rating Index
were used to assess pain and function of the patients at follow-up, and the Generalized Estimating Equations
method was used to analyze all variables.

• Patients reported significant decreases in current, best, and worst NRS pain at 5–9 years postinjection, as well as
SF-36 pain scores.

• Patients reported significant improvements in function, as assessed using the SF-36 physical function scale and
Functional Rating Index, at 5–9 years postinjection.

• All improvements in pain and function met the predefined criteria for clinical significance.
• Of the 19 patients who completed the 5- to 9-year follow-up survey, 58% expressed satisfaction with the

intradiscal PRP injection.
• Of the 21 patients with available follow-up data, 71% reported clinically and statistically significant

improvements in both pain and function at 5–9 years postinjection and were classified as successes, whereas 29%
underwent surgery at the affected levels during the follow-up period and were classified as failures.

• Sex, age at the time of injection, and the number of levels injected had no effect on success of the injection.
• Results from this study show that improvements in pain and function were sustained at a much longer follow-up

of 5–9 years following intradiscal PRP treatment for moderate-to-severe lumbar discogenic pain. It is the first
study to report such long-term results for PRP as a treatment for intervertebral disc degeneration. It is important
to note that patients may have also undergone other treatments, such as physical therapy and acupuncture.
Thus, we cannot conclude that the intradiscal PRP injection was the sole contributor to patient-reported
improvements in pain and function.

References
Papers of special note have been highlighted as: • of interest

1. Andersson GB. Epidemiological features of chronic low-back pain. Lancet 354(9178), 581–585 (1999).

2. Dunn KM, Hestbaek L, Cassidy JD. Low back pain across the life course. Best Pract. Res. Clin. Rheumatol. 27(5), 591–600 (2013).

3. Vos T, Flaxman AD, Naghavi M et al. Years lived with disability (YLDs) for 1160 sequelae of 289 diseases and injuries 1990–2010: a
systematic analysis for the Global Burden of Disease Study 2010. Lancet 380(9859), 2163–2196 (2012).

4. United States Bone and Joint Initiative. The Burden of Musculoskeletal Diseases in the United States (3rd Edition). United States Bone and
Joint Initiative, IL, USA (2014). http://www.boneandjointburden.org

5. NCHS National health interview survey. Severe headache or migraine, low back pain, and neck pain among adults aged 18 and over, by
selected characteristics: united States, selected years 1997–2015. Centers for Disease Control and
Prevention. https://www.cdc.gov/nchs/data/hus/2016/041.pdf

6. Hoy D, March L, Brooks P et al. The global burden of low back pain: estimates from the Global Burden of Disease 2010 study. Ann.
Rheum. Dis. 73(6), 968–974 (2014).

7. Golob AL, Wipf JE. Low back pain. Med. Clin. North Am. 98(3), 405–428 (2014).

8. Schwarzer AC, Aprill CN, Derby R, Fortin J, Kine G, Bogduk N. The prevalence and clinical features of internal disc disruption in
patients with chronic low back pain. Spine (Phila Pa 1976) 20(17), 1878–1883 (1995).

9. Taher F, Essig D, Lebl DR et al. Lumbar degenerative disc disease: current and future concepts of diagnosis and management. Adv.
Orthop. 2012, 970752–970752 (2012).

10. Raj PP. Intervertebral disc: anatomy-physiology-pathophysiology-treatment. Pain Pract. 8(1), 18–44 (2008).

11. Wang SZ, Chang Q, Lu J, Wang C. Growth factors and platelet-rich plasma: promising biological strategies for early intervertebral disc
degeneration. Int. Orthop. 39(5), 927–934 (2015).

12. Hoyland JA, Le Maitre C, Freemont AJ. Investigation of the role of IL-1 and TNF in matrix degradation in the intervertebral disc.
Rheumatology (Oxford) 47(6), 809–814 (2008).

13. Lee YC, Zotti MG, Osti OL. Operative management of lumbar degenerative disc disease. Asian Spine J. 10(4), 801–819 (2016).

838 Regen. Med. (2019) 14(9) future science group

http://www.boneandjointburden.org/
https://www.cdc.gov/nchs/data/hus/2016/041.pdf


Treatment of symptomatic degenerative intervertebral discs with autologous platelet-rich plasma Short Communication

14. Wu PI, Diaz R, Borg-Stein J. Platelet-rich plasma. Phys. Med. Rehabil. Clin. N. Am. 27(4), 825–853 (2016).

15. Anitua E, Andia I, Ardanza B, Nurden P, Nurden AT. Autologous platelets as a source of proteins for healing and tissue regeneration.
Thromb. Haemost. 91(1), 4–15 (2004).

16. Bennett NT, Schultz GS. Growth factors and wound healing: part II. Role in normal and chronic wound healing. Am. J. Surg. 166(1),
74–81 (1993).

17. Kajikawa Y, Morihara T, Sakamoto H et al. Platelet-rich plasma enhances the initial mobilization of circulation-derived cells for tendon
healing. J. Cell. Physiol. 215(3), 837–845 (2008).

18. Wu J, Zhou J, Liu C et al. A Prospective study comparing platelet-rich plasma and local anesthetic (LA)/corticosteroid in intra-articular
injection for the treatment of lumbar facet joint syndrome. Pain Pract. 17(7), 914–924 (2017).

19. Formica M, Cavagnaro L, Formica C, Mastrogiacomo M, Basso M, Di Martino A. What is the preclinical evidence on platelet rich
plasma and intervertebral disc degeneration? Eur. Spine J. 24(11), 2377–2386 (2015).

20. Akeda K, Yamada J, Linn ET, Sudo A, Masuda K. Platelet-rich plasma in the management of chronic low back pain: a critical review. J.
Pain Res. 12, 753–767 (2019).

21. Monfett M, Harrison J, Boachie-Adjei K, Lutz G. Intradiscal platelet-rich plasma (PRP) injections for discogenic low back pain: an
update. Int. Orthop. 40(6), 1321–1328 (2016).

• Describes updates to intradiscal platelet-rich plasma (PRP) injections and provided 2-year follow-up data on patients who were
analyzed in the PRP arm of the original randomized controlled trial (Tuakli-Wosornu et al.).

22. Tuakli-Wosornu YA, Terry A, Boachie-Adjei K et al. Lumbar intradiskal platelet-rich plasma (PRP) injections: a Prospective,
Double-Blind, Randomized Controlled Study. PM R 8(1), 1–10 (2016).

• This is the original randomized controlled trial that compared the effectiveness of PRP versus control in patients with discogenic
low back pain. Patients who were analyzed in the PRP arm of this original study were included in the current follow-up study.

23. Levi D, Horn S, Tyszko S, Levin J, Hecht-Leavitt C, Walko E. Intradiscal platelet-rich plasma injection for chronic discogenic low back
pain: preliminary results from a prospective trial. Pain Med. 17(6), 1010–1022 (2016).

24. Akeda K, Ohishi K, Masuda K et al. Intradiscal injection of autologous platelet-rich plasma releasate to treat discogenic low back pain: a
preliminary clinical trial. Asian Spine J. 11(3), 380–389 (2017).

25. Mohammed S, Yu J. Platelet-rich plasma injections: an emerging therapy for chronic discogenic low back pain. J. Spine Surg. 4(1),
115–122 (2018).

26. Copay AG, Glassman SD, Subach BR, Berven S, Schuler TC, Carreon LY. Minimum clinically important difference in lumbar spine
surgery patients: a choice of methods using the Oswestry Disability Index, Medical Outcomes Study questionnaire Short Form 36, and
pain scales. Spine J. 8(6), 968–974 (2008).

27. Childs JD, Piva SR, Fritz JM. Responsiveness of the numeric pain rating scale in patients with low back pain. Spine (Phila Pa
1976) 30(11), 1331–1334 (2005).

• Criteria for the minimal clinically important difference in numerical rating scale pain were established in this study.

28. Escobar A, Quintana JM, Bilbao A, Arostegui I, Lafuente I, Vidaurreta I. Responsiveness and clinically important differences for the
WOMAC and SF-36 after total knee replacement. Osteoarthr. Cartil. 15(3), 273–280 (2007).

29. Childs JD, Piva SR. Psychometric properties of the functional rating index in patients with low back pain. Eur. Spine J. 14(10),
1008–1012 (2005).

• Criteria for the minimal clinically important difference in the functional rating index were established in this study.

30. Zeger SL, Liang KY, Albert PS. Models for longitudinal data: a generalized estimating equation approach. Biometrics 44(4), 1049–1060
(1988).

31. Amelot A, Mazel C. The intervertebral disc: physiology and pathology of a brittle joint. World Neurosurg. 120, 265–273 (2018).

32. Arora S, Doda V, Kotwal U, Dogra M. Quantification of platelets and platelet derived growth factors from platelet-rich-plasma (PRP)
prepared at different centrifugal force (g) and time. Transfus. Apher. Sci. 54(1), 103–110 (2016).

33. Qiao J, An N, Ouyang X. Quantification of growth factors in different platelet concentrates. Platelets 28(8), 774–778 (2017).

34. Ferrari M, Zia S, Valbonesi M et al. A new technique for hemodilution, preparation of autologous platelet-rich plasma and intraoperative
blood salvage in cardiac surgery. Int. J. Artif. Organs. 10(1), 47–50 (1987).

• This is the first study to describe the use of PRP in humans.

35. Gullung GB, Woodall JW, Tucci MA, James J, Black DA, Mcguire RA. Platelet-rich plasma effects on degenerative disc disease: analysis
of histology and imaging in an animal model. Evid. Based Spine Care J. 2(4), 13–18 (2011).

36. Li P, Zhang R, Zhou Q. Efficacy of platelet-rich plasma in retarding intervertebral disc degeneration: a meta-analysis of animal
studies. Biomed. Res. Int. 2017, 7919201 (2017).

• This provides an overview of animal studies investigating the effect of PRP on intervertebral disc degeneration.

future science group www.futuremedicine.com 839



Short Communication Cheng, Santiago, Nguyen, Solomon & Lutz

37. Gelalis ID, Christoforou G, Charchanti A et al. Autologous platelet-rich plasma (PRP) effect on intervertebral disc restoration: an
experimental rabbit model. Eur. J. Orthop. Surg. Traumatol. 29(3), 545–551 (2019).

38. Masuda K. Biological repair of the degenerated intervertebral disc by the injection of growth factors. Eur. Spine J. 17(Suppl. 4), 441–451
(2008).

39. Pettine KA, Suzuki RK, Sand TT, Murphy MB. Autologous bone marrow concentrate intradiscal injection for the treatment of
degenerative disc disease with three-year follow-up. Int. Orthop. 41(10), 2097–2103 (2017).

840 Regen. Med. (2019) 14(9) future science group



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


