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A B S T R A C T

Objective: To explore the 6- and 12-month effectiveness of a single autologous injection of platelet-rich plasma
(PRP) in cervical facet joints of people with chronic WAD and facet-mediated pain.
Design: A prospective case series of people with chronic whiplash-associated disorders and cervical facet joint
mediated pain in a community setting.
Interventions: We investigated 44 consecutive people who underwent cervical facet joint PRP ( � adjunct phys-
iotherapy) between 2019 and 2021, selected for PRP based on 80% relief following single diagnostic medial
branch blocks or 50% relief and a significant improvement in performing a previously limited activity of daily
living.
Measures: Measures of pain (numerical pain rating scale - NPRS) and disability (Neck Disability Index - NDI) were
collected prior to and 3-, 6- and 12- months following cervical facet joint PRP in an electronic registry database.
Success was defined as those exceeding the minimal clinically important difference (MCID) for pain (>15%) and
disability (>10%). We also calculated the proportion of people with greater than 50% relief of pain. People not
reached for follow-up were considered failures for worst-case analysis.
Results: Forty-four people (82% female, mean age ¼ 45.2 (range: 25–71) years) underwent cervical facet joint
PRP. Nine people received repeat PRP interventions. Thirty-five people provided 12-month data. There was a
significant improvement in pain and disability following PRP (and possibly adjunct physiotherapy) received
during this time period. At 12-months, 53% of people exceeded MCID for pain, reporting a mean improvement of
66% (95%CI: 55–77%) on the NPRS. For NDI scores, 69% of people exceeded MCID, reporting a mean
improvement of 48% (95%CI: 38–58%). Thirty-seven percent of people reported greater than 50% relief of pain
12-months post-cervical facet joint PRP.
Conclusion: In people with chronic WAD and facet-mediated pain, our long-term data suggests that PRP (and
possibly adjunct physiotherapy) is effective. A controlled study is warranted to evaluate the efficacy of PRP.
1. Introduction

The cervical facet joint is a common source of nociception in people
with neck pain following whiplash injury with prevalence estimates
ranging from 29 to 60% [1–4]. Cervical facet-mediated pain is associated
with high levels of pain and disability and both physical and
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psychological manifestations of chronic whiplash-associated disorders
(WAD) [5].

The standard treatment for cervical facet-mediated pain is radio-
frequency coagulation (RFC) [6,7]. It is also the only treatment that has
demonstrated effectiveness for treating chronic WAD [8]. This is a
minimally invasive, neuroablative treatment that involves denaturation
of the medial branches of the putative facet joints [9]. When applying
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Abbreviations

(WAD) whiplash-associated disorders
(PRP) platelet-rich plasma
(MBBs) medial branch blocks
(NPRS) numerical pain rating scale
(NDI) neck disability index
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rigid selection criteria (double-blind, placebo-controlled diagnostic
blocks, requiring complete pain relief following local anesthetic block to
be considered positive) and treatment including multiple lesions of the
target nerves, it has been demonstrated that the median duration of time
until 50% of pain returns is 219 days for all those receiving RFC and 422
days in those reporting greater than 90 days of pain relief [10]. A sub-
sequent study utilizing equally as rigorous selection criteria and opera-
tive procedures showed that patients could experience 17–20 months of
pain relief [11]. Although the effects of RFC are finite, the procedure can
be repeated when the pain returns with similar results [10,11]. These
individual study results were supported by a recent systematic review
[12]. Based on a qualitative and quantitative analysis with single-arm
meta-analysis and Grading of Recommendations, Assessment, Develop-
ment and Evaluations (GRADE) system of appraisal, it was determined
that there was level II evidence for managing neck pain (inclusive of
people with idiopathic or WAD aetiology) with cervical RFC [12].

Despite success, there are situations where RFC may not be indicated,
or participants do not wish to pursue such. As an example, even when a
diagnosis has been obtained with stringent selection criteria applied,
patients may not report significant pain relief after RFC [10,13,14].
Similarly, the rigorous selection criteria applied above (100% relief of
index pain with dual medial branch blocks) assist with improving RFC
treatment outcomes [15], but also result in people not being eligible for
RFC (e.g. patients experiencing 75% pain relief). Additionally, RFC may
be ill advised for people that are young, have multiple symptomatic
cervical facet joints requiring treatment, have a pacemaker or neuro-
stimulator, or are pregnant. As a result, further treatment options need to
be considered. One of these involves application of platelet-rich plasma
(PRP) in and around the putative facet joints.

We have previously reported on the 3-month outcomes of 44 people
who underwent cervical facet joint PRP following whiplash injury and
who had not responded to prior conservative therapy [16]. The purpose
of this study was to determine the longer 6- and 12-month outcomes of
these same people to further examine the effectiveness of cervical PRP for
longer term management of neck pain following whiplash injury in
suitably selected people. Further, a description of repeat PRP procedures
performed was made to enable insight on possible dose responsiveness.
The combination of this data also informs further research to overcome
methodological considerations associated with case series designs.

2. Methods

This prospective observational study was performed at a private
community multidisciplinary chronic pain centre in Calgary, Canada.
People attended a multidisciplinary evaluation for persistent symptoms
resulting from whiplash injury that had not responded to prior conser-
vative therapy. Methodology associated with the study design, partici-
pant recruitment, diagnostic procedures performed, PRP formulation and
delivery, and outcomes measured have been reported elsewhere [16].
Ethics approval was obtained through the Calgary Research Ethics Board
(Ethics ID#: REB20-0355) and the study was conducted according to the
Declaration of Helsinki.

A brief summary of the study's methodology is reported for clarity's
sake. All participants entered measures of pain (numerical rating scale:
0–10) and disability (Neck Disability Index) into an electronic registry
2

database on the day of receiving PRP and 3-, 6- and 12-months later.
Safety data was also collected within the first week. No adverse events
were reported [16]. Participants were eligible to participate if they pre-
sented with WAD grade II classification (axial neck pain without radi-
culopathy, fracture or dislocation) [17]. A clinical examination was
performed at the initial evaluation. After clinical examination deter-
mined that the person's neck pain may be arising from the cervical facet
joints [18], the person was referred for diagnostic facet joint procedures
in the form of medial branch blocks. Upon achieving a positive response
following a single MBB (>80% relief of index pain, or>50% relief of pain
with significant improvement in an activity of daily living in the 6-h
post-procedure), the person was informed that they were eligible to
receive PRP for management of their facet-mediated neck pain. Various
treatment options together with their respective risks, precautions and
available levels of evidence for each therapy available were thoroughly
explained to each person prior to the person consenting to receive PRP as
their preferred treatment option. Platelet-rich plasma was formulated
and delivered as previously described, with in-house quality assurance
testing confirming that the PRP has the following cellular characteristics:
(mean X concentration of whole blood): platelets 4.2X; neutrophils 1.0X;
lymphocytes/monocytes 1.8X; red blood cells 0.1X). Procedurally, 1 mL
of PRP was injected intra-articularly or until capsular distension was
perceived. Then, on the lateral view, the needle was withdrawn from the
joint and 1 mL of PRP was distributed along the periosteal surface at the
superior and inferior margins of the joint lines to target the lateral
capsule. This was repeated for each facet joint. Injection of contrast was
not performed [16]. Following PRP, participants were encouraged to
attend physiotherapy to address any physical impairments identified in
the physical examination. Attendance was not formally monitored. Par-
ticipants were emailed 3-, 6- and 12-months post-PRP to enter their
outcomes into the patient registry. Three reminders were sent at each
time period, with an additional phone call at 12-months to remind par-
ticipants of the emails sent. People lost-to-follow up had available data
analysed and were considered ‘non-responders’ for worst-case scenar-
io/intention-to-treat (ITT) analyses.

2.1. Data analysis

Data was investigated for normality through data inspection, graph-
ical representation and Shapiro-Wilk statistics. Descriptive statistics were
used to analyze demographic variables, measures of pain and disability
and responder rates (means and 95% confidence intervals). Differences
between 3-, 6- and 12-month and baseline data were calculated for nu-
merical pain rating score (NPRS) and neck disability index (NDI), and the
percentage of people meeting or exceeding the minimal clinically
important difference (MCID) for each metric (NPRS ¼ 15% [19]; NDI ¼
10% [20]) were calculated. The proportion of people reporting greater
than 50% relief of pain was also calculated. Linear mixed models with
random intercepts were developed to investigate a) the relationship be-
tween pain intensity AND disability and b) responder rates (dependent
variables) OVER time (independent variable: pre-PRP, 3-, 6- and 12-
months post-PRP). Age and sex were entered as co-variates and kept in
the model if significant. If significance was detected, pairwise compari-
sons were performed to determine at which time periods differences
existed. Effect sizes were calculated using baseline and 12-month data via
an online within-subjects calculator [21] and expressed as Cohen's d.
Categorically, values were considered ‘small’ between 0.2 or 0.3; ‘me-
dium’ for values exceeding 0.3, but less than 0.8 and ‘large’ for values
greater than 0.8 [22]. Level of significance was set at 0.05. All analyses
were performed using IBM SPSS Statistics (Ver. 26.0).

3. Results

Forty-four consecutive participants (82% female, mean age ¼ 45.2
(range: 25–71) years) with a median duration of 24 [Interquartile Range:
17 to 34} months of symptoms were eligible to participate in this study.
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The 3-month results have been reported elsewhere [16]. Thirteen par-
ticipants failed to enter registry data at 6-months (n ¼ 31), and 9 people
(n ¼ 35) failed to enter registry data 12-months post-PRP. Their data is
included in the intention-to-treat (ITT) analyses.

3.1. Pain and disability levels

After controlling for age and sex, there was a significant pain*time
interaction (F3,109.802 ¼ 17.5, p < 0.001; Fig. 1) and disability*time
interaction (F3,104.866 ¼ 25.5, p < 0.001; Fig. 2). Post hoc testing
demonstrated that there was a significant reduction in pain and disability
at 3- (each p< 0.001), 6- (each p< 0.001) or 12-months (each p< 0.001)
when compared to baseline. There were no significant differences in pain
or disability levels between 3- (p's > 0.39), 6- (p's > 0.33), and 12-
months (p's > 0.33).

3.2. Categorical data

In the best-case scenario, which includes responses from those people
completing registry data at each respective time point, there was no
significant change in the proportion of people meeting ‘responder’ status
(exceedingMCID) for both pain (F2, 69.231¼ 2.53, p¼ 0.09) and disability
(F2, 65.537 ¼ 1.09, p ¼ 0.34) over time (Table 1). Also, the magnitude of
pain (F2, 66.048¼ 0.352, p¼ 0.71) or disability (F2, 65.634¼ 1.63, p¼ 0.20)
relief did not significantly change over time (Table 1). Similar findings
were demonstrated for 50% pain relief status (F2, 67.365 ¼ 1.16, p ¼ 0.32;
Table 2). The ITT analysis (‘worst-case scenario’) demonstrated a sig-
nificant reduction in responder status between 3- and either 6- or 12-
months for both pain (F2, 86 ¼ 5.70, p ¼ 0.005) and disability (F2,
85.466 ¼ 6.18, p ¼ 0.003; Table 1). Significantly less people reported 50%
pain relief at 6- when compared to 3-months (F2, 86 ¼ 3.51, p ¼ 0.03;
Table 2) in the ITT analysis. At 12-months, responders to cervical PRP
demonstrated moderate-to-large effect sizes for pain and disability relief
respectively (Table 1).

3.3. Repeat procedures

Five of the initial 44 (11%) participants requested repeat procedures
be performed within the 12-month period following their initial PRP
intervention. This request was made when initial pain relief dissipated
over time. One person received three interventions. Two of the five re-
ported significant reductions in pain and disability at 12-months and
were considered ‘responders’, with one reporting greater than 50% pain
relief. As previously reported, no adverse events were recorded for initial
Fig. 1. Mean numerical pain ratings and 95% confid
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or repeat procedures.

4. Discussion

This study provides longer-term outcomes for PRP in chronic WAD
with cervical facet-mediated pain. At the group level, significant and
large reductions in pain and disability were reported at 3-months and
maintained at the 6- and 12-month periods. There was a gradual, but not
significant reduction in those meeting ‘responder’ status for both pain
and disability over time, such that approximately half of the participants
reported a significant improvement in pain and approximately 70% a
significant improvement in disability at 12-months; down from 70% to
80% respectively 3-months post procedure. Interestingly, for those who
responded, the magnitude of pain reduction increased slightly from 56%
to 66%, whereas the magnitude of disability relief remained stable be-
tween 55 and 60%.

Upon first examination, these findings support the utility of cervical
facet joint PRP for people with chronic WAD and facet-mediated pain.
Initial promising results demonstrated at 3-months were maintained at 6-
and 12-months. However, any report of treatment success in chronic
WAD for those with facet-mediated pain requires comparison to other
validated treatment options. To that end, data from studies using cervical
RFC can act as a comparator to determine treatment effectiveness in the
real world. Lord's randomized controlled trial provides data for com-
parison [13]. At 12-months, 33% of trial participants reported 50% pain
relief [13]. The data from our study is comparable, with 37% of those
completing registry data reporting 50% pain relief. Even if we consider
the worst-case scenario, whereby absent registry data resulted in deter-
mination of ‘non-responder’ status at each respective time point, 34% of
participants still reported treatment success at 12-months, with an
average magnitude of pain relief of 66% when compared to their NPRS
on the day of the procedure. Thus, although the overall numbers of
participants exceeding 50% pain relief reduced by 12-months, the ma-
jority of participants continued to report a significant reduction in pain
and disability levels at 12-months that exceeded MCID. Many of these
reported pain relief greater than 50%, given that the overall magnitude of
relief for responders was 66%. This is encouraging, barring the limita-
tions of this study design, which have previously been reported [16].

When comparing our results to comparable studies investigating PRP
for facet-mediated pain utilizing diagnostic blockade to ascertain the
source of underlying nociception, our results are similar to those
demonstrated in people with facet-mediated pain in the lumbar spine,
whereby 80% of people reported symptom improvement 6-months post-
PRP [23]. The underlying mechanisms responsible for these changes are
ence intervals over time for study participants.



Fig. 2. Mean Neck Disability Index scores and 95% confidence intervals over time for study participants.

Table 1
Responder rates (and 95% confidence intervals) for study sample for best- (data recorded in registry) and intention-to-treat analysis/worst-case (assuming lost-to-follow
up is a treatment failure) scenarios for pain and disability (Neck Disability Index) levels 3-, 6-, and 12-month post-PRP. A pain ‘responder’was defined as a person whose
numerical pain rating score (NPRS) improved by 15%, whilst a ‘responder’ for disability improved by 10% or greater.

3-months
Responder Rate

Magnitude of
Responder Change

6-months
Responder Rate

Magnitude of
Responder Change

12-months
Responder Rate

Magnitude of
Responder Change

Effect Size
(Cohen's d)

NPRS
(Best)

70% (55%, 84%) 56% (44%, 67%) 70% (53%, 87%) 50% (39%, 61%) 53% (36%, 70%) 66% (55%, 77%) 0.71

NPRS
(Worst)

68% (54%, 83%) – 48% (32%, 63%) – 43% (28%, 58%) – –

NDI (Best) 80% (68%, 93%) 45% (36%, 54%) 75% (58%, 92%) 43% (33%, 53%) 69% (54%, 85%) 48% (38%, 58%) 0.98
NDI
(Worst)

75% (62%, 88%) – 48% (32%, 63%) – 58% (43%, 74%) – –

Table 2
Proportion of participants (95% confidence intervals) achieving 50% pain (Nu-
merical Pain Rating Scale) relief for best- (data recorded in registry) and worst-
case (assuming lost-to-follow up is a treatment failure) scenarios/intention-to-
treat analysis 3-, 6-, and 12-month post-PRP.

3-months >50%
pain relief

6-months>50% pain
relief

12-months>50% pain
relief

NPRS
(Best)

42% (26%, 57%) 30% (13%, 47%) 37% (21%, 52%)

NPRS
(Worst)

41% (26%, 56%) 20% (8%, 33%) 34% (20%, 49%)
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largely unknown. As previously reported, initially observed benefits may
result from the anti-inflammatory effects of PRP [24–27]. However, the
longer-term effects demonstrated also suggest that other factors,
including tissue regeneration [28] and/or adjunct therapies may influ-
ence long-term outcomes.

The contrarian viewpoint suggests that the results are disappointing,
as only 50% of participants in a best-case scenario reported significant
pain relief at 12-months, and possibly as low as 30% when considering
the lower limits of confidence attached to the worst-case scenario. The
worst-case scenario suggests that only 50% of all participants demon-
strated significant relief at 6-months. When examining the combined
responder rate in conjunction with magnitude of relief, it is apparent that
those with a milder response at 3-months experience diminishing bene-
fits as time progresses, such that the effects have dissipated by 12-
months. Given the sharp drop-off in responder rates between 6- and
12-months for pain relief in the best-case scenario, it might suggest that
booster procedures are required to improve the 12-month results. This is
4

underlined by the 11% of people who pursued boosters in this time
period. The optimal PRP dosing schedule is yet to be determined. For
those that maintained improvement from 3- to 12-months, the magnitude
of improvement in pain and disability increased over time, which is
encouraging. As previously reported, it is unclear if this is due to the PRP
effects or confounding treatments participants may have received [16].

When considering options for long term symptom relief, participants
could also choose to forgo interventional therapy and focus on conser-
vative measures. As all study participants had not previously responded
to conservative therapy over a significant time period (i.e., approxi-
mately 2 years) and were provided that option prior to receiving
informed consent for PRP, this was not a viable option for those studied
here. This is supported by more recent clinical trials in chronic WAD for
people receiving conservative therapy, which only demonstrate modest
pain reduction benefits for pain and disability [29–33]. Given that
chronic WAD is a heterogeneous disorder with a variety of physical and
psychological manifestations that are associated with chronic neck pain
[34], treatment success also depends on reducing these clinical features
in conjunction with neck pain. Radiofrequency coagulation has been
shown to reduce other manifestations of chronic WAD – that being cer-
vical mobility, physical manifestations associated with central sensiti-
zation and psychological distress [35–37]. Our study did not measure
these outcomes, and as such the utility of PRP for chronic WAD has not
yet been fully explored to determine its effectiveness in reducing a per-
son's overall symptom profile.

More broadly, consideration of a person's pain classification may also
be important. People presenting with nociplastic pain states (pain that
arises from altered nociception despite no clear evidence of actual or
threatened tissue damage causing the activation of peripheral
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nociceptors or evidence for disease or lesion of the somatosensory system
causing the pain) [38] present with clinical manifestations consisting of
pain hypersensitivity, which can make interventional procedures chal-
lenging to endure. One of the indications for PRP would seem to involve
those with multiple levels of facetogenic involvement who are not
eligible for RFC. Empirically, patients receiving PRP may complain of
procedure-related pain. This may be due to the number of locations
injected, or possibly the leukocyte rich composition utilized in this study.
However, further studies should investigate the success of PRP in people
with different mechanistic pain classifications (i.e. predominantly noci-
ceptive vs. nociplastic).

As previously reported, case series and registry data have limitations
regarding the overall clinical utility attached to them [16]. The lack of
randomization, data quality, blinding and control group should caution
readers as to the overall benefits observed. Validation is required in
longitudinal randomized trials with larger study numbers and a control
group. This would establish the efficacy of PRP and is currently underway
[39]. The effects of co-treatments, such as medication and physiotherapy
also need to be established. Selection criteria for PRP only involved a
positive response to a single MBB, with further research warranted to
determine what the most appropriate selection criteria is to assist with
treatment success. Consideration of single versus dual versus
intra-articular blocks are warranted. Optimal PRP composition and
dosing schedule for treatment effectiveness in chronic WAD requires
further investigation. This study also had a 20% loss-to-follow up at
12-months, although we accounted for this in a worst-case scenario. As
such, our analysis is very conservative, as seven participants recorded
responses at 12-months that did not report results at 6-months with three
meeting ‘responder’ status and two of those reporting greater than 50%
relief of symptoms. Hence, our worst-case responder rates are likely
underestimating the true effect of PRP success. Finally, an economic
evaluation is also required to determine the cost utility of PRP. Until the
pandemic, cervical facet joint interventions in a Medicare population in
the United States demonstrated annual increases of approximately 2%,
whilst radiofrequency neurotomy procedures increased by 8.9% [40]. It
is anticipated that this will continue [12]. As such, procedures, such as
PRP that can possibly provide enduring pain and disability relief with a
favourable side effect risk profile, with reduced likelihood of requirement
for repeat or additional procedures would assist with health care resource
utilization.

5. Conclusion

Our previous study demonstrated that cervical spine PRP, which may
or may not have included physiotherapy, was safe and feasible for people
with chronic WAD and facet-mediated pain. This study expands on these
results, suggesting that the benefits are maintained over 12-months for
many people, with results comparable to RFC. However, caution remains,
given the case series nature of this study and declining responder rates
observed over time, suggesting that further research is warranted prior to
the widespread adoption of cervical spine PRP for people with chronic
WAD. A randomized, double-blind, controlled trial is the only valid tool
for assessing the efficacy of any therapeutic procedure. These study re-
sults provide sufficient encouragement to justify a controlled study.

Funding

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Declaration of competing interest

The authors do not have any conflict of interests to declare.
5

References

[1] Lord SM, Barnsley L, Wallis BJ, Bogduk N. Chronic cervical zygapophysial joint pain
after whiplash. A placebo-controlled prevalence study. Spine 1996;21(15):1737–44.
discussion 1744-5.

[2] Persson M, Sorensen J, Gerdle B. Chronic whiplash associated disorders (WAD):
responses to nerve blocks of cervical zygapophyseal joints. Pain Med 2016;17(12):
2162–75. https://doi.org/10.1093/pm/pnw036.

[3] Barnsley L, Lord S, Bogduk N. Comparative local anaesthetic blocks in the diagnosis
of cervical zygapophysial joint pain. Pain 1993;55(1):99–106.

[4] Barnsley L, Lord SM, Wallis BJ, Bogduk N. The prevalence of chronic cervical
zygapophysial joint pain after whiplash. Spine 1995;20(1):20–5. discussion 26.

[5] Smith AD, Jull G, Schneider G, Frizzell B, Hooper RA, Sterling M. A comparison of
physical and psychological features of responders and non-responders to cervical
facet blocks in chronic whiplash. BMC Muscoskel Disord 2013;14(1):313. https://
doi.org/10.1186/1471-2474-14-313.

[6] Manchikanti L, Kaye AD, Soin A, Albers SL, Beall D, Latchaw R, et al.
Comprehensive evidence-based guidelines for facet joint interventions in the
management of chronic spinal pain: American society of interventional pain
physicians (ASIPP) guidelines facet joint interventions 2020 guidelines. Pain
Physician 2020;23(3S):S1–127.

[7] Hurley RW, Adams MCB, Barad M, Bhaskar A, Bhatia A, Chadwick A, et al.
Consensus practice guidelines on interventions for cervical spine (facet) joint pain
from a multispecialty international working group. Reg Anesth Pain Med 2022;
47(1):3–59. https://doi.org/10.1136/rapm-2021-103031.

[8] Teasell RW, McClure JA, Walton D, Pretty J, Salter K, Meyer M, et al. A research
synthesis of therapeutic interventions for whiplash-associated disorder: part 1 -
overview and summary. Pain Res Manag 2010;15(5):287–94.

[9] Lord S, McDonald G, Bogduk N. Percutaneous radiofrequency neurotomy of the
cervical medial branches: a validated treatment for cervical zygapophysial joint
pain. Neurosurg Q 1998;8(4):288–308.

[10] McDonald GJ, Lord SM, Bogduk N. Long-term follow-up of patients treated with
cervical radiofrequency neurotomy for chronic neck pain. Neurosurgery 1999;
45(1):61–7. discussion 67-8.

[11] MacVicar J, Borowczyk JM, MacVicar AM, Loughnan BM, Bogduk N. Cervical
medial branch radiofrequency neurotomy in New Zealand. Pain Med 2012;13(5):
647–54.

[12] Manchikanti L, Knezevic NN, Knezevic E, Abdi S, Sanapati MR, Soin A, et al.
A systematic review and meta-analysis of the effectiveness of radiofrequency
neurotomy in managing chronic neck pain. Pain Ther 2022:1–48. https://doi.org/
10.1007/s40122-022-00455-0.

[13] Lord SM, Barnsley L, Wallis BJ, McDonald GJ, Bogduk N. Percutaneous radio-
frequency neurotomy for chronic cervical zygapophyseal-joint pain. N Engl J Med
1996;335(23):1721–6.

[14] Lord SM, Barnsley L, Bogduk N. Percutaneous radiofrequency neurotomy in the
treatment of cervical zygapophysial joint pain: a caution. Neurosurgery 1995;36(4):
732–9. https://doi.org/10.1227/00006123-199504000-00014.

[15] Engel A, King W, Schneider BJ, Duszynski B, Bogduk N. The effectiveness of cervical
medial branch thermal radiofrequency neurotomy stratified by selection criteria: a
systematic review of the literature. Pain Med 2020;21(11):2726–37. https://
doi.org/10.1093/pm/pnaa219. :'10.1093/pm/pnaa219.

[16] Smith A, Andruski B, Deng G, Burnham R. Cervical facet joint platelet-rich plasma
in people with chronic whiplash-assocated disorders: a prospective case series of
short-term outcomes. Int Pain Med 2022;1(2). https://doi.org/10.1016/
j.inpm.2022.100078. 10.1016/j.inpm.2022.100078.

[17] Spitzer WO, Skovron ML, Salmi LR, Cassidy JD, Duranceau J, Suissa S, et al.
Scientific monograph of the quebec task force on whiplash-associated disorders:
redefining "whiplash" and its management. Spine 1995;20(8 Suppl):1S–73S.

[18] Schneider G, Jull G, Thomas K, Smith A, Emery C, Faris P, et al. Derivation of a
clinical decision guide in the diagnosis of cervical facet joint pain. Arch Phys Med
Rehabil 2014;95(9):1695–701. https://doi.org/10.1016/j.apmr.2014.02.026.
10.1016/j.apmr.2014.02.026.

[19] Salaffi F, Stancati A, Silvestri CA, Ciapetti A, Grassi W. Minimal clinically important
changes in chronic musculoskeletal pain intensity measured on a numerical rating
scale. Eur J Pain 2004;8(4):283–91. https://doi.org/10.1016/j.ejpain.2003.09.004.
:'10.1016/j.ejpain.2003.09.004.

[20] Stratford P, Riddle D, Binkley J, Spadoni G, Westaway M, Padfield B. Using the
Neck Disability Index to make decisions concerning individual patients. Physiother
Can 1999;51:107–12.

[21] York University. Effect size calculator [cited 2023 January 21]; Available from:
https://www.yorku.ca/ncepeda/effectsize.html.

[22] Cohen J. Statistical power analysis for the behavioural sciences. second ed.
Hillsdale, NJ: Lawrence Erlbaum Associates; 1988.

[23] Wu J, Zhou J, Liu C, Zhang J, Xiong W, Lv Y, 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 2017;17(7):
914–24. https://doi.org/10.1111/papr.12544.

[24] Bendinelli P, Matteucci E, Dogliotti G, Corsi MM, Banfi G, Maroni P, et al. Molecular
basis of anti-inflammatory action of platelet-rich plasma on human chondrocytes:
mechanisms of NF-kappaB inhibition via HGF. J Cell Physiol 2010;225(3):757–66.
https://doi.org/10.1002/jcp.22274.

[25] Mazzocca AD, McCarthy MB, Intravia J, Beitzel K, Apostolakos J, Cote MP, et al. An
in vitro evaluation of the anti-inflammatory effects of platelet-rich plasma,
ketorolac, and methylprednisolone. Arthroscopy 2013;29(4):675–83. https://
doi.org/10.1016/j.arthro.2012.12.005.

http://refhub.elsevier.com/S2772-5944(23)00063-8/sref1
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref1
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref1
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref1
https://doi.org/10.1093/pm/pnw036
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref3
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref3
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref3
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref4
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref4
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref4
https://doi.org/10.1186/1471-2474-14-313
https://doi.org/10.1186/1471-2474-14-313
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref6
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref6
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref6
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref6
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref6
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref6
https://doi.org/10.1136/rapm-2021-103031
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref8
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref8
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref8
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref8
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref9
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref9
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref9
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref9
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref10
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref10
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref10
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref10
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref11
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref11
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref11
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref11
https://doi.org/10.1007/s40122-022-00455-0
https://doi.org/10.1007/s40122-022-00455-0
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref13
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref13
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref13
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref13
https://doi.org/10.1227/00006123-199504000-00014
https://doi.org/10.1093/pm/pnaa219
https://doi.org/10.1093/pm/pnaa219
https://doi.org/10.1016/j.inpm.2022.100078
https://doi.org/10.1016/j.inpm.2022.100078
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref17
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref17
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref17
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref17
https://doi.org/10.1016/j.apmr.2014.02.026
https://doi.org/10.1016/j.ejpain.2003.09.004
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref20
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref20
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref20
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref20
https://www.yorku.ca/ncepeda/effectsize.html
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref22
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref22
https://doi.org/10.1111/papr.12544
https://doi.org/10.1002/jcp.22274
https://doi.org/10.1016/j.arthro.2012.12.005
https://doi.org/10.1016/j.arthro.2012.12.005


A. Smith et al. Interventional Pain Medicine 2 (2023) 100237
[26] Campbell KA, Saltzman BM, Mascarenhas R, Khair MM, Verma NN, Bach Jr BR,
et al. Does intra-articular platelet-rich plasma injection provide clinically superior
outcomes compared with other therapies in the treatment of knee osteoarthritis? A
systematic review of overlapping meta-analyses. Arthroscopy 2015;31(11):
2213–21. https://doi.org/10.1016/j.arthro.2015.03.041.

[27] Andia I, Maffulli N. Platelet-rich plasma for managing pain and inflammation in
osteoarthritis. Nat Rev Rheumatol 2013;9(12):721–30. https://doi.org/10.1038/
nrrheum.2013.141.

[28] Dos Santos RG, Santos GS, Alkass N, Chiesa TL, Azzini GO, da Fonseca LF, et al. The
regenerative mechanisms of platelet-rich plasma: a review. Cytokine 2021;144:
155560. https://doi.org/10.1016/j.cyto.2021.155560.

[29] Jull G, Sterling M, Kenardy J, Beller E. Does the presence of sensory hypersensitivity
influence outcomes of physical rehabilitation for chronic whiplash?–A preliminary
RCT. Pain 2007;129(1–2):28–34.

[30] Stewart MJ, Maher CG, Refshauge KM, Herbert RD, Bogduk N, Nicholas M.
Randomized controlled trial of exercise for chronic whiplash-associated disorders.
Pain 2007;128(1–2):59–68.

[31] Michaleff ZA, Maher CG, Lin CW, Rebbeck T, Jull G, Latimer J, et al.
Comprehensive physiotherapy exercise programme or advice for chronic whiplash
(PROMISE): a pragmatic randomised controlled trial. Lancet 2014. https://doi.org/
10.1016/S0140-6736(14)60457-8. pii: S0140-6736(14)60457-60458.

[32] Ris I, Sogaard K, Gram B, Agerbo K, Boyle E, Juul-Kristensen B. Does a combination
of physical training, specific exercises and pain education improve health-related
quality of life in patients with chronic neck pain? A randomised control trial with a
4-month follow up. Man Ther 2016;26:132–40. https://doi.org/10.1016/
j.math.2016.08.004.
6

[33] Ludvigsson ML, Peterson G, O'Leary S, Dedering A, Peolsson A. The effect of neck-
specific exercise with, or without a behavioral approach, on pain, disability, and
self-efficacy in chronic whiplash-associated disorders: a randomized clinical trial.
Clin J Pain 2015;31(4):294–303. https://doi.org/10.1097/
AJP.0000000000000123.

[34] Sterling M. A proposed new classification system for whiplash associated disorders–
implications for assessment and management. Man Ther 2004;9(2):60–70.

[35] Smith A, Jull G, Schneider G, Frizzell B, Hooper A, Dunne-Proctor R, et al. Cervical
radiofrequency neurotomy reduces psychological features in individuals with
chronic whiplash symptoms. Pain Physician 2014;17:265–74.

[36] Smith AD, Jull G, Schneider G, Frizzell B, Hooper RA, Sterling M. Cervical
radiofrequency neurotomy reduces central hyperexcitability and improves neck
movement in individuals with chronic whiplash. Pain Med 2014;15(1):128–41.
https://doi.org/10.1111/pme.12262.

[37] Wallis BJ, Lord SM, Bogduk N. Resolution of psychological distress of whiplash
patients following treatment by radiofrequency neurotomy: a randomised, double-
blind, placebo-controlled trial. Pain 1997;73(1):15–22.

[38] IASP. IASP terminology. 2023 October 6, 2014 January 14, 2023]; Available from:
https://www.iasp-pain.org/Education/Content.aspx?ItemNumber¼1698#Nocipl
asticpain.

[39] Loh E. Intra-articular corticosteroid injections to platelet rich plasma (PRP) for
cervical facetogenic pain (PRICE). London: Lawson Health Research Institute: St.
Joseph's Healthcare; 2022.

[40] Manchikanti L, Pampati V, Soin A, Vanaparthy R, Sanapati MR, Kaye AD, et al.
Trends of expenditures and utilization of facet joint interventions in fee-for-service
(FFS) Medicare population from 2009-2018. Pain Physician 2020;23(3S):S129–47.

https://doi.org/10.1016/j.arthro.2015.03.041
https://doi.org/10.1038/nrrheum.2013.141
https://doi.org/10.1038/nrrheum.2013.141
https://doi.org/10.1016/j.cyto.2021.155560
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref29
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref29
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref29
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref29
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref29
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref30
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref30
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref30
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref30
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref30
https://doi.org/10.1016/S0140-6736(14)60457-8
https://doi.org/10.1016/S0140-6736(14)60457-8
https://doi.org/10.1016/j.math.2016.08.004
https://doi.org/10.1016/j.math.2016.08.004
https://doi.org/10.1097/AJP.0000000000000123
https://doi.org/10.1097/AJP.0000000000000123
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref34
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref34
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref34
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref35
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref35
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref35
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref35
https://doi.org/10.1111/pme.12262
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref37
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref37
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref37
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref37
https://www.iasp-pain.org/Education/Content.aspx?ItemNumber=1698#Nociplasticpain
https://www.iasp-pain.org/Education/Content.aspx?ItemNumber=1698#Nociplasticpain
https://www.iasp-pain.org/Education/Content.aspx?ItemNumber=1698#Nociplasticpain
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref39
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref39
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref39
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref40
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref40
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref40
http://refhub.elsevier.com/S2772-5944(23)00063-8/sref40

	Cervical facet joint platelet-rich plasma in people with chronic whiplash-associated disorders: A prospective case series o ...
	1. Introduction
	2. Methods
	2.1. Data analysis

	3. Results
	3.1. Pain and disability levels
	3.2. Categorical data
	3.3. Repeat procedures

	4. Discussion
	5. Conclusion
	Funding
	Declaration of competing interest
	References


