
Background: Although in clinical use, there is only 1 published case report on the ef-
ficacy of intraarticular regeneration injection therapy (RIT) (a.k.a. prolotheraphy). This re-
port supports a rationale for future clinical trials of this technique.

Objective: To assess the efficacy of intraarticular zygapophysial joint RIT in patients 
with chronic whiplash related neck pain that failed other conservative and interventional 
procedures. Patients were treated with intraarticular RIT and reassessed over 1 year.

Design: Retrospective case review of prospective data.

Materials and Methods: Eighteen consecutive patients were treated with 
intraarticular prolotherapy by placing 0.5 – 1mL of 20% dextrose solution into each zyg-
apophysial joint, after confirmation of intraarticular location with radiographic contrast, 
using 25-gauge spinal needles and fluoroscopic guidance. Solution was prepared by di-
luting D50W with 1% lidocaine.

Results: Fifteen patients completed treatment. Three patients had bilateral treat-
ment, leaving 18 sides for analysis. Mean Neck Disability Index (NDI) pre-treatment was 
24.71 and decreased post-treatment to 14.21 (2 months), 13.45 (6 months), 10.94 (12 
months). Average change NDI=13.77 (p<0.0001) baseline versus 12 months. Symptoms 
for 14 patients were from motor vehicle accident, of which 13 were in litigation. Patients 
attending physiotherapy over the course of treatment had better outcomes than those 
without physiotherapy. Women needed more injections (5.4) than men (3.2) p=0.0003.

Conclusion: Intraarticular RIT improved pain and function in this case series. The pro-
cedure appears safe, more effective than periarticular RIT, and lasted as long, or longer, 
than those patients with previous radiofrequency neurotomy. Concurrent physiotherapy 
helped reduce post-procedure neck stiffness. Future trials should consider gender when 
deciding how many treatments to administer. Litigation was not a barrier to recovery.
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Following whiplash, injury to the zygapophysial 
capsule or cartilage (1) may be a factor  in ongoing 
zygapophysial joint pain. The prevalence 

of zygapophysial joint pain following whiplash 
injury is 60% (2). Radiofrequency (RF) neurotomy 
has been shown to provide up to a year of relief 
for zygapophysial joint pain (3). RF neurotomy is an 
effective pain management technique in appropriately 
selected patients, but does not necessarily address 
the underlying pathology. Intraarticular injection 
of dextrose and lidocaine (regenerative injection 
therapy — RIT, a.k.a. prolotherapy) may strengthen 
the zygapophysial joint capsule (4-6) and potentially 
have a beneficial effect on the cartilage (7,8).

RIT has been used since 1935 to treat chronic pain 
conditions for spine, peripheral joints, and headache 
(9). Previous RIT studies for neck pain reported retro-
spectively on patient’s impression of change for pain 
and function (10-12). Cervical periarticular RIT patients 
were less likely to report improvement in pain and abil-
ity to work compared to thoracic and lumbar spine pa-
tients. Better treatment techniques for cervical spine 
injuries were recommended (12). An intraarticular ap-
proach may allow better access to the anterior capsule 
not treated with a periarticular technique as well as 
having a potential effect on the cartilage. 

In clinical use (13,14), there is only 1 published 
report on cervical intraarticular RIT (15). The first pa-
tient treated in this current case series was previously 
presented as a case report with 3-year follow-up using 
the neck disability index (NDI) prospectively (15). The 
use of validated condition-specific disability question-
naires would help compare future studies. 

The NDI is a 10-item scale that assesses pain and 
function. Each item is rated on a 6-point scale from 0 
to 5. The total score ranges from 0 to 50, with lower 
scores indicating less pain and better function. It is the 
most frequently cited condition-specific self report 
measure for neck pain and research has proven it to 
be reliable and valid. The minimal detectable change 
and minimal clinically important change has been cal-
culated to be 5 points (16).

This report documents the results on a case series 
of patients treated with intraarticular RIT. Our study 
helps to isolate RIT as an independent variable in the 
treatment of chronic spine pain. Manual physiother-
apy with joint manipulation, dry needling of trigger 
points, and exercise were constants before and during 
the study. Further improvement was noted after add-
ing intraarticular RIT. 

METHODS

Data collected for this study was part of a qual-
ity assurance program at a private outpatient clinic in 
Canada. Patients did sign consent prior to treatment. 
Although IRB approval was not sought, patient care 
meets the Declaration of Helsinki guidelines, in par-
ticular section 32 pertaining to new therapeutic mea-
sures and recording new information. Data collection 
began with the first patient treated with intraarticular 
RIT and continued consecutively until the government 
funded provincial health care system discontinued 
coverage for this treatment.

Eighteen selected patients had failed other con-
servative and interventional procedures such as phys-
iotherapy, massage, acupuncture, and periarticular 
RIT. Six of the patients had previous RF neurotomy of 
the intraarticularly treated joints that provided tem-
porary relief for 6 to 12 months. 

Patients selected for intraarticular RIT were 
identified as having ligament laxity of the zyg-
apophysial joint. Experienced physiotherapists per-
formed manual assessment of the cervical spine. 
Shear stress testing of the cervical spine was per-
formed by stabilizing the inferior segment laterally 
by blocking lateral motion at the articular mass, 
then applying lateral shear force from the opposite 
side to the articular mass of the superior segment. 
Antero-posterior stress testing of the cervical spine 
was performed by stabilizing the inferior bone an-
teriorly with both thumbs by sliding them in later-
ally underneath the prevertebral musculature, then 
applying anterior stress to the superior bone by en-
gaging the neural arch posteriorly with the index 
fingers and providing an anterior strain to the ar-
ticulation. In both tests, end-feel and amplitude of 
displacement were evaluated.

All patients underwent a single diagnostic zyg-
apophysial joint injection with anesthetic to confirm 
that the lax joints were painful. The 6 patients with 
previous RF neurotomy to the lax levels also had a me-
dial branch block with anesthetics of different dura-
tion to confirm the painful levels.

Joints deemed to be lax and painful were treated 
with intraarticular RIT by placing 0.5 – 1mL of 20% 
dextrose solution into each zygapophysial joint, af-
ter confirmation of intraarticular location with ra-
diographic contrast, using 25-gauge spinal needles 
and fluoroscopic guidance. The dextrose solution was 
prepared by diluting D50W with 1% lidocaine. Fluo-
roscopy of the subsequent joints injected revealed 
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only infrequent leakage of solution from previously 
injected joints.

Prior to treatment, the patients received manual 
physiotherapy (including joint manipulation, dry nee-
dling of trigger points, and exercise), which was con-
tinued through the course of treatment. At the start 
of treatment, patients completed a neck disability in-
dex questionnaire. Injections were repeated every 1 to 
2 months if manual physiotherapy identified ongoing 
laxity. The follow-up neck disability index question-
naires were mailed to patients 2, 6, and 12 months 
after their last treatment.

We used boxplots to examine the distribution of NDI 
scores at pre-test and at 2, 6, and 12 months. If distribu-
tions were reasonably symmetrical, we summarized these 
distributions using means and 95% confidence intervals. 
We used t-tests and 95% confidence intervals to evalu-
ate change in NDI scores over time. Prior to conducting 
t-tests, we examined the distribution of change scores to 
assure that the distributions were approximately normal. 
We used all available data for each of the pair-wise t-tests. 
Because these tests were performed using sides rather 
than patients, the assumption of independence of obser-
vations was violated for 3 patients receiving treatments 
on 2 sides. We used linear mixed-effects models to assess 
the impact of these violations (17). 

RESULTS

Eighteen consecutive patients were selected for 
treatment. Two patients dropped out due to increas-
ing stiffness after being unable to continue physio-
therapy (private motor vehicle accident insurance 
benefits discontinued). One patient dropped out af-
ter becoming pregnant. Mean age of the 15 patients 
completing treatment was 36.07 (std 5.37) years, 11 
of which were female. These patients had all received 
previous physiotherapy, and the majority other con-
servative or interventional care (massage n=13, chiro-
practic n=11, acupuncture n=9, periarticular RIT n=10, 
RF neurotomy n=6).

 Symptoms for 14 patients were caused by motor 
vehicle accident (MVA), 13 of which were in litigation 
at the start of treatment. The 1 case not in litigation 
was hit by an uninsured driver out of country. Mean 
duration of symptoms for MVA cases was 48.88 (std 
17.07) months. Duration of symptoms for the non-
MVA case was 252 months.

Three of the 15 patients had bilateral treatment, 
leaving 18 sides for analysis. Each side was treated 
separately. One patient had significantly different 

results side to side (NDI change 3 on the left, 17 on 
the right). The other 2 patients with bilateral treat-
ment reported identical changes for each side. Of the 
15 patients with pre-treatment NDI scores, 2 patients 
(with 4 sides) were missing observations at 2 months, 
6 patients (with 7 sides) were missing observations at 
6 months, and 1 patient (1 side) was missing an obser-
vation at 12 months (Table 1). 

Levels treated included C2-7 vertebral segments. 
Single level treated=2 cases, 2 levels treated=9 cases, 
3 levels treated= 5 cases, and 4 levels treated=2 cas-
es. Total treatments per level were C2/3=10, C3/4=13, 
C4/5=12, C5/6=7, C6/7=1. Mean number of treatments 
for males was 3.2 (std 0.45) and females 5.42 (std 1.44) 
p=0.0003.

Four patients off work were able to return to reg-
ular duties. Two patients off work were able to return 
to modified duties. The remaining 9 patients contin-
ued working through the course of treatment. Pa-
tients generally found the injections uncomfortable, 
and reported a few days of stiffness afterward. No 
complications such as nerve injury or infection were 
encountered with the treatments administered in this 
case series.

Neck Disability Index scores with 95% confidence 
intervals at each time point are presented in Table 2. 
There is statistical evidence of improved NDI scores at 
each point in time. Linear mixed-effects models were 
used to assess the legitimacy of treating sides as inde-
pendent observations when using t-tests. The results 
of these models were in agreement with the t-tests; 
treating sides as independent observations had mini-
mal impact on the tests of significance.

DISCUSSION

Intraarticular RIT improved pain and function in 
this case series. The 1-year relief observed in this se-
ries may extend longer. In our first case, NDI improved 
from 9 at 1 year to 2 at 3 years (15). The procedure 
appears safe, more effective than extraarticular pro-
lotherapy, and may address the underlying pathol-
ogy rather than just treat the symptoms as with RF 
neurotomy. Concurrent physiotherapy helped reduce 
post-procedure neck stiffness. Future studies should 
consider gender when determining how many injec-
tions to do. Litigation does not appear to be a barrier 
to recovery. 

Poor responders to intraarticular RIT include those 
who were unable to continue physiotherapy (2 drop-
outs, 1 change in NDI=0, 1 change in NDI=5). The non-
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Table 2. Summary of  pre and post-treatment Neck Disability Index scores.

Mean NDI score x/50 (95% CI) P-value

Pre-treatment 24.71 (20.85, 28.57)

2 months 14.21 (9.35, 19.08) 0.0001

6 months 13.45 (9.15, 17.76) 0.0017

12 months 10.94 (7.39, 14.50) <0.0001

CI - confidence interval

Patient Pre NDI NDI 2 months NDI 6 months NDI 12 months Levels treated

1 24 9 missing 9 Right C2-6

2 28 1 missing 11 Left C2-4

3 27 28 26 22 Right C2-4

4 10 4 4 4 Right C2-4

5 27 13 missing 5 Left C2-4

6 27 20 21 21 Right C4-7

7 27 10 9 4 Left C3-5

8 27 27 missing missing Right C4-6

9 21 10 13 8 Right C2-6

10 32 21 7 3 Right C2-4

11 left 32 20 missing 20 Left C4-5

11 right 32 20 missing 20 Right C4-5

12 left 24 missing 15 21 Left C2-5

12 right 24 missing 17 7 Right C2-5

13 left 18 missing 14 8 Left C3-6

13 right 18 missing 14 8 Right C3-6

14 17 9 8 10 Right C4-6

15 15 7 missing 5 Left C2-4

Table 1. Pre and post-treatment Neck Disability Index scores with levels treated

MVA patient (change in NDI=6) started with a lower 
NDI score=10 and had a longer duration of symptoms. 
One patient had a change of NDI=3 on one side and 
17 on the other. We are clinically unable to account for 
this difference. The patient continues to require yearly 
RF neurotomy to control pain on the less responsive 
side. The remaining low responder’s (change NDI=6) 
continued to have shoulder pain and functional limita-
tions with the shoulder. There were no distinguishing 
features between the remaining responders.

Litigation is not a factor in predicting disability 
in patients with chronic pain (18) or brain injury (19). 
However, research on patients with neck pain after 

whiplash demonstrates retaining a lawyer is an inde-
pendent predictor of poor outcome (20). This may not 
be the case in subgroups where specific diagnosis and 
treatment is available. RF neurotomy for neck pain 
patients in litigation has been shown to be beneficial 
(21). Litigation was not a barrier to recovery in this 
series.

Previous retrospective data from this practice (12) 
indicated a gender difference in the number of treat-
ments required which was shown in this series as well. 
Future research should consider this.

Several mechanisms of action for RIT have been 
proposed including, neuromodulation, regression of 
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neovasculogenesis, release of adhesions, and stimu-
lation of the inflammatory/proliferative/regenera-
tive/reparative cascade mediated by cytokines and 
numerous growth factors (9). An intraarticular ap-
proach allows better access to the anterior capsule 
and cartilage that would allow these mechanisms 
to work on more structures than a periarticular ap-
proach. 

STUDY LIMITATIONS

The small number of patients and lack of a control 
group limit this study, and we cannot be certain that 
the differences observed can be attributed solely to 
the effects of the prolotherapy. In addition, we opted 
to use data from all treated sides, and 3 of the 15 pa-
tients contributed data from both sides. Using linear 
mixed-effects models, we determined that any depen-
dencies among observations had minimal impact on 
our results. However, more observations would be re-

quired to fully investigate the statistical implications 
of using 2 sides from some patients.

Manual physiotherapy can be as accurate as ra-
diologically controlled diagnostic blocks at determin-
ing the painful zygapophysial joint levels (22). The use 
of stress testing to diagnose ligament laxity however 
is limited by poor inter-rater reliability. A more objec-
tive assessment for ligament laxity may prove to be 
overpressure flexion views (23). Laxity may not nec-
essarily be an important selection criterion. Painful 
zygapophysial joints identified with diagnostic blocks 
may respond equally well.

CONCLUSIONS

Following RIT, we observed clinical improvements 
in patients with chronic pain following whiplash. De-
spite the limitations of our study, the data provide 
some insights for discussion and provide a justification 
for future research.
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