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Abstract

Objective: To assess the efficacy and longer-term effectiveness of dextrose prolotherapy injections in
participants with temporomandibular dysfunction.
Patients and Methods: A randomized controlled trial with masked allocation was conducted from
January 14, 2013, through December 19, 2015. Forty-two participants (with 54 joints) meeting tempo-
romandibular dysfunction criteria were randomized (1:1) to 3 monthly intra-articular injections (20%
dextrose/0.2% lidocaine or 0.2% lidocaine) followed by as-needed dextrose/0.2% lidocaine injections
through 1 year. Primary and secondary outcomemeasures included a 0 to 10Numerical Rating Scale score
for facial pain and jaw dysfunction; maximal interincisal opening (MIO) measured in millimeters, per-
centage of joints with 50% or more change (improvement) in pain and function, and satisfaction.
Results: Randomization produced a control group with more female participants (P¼.03), longer pain
duration (P¼.01), and lessMIO (P¼.01). Upon 3-month analysis, including pertinent covariates, dextrose
group participants reported decreased jaw pain (4.3�2.9 points vs 1.8�2.7 points; P¼.02),
jaw dysfunction (3.5�2.8 points vs 1.0�2.1 points; P¼.008), and improved MIO (1.5�4.1 mm
vs �1.8�5.1 mm; P¼.006). Control group participants received dextrose injections beginning at 3
months. No between-group differences were noted at 12months; pooled data suggested that jaw pain, jaw
function, and MIO improved by 5.2�2.7 points (68%), 4.1�2.8 points (64%), and 2.1�5.5 mm,
respectively. Pain and dysfunction improved by at least 50% in 38 of 54 (70%) and 39 of 54 (72%) jaws,
respectively.
Conclusion: Intra-articular dextrose injection (prolotherapy) resulted in substantial improvement in
jaw pain, function, and MIO compared with masked control injection at 3 months; clinical
improvements endured to 12 months. Satisfaction was high.
Trial Registration: clinicaltrials.gov Identifier: NCT01706172
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T emporomandibular dysfunction
(TMD) is a chronic disease resulting
in considerable joint pain, dysfunc-

tion, and interference with activities of daily
living. Temporomandibular dysfunction af-
fects up to 15% of adults and 7% of adoles-
cents.1-3 Survey data from 138,000 routine
dental visits by patients of all ages (7-104
years) indicated a prevalence rate of jaw
Mayo Clin Proc. n XXX 2019;nn(n):1-13 n https://doi.org/10.1016/j.
www.mayoclinicproceedings.org n ª 2018 Mayo Foundation for M
locking on a weekly basis of 2.4% in women
and 1.2% in men and a combined sex preva-
lence rate of weekly facial and/or jaw pain of
5.2% and 1.8%, respectively.4 Temporoman-
dibular dysfunction remains a recurrent or
persistent condition in more than 50% of
diagnosed cases at 5-year follow-up.5-7

Optimal care for TMD is unclear.
Although 3 diagnostic groups of TMD are
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described in the Research Diagnostic Criteria
for Temporomandibular Dysfunction (RDC/
TMD) evaluation tool (myofascial, disc dis-
placements, and other joint conditions),8

the suggested initial management is similar
for all 3 groups and includes use of an anal-
gesic, such as an oral or a topical nonsteroidal
anti-inflammatory drug (NSAID), and an
occlusal splint.9 A group-specific treatment
approach is limited by several factors,
including an overlap between diagnostic
groups with assignment of the same joint to
more than 1 group, poor understanding of
biological pain mechanisms for each group,
and insufficient high-quality clinical evidence
to guide treatment. For example, occlusal
modification, which has been a mainstay of
treatment for decades, is not supported by a
systematic review of prospective studies.10

Considering that surgical management
should be used as an exception,9 a conserva-
tive treatment approach that is reliable, cost-
effective, and accessible to primary care prac-
titioners or dentists is needed.9

Injection of dextrose to treat chronic
musculoskeletal pain (dextrose prolotherapy
[DPT]) is supported by numerous random-
ized studies and systematic reviews.11 At the
inception of the present study, the efficacy
of DPT for TMD had been reported in 1 small
(n¼12) randomized trial by using a method
targeting both intra-articular and extra-
articular sites.12 Intra-articulareonly injec-
tion of the temporomandibular joint (TMJ)
for TMD has been recommended for repro-
ducibility and simplicity and is commonly
used.13We tested the hypothesis that DPT us-
ing an intra-articulareonly protocol will
result in significant improvement in TMD
pain and dysfunction and increase maximal
interincisal opening (MIO).

PATIENTS AND METHODS
This study was approved by the Clinical
Research Ethics Board of the University of
British Columbia (ClinicalTrials.gov identi-
fier: NCT01706172). Inclusion criteria were
adults aged 19 to 80 years with moderately se-
vere and chronic (>3 months) pain and jaw
dysfunction, indicated by a score of “6” or
more on a 0 to 10 Numerical Rating Scale
Mayo Clin Proc. n XXX
(NRS), in which 0meant “no pain or dysfunc-
tion” and 10 “the worst pain or dysfunction
imaginable. Dysfunction was defined as “diffi-
culty chewing, jaw fatigue with eating, ten-
sion in jaw, or grinding of teeth.” Exclusion
criteria included allergy to lidocaine, dental
problems, or sinus pathology potentially
contributing to pain, pain in any other
anatomical site persistently greater than that
in the TMJ area, long-term intake of NSAIDs
or corticosteroids, or active rheumatological
conditions. Interested individuals underwent
initial telephone screening using a scripted
interview, with those meeting our inclusion/
exclusion criteria further screened in the of-
fice to confirm eligibility, to obtain consent,
and for enrollment in the study. For each pro-
spective participant, both TMJs were assessed
separately for eligibility.

Screening, Allocation, and Randomization
The office manager performed the phone
screening interview and scheduled the phys-
ical examination. Eligibility was determined
after the examination by the primary investi-
gator (W.F.L.). A research assistant, who
did not interact with patients and did not
participate in patient scheduling, randomly
assigned candidates to 1 of 2 blinded injection
groups (20% dextrose/0.2% lidocaine or 0.2%
lidocaine) by using a computer-generated
password-protected randomization scheme
in forced blocks of 20. Randomization (1:1)
was by participant, so the same solution was
used for both sides in the same participant if
both TMJs were included. The order of ap-
pointments, eligibility determination, and
group assignment were recorded and retro-
spectively compared with the original
computer-generated randomization schedule
to confirm sequential allocation. Participants,
office manager, and the primary investigator/
injector (who was also the outcome assessor)
were masked to injection group allocation.

Injection Intervention
Masked injections were performed at 0, 1,
and 2 months. The treatment syringe was
prepared by the research assistant, according
to allocation assignment, in a room separate
from the participant and the primary
2019;nn(n):1-13 n https://doi.org/10.1016/j.mayocp.2018.07.023
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FIGURE 2. Injection angle of 45� cranial and 10�

posterior, using a 1-in 30-G needle.

TEMPOROMANDIBULAR DYSFUNCTION
investigator/injector. Solutions were mixed
using a back and forth motion to distribute
the solutions and avoid any visible “swirl-
ing” of the more viscous 50% dextrose solu-
tion inside the syringe. The needle was
attached before handling by the injector to
limit glove contact with dextrose solution
and thereby avoid appreciation of any slight
stickiness of the dextrose solution.

This is a closed-mouth approach with the
jaw relaxed; ultrasound was not used. The
point of needle entry was 1 cm below the
apex of the zygomatic arch (Figure 1), with
a 45� cranial and 10� posterior angulation
measured using a 1-in 30-G needle
(Figure 2). If needle contact occurred, it
was considered to be condylar contact and
a more cranial angulation was used. A 10�

posterior angulation was used to direct the
needle tip most consistently into the supe-
rior joint space, as the needle entry point is
typically anterior to the condyle. One milli-
liter of solution was injected in each affected
joint, with a free flow of fluid after preinjec-
tion aspiration. Before this clinical study,
informal observations of ultrasound-
monitored TMJ injection by 1 (S.K.H.L.) of
the coauthors confirmed the angles used in
this study and that a 1-in 30-G needle has
adequate length to reach the intra-articular
space despite variations in body habitus.

Patients were advised to use acetamino-
phen or NSAIDs as well as local application
of ice for postprocedure pain. The procedure
was repeated monthly for 2 months for a
FIGURE 1. Injection entry site, located 0.75 to 1
cm below the apex of the zygomatic arch.

Mayo Clin Proc. n XXX 2019;nn(n):1-13 n https://doi.org/10.1016/j.
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total of 3 injections. At 3-month follow-up,
allocation groups were revealed; participants
in both groups were offered open-label injec-
tion of 20% dextrose/0.2% lidocaine monthly
on a by-request basis. The use of new oral
devices and dental work for malocclusion
was discouraged during the 12-month
period of data collection.

Outcome Measures
The primary outcome measure was a score of
pain intensity and severity of jaw dysfunction
as assessed by two 0 to 10 NRSs (“Rate the
maximal pain (or dysfunction) over the last
4weeks.”). TheNRS is commonlyused to eval-
uate the effect of therapeutic interventions for
TMD,14,15 with a 15% change (reduction) in
the evaluation of chronic musculoskeletal
pain reported as the minimal clinically impor-
tant difference.16 We also calculated the per-
centage of joints with 50% or more
improvement in pain or function, as this crite-
rion has previously been associated with clini-
cally important improvement in several
musculoskeletal conditions.17,18 In partici-
pants with 2 eligible TMJs, NRS data were
collected separately for each treated joint.

Maximal interincisal opening was
measured in millimeters using the TheraBite
device (available at www.craniorehab.com).
Measurement of MIO has been reported to
have a high interrater reliability in TMD.19

Treatment satisfaction was assessed at the
3-month follow-up visit before revealing
allocation group with the question “On a
scale from 1-5, please rate satisfaction with
your results, where 1 means ‘no satisfaction’
and 5 means ‘complete satisfaction’.”
mayocp.2018.07.023 3
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Randomization

42 Candidates with 54 qualifying joints

Phone screening: 80 potential candidates:
pain ≥3 mo and pain and dysfunction ≥6/10

Excluded 28 potential candidates:
• Insufficient severity (n=14)
• Insufficient duration (n=10)
• Declined to participate (n=4)

Excluded 10 potential candidates:
• Inflammatory condition (n=1)
• Other pain ≥ jaw pain (n=3)
• Other dental/sinus pathology (n=4)
• Declined to participate (n=2)

2 Dropouts with data carried forwardc:
• Parotid tumor (1 participant, 2 joints)
• International movement (1 participant, 2 joints)

Dextrose injectionb at
1,2, and 3 mo:

22 participants, 30 joints

Control injectiona at
1, 2, and 3 mo:

20 participants, 24 joints

3-Mo data:
20 participants, 24 joints

Open-label dextrose
injections to 1 y: 4.0±2.1

Open-label dextrose
injections to 1 y: 3.1±1.8

3-Mo data:
22 participants, 30 joints

1-Y data:
20 participants, 24 joints

1-Y data:
22 participants, 30 joints

History taking and examination: 52 potential candidates

FIGURE 3. CONSORT flow diagram. aControl injection ¼ sterile water þ 0.2% lidocaine. bDextrose
injection ¼ 20% dextrose þ 0.2% lidocaine. cTwo participants, each with 2 qualifying joints, dropped out
of the study. Both were from the dextrose group. One participant withdrew because of increasing pain
and swelling at 2-month follow-up after having received 2 injections of dextrose and was subsequently
diagnosed with a parotid tumor. The second participant moved internationally after 1 treatment. Data on
pain at 2- and 1-month follow-up, respectively, and maximal interincisal opening at baseline were carried
forward in the analysis, and satisfaction was estimated at 1 of 5 (no satisfaction).
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Demographic characteristics and classifi-
cation of TMD type according to RDC/TMD
version I8 were collected at baseline for
participant characterization and used as
covariates for statistical analysis.

Analyses
Unpublished data from 5 patients with TMD
treated with 20% dextrose/0.2% lidocaine
and 5 treated with 0.2% lidocaine were
used for power analysis (Stanley K.H. Lam,
MD, unpublished data, June 2012). Using a
predicted between-group NRS difference of
2.4 points, an SD of 1.33, and an effect size
Mayo Clin Proc. n XXX
of 1.8, 20 participants (10 in each group)
would provide 90% power to detect a differ-
ence in mean NRS scores (pain or dysfunc-
tion) between dextrose and control groups
at a significance of .025. We chose to enroll
20 participants in each group.

Data were analyzed using PASW Statistics
18, Release Version 18.0.0 (IBM Corp.). Anal-
ysis was performed by intention to treat.
Descriptive statistics (expressed as mean �
SD) were calculated for outcome variables at
each time point. Baseline between-group data
were analyzed for significant differences by t
tests for nominal variables and Pearson chi-
2019;nn(n):1-13 n https://doi.org/10.1016/j.mayocp.2018.07.023
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square tests for categorical variables. Baseline
characteristics were included in the model as
covariates. Analyses of covariates were applied
to compare the groups for magnitude of change
in the 0 to 10 NRS pain score and 0 to 10 NRS
function score between baseline and each
follow-up time point (1, 2, 3, and 12 months)
and for magnitude of change in MIO between
baseline and3 and12months.A 2-tailedP value
of less than .05 was established as the statistical
significance level. A t test was performed to
compare between-group satisfaction scores at
3 months. In order to test for a between-RDC/
TMCgroup effect on outcomes, a one-way anal-
ysis of covariancewas used to compare dextrose
and control effects on improvements in TMD
pain and dysfunction scores at the 12 month
follow-up point, while including the 3 RDC/
TMD diagnostic groups as the covariates.5

Because MIO less than 40 mm is considered
an indication of joint opening limitation,8 a t
test was performed to compare between-group
improvement in MIO at 3 months in those
who presented with an MIO of less than
40 mm. The long-term effect of treatment on
MIO was evaluated by comparing the number
of joints with an MIO of 40 mm or greater at
0 and at 12 months by using the Pearson chi-
square test followed by a 1-sided Fisher exact
test. Analysis of pain, dysfunction, and MIO
data from participants who dropped out were
managed using the “last value carried forward”
approach.
TABLE 1. Baseline Participant Characteristics by Treatm

Characteristic Dextr

Sex: female 2

Age (y) 4

Pain duration (y) 9

Pain score (on a 0-10 NRS) 7

Jaw dysfunction score (on a 0-10 NRS) 7

Maximal incisor opening (mm) 43

RDC/TMD I-myofasciald 2

RDC/TMD II-disc displacementd 1

RDC/TMD version III-other joint conditiond 1
aNRS ¼ Numerical Rating Scale; RDC/TMD ¼ Research Diagnostic
bData are mean � SD or No. (percentage).
cIntragroup statistical comparison using t tests for numerical variables
dPercentage does not sum to 100, as joints may be assigned to >1 R

Mayo Clin Proc. n XXX 2019;nn(n):1-13 n https://doi.org/10.1016/j.
www.mayoclinicproceedings.org
RESULTS
Adults from the community of Invermere,
British Columbia, Canada, were recruited,
beginning January 14, 2013, with last data
collected on December 19, 2015. Of the 80
persons prescreened by telephone, 52 met
TMD severity and duration criteria and
were seen for further history taking and ex-
amination (Figure 3). Among these, 42 indi-
viduals with 54 qualifying joints met
eligibility criteria and were enrolled and ran-
domized. Two participants in the dextrose
arm, each with 2 qualifying joints, left the
study. One participant dropped out at 2
months (after 2 treatments) because of
increasing jaw pain and jaw area swelling.
She was diagnosed with an acinic cell tumor
of the parotid gland. The second participant
was lost to follow-up at 1 month because he
or she had moved internationally after 1
treatment. The satisfaction score for both
these patients was rated as 1 of 5 (no satis-
faction). The remaining 40 participants
with 50 eligible joints completed the 3-
month double-blind treatment period and 9
months of open-label as-needed treatment
and were all evaluated in clinic at 1 year.

Short-Term Results: 0 to 3 Months (Masked
Period)
A baseline comparison of dextrose and con-
trol groups per joint (Table 1) revealed that
the dextrose group had fewer female
ent Groupa,b

ose (n¼30) Control (n¼24) P valuec

2 (73) 23 (96) .03

4�14.1 50�13.4 .15

.5�9.8 17.9�13.2 .01

.8�1.2 8.2�1.2 .22

.1�1.1 6.7�0.9 .10

.4�5.7 39.0�6.8 .01

3 (77) 18 (75) .89

3 (43) 9 (38) .67

7 (57) 11 (46) .43

Criteria for Temporomandibular Dysfunction.

and Pearson c2 tests for categorical variables.
DC/TMD category.

mayocp.2018.07.023 5
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TABLE 2. Baseline and Change Scores for Pain, Dysfunction, and Mouth Openinga,b

Group Baseline score

Change score

1 mo 2 mo 3 mo 12 mo

Masked treatment period: dextrose vs control
Open-label period:

dextrose

Pain score on a 0-10 NRS
Dextrose (n¼30) 7.8�1.2 2.2�1.8c 3.3�2.9 4.3�2.9c 5.1�3.0d

Controle (n¼24) 8.2�1.2 0.9�1.4 1.8�2.3 1.8�2.7 5.4�2.8

Dysfunction score on a 0-10 NRS
Dextrose (n¼30) 7.2�1.1 1.5�1.9c 2.8�2.7c 3.5�2.8c 4.2�2.9d

Controle (n¼24) 6.7�0.9 0.2�0.5c 0.8�1.3 1.0�2.1 4.0�2.7

Mouth opening with pain in millimeters
Dextrose (n¼30) 43.7�5.7 1.5�4.1c 1.3�4.9d

Controle (n¼24) 39.0�6.9 �1.8�5.1 3.1�6.2
aNRS ¼ Numerical Rating Scale.
bData are mean � SD.
cDextrose injection significantly outperformed control injection in pain improvement from 0 to 1 mo (P¼.04) and from 0 to 3 mo (P¼.02); in dysfunction improvement
from 0 to 1 mo (P¼.04), from 0 to 2 mo (P¼.01), and from 0 to 3 mo (P¼.008); and in mouth opening from 0 to 3 mo (P¼.006).
dAt 12 mo (after the control group received dextrose injection from 3 to 12 mo), there was no longer a significant difference between groups in pain improvement (P¼.86),
dysfunction improvement (P¼.24), or mouth opening improvement (P¼.56).
eControl participants received inert sterile water injections from baseline to 3 mo; then after allocation groups were revealed, they received active dextrose injections in the
“open-label” portion of the study from 3 to 12 mo.
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participants (22 of 30 [73%] vs 23 of 24
[96%]; P¼.03), a shorter pain duration
(9.5�9.8 years vs 17.9�13.2 years; P¼.01),
and a larger MIO (43.4�5.7 mm vs
39.0�6.8 mm; P¼.01). Joints were treated
in participants with a mean age of 46�14
years and moderate to severe pain (8.0�1.2)
and dysfunction (6.9�1.0). RDC/TMD group
assignments were distributed as myofascial
(41 [76%]), disc dysfunctions (22 [41%]),
and other joint conditions (28 [52%]).

From0 to3months, dextrose- and control-
treated participants received 2.8�0.6 and
3.0�0.0 injections, respectively. From 3 to
12 months, after crossover of control-treated
participants to active dextrose injection, jaws
initially treated with dextrose received
2.7�2.0 additional injections of dextrose and
those initially treated with control injection
received 4.0�2.1 dextrose injections.

The results of the analysis of outcomes at
baseline and 3-month follow-up are reported
in Table 2, including sex, pain duration, and
baseline MIO as covariates. The change in
NRS pain and dysfunction scores was greater
for the dextrose group than for the control in-
jection group: pain, 4.3�2.9 points vs
Mayo Clin Proc. n XXX
1.8�2.7 points (P¼.02); and dysfunction,
3.5�2.8 points vs 1.0�2.1 points (P¼.008),
respectively. Maximal interincisal opening
improvement (increase) from 0 to 3 months
for dextrose and control groups was
1.5�4.1 mm vs �1.8�5.1 mm (P¼.006),
respectively. The percentage of joints with
50% or more improvement in pain at 3
months was 47% (14 of 30) in the dextrose
group and 21% (5 of 24) in the control group
(P¼.04). The percentage of joints with 50% or
more improvement in dysfunction at 3
months was 60% (18 of 30) in the dextrose
group and 13% (3 of 23) in the control group
(P¼.001). Participant satisfaction, on a 1 to 5
scale, at 3 months was 3.6�1.7 points for the
dextrose group and 2.3�1.4 points for the
control group (P¼.02).

Long-Term Results: 0 to 12 Months
(Including Open-Label Treatment From 3 to
12 Months)
An analysis of change scores through 12
months revealed that in participants receiving
dextrose in months 0 to 3, jaw pain and jaw
dysfunction continued to improve compared
with baseline and 3-month status (Table 2).
2019;nn(n):1-13 n https://doi.org/10.1016/j.mayocp.2018.07.023
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FIGURE 4. Numerical Rating Scale (0-10) change scores for jaw pain and jaw dysfunction through 12
months. aControl group received dextrose injections, as requested, after 3 months, during the open-label
period of the study.

TEMPOROMANDIBULAR DYSFUNCTION
In initial control group participants who
switched over to receive dextrose injections
from months 3 to 12, jaw pain, jaw dysfunc-
tion, and MIO improvements statistically
matched those of the initial active group at
month 12 (Table 2 and Figure 4). Pooled
data analysis revealed that 50% or more
improvement in pain and dysfunction was
achieved by 38 of 54 (70%) and 39 of 54
(72%) of jaws, respectively, at 12 months.
The mean improvement at 12 months, from
baseline, was as follows: jaw pain, 5.2�2.7
points (66%); jaw dysfunction, 4.1�2.8
points (59%); and MIO, 2.1�5.5 mm.
Analysis of Outcomes per RDC/TMD Sub-
groups During Masked and Open-Label
Periods
A comparison of demographic characteristics
according to RDC/TMD group classification
(Table 3) revealed no significant baseline dif-
ferences between RDC/TMD diagnostic
groups.

Despite limited numbers in individual
RDC/TMD groups, in the 3-month masked
period dextrose injection outperformed con-
trol injection in the 2 largest groups. Themyo-
fascial group improvedmore in pain (P¼.008)
and dysfunction (P¼.01), and the other joint
Mayo Clin Proc. n XXX 2019;nn(n):1-13 n https://doi.org/10.1016/j.
www.mayoclinicproceedings.org
diagnosis group improved more in dysfunc-
tion (P¼.007) and MIO (P¼.002) (Table 4).

After the open-label period (Table 4),
there were no significant differences between
jaws treated with dextrose originally and jaws
treated with control injection, followed by
dextrose from 3 to 12 months, regardless of
the RDC/TMD group. As shown in Figure 5,
improvement in jaw pain, jaw dysfunction
and MIO from 0 to 12 months was similar
for all 3 RDC/TMD diagnostic groups, with
no significant between-group multivariate
difference at the 12-month follow-up (myo-
fascial [P¼.18], disc dysfunction [P¼.92],
other joint dysfunction [P¼.38]).
Effect on Joints With Initial Restriction in
Mouth Opening
Table 5 lists the change in MIO for jaws with
an initial opening restriction (MIO <40 mm)
and those without an initial opening restric-
tion (MIO �40 mm). Greater improvement
in MIO was obtained in the dextrose group
than in the control injection group during
the 3-month masked treatment period
(6.2�6.0 mm vs �0.4�4.3 mm, respectively;
P¼.01). At the 12-month time point, there
was no difference in MIO improvement
between jaws with and without an initial
mayocp.2018.07.023 7
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TABLE 3. Baseline Participant Characteristics by RDC/TMD Classificationa,b

Characteristic
Myofascial
(n¼41)

Disc
dysfunction
(n ¼ 22)

Other joint
condition
(n¼23) P valuec

Sex; female 33 (81) 20 (91) 23 (82) .56

Age (y) 47.5�14.9 46.6�15.7 45.5�14.8 .86

Pain duration (y) 13.9�13.0 11.1�11.6 12.4�12.1 .68

Pain score (on a 0-10 NRS) 8.0�1.1 8.2�1.1 8.0�1.5 .81

Jaw dysfunction score
(on a 0-10 NRS)

7.0�1.0 7.1�1.0 6.8�1.0 .63

MIO (mm) 41.5�6.6 40.7�7.0 40.4�5.6 .76
aMIO ¼ maximal interincisal opening; NRS ¼ Numerical Rating Scale; RDC/TMD ¼ Research Diagnostic Criteria for Temporomandibular Dysfunction.
bData are mean � SD or No. (percentage).
cIntragroup statistical comparison using t tests for numerical variables and Pearson c2 tests for categorical variables.
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opening restriction (6.5�4.8 vs 6.8�6.3,
respectively; P¼.33).

DISCUSSION
This randomized controlled trial (RCT) with
crossover of control group participants to
active therapy found that intra-articular
dextrose injection (prolotherapy) substan-
tially outperformed control injection in
self-reported pain and dysfunction improve-
ment and mouth opening in comparison to
control injection at 3-month follow-up.
Upon crossing over to dextrose solution, im-
provements in the initial control group
approximated those of the initial dextrose-
receiving group at 12 months and 70% of
participants reported at least 50% improve-
ment in jaw pain and dysfunction. Partici-
pants in all 3 RDC/TMD diagnostic groups
responded with similar clinically significant
improvements in pain and function to 12
months. In addition, participants whose
mouth opening was initially restricted
gained significant mouth opening ability.
The direction and scale of these results are
generally consistent with those of other re-
ports of DPT for TMD and other musculo-
skeletal pain conditions.11,20

One retrospective case series,21 3 prospec-
tive case series,14,22,23 and 2 RCTs12,24 have re-
ported favorable clinical outcomes of DPT for
TMD,measured as a marked subjective reduc-
tion in episodes of painful subluxation. How-
ever, only 1 prospective case series and 1
Mayo Clin Proc. n XXX
RCT used a quantifiable pain measure (visual
analog scale or NRS) as well as a measure of
MIO (in millimeters), pre- and posttreat-
ment.14,24 Refai,14 in the largest prospective
study to date (n¼61), reported a 91% mean
improvement in TMJ pain in consecutive pa-
tients treated with dextrose injection, whereas
Kilic and Güngörmüş24 reported pain
improvement with the use of either saline
(69%) or dextrose (79%) injection without a
between-group difference. The latter study
may have been underpowered; only 15 partic-
ipantswere in each group, and therewas a 20%
dropout from the saline arm. In addition, par-
ticipants received needling in 5 locations on 3
occasions and multiple injections with bony
contact; such injections, regardless of the
injectate, are active therapy.25,26

Previous studies included extra-articular
injection in an effort to reduce pain and sub-
luxation. Refai14 and Kilic and Güngörmüş24

reported mean MIO reductions of 2.5 and
3.8 mm, respectively, as a result of treat-
ment. However, pre- and posttreatment
open mouth tomographic views revealed
that a reduction in MIO was not accompa-
nied by a reduction in actual subluxation,
despite marked pain reduction during sub-
luxation.14 Whether, or how, reduced MIO
may be related to pain diminution in these
studies is unclear.

The present study used a simplified in-
jection protocol that can be easily taught
and learned as well as avoids cortical and
2019;nn(n):1-13 n https://doi.org/10.1016/j.mayocp.2018.07.023
www.mayoclinicproceedings.org
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TABLE 4. Change Scores for Pain, Dysfunction, and Mouth Opening According to the RDC/TMD Diagnostic Groupa

RDC-TMD group
Treatment
groupb

Mean �
SD at 0-3 mo

n at
0-3 mo

Within-group
P value at
0-3 mo

Between-group
P value at
0-3 mo

Mean �
SD at

0-12 mo
n at

0-12 mo

Within-group
P value at
0-12 mo

Between-group
P value at
0-12 mo

Change in pain score (on a 0-10 NRS)
Myofascial Dextrose 4.7�3.1 23 .008 .21 4.8�3.1 23 .52 .32

Control 2.1�2.9 18 5.3�2.5 18

Nonmyofascial Dextrose 3.1�1.5 7 .07 6.0�2.6 7 .68

Control 1.0�2.2 6 5.4�2.3 6

Discal dysfunction Dextrose 4.9�3.0 13 0.13 .18 5.3�3.0 13 0.76 .65

Control 2.8�3.2 9 5.7�2.9 9

Nonediscal dysfunction Dextrose 3.9�2.7 17 .006 4.9�3.0 17 0.77

Control 1.2�2.3 15 5.2�2.1 15

Other joint condition Dextrose 3.6�2.7 17 0.14 .98 4.5�3.1 17 0.25 .59

Control 2.0�2.5 11 5.8�2.4 11

Noneother joint
condition

Dextrose
Control

5.3�2.9
1.6�2.9

13
13

.004 5.7�2.8
5.0�2.3

13
13

.46

Change in dysfunction score (on a 0-10 NRS)
Myofascial Dextrose 3.7�3.1 23 .01 .52 4.0�3.2 23 .92 .18

Control 1.3�2.2 18 3.9�2.8 18

Nonmyofascial Dextrose 3.0�1.3 7 .002 4.9�1.5 7 .67

Control 0�1.4 6 4.3�2.7 6

Discal dysfunction Dextrose 3.6�2.8 13 .14 .75 4.5�3.0 13 .97 .65

Control 1.8�2.5 9 4.6�2.9 9

Nonediscal dysfunction Dextrose 3.4�2.9 17 .002 3.9�2.9 17 0.78

Control 0.5�1.8 15 3.7�2.6 15

Other joint condition Dextrose 3.2�2.8 17 .007 .26 3.6�3.2 17 .99 .14

Control 0.3�1.7 11 3.6�3.1 11

Noneother joint
condition

Dextrose
Control

4.1�2.7
1.6�2.3

13
13

.02 4.9�2.4
4.3�2.5

13
13

.52

Change in maximal incisor opening (mm)
Myofascial Dextrose 0.4�2.8 23 0.29 .41 0.5�4.6 23 0.27 .09

Control �0.8�4.7 18 2.2�5.3 18

Nonmyofascial Dextrose 5.1�5.6 7 .01 4.0�5.0 7 .67

Control �4.5�5.8 6 5.7�8.5 6

Discal dysfunction Dextrose 1.1�2.7 13 .28 .85 0.8�4.8 13 .17 .64

Control �1.1�6.3 9 4.1�6.1 9

Nonediscal dysfunction Dextrose 1.9�5.0 17 .023 1.7�5.1 17 .71

Control �2.1�4.5 15 2.5�6.4 15

Other joint condition Dextrose 2.3�4.7 17 .002 .45 2.2�4.9 17 .60 .68

Control �3.6�4.4 11 3.5�7.3 11

Noneother joint
condition

Dextrose
Control

0.5�3.4
�0.2�5.3

13
13

.70 0.8�4.8
2.8�0.3

13
13

.19

aRDC/TMD ¼ Research Diagnostic Criteria for Temporomandibular Dysfunction.
bControl group received dextrose during the open-label period of 3-12 mo.

TEMPOROMANDIBULAR DYSFUNCTION

Mayo Clin Proc. n XXX 2019;nn(n):1-13 n https://doi.org/10.1016/j.mayocp.2018.07.023
www.mayoclinicproceedings.org

9

https://doi.org/10.1016/j.mayocp.2018.07.023
http://www.mayoclinicproceedings.org


MAYO CLINIC PROCEEDINGS

10
capsular contact, minimizing potential
active-treatment effects of needling. There-
fore, the protocol is a relatively pure test of
the specific effects of dextrose.

The mechanism of action of hypertonic
dextrose is unclear; studies suggest a multi-
factorial effect. Animal research suggests
that hypertonic dextrose injection initiates
fibroblast proliferation, with production of
stronger, thicker, and organized connective
tissue.27,28 Pericapsular fibrosis, after peri-
capsular injection around the TMJ, has
been suggested by pre- and post treatment
magnetic resonance imaging data.23

Although proliferation is potentially helpful
in conditions associated with degenerative
extra- and intra-articular tissues, it may not
be the primary mechanism of change in the
present study. We selected an intra-
articular protocol to avoid such potential ef-
fects, which could further limit the range of
motion associated with mouth opening. The
potential proliferative effects of dextrose and
extra-articular needling may not always be
clinically beneficial. Dextrose injection at
the carpal tunnel offers a useful example.
Time 0 3 mo

Pain

12 mo

6

5

4

2

Myofascial: dextrose

Disc displacement: de

Other joint condition

3

1

0

Im
pr

ov
em

en
t i

n 
ch

an
ge

 s
co

re

FIGURE 5. Numerical Rating Scale (0-10) change score
Research Diagnostic Criteria for Temporomandibular
group received dextrose injections, as requested, afte
study.
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Ten percent dextrose injected into subsyno-
vial tissue about the flexor digitorum ten-
dons induced proliferation of subsynovial
tissue, causing secondary compression of
the median nerve and induction of carpal
tunnel syndrome in a rabbit model.27-30 In
contrast, injection in the carpal tunnel using
5% dextrose, and avoiding direct injection
into subsynovial tissue, has been reported
as clinically beneficial in human carpal tun-
nel syndrome, and reduction in median
nerve swelling was found by pre- and
posttreatment high-resolution interval
ultrasonography.31,32

In studies that include intra-articular
dextrose injections in participants with
knee osteoarthritis, dextrose is implicated
as an independent agent in pain diminu-
tion.33,34 Postprocedure arthroscopic evalua-
tion further suggests a chondrogenic effect
of dextrose.35 Whether similar effects are
present in the present study are not known.

A therapeutic benefit of dextrose based
on a neurogenic mechanism was proposed
in 200836 and is supported by recent RCTs
and open-label studies using dextrose
Controla

xtrose Controla

: dextrose Controla

Time 0 3 mo

Dysfunction

12 mo

6

5

4

2

3

1

0

s for jaw pain and jaw dysfunction according to the
Dysfunction diagnostic group assignment. aControl
r 3 months, during the open-label period of the
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TABLE 5. Improvement in MID During Masked (0-3) and Open-Label (3-12) Month Periods for Joints With an
Initial MID of <40 mm and an Initial MID of �40 mma,b

Group Treatment

Change in jaw opening
from baseline

0-3 mo 0-12 moc

MID <40 mm Dextrose (n¼6) 6.2�6.0d 6.5�4.8

Control (n¼12) �0.4�4.3 6.8�6.3

Combined (n¼18) NA 6.7�5.7e

MID �40 mm Dextrose(n¼24) 0.4�2.5 0.0�4.0

Control (n¼12) �3.1�5.7 �0.6�3.3

Combined (n¼32) NA �0.2�3.8
aMID ¼ maximal interincisal distance.
bData are mean � SD.
cControl group received dextrose during the open-label period of 3-12 mo.
dDextrose injection significantly outperformed control injection in mouth opening improvement from 0 to 3 mo (P¼.01).
eSignificant difference in mouth opening from 0 to 12 mo for those with an initial mouth opening restriction (P<.001).

TEMPOROMANDIBULAR DYSFUNCTION
hydrodissection for carpal tunnel syn-
drome,31 peritendinous dextrose injection
for Achilles tendinopathy,37 and epidural
dextrose for chronic low back pain.38,39

Similar effects have been reported in a retro-
spective analysis of the results from regional
hydrodissection using dextrose in patients
with various neurogenic pain conditions of
the upper body.40

Several neural mechanisms have been hy-
pothesized. First, downregulation of the tran-
sient receptor potential vanilloid receptor 1
ion channel is a primary therapeutic target
in chronic pain management.41 A class effect
of sugars resulting in indirect downregulation
of the effects of transient receptor potential
vanilloid receptor 1 ion channel activation
has been proposed on the basis of an RCT us-
ing a polyol (mannitol) with structural simi-
larity to dextrose.42 Second, in vitro
nociceptive C fibers in corneal explants fire
faster in the presence of hypoglycemia, fol-
lowed by a prompt reduction in firing rate
with correction of the hypoglycemic state.43

This suggests that a relative hypoglycemia of
high-energy cells (nerves) may hypopolarize
pain-producing C fibers, lowering the
threshold of stimuli required for depolariza-
tion and resultant pain perception.43 Third,
coadministration of 5% dextrose to reduce
pain upon infusion of pain-inducing chemo-
therapeutic agents or microspheres44-46 may
Mayo Clin Proc. n XXX 2019;nn(n):1-13 n https://doi.org/10.1016/j.
www.mayoclinicproceedings.org
point to a hyperpolarization effect of dextrose
on the cell membrane of pain-producing C fi-
bers, increasing the threshold required for de-
polarization. Although interesting and
consistent with clinical studies, none of these
theories has been directly tested in a
prolotherapy-specific model.

Limitations of this study include a rela-
tively small sample size. However, the sample
size was adequate to detect between-group dif-
ferences. A larger study is required to further
determine whether all RDC/TMD categories
respond similarly to intra-articular dextrose.
Randomization produced 2 groups that were
not completely similar. We cannot exclude
the possibility of a randomization bias favoring
the active group. However, the mean pain
durationwasmore than 8 years for each group,
each group improved similarly in the long
term after receiving dextrose, and covariate
analysis indicated no significant effect of pain
duration, initial MIO, or sex on between-
group analysis of change in pain, dysfunction,
or MIO. Finally, the use of change scores mit-
igates the effect of between-group differences.
Blinding was not assessed, possibly intro-
ducing bias; however, procedures to optimize
random allocation and blinding were clearly
described and followed, both solutions are
colorless and transparent, and contact with
gloves was minimized to avoid any awareness
of a slight difference in solution viscosity.
mayocp.2018.07.023 11
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Strengths of this study include excellent
participant retention and data capture as well
as treatment of an often refractory condition
using a simple low-cost approach that is satis-
fying to participants.
CONCLUSION
In study participantswithTMD, intra-articular
DPT was superior to lidocaine injections and
may be appropriate care for patients who
have failed more conservative measures. The
technique is straightforward to learn, takes
less than 1 minute to perform, and is inexpen-
sive and satisfactory to patients.
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