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bstract

The aim was to analyse the short-term and long-term therapeutic efficacy of dextrose prolotherapy for dislocation or subluxation (hypermo-
ility) of the temporomandibular joint (TMJ). Sixty-one patients with symptomatic hypermobility of the TMJ were included in this single-arm
rospective study, in which they were each given four sessions of intra-articular and pericapsular injections six weeks apart. Each injection
omprised 10% dextrose/mepivacaine solution 3 ml. Clinical outcomes including severity of pain on movement according to the numerical
ating scale (NRS), maximal interincisal opening, clicking, and frequency of locking were measured before treatment (T1), during treatment
T2) (just before the third session of injections), at the short-term follow-up (T3) (three months after treatment), and at the long-term follow-up
T4) (1-4 years after treatment). Condylar translation and osseous changes of each joint were evaluated at T1 and T4 using tomography. There
as significant reduction in all variables by T2 (p < 0.001 , p < 0.001, p = 0.006, and p < 0.001). The pain scores (p < 0.001) and clicking

p < 0.001) had decreased significantly by T3. linear tomograms of each joint at T1 and T4 showed no alteration in the morphology of the bony
omponents of the joint, and at T4, tomographic open views of all joints showed condylar hypertranslation. Dextrose prolotherapy provided
ignificant and sustained reduction of pain and recovery of constitutional symptoms associated with symptomatic hypermobility of the TMJ

ithout changing either the position of the condyle or the morphology of the bony components of the joint.
2017 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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ypermobility of the temporomandibular joint (TMJ) results
rom condylar dislocation in front of the eminence when
he mouth is opened wide.1 It is noted only when it is
ssociated with symptoms (pain and sounds in the TMJ, otal-
ia, headache, and open lock) and interferes with smooth
Please cite this article in press as: Refai H. Long-term therapeu
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Symptomatic hypermobility of the TMJ has been man-
ged in several ways based on intervening in one of three
illars of joint stability: bony anatomy, associated muscula-
ure, or ligaments.7 These interventions include tightening
f the capsule through capsular plication, capsulorrhaphy,
einforcement of the capsule with temporal fascia, injec-
ion of autologous blood, prolotherapy,1,5,8–10 creation of a

echanical obstacle to block excessive anterior excursion
f the condyle by the insertion of bone graft or implants
tic effects of dextrose prolotherapy in patients with hyper-
1-4 years’ follow up. Br J Oral Maxillofac Surg (2017),

nto the eminence,8,11 removal of the mechanical obstacles
o allow free movement of the condyle through eminec-
omy, eminoplasty and menisectomy2,3,12 or creation of a

blished by Elsevier Ltd. All rights reserved.
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Fig. 1. Marking two points for the insertion of needles (arrows).

ew muscular balance through scarification of the tempo-
al tendon, myotomy of the lateral pterygoid muscle, and
njection of botulinum toxin type A into the lateral pterygoid

uscles.8,13–15

During the past few years, dextrose prolotherapy has been
sed for the treatment of hypermobility of the TMJ with
mpressive outcomes. Prolotherapy, also called regenerative
njection treatment, is an alternative treatment in which an
rritant solution is injected into a joint space, weakened
igament, or tendon insertion, to relieve pain. Historically,
his was called “sclerotherapy” because early solutions were
hought to form scars. “Prolotherapy” is currently the most
ommonly-used term, which is short for proliferation therapy
nd is based on the presumed “proliferative” effects on chron-
cally injured tissue.16 Some contemporary authors name it
ccording to the solution injected.5,17 The common substance
sed is dextrose, but the choice of solution varies depending
n the practitioner’s preference and may contain Sarapin

®
,

orruate sodium, zinc, or other natural ingredients, com-
ined with a local anesthetic.17 It may be given as a single
njection or a series of injections.

The mechanism of prolotherapy is not clearly understood.
owever, it has been hypothesised that it works by causing

emporary, low grade inflammation at the injection site, which
ctivates fibroblasts in the area, and these in turn synthesise
recursors to mature collagen and reinforce connective tis-
ue. The inflammatory stimulus of prolotherapy raises the
oncentration of growth factors to resume or initiate a new
equence of connective tissue repair, which had prematurely
borted or never started.18

Hypertonic dextrose is the most common proliferant used
n prolotherapy with concentrations ranging from 10% -
0%,4,5,19 and evaluation of it in cases of symptomatic hyper-
obility of the TMJ has shown impressive outcomes.4–6,19
Please cite this article in press as: Refai H. Long-term therapeu
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rrespective of the volume and concentration of the solu-
ion injected, the sites injected, and the number of sessions,
he evidence from published studies has indicated that it

d

a

Fig. 2. Effect of time on pain scores.

ignificantly reduced pain in the TMJ and can be used as
n efficient, simple, and conservative way to treat dislocation
f the TMJ.5,6,19

We know of four published studies about dextrose pro-
otherapy for the treatment of hypermobility of the TMJ,4–6,19

ut these limited reports came to no conclusions about
hether it reduced condylar translation and provided long-

erm resolution of symptomatic hypermobility of the TMJ.
he purpose of the present study was to evaluate its clini-
al and radiographic outcomes in 61 patients with bilateral
ymptomatic hypermobility of the TMJ during a follow-up
eriod of up to 4 years, with special attention paid to the
attern of improvement and the likelihood of recurrence.

atients and Methods

his single-arm prospective study was approved by the
esearch Ethics Committee at the Faculty of Oral and Dental
edicine, Cairo University, Cairo, Egypt. Inclusion criteria
ere: the clinical diagnosis of symptomatic hypermobility
f the TMJ confirmed radiographically by tomography in
he closed and maximal mouth opening positions; age ≥ 18
ears; and willingness to receive relatively painful injections
nd to follow instructions. Patients were excluded if they
ad dystonia, drug induced hypermobility, had had a previ-
us operation on the TMJ, or had any medical condition that
ould interfere with treatment. Sixty-one patients with bilat-
ral symptomatic hypermobility of the TMJ were included
nd gave their signed, informed consent.

The diagnosis of hypermobility was based on history
nd on clinical recognition of excessive abnormal excursion
f the condyle that slides over the articular eminence and
riefly catches the eminence anteriorly, before it returns to
he fossa by self reduction or with medical assistance. Radio-
raphic evidence of the condyle sliding in front of the articular
minence in the open-mouth position confirmed the clinical
tic effects of dextrose prolotherapy in patients with hyper-
1-4 years’ follow up. Br J Oral Maxillofac Surg (2017),

iagnosis.
Each patient was given four sessions of intra-articular

nd pericapsular injections six weeks apart. Two injection

dx.doi.org/10.1016/j.bjoms.2016.12.002
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Fig. 3. Effect of time on locking frequency.

yringes with 30-gauge needles were used at each session,
nd each syringe was loaded with dextrose solution 3 ml (10%
extrose 2 ml and 2% mepivacaine with 1:20,000 levonorde-
rin1 ml).

Two points for insertion of the needle were marked over
he articular fossa and condylar neck of each joint (Fig. 1).
he first point was placed 2 mm below the canthal-tragus

ine 1 cm in front of the mid-tragus. The second point was
laced 1 cm below the first one. The needle was inserted at
he superior point in an anterosuperior direction toward the
ateral margin of the glenoid fossa where the capsule was
ttached superiorly, and 0.7 ml of the solution was injected.
he needle was then directed downwards and medially to
nter the superior joint space, and 1 ml was injected. The
eedle was then removed and reinserted at the inferior point
here the capsule was attached inferiorly to the condylar
eck, and 0.7 ml of the solution was injected. The needle
as then directed superiorly superficial to the capsule of the
MJ, and the remaining 0.6 ml of the solution was injected
ith withdrawal of the needle.
After the injection the patients were prescribed paraceta-

ol (acetaminophen) 500 mg, one tablet every four hours
s needed, and were advised to avoid the use of other anal-
esic and anti-inflammatory drugs during treatment. They
ere also instructed to have a soft diet for two weeks and to

void opening the mouth wide.
Clinical outcomes, including severity of pain on function

each patient rated his or her pain on the NRS of 0-10 with
ero being no pain and 10 the worst pain possible), maximal
nterincisal opening was measured as the distance between
he incisal edges of the upper and lower incisors, “Yes” or
No” responses to queries about the presence of clicking
ound, and frequency of locking (number of episodes of
ocking/day) were measured at T1 before treatment, at T2
just before the third session of injections), at T3 (3 months
Please cite this article in press as: Refai H. Long-term therapeu
mobility of the temporomandibular joint: a single-arm study with
http://dx.doi.org/10.1016/j.bjoms.2016.12.002

fter treatment), and at T4 1-4 years after treatment. Condylar
ranslation and osseous changes of each joint were evaluated
t T1 and T4 using tomography.

T
o

Fig. 4. Effect of time on maximal interincisal opening.

tatistical analysis

he Shapiro-Wilk test for normality indicated normally dis-
ributed data (W = 0.980, p = 0.398), and statistical analysis
as done with the aid of the Microstat 7 for Windows sta-

istical package (Informer Technologies Inc). We used the
epeated measures ANOVA to evaluate the selected variables
uring follow up, after which we calculated the least signif-
cant difference for paired comparisons, and used the z test
o compare the significance of differences in proportions of
atients who had clicking joints. Probabilities of less than
.05 were accepted as significant.

esults

here were 55 women and 6 men, mean (SD) age at the time of
resentation 29 (7) years, range18 – 43. The chief presenting
omplaints were joint pain and locking when the mouth was
ide open, with or without clicking. Associated symptoms

ncluded headache, otalgia, tinnitus, and facial pain. Fifty-
ight patients had subluxation (self reducing) and three had
hronic recurrent dislocations (assisted reduction). Duration
f follow-up ranged from 12 to 48 months (mean (SD) 28
13) months).

The only potential complication was transient lagophthal-
os as a result of paralysis of the temporal and zygomatic

ranches of the facial nerve by the anaesthetic included in the
njected solution. It generally recovered within 60-90 minutes
fter the dextrose had been given.

Interestingly, there was a specific post-injection course
hat consisted of pain after the injection that lasted for 1-
0 days followed by resolution of all symptoms, and this
ecurred with less intensity 3-5 days before the next injection.

Joint pain was the chief presenting complaint for 57
atients, and, by T4, 44 of them reported no pain. Table 1
nd Fig. 2 show the details.
tic effects of dextrose prolotherapy in patients with hyper-
1-4 years’ follow up. Br J Oral Maxillofac Surg (2017),

Although the chief presenting complaint was pain in the
MJ, 48 patients reported locking when the mouth was wide
pen. By the end of the study, 43 of them no longer com-

dx.doi.org/10.1016/j.bjoms.2016.12.002
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Table 1
Comparison between mean (SD) pain scores, frequency of locking, and maximum interincisal opening (mm) at different times using repeated measures ANOVA
(n = 61).

Variable Pain score Frequency of locking Maximum interincisal opening

Time:
Before treatment 6.72 (2.78) 1.62 (1.82) 50.38 (7.63)
Mid-treatment 3.59 (2.50) 0.14 (0.37) 47.61 (6.68)
Three months later 0.79 (1.39) 0.02 (0.08) 46.66 (7.24)
1-4 years later 0.61 (1.57) 0.03 (0.15) 46.15 (7.02)

Statistics:
F ratio 109.65 41.40 4.25
p value <0.001 <0.001 0.006
Least significant difference 0.76 0.34 2.54
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ig. 5. Open and closed tomographic views of the temporoamandibular joi
reatment, showing bilateral condylar hypertranslation in the open views.

lained of locking. Three patients who had chronic recurrent
islocations reported that after the first treatment they could
vercome the open locking without assistance. (Table 1 and
ig. 3). The associated symptoms (headache, otalgia, and

innitus) were dramatically improved after the first session of
njections. However, the myofascial pain did not improve, and
as therefore treated by injection at the trigger points. The
etails of changes in maximum incisal opening are shown in
able 1 and Fig. 4.

All patients had clicking at wide mouth opening preoper-
tively. At T4, joint noise ceased in 41 patients. There was
tatistically significant reduction in number of patients hav-
ng clicking at T2 (Z score = 4.595 and p = 0.0000) and T3 (Z
core = 3.634 and p = 0.0003).

By the end of the study, 31 patients reported com-
lete remission of their symptoms and four presented with
ymptoms not related to their previous complaints, clinical
Please cite this article in press as: Refai H. Long-term therapeu
mobility of the temporomandibular joint: a single-arm study with
http://dx.doi.org/10.1016/j.bjoms.2016.12.002

xamination of which indicated myofascial pain that was suc-
essfully treated by dry needling or by injection with 3%
epivacaine of the trigger points.

p
e
t

patient with complete resolution of her presenting symptoms 4 years after

Three patients had recurrent symptoms; two reported that
heir symptoms had resolved for a year, while one reported
esolution for eight months after the last injections. Two
atients could not recall any event that might have caused
ecurrence of symptoms and one attributed recurrence to
omestic violence. Tomograms of each joint at T1 and T4
howed no alteration in the morphology of the bony compo-
ents of the joint. At T4, the tomographic open view of all
oints showed condylar hypertranslation (Fig. 5).

iscussion

e wanted to answer several questions including: Will the
ethod prove as efficient when studied in larger group of

atients? Will the symptoms recur with time? What is the
tic effects of dextrose prolotherapy in patients with hyper-
1-4 years’ follow up. Br J Oral Maxillofac Surg (2017),

attern of postoperative healing? Will the presumed strength-
ning of the TMJ capsule by prolotherapy restore normal
ranslation to the mandibular condyle?

dx.doi.org/10.1016/j.bjoms.2016.12.002
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Dextrose prolotherapy of the TMJ was effective in the
reatment of symptomatic hypermobility of the TMJ, both
ith regard to the paucity of recurrent symptoms and the sig-
ificant improvement in pain and function of the jaw during
xtended follow-up. These findings complement studies on
extrose prolotherapy for the treatment of hypermobility of
he TMJ that showed substantial improvement.4–6,19

We were interested to note that the patients experienced
characteristic post-injection course that consisted of three

uccessive periods. The first period of post-injection pain
asted 1-10 days. The second, a long period of complete res-
lution of symptoms, lasted for 4-5 weeks, and the third, a
eriod of recurrence of symptoms of less intensity, lasted
-5 days before the next injection. This period diminished
radually until it ceased after the third or fourth session of
njections. Telling the patients about the expected pattern
f postoperative healing is of utmost importance for biobe-
avioural management of temporomandibular disorders.

Headache, otalgia, and tinnitus were dramatically
mproved after the first session of injections. The effi-
acy of dextrose prolotherapy in resolving aural symptoms
ould be attributed to direct deposition of dextrose through
ntra-articular injection in the vicinity of the discomalleo-
ar ligament, which connects the malleolus in the tympanic
avity and the articular disc and capsule of the TMJ. It was
hought to be responsible for the aural symptoms associated
ith dysfunction of the TMJ.20

Analysis of tomography of the TMJ showed that dextrose
rolotherapy changes neither condylar position nor the mor-
hology of the bony components of the joint. The lack of
hanges in the position of the condyle could be explained by
he observation of Jensen et al,21 who found that laxity of liga-

ents in the knee in a model of injury in rats was not altered by
extrose injections. This, together with the fact that hypermo-
ility of the TMJ may be asymptomatic,22,23 make us doubt
hat the tightening of the capsule by 10% dextrose injection is
n explanation for resolving symptomatic hypermobility.24

extrose prolotherapy may improve the structural adapt-
bilty of the TMJ but we need to understand much more
bout the mechanism of action of dextrose prolotherapy, and
urther research in this area is necessary.

onclusion

extrose prolotherapy provided significant and sustained
eduction of pain and recovery of symptoms associated with
ymptomatic hypermobility of the TMJ. It changes neither
he condylar position nor the morphology of the bony com-
onents of the joint.
Please cite this article in press as: Refai H. Long-term therapeu
mobility of the temporomandibular joint: a single-arm study with
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