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ABSTRACT

Introduction: The use of stabilization repositioning splints (SRS) to treat muscular TMDs 
is a growing practice owing to its’ effectiveness and simplicity. The conventional construction 
procedure requires meticulous occlusal adjustments of the intra orally modified cold cured resin 
which consumes considerable chairside time. Changing the procedure to a full digital approach by 
using intraoral scan and CAD CAM workflow might decrease the chair side time. Aim: To evaluate 
the chairside time required to construct SRS with conventional impression procedure compared to 
intra oral scanning and printing. The improvement in pain scale and range of jaw opening in both 
groups will be also evaluated. 

Materials and methods: 30 patients suffering from muscular TMDs were allocated into 
2 groups. Group 1 received SRS made out of a vacuum sheet formed over a dental model and 
adjusted intra orally with cold cured resin. Group 2 received SRS made from intra oral scans and 
digitally constructed and 3D printed. The time needed in the impression appointment and SRS 
fitting appointment was calculated. Patients were followed for 8 weeks to evaluate improvement of 
pain scores and range of mandibular opening. 

Results: Regarding the treatment time the impression appointment time was statistically 
insignificant for both groups (13.15±1.77) and (12.47±1.96) minutes for groups 1 and 2 respectively. 
For the fitting appointment the duration showed statistical significant decrease when comparing 
group 2 (4.49±1.42 min) to group 1 (36.51±6.21min). For both group there was a statistical 
improvement in pain score and maximum incisal opening, yet there was no statistical significant 
difference between group 1 and 2. 

Conclusion: Construction SRS with intra oral scans yielded the same patient improvement 
when compared to conventional construction technique but with significant decrease in the required 
chairside time 
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INTRODUCTION 

Temporomandibular disorders (TMD) are clini-
cal  hinders  affecting  the  temporomandibular  joint   
(TMJ),   myofascial   muscles   and   related   struc-
tures1.  There  is  currently  no  unified  standard for 
the classification of TMD, but research diagnostic 
criteria  for  temporomandibular  disorders  (RDC/
TMD)  are  the  most  commonly  applied  crite-
ria2.  The  main  clinical presentation  involve  TMJ  
pain  and  noise,  myofascial pain, abnormal jaw 
function  and abnormal or limited jaw movement3.
TMD constitute a major problem, as they are a main 
source of chronic orofacial pain, interfering with 
daily activities and jaw functions4. These disorders 
are also  commonly  associated  with  other head 
and neck presentations, including headache, tinni-
tus, ear pain,  neck and cervical  spine  dysfunc-
tion5,6.  Signs  of  TMD  are  detected  in  about  
60-70%  of  the  general  population, yet only about 
one in four people with signs are actually presented 
with symptoms7. The etiologies of TMD are not yet 
clear, but contributing factors include macrotrauma,  
microtrauma,  parafunctional habits and psycho-
logical elements8, systemic autoimmune diseases, 
occlusal abnormalities9 ,  indirect trauma and hor-
monal and microbial factors.10  The  main  treat-
ment  options  for  most TMD  include  occlusal   
therapy including rehabilitation in indicated cases 
and oral appliances11,12,   psychotherapy13,   physi-
cal   therapy14, medications15, manual therapy 16,17, 
and surgeries18. In practice, the occlusal splint is a 
removable appliance, usually  fabricated  of  resin  
and  most  often  designed to cover all of the oc-
clusal and incisal surfaces of the teeth in the upper 
or lower jaw. Occlusal splint therapy is most com-
monly used clinical approach because of its ease 
of use, low cost, and broad indications. A previous 
meta-analysis addressed the effectiveness of splint 
therapy for TMD, but why it is effective remains un-
clear 19. The effectiveness of  splint  therapy in TMD 
patients in a meta-analysis of published results was 
examined and results indicated that splint therapy 

effectively reduces  pain  levels  in  TMD  patients,  
and  reduces  the  frequency  of  pain  in patients  
with  TMJ  clicking.  Additionally, splint  therapy  
increased  mouth  opening  ability in patients with 
initial MMO < 45mm. 20–22   

The conventional workflow for making splints 
includes maxillary and mandibular impression. Over 
the produced models hard vacuum formed clear 
template is made. The template occlusal surface is 
modified intra-orally with cold cured transparent 
resin by making an anterior deprogramming jig with 
centric condylar position and minimal posterior 
separation. A second resin mix is added posterior to 
create even occlusal centric contacts with bilateral 
canine guidance. The procedure is time consuming, 
and requires patient cooperation and tolerance to 
resin irritation. Furthermore, the deprogramming 
over resin intra orally is relatively difficult and 
require high operator experience21. The introduction 
of modern intra oral scanners was introduced to 
provide a fast an accurate way to record 3D arch 
form and jaw relationship in a reproducible way. Full 
arch scans became a reliable and accurate protocols 
is different appliance therapies as orthodontic 
aligners23 and digital wax up24. The data on using 
a complete digital workflow to fabricate TMJ bite 
splints is still not well clarified in the literature.

MATERIALS AND METHODS

Sampling and grouping:

Thirty patients were selected from the outpatient 
clinic in the faculty of dentistry, Cairo university, 
diagnosed with TMD pain of muscular origin. 
The patients were randomly categorized into 2 
groups using sealed envelopes. Group1 received 
stabilization repositioning splint (SRS) with 
conventional impression and vacuum formed 
splints modified intra orally with cold cured resin. 
Group 2 received SRS made by intra oral scan and 
digitally designed to desired occlusal contacts and 
3D printed. The patients approved to participate in 
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the study. The operator and assessor could not be 
blinded due to the nature of the treatment.

Patient examination and evaluation

Preoperative and postoperative clinical 
assessments were performed on all patients, 
including patient history and a physical examination. 
The chief complaint, history of present illness, 
history of medications, imaging assessment 
(panoramic radiography, MRI), maximum inter 
incisal opening (MIO), direct and indirect joint 
loading, joint noise (click, crepitation), and an 
assessment of muscle and joint pain were recorded. 
A visual analog scale (VAS) ranging from 0 to100 
(0 representing no pain/proper function and 100 
representing maximum pain/dysfunction) was used 
to score pain and function at the first visit and last 
visit. These clinical assessments were analyzed 
to determine the outcome in regards to success or 
failure. The primary outcome variable of success 
or failure was determined by the reduction in joint 
pain postoperatively. Secondary outcome variables 
included joint function, MIO, need for medications, 
joint loading sign, and muscle pain.

SRS construction:

Group 1:

During the impression appointment and maxillary 
and mandibular impression were made using regular 
set alginate impression material (Tropicalgin, 
Zermach, Germany). Care was taken to obtain and 
impression with at least 5 mm extension below the 
gingival margins and distal extension beyond the 
last molar tooth. The impressions were poured into 
type III dental stone. 

Over the maxillary models, a 1mm thick vacuum 
formed sheet was thermally adapted under vacuum 
pressing machine (Bioart, brazil). The vacuum sheet 
was trimmed with a scissor at the gingival margin 
level. The vacuum sheet was tried for proper seating 
and retention. 

Transparent cold cured resin (Acrostone, Egypt) 
was mixed to a dough consistency and placed over 
the palatal area of the vacuum template at the upper 
incisors. The patient was guided to close in centric 
relation using bimanual manipulation technique to 
seat the condylar disc complex in the antero-superior 
position. The patient was asked to closed just before 
the first posterior contact between the vacuum 
template the and lower posterior teeth. When the 
cold cured resin set, the excess was trimmed with 
an acrylic burr and the centric position verified 
inside the patient mouth assuring repeatable closure 
on the set anterior jig. A second mix of cold cured 
resin was made to dough consistency and applied 
posteriorly bilaterally over the vacuum template. 
The patient was asked to close till the lower teeth 
contact the set anterior jig. 

After complete setting of the resin the excess 
is trimmed and all indentations of the buccal and 
lingual slopes of the lower teeth were trimmed 
keeping only the cuspal tip contact. The acrylic 
slope at the canine area was kept. Inside the patient 
mouth an articulating paper was used to eliminate 
inferences and prematurity. The patient was asked to 
slide laterally and excessive contact were removed 
so that the lower canines glides smoothly over he 
acrylic in the upper canine region (canine guidance)

Group 2:

During the impression appointment the upper 
and lower arches were scanned with an intra oral 
scanner (Medit i500, South Korea). An anterior jig 
was constructed using green stick compound. The 
green stick was softened and adapted to cover the 
upper 4 incisors. The top surface was made flat. 
The patient was guided to close in centric position 
using bimanual manipulation. The vertical stopper 
was adjusted to guarantee at least 1mm posterior 
separation at the last molar. The jig was verified 
to assure repeated centric closure. With the patient 
biting on the compound jig the jaw relation is 
scanned bilaterally (Figure 1). 
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The scans were manipulated using Blender 
for Dental software (B4D, Australia). Initially 
the upper model was surveyed to select the most 
suitable path of insertion. All undercuts above 0.25 
mm were blocked digitally to obtain a selective 

block out model for splint construction (Figure 
2). The splint was designed to cover the maxillary 
teeth up to the gingival margin. The occlusal top 
surface of the splint was extruded to make imprints 
in the lower model cusp tips and incisal edges.  

Fig. (1) Interface of Medit I 500 acquisition software showing maxillary and mandibular scan with inter-occlusal record made at 
minimal posterior disclusion

Fig. (2) Virtual blockout on the Blender for dental software. Digital surveying for a suitable path of insertion and block out (brown)  
leaving 0.25 mm undercuts (yellow)
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The lower model was used to cut the teeth imprints 
with  200 microns tolerance gap (Figure 3). The 
finished splint was printed with tooth colored 
resin at 100 micron printing layer thickness with 
horizontal orientation on the printing platform 
(Phrozen shuffle XL, Taiwan). The printed guide was 
processed by cleaning in isopropyl alcohol and light 
curing for 20 minutes in light curing box (Pressing 
Dental, Italy). Finally, the buccal and lingual slope 
of the lower teeth imprints were grinded and the 
splint finished and polished. During the fitting 
appointment the seating and retention of the splint 
were checked. Occlusal contacts were checked with 
articulating paper to assure even centric contact and 
unobstructed lateral sliding with canine guidance.

For both groups time lapsed during the 
impression visit and fitting visit was calculated with 
a stop watch. At the fitting visit the pain score was 
recorded using visual analogue scale (VAS with 
scale from 0-100). Additionally, the maximal incisal 
opening (MIO)was measured using a digital caliper. 
After 8 weeks the patient was recalled and the VAS 
and MIO were recorded.

RESULTS

The study evaluated the chairside time required 
for the fabrication of the SRS in both group (Figure 
4). The mean time for the records visit for Groups 
1 and 2 were 13.15±1.77 and 12.47±1.96 respec-
tively. The student t test showed there was no sta-
tistical significant difference between both groups 
(P=0.323446). For the splint fitting visit the mean 
chairside time was 36.51±6.21minutes for group 1 
compared to 4.49±1.42 minutes for group 2. The 
statistical analysis showed a statistical significant 
reduction in the chairside for group 2 (P<0.001) 
(Mean difference= 32.02 ± 1.645, 95% Confidence 
Interval 28.65, 35.39)

Regarding the Pain score both groups showed 
significant decrease in the pain scores when 
comparing the fitting appointments and after 8 
weeks P<0.01 (Figure 5). For group 1, the mean 
value for the pain score dropped from 72.73±10.45 
to 31.67±8.38. Similarly, in group 2, the mean value 
for the pain score dropped from 69.13±10.12 to 
27.67±8.42. When comparing the changes in the 
pain score in both group after 8 weeks there was 
no statistical significant difference between both 
groups P=0.203

Fig. (3): SRS design. The shape of the fitting surface and imprints of the opposing were made using Boolean cutting tool
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Regarding the changes of the maximal incisal 
opening in both groups, both group showed increase 
in the MIO values by time (Figure 6). For group 1, and 
group 2 the paired T test showed significant increase 
in MOI (P<0.01) when comparing fitting day and 
after 8 weeks. For group 1, the mean value for MIO 
increased from 30.93±4.20 to 36.47±3.81mm. For 
group 2, the mean value for MIO also increased from 
29.93± 2.99 to 36.93±2.71mm. When comparing the 
changes in MIO in both groups after using the splint 
for 8 weeks there was statistically insignificant 
difference between the two groups P=0.702.

DISCUSSION

The use of intraoral scanners is becoming a 
popular and growing application in the dental field. 
The scanners are believed to improve the workflow in 
terms of consistent results and reduction of chairside 
time. The present study aimed to investigate the 
chairside time elapsed to fabricate SRS with both 
conventional and digital approaches.  It is worthy 
to note that the time lapse for making impressions 
and in making scans is a function of multiple factors 
as patient cooperation, operator experience and 
learning curve. Additionally, impression material 
working time and scanner speed might also influence 
the overall time. In a study performed by Glisic et 
al25, they evaluated the chairside time lapsed when 
making conventional alginate impression versus IO 
scans in young adolescent patients. They found that 
the time was similar in both groups with an average of 
11-12 minute with no statistical difference between 
the two groups. In the present study the chairside 
time in both groups was around 13 minutes with no 
statistical difference. The intra oral scan time was 
slightly longer. This can be explained by the fact 
that in the IO scan group the time lapse is made for 
scanning both arches and make virtual bite scan 
after making a scan jig. While in the conventional 
group the time was completely lapsed for maxillary 
and mandibular impressions with no jaw relation 

Fig. (4): Chairside time values (minutes) for conventional 
versus digital workflow

Fig. (6): Mean values of pain scores in conventional versus 
digital workflow

Fig. (5): Mean values of Maximum incisal opening (mm) in 
conventional versus digital workflow
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records. When comparing the fitting appointment 
time, the digital workflow significantly reduced 
the time by almost 85%.  The main cause behind 
such decrease is that the occlusal equilibration in 
the IO scan group was done on the software based 
on a digital jaw record registration. Also, the virtual 
block out with controlled selection of undercut 
guarantee the fit and retention of all produced 
splints. The time lapse in the conventional group can 
be attributed to the need to register the jaw relation 
on cold cured resin on 2 steps and the time lapse to 
grind off and finish the excess. Such maneuver is 
totally eliminated with the digital workflow. When 
an intraoral scanner is not available a hybrid work 
flow of using conventional impression with lab 
model scanning can help in reaching the same result 
by design the SRS over the laboratory scanned 
model26.

It is worthy to note that the clinical outcomes 
of both techniques in regards of pain improvement 
and increase in the maximal incisal opening was 
comparable. This can be explained by the fact that 
both final splints exhibit the same fit quality and 
similar occlusal contact principals. 

CONCLUSION

The digital workflow for fabricating stabilization 
splints significantly reduced the chairside time 
specially the time lapsed in the splint fitting session. 
Although Intra oral scanning did not reduce the 
chairside time in the impression visit compared 
to the physical impression, it indirectly affected 
the overall procedure time by providing a timely 
articulated digital models ready for splint design. 
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