
Romanian JouRnal of Stomatology – Volume 68, no. 3, 2022 97

Digital occlusal splints for temporomandibular joint 
disorders: a systematic review 

Sorana Andreea Muresanu1, Mihaela Hedesiu1, Cristian Dinu1, Raluca Roman1, Oana Almasan2 
1 Department of Maxillofacial Surgery and Implantology, ”Iuliu Hatieganu” University of Medicine and Pharmacy,  

Cluj-Napoca, Romania
2 Department of Prosthetic Dentistry and Dental Materials, ”Iuliu Hatieganu” University of Medicine and Pharmacy,  

Cluj-Napoca, Romania

Corresponding author: 
Mihaela Hedesiu
E-mail: mhedesiu@gmail.com 

REVIEWS

ABSTRACT
Objectives. This systematic review aimed at assessing the therapeutic efficacy of computer-assisted or digitally 
constructed occlusal splints in comparison to conventional splint treatment for temporomandibular disorders or 
bruxism. 
Material and methods. The study was prospectively registered in the Open Science Framework. Four electronic da-
tabases, PubMed, Embase, Web of Science, and Scopus, were searched comprehensively. The following keywords 
were employed: “3D-printed”, “additive manufacture”, “computer-aided design/computer-aided manufacturing”, 
“temporomandibular joint”, “temporomandibular joint dysfunction”, “bruxism”, “disc displacement”, “temporo-
mandibular disorder”, “splint’, “oral splint”, “occlusal splint”, “occlusal device”, “bite splint”, “occlusal appliance”. 
Two risk of bias evaluation instruments were used to assess the quality of the included studies. 
Outcomes. Following the application of the search strategy, a total of 557 publications were identified in the elec-
tronic databases. Seven eligible articles were finally included in the analysis. Six publications (85.7%) compared 
digitally manufactured occlusal splints to conventionally created splints, while one examined if the use of a facebow 
influences the performance of digital splints. Visual assessment scores or numerical rating scales of pain, optical 
axiography, tooth wear, and bruxism frequency were reported as outcomes. 
Conclusions. Computer aided design occlusal splints provide equivalent outcomes to traditional splints. Some gen-
erated superior results, mainly probable as a result of the virtual articulator's greater precision and the splint ma-
terials' material qualities.
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INTRODUCTION

Temporomandibular joint disorders (TMD) are a 
class of musculoskeletal conditions associated with 
pain and dysfunction involving the masticatory 
muscles and the temporomandibular joints (TMJ) 
[1]. TMD symptoms include myofascial pain, decrea-
sed range of motion of the mandible and clicking. 
Pain is often the defining feature of this disease and 
can be exacerbated with palpation of the TMJ or the 
surrounding musculature [2]. The prevalence lies 
between 3.2 and 17.6% and it affects women appro-
ximately 2.1 times more than men [3]. 

The treatment of TMD presents the following 
goals: decreasing joint and masticatory muscle pain, 
increasing the range of motion in the mandible, pre-
venting degenerative changes in the articulating tis-
sues [4]. Clinical management of TMD includes phy-
sical therapy, occlusal splints and/or adjustments, 
medication, and surgery [5,6]. Occlusal splint thera-
py is a well-established treatment option, that has 
shown positive results in alleviating symptoms of 
TMD [6]. It involves placing a custom-fabricated 
acrylic device over the incisal and occlusal surfaces 
of the teeth. This relaxes the muscles or allows the 
condyle to seat in centric relation, as well as protec-
ting the teeth during bruxism [7]. Splints are traditi-
onally manufactured by a dental technician using 
gypsum models mounted in a semi-adjustable arti-
culator. This in a time-consuming process which is 
dependent on the experience of the technician, whi-
le also being susceptible to human error [8].

Recent advancements in the field of intra-oral 
scanning (IOS) and computer-aided design/compu-
ter-aided manufacturing (CAD/CAM) may have the 
potential to compensate for some of the shortco-
mings of conventional splint therapy and deliver 
improved clinical results, while simplifying the 
workflow. Several studies have shown the improved 
quality and material properties of CAD/CAM splints 
in comparison to conventional ones [9,10]. To the 
best of our knowledge, there is no review literature 
on topic of digital occlusal splints for TMD. 

The aim of this research is examining the clinical 
effectiveness of computer-aided occlusal splint the-
rapy, and how it compares to traditional methods in 
the treatment of TMD or bruxism. Our study is not 
limited only to milled or 3D printed devices but also 
examines clinical outcomes in cases where digital 
technologies were involved in splint manufacture. 

MATERIAL AND METHODS

The systematic review was performed in accord-
ance with the recommendations of the “Preferred 
Reporting Items for Systematic Reviews and Me-
ta-Analyses Protocols (PRISMA) Statement” [11]. It 
was prospectively registered in the Open Science 

Framework (OSF). The protocol can be accessed 
using the following link: https://osf.io/dc2h3.

ELIGIBILITY CRITERIA

The inclusion criteria were as follows: original 
research (clinical trials, cohort studies, case-control 
studies) published in the English language; studies 
assessing the clinical outcomes of interventions in-
volving occlusal splints produced using CAD/CAM 
technology or using digital sensors or other digital 
technologies embedded into the splint material.

The exclusion criteria were as follows: articles 
outside the area of interest, literature reviews, case 
reports/case series, in-vitro studies, commentaries, 
letters to the editor, editorials, conference abstracts, 
grey literature, or papers for which the full-text was 
not available or accessible.

SEARCH STRATEGY 

The search strategy was based on MeSH and 
Emtree terms, adapted to other databases. A com-
prehensive electronic search was performed in July 
2022 in the following databases: PubMed/MEDLINE, 
Embase, Web of Science, and Scopus. The following 
keywords were used: “3D-printed”, “additive manu-
facture”, “CAD/CAM”, “TMJ”, “temporomandibular 
joint”, “temporomandibular joint dysfunction”, 
“bruxism”, “disc displacement”, “temporomandibu-
lar disorder”, “splint”, “oral splint”, “occlusal splint”, 
“occlusal device”, “bite splint”, “occlusal appliance”. 
Original English language articles were sought. No 
restrictions were placed on the year of publication. 
The full search strategy is found in Table 2.

TABLE 1. PICO elements for guiding the search strategy

Research question: Is computer-aided splint therapy helpful 
in improving clinical outcomes in the management of 
temporomandibular joint disorders?
Patient/Problem Patients diagnosed with temporomandibular 

disorder (TMD)
Intervention Digital, computer-aided or CAD/CAM manu-

factured occlusal splints
Comparison Conventional splints, no treatment
Outcome Pain relief, visual assessment score (VAS)/ 

numerical rating scale (NRS) of pain, maxi-
mum mouth opening, TMJ clicking, tooth 
wear

STUDY SELECTION

The study selection was performed using the 
Rayyan AI platform [12], a web-tool to assist working 
on systematic reviews and scoping reviews. The pu-
blications were then independently examined by 
two calibrated researchers (S.M. and O.A.) who eva-
luated the titles and abstracts for relevance and the 
presence of the eligibility criteria, followed by asses-
sing the full text of the retrieved articles. In case of a 
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disagreement between researchers, a consensus 
was reached by discussion and differences in opini-
on were settled through debate and by consulting 
with a third researcher (M.H.). 

DATA COLLECTION PROCESS

Two authors (S.M. and O.A.) extracted the data 
from the articles using a standardized template. The 
principal summary outcomes were authors, year of 
publication, setting, study design, sample size, age, 
gender, diagnostic, diagnostic criteria, intervention 
group, comparison group, treatment course, follow-
up, outcome measurement, results, adverse effects, 
and dropout rate. This data is presented in Tables 3-4.

RISK OF BIAS ASSESSMENT

All studies were assessed for their methodologi-
cal quality using two distinct tools, corresponding to 
their specific study design. Randomized Controlled 
Trials (RCTs) were analyzed using the Cochrane Risk 
of Bias 2 [13] (ROB 2) tool, while non-randomized 
studies were assessed using the ROBINS-I tool [14]. 
The risk of bias (ROB) assessments according to the 
ROB 2 and ROBINS-I tools are presented in Figures 
2-5.

RESULTS

Study selection

After applying the search strategy, a total of 557 
articles were identified in the electronic databases. 

A number of 174 articles were eliminated as dupli-
cates; 383 articles were screened based on their title 
and abstracts’ relationship to the research question. 
The screening process generated 43 publications for 
retrieval. A total of 41 articles were retrieved as full 
text and assessed for eligibility. These were evalua-
ted based on the inclusion and exclusion criteria. 
Finally, 7 eligible articles were included in the syste-
matic review. The study selection process is illustra-
ted in Figure 1.

Characteristics of included studies

Seven eligible studies, which included 244 pati-
ents, were analyzed in this paper. All studies had a 
parallel, two-arm design, with 3 being randomized 
controlled trials [15–17], one randomized crossover 
trial [18] and 3 non-randomized clinical studies [19–
21]. In three studies, patients had a diagnostic of 
TMD [15, 19,20], the rest recruited patients with bru-
xism [16–18,21]. The diagnostic criteria included: 
RDC/TMD (Dworkin & LeResche [22]), DC/TMD (Schi-
ffman & Ohrbach [23]) and the International con-
sensus on the assessment of bruxism [24]. One study 
did not report the diagnostic criteria used [18].

Six papers (85.7%) compared CAD/CAM occlusal 
splints to conventionally manufactured ones, while 
one investigated if the use of a facebow affects the 
outcome of two CAD/CAM splints [16]. The reported 
outcomes were visual assessment scores (VAS) or 
numerical rating scales (NRS) of pain, optical axio-
graphy, tooth wear and bruxism frequency. One 
study reported an adverse effect of the therapy [17].

TABLE 2. Search strategies for each database

PubMed (n = 42)
(“Computer-Aided Design”[Mesh] OR “Printing, Three-Dimensional”[Mesh]) AND (“Temporomandibular Joint Disorders”[Mesh] OR 
“Temporomandibular Joint Dysfunction Syndrome”[Mesh] OR “Bruxism”[Mesh]) AND “Occlusal Splints”[Mesh]. 
(3d-printed OR “additive manufacture” OR CAD/CAM) AND (tmj OR “temporomandibular joint” OR “temporomandibular joint 
dysfunction” OR bruxism OR “disc displacement” OR “temporomandibular disorder”) AND (splint OR “oral splint” OR “occlusal 
splint” OR “occlusal device” OR “bite splint” OR “occlusal appliance”)
Embase (n = 81)
(‘three-dimensional printing’/exp OR ‘three-dimensional printing’ OR ‘computer aided design/computer aided manufacturing’/
exp OR ‘computer aided design/computer aided manufacturing’) AND (‘temporomandibular joint’ OR ‘temporomandibular joint 
disorder’ OR disk) AND displacement OR tmj) AND (‘occlusal splint’/exp OR ‘occlusal splint’ OR ‘dental splint’/exp OR ‘dental splint’ 
OR ‘splint’/exp OR ‘splint’);
(‘3d printed’ OR ‘additive manufacture’ OR cad OR cam) AND (tmj OR ‘temporomandibular joint’ OR ‘temporomandibular joint 
dysfunction’ OR bruxism OR ‘disk displacement’ OR ‘temporomandibular disorder’) AND (splint OR ‘oral splint’ OR ‘occlusal splint’ 
OR ‘occlusal device’ OR ‘bite splint’ OR ‘occlusal appliance’)
Web of Science (n = 44)
(3d-printed OR “additive manufacture” OR CAD/CAM) AND (tmj OR “temporomandibular joint” OR “temporomandibular joint 
dysfunction” OR bruxism OR “disk displacement” OR “temporomandibular disorder”) AND (splint OR “oral splint” OR “occlusal 
splint” OR “occlusal device” OR “bite splint” OR “occlusal appliance”)
(“Computer-Aided Design” OR “Printing, Three-Dimensional”) AND (“Temporomandibular Joint Disorders” OR “Temporomandibular 
Joint Dysfunction Syndrome” OR Bruxism) AND “Occlusal Splints”
SCOPUS (N = 390)
(3d-printed OR “additive manufacture” OR CAD/CAM) AND (tmj OR “temporomandibular joint” OR “temporomandibular joint 
dysfunction” OR bruxism OR “disk displacement” OR “temporomandibular disorder”) AND (splint OR “oral splint” OR “occlusal 
splint” OR “occlusal device” OR “bite splint” OR “occlusal appliance”)
(“Computer-Aided Design” OR “Printing, Three-Dimensional”) AND (“Temporomandibular Joint Disorders” OR “Temporomandibular 
Joint Dysfunction Syndrome” OR Bruxism) AND “Occlusal Splints”
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FIGURE 1. PRISMA flowchart summarizing the study identification and selection

In regard to setting, 3 studies were carried out in 
Germany [15,17,18], one in Egypt [16], Russia [19], 
Ukraine [20] and China [21], respectively. 

Quality of the included studies

RCTs were evaluated based on the ROB 2 tool 
[13]. Studies were rated on a 3-point scale, reflecting 
concerns about risk of bias as low, some concerns or 
high risk. Two studies were rated as high ROB and 
two had some concerns for bias. The domains most 
affected by bias were measurement of the outcome 
(2/4) and reported results (2/4). All papers described 
adequate randomization.

Non-randomized studies were assessed accor-
ding to ROBINS-I [14]. All studies presented a serio-
us overall risk for bias, with the most affected do-
mains being the selection of participants (3/3 severe 
ROB), selection of the reported results (3/3 severe 
ROB), confounding (2/3 severe ROB), and outcome 
measurement (1/3 severe ROB, 2/3 had some con-
cerns).

DISCUSSION

Several systematic reviews have shown the effi-
cacy of occlusal splint therapy in the treatment of 
TMDs [6,25,26]. Due to the rise of digitalization in 
dentistry [27], we considered it worthwhile to con-

duct a review specifically targeting occlusal splints 
fabricated using these methods. Digital workflows 
can provide several advantages to the clinician: a 
minimally invasive impression technique, in the 
case of IOS, increased time efficiency and the preci-
sion of the appliance. 

Pho et al. [15] was the first published paper to 
compare the clinical effectiveness of CAD/CAM ver-
sus conventional stabilization splints for the treat-
ment of TMD. They showed that a CAD/CAM splint 
was equally as effective as a conventional one in 
reducing pain symptoms but found no significant 
improvement in the mandibular movements. The 
studies by Chkhikvadze et al. [19] and Kostiuk et al. 
[20] found that splints manufactured using a digital 
protocol, which included the use of virtual articula-
tors, produced better clinical outcomes in terms of 
the axiographic findings. These results suggest that 
placing models in a virtual articulator can signifi-
cantly reduce the number of errors occurring when 
a facebow is used. This may be because virtual arti-
culators are less prone to the deviations and measu-
rement errors associated with the use of mechanical 
ones [28].

Early studies reported that occlusal appliances 
made using a facebow had more occlusal contacts 
and required less occlusal adjustments [29]. Alqu-
taibi et al. [16], however, showed that patient sa-
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FIGURE 2. Summary of ROB 2 judgements across domains

FIGURE 3. Summary of ROB 2 assessments for each study (n = 4)

FIGURE 4. Summary of ROBINS-I judgements across domains

tisfaction was not influenced in the case of two types 
of CAD/CAM splints produced with or without a fa-
cebow. This is in line with recent research [30,31].

Several studies compared the clinical effects of 
digitally manufactured occlusal splints for the treat-
ment of sleep bruxism. Bergmann et al. [17] analyzed 
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the effects of a full-occlusion biofeedback splint in 
the treatment of sleep bruxism and TMD. The tested 
appliance incorporated a pressure sensor and vibra-
tory stimulus, with the objective of enabling a coun-
tervailing response to avoid the undesired effect. 
The studies by Brandt et al. [18] and Wang et al. [21] 
also showed that CAD/CAM splints were a viable al-
ternative to conventional ones.

The studies that followed a randomized design 
were assessed for bias using the Cochrane ROB 2 
tool [13]. In terms of bias attributed to the randomi-
zation process, we concluded that all the studies ma-
naged to adequately conceal the allocation sequen-
ce. Furthermore, the baseline differences between 
intervention groups did not suggest a problem with 
the randomization process. For two of the studies 
[15,17] blinding of the participants or assessor 
during the trial was not possible due to observable 
differences in splint materials or color. One study 
[17] was had a high ROB in the outcome measure-
ment domain. The study used an appropriate outco-
me measurement (pain NRD), however the 
participant’s knowledge of the intervention recei-
ved is very likely to have introduced bias. In the 
study by Pho et al. [15] the assessor was aware of the 
intervention delivered. In this case the bias was con-
sidered less severe, as the measurement used was 
optical axiography, which is a more objective inves-
tigation method. 

Non-randomized studies were assessed for bias 
using the ROBINS-I tool [14]. The tool views each 
study as an attempt to emulate a hypothetical ran-
domized trial. None of the papers provided suffici-
ent information regarding the confounding and se-
lection bias domains or provided statistical analyses 
that could adjust for the confounding factors. They 
were subsequently rated as having severe risk of 
bias. 

Future researchers could consider also using 
passive controls, in order to rule out any natural or 
spontaneous remission of symptoms. Furthermore, 
longer follow-up times should be implemented to 
assess long term effect of the treatment.

CONCLUSION

The findings of the included studies suggest that 
CAD/CAM fabricated occlusal splints generate re-
sults comparable to conventional splints. Some even 
produced better results, most likely owing to the hi-
gher accuracy of the virtual articulator and the ma-
terial properties of the splint materials. However, 
given the lack of high-quality evidence, and the lar-
ge financial investment associated with digitally 
manufactured splints, we conclude that there is in-
sufficient evidence to recommend this method over 
the conventional one. 

FIGURE 5. Summary of ROBINS-I assessments for each study (n = 3)

1. List T, Jensen RH. Temporomandibular disorders: Old ideas and new 
concepts. Cephalalgia 2017; 37: 692–704.

2. Jankovic J, Mazziotta J, Pomeroy S. Bradley and Daroff’s Neurology in 
Clinical Practice. 8th ed. Elsevier, 2021.

3. Macfarlane TV, Kenealy P, Kingdon HA, et al. Twenty-year cohort study 
of health gain from orthodontic treatment: temporomandibular 
disorders. Am J Orthod Dentofacial Orthop. 2009;135:692.e1-692.e8.

4. Tanaka E, Detamore MS, Mercuri LG. Degenerative disorders of the 
temporomandibular joint: etiology, diagnosis, and treatment. J Dent 
Res. 2008;87:296–307.

5. Murphy MK, MacBarb RF, Wong ME, et al. Temporomandibular Joint 
Disorders:A Review of Etiology, Clinical Management, and Tissue 
Engineering Strategies. Int J Oral Maxillofac Implants. 2013;28:e393.

Conflict of interest: none declared
Financial support: none declared
Acknowledgments: all authors contributed equally to 
the manuscript.

REFERENCES



Romanian JouRnal of Stomatology – Volume 68, no. 3, 2022 105

6. Zhang C, Wu JY, Deng DL et al. Efficacy of splint therapy for the 
management of temporomandibular disorders: a meta-analysis. 
Oncotarget. 2016;7:84043–53.

7. Venezia P, Muzio LLO, Furia CDE et al. Digital manufacturing of occlusal 
splint: from intraoral scanning to 3D printing. J Osseointegration. 
2019;11:535–9.

8. Warunek SP, Lauren M. Computer-based fabrication of occlusal splints 
for treatment of bruxism and TMD. J Clin Orthod. 2008;42:227–32.

9. Arcas LPB, Baroudi K, Silva-Concílio LR et al. Effect of different 
fabrication methods of occlusal devices on periradicular stress 
distribution: A photoelastic analysis. J Prosthet Dent; 0. Epub ahead of 
print 2021. DOI:10.1016/j.prosdent.2021.06.037.

10. Reich S, Berndt S, Kühne C et al. Accuracy of 3D-Printed Occlusal 
Devices of Different Volumes Using a Digital Light Processing Printer. 
Appl Sci. 2022;12:1576.

11. Page MJ, McKenzie JE, Bossuyt PM et al. The PRISMA 2020 statement: 
an updated guideline for reporting systematic reviews. BMJ;372. Epub 
ahead of print 29 March 2021. DOI: 10.1136/BMJ.N71.

12. Rayyan – Intelligent Systematic Review, https://www.rayyan.ai/ 
(accessed 24 June 2022).

13. Higgins JP, Savovic J, Page MJ et al. Cochrane Handbook for Systematic 
Reviews of Interventions Chapter 8: Assessing risk of bias in a 
randomized trial, https://training.cochrane.org/handbook/current/
chapter-08 (accessed 8 September 2022).

14. Sterne JA, Hernán MA, Reeves BC et al. ROBINS-I: a tool for assessing 
risk of bias in non-randomised studies of interventions. BMJ;355. Epub 
ahead of print 12 October 2016. DOI: 10.1136/BMJ.I4919.

15. Pho Duc J, Hüning S, Grossi M. Parallel Randomized Controlled Clinical 
Trial in Patients with Temporomandibular Disorders Treated with a 
CAD/CAM Versus a Conventional Stabilization Splint. Int J Prosthodont. 
2016;29:340–50.

16. Alqutaibi AY, Algabri R, Ibrahim WI et al. Does the facebow affect the 
outcome of CAD/CAM occlusal splint. Randomized clinical trial. Saudi 
Dent J. 2021;33:628–34.

17. Bergmann A, Edelhoff D, Schubert O et al. Effect of treatment with a 
full-occlusion biofeedback splint on sleep bruxism and TMD pain: a 
randomized controlled clinical trial. Clin Oral Investig. 2020;24:4005–18.

18. Brandt S, Brandt J, Lauer HC et al. Clinical evaluation of laboratory-
made and CAD-CAM-fabricated occlusal devices to treat oral 
parafunction. J Prosthet Dent. 2019;122:123–8.

19. Chkhikvadze TV, Bekreev VV, Roshchin et al. Correction of internal 
disorders of the temporomandibular joint using muscle relaxation 
splints made with CAD/CAM technologies. Sovrem Tehnol v Med. 
2019;11:111–5.

20. Kostiuk T, Lytovchenko N, Phd A et al. The use of occlusal splints 
manufactured with «Exocad» Software in the treatment of temporo-
mandibular disfunction.

21. Wang S, Li Z, Ye H et al. Preliminary clinical evaluation of traditional 
and a new digital PEEK occlusal splints for the management of sleep 
bruxism. J Oral Rehabil. 2020;47:1530–7.

22. Dworkin SF, LeResche L. Research diagnostic criteria for 
temporomandibular disorders: review, criteria, examinations and 
specifications, critique. J Craniomandib Disord 1992;6:301–55.

23. Schiffman E, Ohrbach R. Executive summary of the Diagnostic Criteria 
for Temporomandibular Disorders for clinical and research 
applications. J Am Dent Assoc. 2016;147:438–45.

24. Lobbezoo F, Ahlberg J, Raphael KG et al. International consensus on 
the assessment of bruxism: Report of a work in progress. J Oral 
Rehabil. 2018;45:837–44.

25. Al-Moraissi EA, Farea R, Qasem KA et al. Effectiveness of occlusal splint 
therapy in the management of temporomandibular disorders: network 
meta-analysis of randomized controlled trials. Int J Oral Maxillofac 
Surg. 2020;49:1042–56.

26. Manrriquez SL, Robles K, Pareek K et al. Reduction of headache 
intensity and frequency with maxillary stabilization splint therapy in 
patients with temporomandibular disorders-headache comorbidity: a 
systematic review and meta-analysis. J Dent Anesth pain Med. 
2021;21:183.

27. Sajjad I, Abidi YALI, Baig N et al. Awareness and Perception of Dentists 
Regarding Role and Future of Artificial Intelligence in Dentistry. 
Pakistan J Med Heal Sci. 2021;15:3555–8.

28. Yau HT, Liao SW, Chang CH. Modeling of digital dental articulator and 
its accuracy verification using optical measurement. Comput Methods 
Programs Biomed;196. Epub ahead of print 1 November 2020. DOI: 
10.1016/J.CMPB.2020.105646.

29. Gámez CJ, Dib KA, Espinosa de SIA. Face bows in the development of 
michigan occlusal splints. Rev Fac Odontol Univ Antioquia. 
2013;25:117–31.

30. von Stein-Lausnitz M, Sterzenbach G, Helm I et al. Does a face-bow 
lead to better occlusion in complete dentures? A randomized 
controlled trial: part I. Clin Oral Investig. 2018;22:773–82.

31. von Stein-Lausnitz M, Schmid S, Blankenstein FH et al. Influence of a 
face-bow on oral health-related quality of life after changing the 
vertical dimension in the articulator: a randomized controlled trial. 
Part II. Clin Oral Investig. 2018;22:433–42.


