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Abstract 

Bruxism can cause signs and symptoms of temperomandibular disorders (TMD). 
Moreover, it will affect structures of the masticatory system. The most commonly 
established treatment approach for both bruxism and TMD is conservative and reversible 
management which include often occlusal devices (splints). Following ethical approval, 
16 Male dental patients, with signs and symptoms of TMD due to bruxism were enrolled. 
Patients were randomly divided into two groups, eight patients in each according to the 
fabrication of the stabilization splint at occlusal opening of rest position of the mandible. 
Primary impressions were made, poured to form study casts upon which special trays 
were fabricated. Then, final impressions and master casts were made on which a full arch 
mandibular plane occlusal splint (stabilization type) in heat cured acrylic was made over 
the occlusal and incisal surface of the teeth. In group one, splint thickness (ST) made 
according to the height of rest vertical dimension (VDR) registered by using divine 
proportion method. While in group two, ST made according to the height of rest vertical 
dimension registered by conventional method. For all the patients, the index for clinical 
dysfunction of masticatory system validated by Helkimo was obtained to determine the 
degree of TMD. In patients with signs and symptoms of TMD syndrome and bruxism, a 
plane occlusal splint (stabilization splint) with occlusal opening up to the VDR produces 
relief of symptoms. The divine proportion method gives consistent measurement and 
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should be considered a reliable method for determination of VDR especially in TMD 
persons.  

Keywords: bruxism, divine proportion ratio, temporomandibular joint disorders (TMD), 
VDR, occlusal splint. 
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Introduction 

Bruxism is widely defined as an anxiety response to environmental stress. It can cause 

signs and symptoms of temporomandibular disorders (TMD), as well as adjacent 

structures of the masticatory system, excessive teeth wearing (1-3), pain in the 

temporomandibular joints (4,5), masticatory muscles, and/or headaches are common 

findings (6).  

The association between temporomandibular disorders (TMD) and bruxism has often 

observed in the literature (7-9). In a series of 86 patients with bruxism, researchers found 

that 89.6% to have symptoms of TMD (10). Sjoholm, Polo and Alihanka (11) in turn 

recorded joint and muscle tenderness in almost half of their bruxing patients, with a 25% 

incidence of headache and joint clicking. According to some authors, bruxism contributes 

to the development of TMD (12, 13). However, others have observed no such association 

between bruxism and TMD (14,15). 

The most widely accepted treatment approach for both bruxism and TMD is conservative 

and reversible management including occlusal devices (splints), behavioral techniques, 

and pharmacological and physical procedures-the indicated therapeutic combination 

depending on the particular symptoms involved and/or the predominant influence of one 

etiological factor or other (1,6,9,11).  

In the case of bruxism, it may be considered that while no conservative treatment 

modality is superior to any other, the occlusal splint is the most widely used option. The 

manifestation of TMD are markedly improved by these devices, even when the bruxing 
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habit persists (1,6,9,11,12). Full arch maxillary stabilization splints are often used in the 

management of craniomandibular disorders (6,13-18). They provide a good tool for the 

elimination of occlusal interferences to reduce neuromuscular activity and to obtain 

stable occlusal relationships with uniform tooth contacts throughout the dental arch. 

 

Studies on the effects of stabilization splints on the neuromuscular system in patients 

with functional disorders indicate that the splints reestablish symmetric and reduced 

postural activity in the temporal and masseter muscles and significantly reduce the 

masseter muscle activity during maximum clenching.(14,19,20). Roura and Clayton 

in1975 found that after 1 month of occlusal splint therapy in patients with 

temporomandibular joint dysfunction, there was relief of most of the clinical symptoms 

and reduction of postural activity in the elevator muscles (21).  

The divine proportion -also known as the golden proportion-was developed by Greek 

mathematicians and states that the length of a line is divided into two parts such that the 

sum of the minor part divided by the major part equals the major part divided by the total 

length In other words,the major part is 1.61803 times as long as the minor part (22-24). 

The divine golden proportion has various dental applications especially in dental esthetics 

and several studies examined the relationship between the mesiodistal widths of 

maxillary anteriors in terms of golden proportion (25-27). These concluded that although 

the advocated golden proportion ratios are not found in nature, they do provide 

esthetically pleasing results. 

Shoemaker etal(28) designed a patented clinical tool, the golden link caliper (GLC) 

which is a divider-caliper type instrumentation based on the golden proportion of 1 to 

0.618 wherein the instrument is particularly adapted for utilization in a wide variety of 

dental procedures and is especially useful for clinically relating tooth size to existing 

anatomic form. They stated that this caliper can be useful also in Locating the vertical 

position of both Maxillary and Mandibular central incisors. 

Soliman tested the use of divine proportion method versus phonetics and physiologic 

methods in determination of vertical dimension at rest (VDR) on twenty completely 
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edentulous patients. She found that the difference between the VDR determined by 

conventional methods and divine proportion method were significant. She concluded that 

the divine proportion method should be considered as a method of determination of VDR 

(29). The amount of the occlusal opening of the occlusal splint required to produce the 

desired relief of TMD symptoms has not been specifically defined. It has been suggested 

that the occlusal splint opening should not exceed the postural or rest position of the 

mandible (13) 

This study will evaluate the influence of the vertical dimension in the reduction of the 

symptoms of TMD by means of stabilization splints (SS) fabricated at occlusal opening 

of rest position of the mandible registered by divine proportion method (novel method) 

versus conventional swallowing threshold method. 

 

Material and methods 

Following ethical approval, that was granted by Ethical Committee at King Abdulaziz 

University. 16 Saudi male subjects attending a dental Prosthodontics clinic, faculty of 

dentistry, King Abdulaziz University were enrolled. Their age ranged from 35-50 years 

old with signs and symptoms of Temporomandibular joint disorders (TMD) due to 

bruxism. All of them had two or more TMD signs/symptoms identified by two 

experienced dentists. Patients who had previously used an occlusal splint, or showed 

radiographic changes of TMJ, or used removable prosthesis were excluded. Each subject 

gave hers/his written informed consent for participating in this investigation. 

For all subjects, maxillary and mandibular primary impressions were made using a 

reversible hydrocolloid impression material (Aromafine DF III alginate, Japan) in 

modified stock trays. These impressions were poured in plaster to form study casts upon 

which special trays were fabricated in auto-polymerizing acrylic resin (Ostron 100, 

Japan) and final impressions were recorded using polyvinyl silicosan impression 

material. 

The final impression were poured in dental stone and mounted on a semi-adjustable 

articulator ( HanauTM wide-vue, Water Pik Technologies, Inc, Fort Collins, Colo) by 
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using an ear piece face-bow (Hanau; Water Pik Technologies Inc) and centric relation 

record. A full arch mandibular plane occlusal splint (stabilization type) in heat cured 

acrylic ( Acrostone, heat cure transparent, England, UK) was made for each patient over 

the occlusal and incisal surface of the teeth.  

 

 

Figure 1: A full arch mandibular plane occlusal splint (stabilization type). 

The splint was adjusted with the patient in supine position to provide a stable plane 

occlusion in retruded contact position as well as habitual closure, with a possibility of 

smooth gliding in lateral and protrusive excursions. The patients were instructed to wear 

the stabilization splint 3 hours daily and continuously at night for three months. 

Patients were instructed not to take any medications such as tranquilizers or muscle 

relaxants during the period of splint therapy. Moreover, they had been asked not to take 

any sedative drugs during the day of clinical examinations. 

The patients were randomly divided into two equal groups, eight patients each according 

to the fabrication of the stabilization splint at occlusal opening of rest position of the 

mandible registered by divine proportion method versus conventional swallowing 

threshold method. 
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Group I includes eight patients with splint thickness made according to the height of rest 

vertical dimension (VDR) registered by using the divine proportion method where the 

patients were asked to relax while sitting in a comfortable upright position without 

supporting the back or head rest. The VDR was measured by the le divine mean caliper 

(Le divine mean clipper, UK), where the gauge upper two bows are being opened for a 

specific measurement then it automatically opens the third bow. 

The upper first bow will point to the inner canthsus of the eye, the second bow points to 

the ala of the nose and automatically the third bow will open to reach the base of the chin 

(menton) (1:1.618) ( fig 2). 

 

Figure 2: The VDR was measured by the le divine mean caliper. 

 

The resulted measurements of VDR were recorded by measuring the distance between 

two points along the midline of the face using Boley’s gauge in mm. The thickness of the 

splint was made according to the height of the vertical dimension at rest registered by the 

Le divine caliper. 

In group II, eight patients with splint thickness made according to the height of rest 

vertical dimension registered by a conventional method (swallowing threshold) where the 

patients were asked to relax while sitting in a comfortable upright position to swallow 
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and relax without separating the lips. The resulted distance of rest vertical dimension was 

measured using Boley’s gauge in mm for which the thickness of splint was made. 

Clinical examination using Helkimo Dysfunction Index (HDI): 

For all the patients, the index for clinical dysfunction of masticatory system validated by 
Helkimo (30) was obtained to determine the degree of TMD based on the presence of 
five symptoms which were: 

 impaired range of movement of the mandible,  
 impaired function of TMJ,  
 pain on movement of the mandible,  
 muscle pain and 
 pain on palpation of TMJ. 

 
Each of five clinical symptoms were allotted a value if the symptom were present, these 
values were then totaled and categorized into dysfunction levels (none, slight, moderate 
and severe). 

The Helkimo clinical dysfunction index scores were evaluated prior to fabrication of the 
splint, two weeks and three months after use of the stabilization splint therapy to assess 
the degree of TMD. 

 

Results 

Table 1: HDI scores of the patients with TMD due to bruxism at baseline, 2 weeks 
and 3 month after using the SS with its thickness to open the mandible to VDR 

which determined by Divine proportion method 
 

HDI 
 

Baseline After 2 weeks After 3 months 

Divine 
proportion 

   

Range 9.0 – 22.0 2.0 – 8.0 0.0 – 2.0 

Mean ± SD 16.13 ± 4.02 5.0 ± 1.77 0.50 ± 0.76 

Median 16.50 5.0 0.0 

p1  0.012* 0.012* 

p2   0.011* 

 

 

 

 

 

 

p1: p value for Wilcoxon signed ranks test between baseline with each other period 
p2: p value for Wilcoxon Signed ranks test between after 2 weeks and after 2 months 

*: Statistically significant at p ≤ 0.05 
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Table 1 showed the results of the mean scores of Helkimo dysfunction index of 8 patients 
with TMD due to bruxism before using the stabilization splint at base line, 2 weeks and 3 
months after using the splint with its thickness made to increase vertical dimension up to 
RVD determined by divine proportion method. The mean scores of HDI were 
16.13±4.02, 5.0 ±1.77 and 0.50±0.76 respectively. 

         On comparing the mean difference of HDI scores of patients with TMD due bruxism 
before using the stabilization splint, 2 weeks and 3 months after using the splint, the 
results showed that there was a significant difference of reduction of HDI scores after 2 
weeks and 3 months following splint therapy t (p1) 0.012 and t (p2) 0.011 respectively. 

         When  comparing the HDI mean scores 3months after using the splint therapy with HDI 
mean scores 2 weeks after using the splint therapy, there was a significant reduction in 
the amount of dysfunction t(p1).012. 

 

Table 2: HDI scores of the patients with TMD due to bruxism at baseine, 2 weeks 
and 3 month after using the SS with its thickness to open the mandible to VDR 

which determined by swallowing threshold  method. 
 

HDI 
 

Baseline After 2 weeks After 3 months 

Conventional 
method 

   

Range 7.0 – 25.0 2.0 – 16.0 0.0 – 5.0 

Mean ± SD 17.0 ± 5.58 9.38 ± 4.57 2.38 ± 1.77 

Median 17.0 9.0 2.50 

p1  0.011* 0.011* 

p2   0.011* 

 

 

 

 

 

 

 

p1: p value for Wilcoxon signed ranks test between baseline with each other period 
p2: p value for Wilcoxon Signed ranks test between after 2 weeks and after 3 months 

*: Statistically significant at p ≤ 0.05 

 

         Table 2 represented the results of HDI mean scores of 8 patients with TMD due to 
bruxism before using the stabilization splint at base line, 2 weeks and 3 months after 
using the splint with its thickness made to increase vertical dimension up to RVD 
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determined by swallowing method (conventional method). The mean scores of HDI were 
17.0± 5.58, 9.38± 4.57 and 2.38±1.77 respectively. 

The mean difference of HDI scores of all patients was significantly decreased after 2 
weeks and 3 months following  the splint therapy t (p1) 0.011 and t (p2) 0.011 
respectively. 

By comparing the HDI mean scores 3 months after using the splint therapy with the mean 
scores of HDI after 2 weeks of using the splint therapy, there was a significant reduction 
in the amount of dysfunction t(p1)0.011. 

 

Table 3:  Comparison of the HDI scores in patients of the studied groups before and 
after stabilization splint therapy 

 Divine 
proportion 

Group I 

Conventiona
l method 

Group II 
p 

Percentage of 
change 

   

Min. – Max. 90.91 – 100.0 76.47 – 100.0

Mean ± SD 97.46 ± 3.68 87.67 ± 8.74 

Median 100.0 85.83 

0.024* 

p: p value for Mann Whitney test*: Statistically significant at p ≤0.05. 

 

On comparing the percentage of change of HDI scores in the two studied groups before 
using the stabilizing splint (base line) and after three month of wearing the splint, the 
result revealed that the mean difference of HDI scores of the patients in group I was 
97.46 ± 3.68 and for the patients in group II was 87.67 ± 8.74 with a significant 
difference between the two groups (p) 0.024. 

 

Discussion 

Several explanations have been offered for the clinical effectiveness of occlusal splints in 

the reduction of pain and dysfunction associated with the TMJ. Occlusal splints are 

frequently used in bruxism, to protect teeth from damage resulting from the contraction 

force of mandibular muscles, or to reduce the orofacial pain by relaxing masticatory 
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muscles. Moreover, it will compensate for any altering in the vertical dimension of 

occlusion (9.11,19,31). 

Occlusal splints create neuromuscular balance by eliminating occlusal interferences and 

producing a change in the degree of tactile afferent impulses from the periodontal 

proprioceptive fibers (1,6,11,19). In addition, occlusal splints reduce bruxing, an 

important etiologic factor in myospasm that may lead to TMJ syndrome (9,15,32-34). 

Occlusal splints are also believed to improve maxillomandibular relationships and thus 

alter the relationship of the condyle to the fossa (31,35). Furthermore, occlusal splints 

encourage muscular relaxation, with reduces muscle spasm, as evidenced by a decrease in 

EMG activity of the mandibular muscles (1,13,15,18,36,37). 

The hard type stabilization splint was selected in this study for its superior benefit than 

the soft appliance referenced by many authors in previous study who concluded that the 

use of soft stabilization appliances result in occlusal changes( 38), increase pain and 

increase nocturnal electromyographic recordings compared with hard splints.(39) 

There is evidence that there is a relationship between muscle hyperactivity and signs and 

symptoms of mandibular dysfunction. Thus, Vestergaard-Christensen demonstrated that 

in subjects without signs and symptoms of mandibular dysfunction, muscular pain was 

reported in the masticatory muscles 30 min after an experimental grinding and clenching 

exercise (40). Further, Solberg, Clark& Rugh (1975) reported that in subjects with 

habitual bruxism, the nocturnal cumulative EMG activity in the masseter muscles was 

significantly reduced when using an occlusal splint (41).  

Although, it is accepted that occlusal splints are effective in producing neuromuscular 

relaxation and reduction of the symptoms of TMD, the amount of occlusal opening 

required to produce the desired relief of symptoms has not been specifically defined.  

In this study, the occlusal splints were constructed in a way the occlusal splint opening 

increased the VDR position of the mandible which was previously determined by either a 

conventional method (swallow and relax without lip separation) or a (novel method) 

Alammari et al., 2013: Vol 1 (3)                                                ajrc.journal@gmail.com 10



American Journal of Research Communication                               www.usa‐journals.com 

divine proportion method to study the influence of the method of determination of 

vertical dimension of rest on the clinical symptoms of TMD with bruxism. 

Tallgren(42) tested the accuracy of three methods, which are fatiguing the jaw 

musculature, phonetics, and the “no command” method of physical and mental relaxation 

in establishing the vertical dimension of rest position cephalometrically on people with 

normal dentitions. Cephalometric radiographs showed no significant statistical difference 

when comparing these three methods. Since such methods have been used by many 

investigators for determination of VDR (29, 43-47), therefore the divine proportion ratio 

was applied in this study to determine VDR based on facial approximation concept. 

All the selected patients underwent clinical investigation according to HDI to assess the 

degree of TMD before and after the treatment with the stabilization splint. This 

assumption was based on previous studies that showed HDI was an effective aid in 

detecting the severity of TMD on clinical bases. (1,30,48) 

The results of this study revealed significant reduction in the clinical symptoms of 

Helkimo dysfunction index scores after 3 month of wearing stabilization splint in the 

patients of both groups. This result may be attributed to improvement instability of the 

occlusion by elimination of supra and infra occlusal contacts, so increase of the extent of 

occlusal contacts. The results suggested that elimination of occlusal interferences by the 

stabilization splint interrupted the feedback mechanism that supplies the bruxism. This 

finding also indicates that an increase in vertical dimension to the rest position by the 

occlusal splint opening must be considered an important factor in effecting a more rapid 

and more complete remission of TMD symptoms.  

Our study is in agreement with some authors who reported that insertion of a plane 

occlusal splint in patients with signs and symptoms of Craniomandibular disorders with a 

habit of nocturnal bruxism alters the relationship of the mandible and maxilla causing 

changes such as redistribution of forces in the masticatory system. They also said that the 

occlusal splint may have reduced the load on the masticatory muscles in painful regions, 

with a consequent reduction of inhibitory feed-back to the central nervous system 

(11,19). Also, Holmgren et al reported that in patients with signs and symptoms of 
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mandibular dysfunction, the level of EMG activity in all jaw elevator muscles decreased 

significantly during maximal clenching on the occlusal splint. They related their finding 

due to fear of pain and fracturing of the teeth may inhibit patients from performing at full 

capacity (11).  

One might expect that an increase in vertical dimension by SS to the rest position of the 

mandible (VDR) in both groups under study would produce an increase in TMD 

dysfunction. On the contrary, both groups obtained a significant reduction in the 

symptoms of TMD dysfunction after SS wearing for three month. This improvement may 

be due to slight downward condylar displacement as a result of the increase in vertical 

dimension which lessen the pressure in the capsule and the disc. 

This finding agrees with that of Weinberg (49) who concluded that there was a reduction 

in intra-capsular pressure with an increase in vertical dimension because more joint space 

is created and lessens the effects of the increased synovial fluid that accompanies joint 

injury. Pain is therefore reduced because there is less pressure to simulate nerve endings 

in the capsule and the disk. Ramfjord and Blankenship have also confirmed that an 

increase in occluding vertical dimension does not have a pathologic effect on the TMJ     

(50). 

 Although the mean scores of HDI in both groups under investigation in this study 

showed significant reduction in the amount of dysfunction after 3 months, also there was 

a statistical significant difference of the mean score of HDI between both groups after 3 

months of using the SS according to percentage of change. 

The patients in group 1showed more reduction of TMD symptoms than patients in group 

2. This improvement may be due to that the thickness of SS which was fabricated at 

occlusal opening of rest position of the mandible VDR by Divine proportion method was 

more effective in reduction of masticatory muscles disorder which is the most 

commonTMD complaint of the patients seeking treatment. 

Our results were supported by some authors who reported that the Divine proportion 

method relies on mathematical calculations and employs a caliperated guage aligned to 

static anatomical landmarks as references (22,23,29,47,51). 
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This caliper depends on the middle part of the face, which is unchangeable and 

depending on the patient’s rest state that has been found on skeletal evidences (52). The 

current study proved that the use of Divine proportion via golden mean guage is a 

reproducible, mathematical and objective method which should be used to establish rest 

vertical dimension to adjust the occlusal thickness of SS rather than depending on 

swallowing threshold method. 

 

Conclusion 

In patients with signs and symptoms of TMD syndrome due to bruxism, a plane occlusal 

splint (stabilization splint) with occlusal opening up to the VDR could produce relief of 

symptoms of TMD and interrupt the feed-back mechanism that lead to the bruxism. The 

temporary use of stabilization splints with occlusal opening not exceeding the rest 

position of the mandible (VDR) did not encourage muscular hyperactivity and more 

effective for treatment of signs and symptoms of TMD. The difference between VDR 

determined by Divine proportion method and conventional swallowing threshold method 

in dentulous patients with TMD due to bruxism was statistically significant. The divine 

proportion method gives consistent measurement and should be considered a reliable 

method for determination of VDR especially in TMD persons. 
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