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relations during treatment, including lack of mandibu-
lar coordination2. Incorrect horizontal jaw relations can 
induce several problems, such as soreness, ill-fitting 
final dentures, and possibly an inability to masticate or 
speak. In clinical settings, remounting casts tend to be 
used to check the horizontal jaw relation; however, cast 
remounting is time-consuming and, if done improperly, 
requires another relation record appointment with the 
patient. Thus, a test was created to check the horizontal 
jaw relation by measuring consistent anatomical land-
marks in the oral cavity and then determining its accur-
acy. The test aims to help to determine if the horizontal 
jaw relation records are accurate immediately after being 
obtained prior to wax try-in.

The human oral cavity is typically symmetrical and 
has several anatomical structures that remain unchanged 
even in the event of tooth loss2,3. Two examples of this 
constancy are the mandibular retromolar pad and ptery-
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Objective: To verify horizontal jaw relations using anatomical marks on a cast and evaluate 
the efficiency and accuracy of the test on checking the horizontal relation.
Methods: A total of 200 patients with a loss of posterior occlusion were recruited. After casts 
were made and the horizontal jaw relation was recorded, the pterygomaxillary notch and 
retromolar pad were identified bilaterally on the maxillary and mandibular casts. On each 
cast, a vertical line was drawn to bisect the anatomical landmarks and the distance between 
the two vertical lines was measured. Using the result of the wax try­in appointment and the 
corresponding measurements, a diagnostic test was conducted. A receiver operating curve 
was created and the maximum horizontal distance between bisecting points that still obtained 
correct jaw relations was determined to be a criterion. The accuracy of the test to verify hori­
zontal jaw relations was evaluated.
Results: The area under the curve of the receiver operating curve was 0.833 (P < 0.05). With 
a maximum Youden index, the d value threshold was 1.0 mm. Using 1.0 mm as a criterion to 
check the horizontal relation, the sensitivity of the test was 0.76 and the specificity was 0.93. 
The kappa value for different researchers was calculated to be 0.79 (P < 0.05). The intra­
examiner 1 reliability gave a kappa value of 0.76 (P < 0.05), and intraexaminer 2 gave a value 
of 0.81 (P < 0.05).
Conclusion: The test for verifying the accuracy of horizontal jaw relations is reliable. If hori­
zontal distance is measured as greater than 1.0 mm at the jaw relation record appointment, the 
recorded horizontal jaw relationship may be wrong and need to be reexamined.
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During the fabrication of complete dentures, it is crit-
ical to determine the horizontal jaw relation accurately1. 
Many factors can affect the recording of correct jaw 
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gomaxillary notch. When the correct horizontal jaw 
relation is established, the pterygomandibular ligaments 
are symmetrical2. The centre of the retromolar pad and 
the pterygomaxillary notch are two anatomical markers 
that are simple to identify in patients and tend to be 
symmetrical in the oral cavity. These landmarks have 
been adopted in jaw relation appointments to fabricate 
complete dentures and have seen success in clinics. This 
study assessed the use of the relationship between the 
retromolar pad and the pterygomaxillary notch to check 
the horizontal jaw relation immediately after recording.

Materials and methods

Subjects

A total of 200 patients were recruited from the Peking 
University School and Hospital of Stomatology (83 men 
and 117 women, mean age 70.28 ± 9.21 years old) from 
June 2015 to July 2016.
The inclusion criteria were as follows:
• patients whose molars and premolars had no stable 

occlusion, including complete and partially edentu-
lous;

• patients seeking removable denture treatment.
The exclusion criteria were as follows: 
• patients with severe disease who could not tolerate the 

jaw relation process;
• patients who desired implant-retained prostheses;
• patients whose retromolar pad or pterygomaxillary 

notch location was ambiguous. 
The clinical trial was approved by the Institional Ethical 
Board. Informed consent was obtained for all patients 

prior to starting the procedures (ethical batch number: 
2015-06-22-02).

Study procedure

A functional impression was taken using secondary 
impression techniques. Impression compound (NK, 
Shanghai Rongxiang Dental Material, Jiangxi, China) 
and alginate impression material (Kulzer, Hanau, Ger-
many) were used to take the primary impression. The 
final impression was made using an individual impres-
sion tray (Lightplast Base Plate, Dreve, Unna, Germany) 
and alginate impression material. Master casts were fab-
ricated using beading and boxing and poured with dental 
stone (Kulzer). 

Thirty dental practitioners recorded horizontal jaw 
relations using their preferred method and documented 
their process. The dental practitioners had been trained 
in the methods they used. One used gothic arch tra cing 
and recorded 15 jaw relations, 19 used swallowing 
methods and obtained 144 jaw relations, and 10 used 
natural chewing methods and recorded 41 jaw relations. 
Vertical jaw relations were determined by individual 
patient facial dimensions and verified with phonetics 
and facial expression. 

Before checking the horizontal jaw relations, casts 
must be trimmed uniformly. The base of the cast must 
be parallel with the occlusal plane, and the thickness 
of the base should be greater than 1.0 cm. The lateral 
planes were orientated vertical to the cast base. 

Lines were traced onto the casts to mark anatomical 
landmarks. The centre of the pterygomaxillary notch 
was identified bilaterally on the maxillary cast and 
these points were connected with a single line extend-

Fig 1  Line A traced on the maxillary cast. Fig 2  Line B traced on the mandibular cast.
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ing to the edge of the posterior lateral plane (Fig 1, line 
A). This process was then repeated on the mandibular 
cast using the superior point of the centre of the retro-
molar pad (Fig 2, line B). From the two points on the 
bilateral edges of the maxillary cast, two vertical lines 
(Fig 3, line A) were drawn on the posterior lateral wall 
to the underside of the maxillary cast. Then, a second 
vertical line (Fig 3, line A’) was traced vertically from 
the midpoint between the bilateral line A on the poster-
ior wall vertical to the underside of the maxillary cast. 
Then, a second vertical line (Fig 3, line B’) was traced 
in a similar fashion on the mandibular cast. Maxillary 
and mandibular casts were placed in position using the 
clinically obtained horizontal jaw record with fabri-
cated denture bases and wax rims. Then, line B’ was 
lengthened to the maxillary cast with a triangular ruler 
and the horizontal distance (d) was measured from line 
A’ to line B’ (Fig 4) with a Vernier calliper (MNT-150, 
MNT, China) (Fig 5).

Thirty casts and records were randomly selected 
from the original 200 patients. All casts were traced and 
measured separately by two different researchers and by 
the same researcher twice.

Artificial teeth were arranged in proper occlusion 
and a wax try-in was completed. The vertical dimension 
established during the original jaw relation appoint-
ment was assumed to be correct. Centric occlusion was 
verified by intercuspation of all denture teeth when rims 
were placed in the mouth. The patient was instructed 
to close their mouth and was observed as the mandible 
was pulled back into centric relation for the very first 
contact of the teeth with no deflection or reversing; this 
was recorded as a successful result4,5. A failure was 
recorded if contact was made prematurely to returning 

to centric relation. Failure indicated that the original 
horizontal relation record was wrong and needed to be 
rerecorded for the patient. 

Sex, age, horizontal jaw relation methods, d value 
and results of the diagnostic test were recorded. To 
protect patient data, names were recorded using serial 
numbers and sex was recorded as 1 for male and 2 for 
female. Methods of determining the horizontal jaw 
relation were recorded as 1 for the gothic arch tracing 
method, 2 for swallowing methods, and 3 for natural 
chewing methods.

Data processing

SPSS (version 23.0, IBM, Armonk, NY, USA) was used 
for data processing. The level of significance was set at 
0.05. The effect of sex, age and different researchers with 
their preferred jaw relation recording methods on the wax 

Fig 3  Drawing the middle line of lines A and B (lines A’ and 
B’, respectively).

Fig 4  Lengthening line B’ on the maxillary cast.

Fig 5  Measuring distance between line A’ and line B’.
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try-in result were calculated using a chi-square test. A 
receiver operating curve (ROC) was then created to test 
the efficiency of d values as a reflection of the accuracy 
of the original clinical horizontal record and determined 
the threshold of d values that could be used to check the 
horizontal record by calculating the Youden index. The 
sensitivity and specificity of this threshold distance were 
calculated to check the accuracy of the clinical horizontal 
jaw relation records. The kappa values for interexaminer 
and intraexaminer reliability were calculated.

Results

Homogeneity of variance analyses

There were no differences in wax try-in result between 
groups based on age (P = 0.121) or sex (P = 0.614), as 
confirmed by homogeneity of variance analyses.

Usage of different methods to obtain jaw relation 
records

The results of applying different methods to determine 
jaw relation are presented in Table 1. Records were 
obtained successfully in 100.0% of cases when gothic 
arch methods were utilised, 76.9% of the time using 
swallowing methods, and 82.8% of the time using nat-
ural chewing methods. There were no significant differ-
ences (P = 0.166) between the methods used.

Efficiency of the test to check the accuracy of clinical 
horizontal jaw relation records and the d value thresh­
old to verify horizontal relations

The recorded d values showed a deviation from the mid-
line and were used to test the accuracy of the recorded 
horizontal jaw relations. The ROC was drawn to evaluate 
the competency of the test with the area under the curve 
(AUC) calculated at 0.833 (P < 0.05). After calculating 
and finding the maximum Youden index, a d value of 
1.0 mm was the proper threshold value and the Youden 
index was 0.69. In other words, 1.0 mm was a criter-
ion to check the horizontal jaw relation. When d values 
were higher than 1.0 mm, the results were recorded as 
positive, whereas when they were lower than or equal to 
1.0 mm, the results were recorded as negative. A com-
parison of the wax try-in results (success or failure) and 
d value results (negative or positive) for coordinating 
casts is presented in Table 2. The sensitivity of d values 
for evaluating the wax try-in result was 0.76 and the 
specificity was 0.93.

Internal consistency among different researchers

The kappa value for interexaminer reliability was 0.79 
(P < 0.05). The kappa value for intraexaminer 1 was 
0.76 (P < 0.05), and 0.81 for intraexaminer 2 (P < 0.05).

Discussion

In clinical practice, many dental practitioners find it dif-
ficult to determine jaw relation once posterior vertical 
stops have been lost. Incorrect recording of jaw relation 
can result in prosthesis rejection, causing frustration 
for patients and clinicians6. Several methods can be 
employed to determine horizontal jaw relation7-9, but 
these require patient cooperation and consistency in jaw 
movements to obtain a centric relation. Furthermore, 
these methods are subject to the dental practitioner’s 
experience with removable prosthodontic procedures. 
Jaw relation was frequently incorrectly recorded in 
student clinics, increasing the risk of ill-fitting den-
tures after processing. In this study, the incidence of 
incorrect horizontal jaw relations in all patients was 
16%. Greater success was achieved using the gothic 
arch tracing method; however, the difference between 
all the methods used to record the horizontal jaw rela-
tion in this study was not statistically significant. The 
gothic arch tracing method requires more training to 
master and recorded different degrees of accuracy in 
different studies1,10-12. The method involving use of the 
retromolar pad and pterygomaxillary notch to check the 
horizontal jaw relation can help spot errors in advance, 
increasing efficiency in the clinic and simplifying the 
wax try-in appointment. 

In dentate patients, most oral structures are bilateral 
and in similar locations within the arch. When a centric 
relation is obtained, the position of the condyles is 
symmetrical and concentric, independent of any tooth 
contact13,14. The masticatory muscles and ligaments 
support the position of the condyles bilaterally, includ-
ing the pterygomandibular ligament. The retromolar 
pad and pterygomaxillary notch are landmarks that are 
always bilaterally present on the mandible and max-
illa, respectively, and are rarely affected by tooth loss2. 
Because there is generally little deviation in bilateral 
anatomical points, a point that horizontally bisects the 
pterygomaxillary notch and retromolar pad on the cast 
should be aligned if a vertical line is drawn to connect 
them. Thus, both of these landmarks were traced bilat-
erally on maxillary and mandibular casts of edentulous 
patients and the horizontal distance of the bisecting 
points was measured when the casts were articulated. 
If the horizontal measurement was large, the mandible 
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might not be correctly aligned with the maxilla, result-
ing in premature tooth contact during the wax try-in.

An ROC was created to examine the effect of 
d  values compared to the results of the wax try-in 
appointment. The AUC was 0.833 (P < 0.05), suggest-
ing that d  values were effective for verifying horizontal 
jaw records. The Youden Index was then calculated 
from the ROC to find the range of d values that could 
best be used to check the accuracy of recorded horizon-
tal mandibular positions. The maximum d value was 
determined to be 1.0 mm; cast measurements greater 
than this limit were more likely to be incorrect and 
require new clinical jaw relation records to be taken. 
Using 1.0 mm as the threshold for success, the sensitiv-
ity and specificity of our test for predicting a successful 
wax try-in appointment were calculated. The sensitivity 
was 0.76 and the specificity was 0.93. When the result 
of the test was positive, the possibility of failure of the 
wax try-in was very high, making it necessary to deter-
mine the horizontal jaw relation again. If the jaw rela-
tion was found to be incorrect prior to arrangement of 
the teeth, this would reduce the overall treatment time 
and human cost. The sensitivity was not very high. If 
a false positive result was recorded, the relation would 
need to be recorded again, but this would not increase 
the visit time. If the result was positive twice, it might 
be considered as a false positive result.

A false positive result could appear in certain condi-
tions. The test was based on the symmetrical position 
of the anatomical marks on the cast. If the patients’ 
alveolar crest and centre of the pterygomaxillary notch 
and retromolar pad was highly deflective, a false posi-
tive result might be recorded. A false negative result 
might also arise. As the d value showed the right and 
left position of the horizontal relation, if the mandible 
was only protruded with no deflection, the result would 
be a false negative. Mandibular protrusion can occur 
in patients who have lost their posterior teeth and who 

have chewed only with their anterior teeth for a long 
time. The method was therefore not suitable for all 
patients, and this was a limitation of the test.

In the test, it was important to trim the cast prior to 
measuring. The d value was used to evaluate positive or 
negative results. The distance between lines A’ and B’ 
was the midline of the bilateral lines A and B. As lines 
A and B were vertical to the base on the side of the cast, 
if the base of the cast was not parallel with the occlusal 
plane, it was difficult for lines A’ and B’ to bisect the 
maxillary and mandibular casts, and as a result the d 
values were not accurate. It was preferable to mount the 
cast on an articulator, if one was available, to make the 
cast plane more stable when measuring.

Digital technology is becoming increasingly popular, 
and it may be widely used in complete denture treatment 
in the future15. However, it is essential to check the 
jaw relation prior to tooth arrangement. Theoretically 
speaking, this method can also be incorporated into 
the digital fabrication of complete dentures. As digital 
technology has started to render accurate complete-
arch scans and digital articulators can be used, com-
puter programs could measure anatomical landmarks 
with greater accuracy. Jaw relations could be verified 
automatically prior to fabrication and thereby decrease 
processing errors. However, studies of methods used 
to check the horizontal jaw relation in digital denture 
design are currently lacking.

Conclusion

The test using pterygomaxillary notches and retromolar 
pads on casts to check horizontal jaw relation is reliable. 
If horizontal distance is measured as greater than 1.0 mm 
at the jaw relation record appointment, the recorded hor-
izontal jaw relationship may be wrong and need to be 
reexamined.

Table 1  Results of different methods used to determine jaw relation.

Result Gothic arch methods Swallowing methods Natural chewing methods 
Success, number of cases 15 117 35
Failure, number of cases 0 27 6

Table 2  Relationship between the wax try-in appointment and d values. When the d value was higher than 1.0 mm, the results were 
positive; when it was lower than or equal to 1.0 mm, the results were negative. When the outcome of the wax try-in was correct, the 
result was successful; when it was incorrect, the result was a failure.

Result Positive Negative
Success 12 155
Failure 25 8
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