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Abstract.
BACKGROUND: In the absence of contraindications to implants, implant repair is the preferred method to treat mandibular
second molar loss.
OBJECTIVE: To compare the clinical effects of a traditional implant guide and digital implant guide in the early implant
restoration of second molars.
METHODS: The study included 35 patients with second molar loss randomly divided into two groups. Eighteen patients in the
experimental group had an implant procedure using a computer-aided design/computer-assisted manufacturing (CAD/CAM)
digital implant guide, and 17 patients in the control group had the procedure using a traditional film pressing implantation guide.
Then, the surgical procedure was completed using the two different implant guides. At 3 months after surgery, four parameters
including screw hole exit position, coronal deviation of the implant site, disease improvement rate, and clinical effects, which
included marginal adaptation, anatomic form, marginal discoloration, postoperative sensitivity, surface roughness, and secondary
caries of the upper prosthesis were compared between the two groups.
RESULTS: The screw hole exit position in the experimental group was directed to the functional cusp of the opposite jaw, and
there was a statistically significant difference between the two groups. There was no statistically significant difference in the
rate of disease improvement and the clinical effect of the upper prosthesis between the two groups. There was no statistically
significant difference in the bilateral coronal deviation and deviation direction of implants in the two groups. The bilateral coronal
deviation of the experimental group was smaller than that of the control group.
CONCLUSION: The digital implant guide can effectively reduce the deviation of the screw hole and the upper prosthesis in the
restoration of the second molar. The prosthesis used in the experimental group had a good clinical outcome, which provides a
theoretical basis for the restoration of the posterior molar.
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1. Introduction

Second molar loss is common, and its restoration methods mainly include removable partial den-
ture repair, single-end fixed repair, fixed-removable repair, and implant repair [1]. In the absence of
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contraindications to implants, implant repair is the preferred method to treat mandibular second molar
loss [2]. Using an implant guide can ensure accurate positioning during the implant operation, which is the
foundation of functional and aesthetic restoration [3]. Implant guides mainly include the traditional film
pressing implantation guide and the digitized computer-aided design/computer-assisted manufacturing
(CAD/CAM) guide. The traditional method has some errors because the matching accuracy between
the model and the tooth may not be good enough. Moreover, in the process of implantation surgery, if
the retention of the guide plate is unstable, it would be difficult for the surgeon to get implant location
accurately and avoid other problems. The digital guide captured images with a digital scanning probe and
digital image of jaw, followed by computer-aided design/computer-aided manufacturing. The occlusal
contact and other aspects of measurement data accuracy are obviously higher than with the traditional film
pressing implantation guide, so the application of digital guide plate is becoming more frequent [4–6].

At present, most studies focus on the aesthetic repair of missing anterior teeth [7,8]. However, the
posterior teeth, as occlusal functional teeth, are also important. Early implant repair treatment can shorten
the healing period for implants and resolve the situation of missing posterior teeth, so the chewing
function is regained as soon as possible [9–11]. However, it is difficult to obtain better initial stability
and guarantee the effect of later repair because of the thin bone wall encountered during early repair.
Therefore, it is necessary to find a more appropriate implant aid in such cases, but there are few studies
on this. This study aimed to find a more appropriate method of implant guidance for the early repair of
posterior molar loss and to provide a more comprehensive theoretical basis for clinicians to compare
the effect of a dental support implant guide obtained by the traditional film pressing method and the
CAD/CAM production method in the early implant restoration of second molars.

2. Materials and methods

2.1. Basic information

From March 2019 to March 2021, the Stomatology Department of Nanfang Hospital selected 35
patients, aged 18–79 years old, who were scheduled to receive early implant repair treatment of second
molars. They were divided into experimental and control groups by a random number table. There were
18 patients (11 male and 7 female) in the experimental group with a mean age of 51.78 ± 11.41 years,
and 17 patients (9 male and 8 female) in the control group, with a mean age of 47.06 ± 10.83 years.

2.2. Inclusion and exclusion criteria

Inclusion criteria were as follows: 1) the missing teeth were all second molars, and the adjacent tooth
(the first molar) had no loosening; 2) opposite teeth were retained; 3) there were no systemic diseases
or contraindications for dental implants; 4) the bone wall of the alveolar fossa was intact at the dental
implant site; 5) there was no acute inflammation such as periodontitis and periapical periodontitis in the
implant area; 6) the mouth opening degree was normal, i.e., the index finger, middle finger, and ring
finger could be placed vertically between the cutting edge of the upper and lower incisors (about 4.5 cm);
7) 8 weeks after tooth extraction, patients were suitable for implant repair.

Exclusion criteria included severe bone loss, smoking, alcoholism, drug abuse, or mental illness.

2.3. Materials and equipment

The materials and equipment included an intraoral scanner (3Shape, Copenhagen, Denmark), silicone
rubber (DMG Silagum, Hamburg, Germany), alginate (Heraeaus Kulzer, Hanao, Germany), chair-side
CAD/CAM cutting machine (Sirona, Ponzheim, Germany), implant (Astra Tech, Dentsply, Pennsylvania).
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2.4. Methods

Experimental group
1) Digital internal impression: Images were captured with a 3Shape TRIOS scanning probe to obtain

the surface morphology of teeth, gums, and other tissues in the oral cavity.
2) Digital image of jaw: Cone beam computed tomography (CBCT) was taken before surgery and a

3D jaw model was reconstructed after image acquisition.
3) Producing digital guides: The CBCT image data and oral scanning data were imported into the

digital guide design software to simulate the implantation position, direction, and depth of the
implant, and the digital guide was produced by the technician.

Control group
1) Silicone rubber was used to make an oral model. After the model was disinfected, a diagnostic wax

model was made in the missing tooth area and then duplicated by a plaster cast.
2) The missing teeth were arranged on the plaster model, and the guide plate prototype was pressed in

a vacuum press using a transparent resin mold.
3) The prototype guide was placed on the model without diagnostic wax. Holes were made at the

designed implant site by using a low-speed handpiece. A metal catheter was inserted into the hole
and fixed with resin.

After the two groups of guide plates were fabricated, preoperative examination was required to check
whether the guide plates were completely in place and whether there was any warping in the mouth.
Then, the implant location and implant type (Astra Tech, Dentsply Sirona, Sweden) was determined
on the CBCT three-dimensional image. Patients in both groups underwent implantation using the two
implant guides, and 3 months after surgery, silicone rubber implant impression and screw fixation were
performed for permanent repair. CBCT was taken to measure the deviation and deviation direction of the
crown between the actual penetration position and the proposed position of the implant. In the whole
treatment process, the same experienced and standardized trained nurse completed the model preparation
and perfusion, the same experienced and standardized trained surgeon performed the implant operation
and prosthesis insertion, and the same technician made the digital guide plate and prosthesis.

2.5. Evaluation indicator

2.5.1. The crown was reserved for screw holes
We assessed whether the crown screw hole position was directly in line with the lingual functional cusp

of the opposite jaw.

2.5.2. Deviation and deviation direction of the crown after implantation
(1) Deviation: The distance between the midpoint of the actual exit site of the implant and the midpoint

of the exit site designed before surgery.
(2) Deviation direction: Starting from the midpoint of the exit site of the implant designed before

surgery, X and Y axes (red lines) were drawn to create four quadrants, the proximal tongue,
proximal buccal, distal tongue, and distal buccal quadrants, which were successively abbreviated as
ML, MB, DL, and DB quadrants. At the end of the operation, the midpoint of the actual exit point
of the implant was recorded in the appropriate quadrant. The number of cases in each quadrant was
recorded.
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Table 1
Modified USPHS criteria

Category Rating
criteria Description

Marginal adaptation Alfa (A) Restoration adapts closely to the tooth structure; there is no visible crevice
Bravo (B) There is a visible crevice, the explorer will penetrate, without dentin exposure
Charlie (C) The explorer penetrates into crevice in which dentin or the base is exposed

Anatomic form Alfa (A) Anatomic form ideal
Bravo (B) Restoration is undercontoured, without dentin or base exposure
Charlie (C) Restoration is undercontoured, with dentin or base exposure; anatomic form is

unsatisfactory; restoration needs replacement
Marginal discoloration Alfa (A) No marginal discoloration

Bravo (B) Minor marginal discoloration without staining toward pulp, only visible using
mirror and operating light

Charlie (C) Deep discoloration with staining toward pulp, visible at a speaking distance of
60 to 100 cm

Surface roughness Alfa (A) As smooth as the surrounding enamel
Bravo (B) Rougher than surrounding enamel; improvement by finishing is feasible
Charlie (C) Very rough, could become antiesthetic and/or retain biofilm; improvement by

finishing is not feasible
Postoperative sensitivity Alfa (A) No postoperative sensitivity

Bravo (B) Short-term and tolerable postoperative sensitivity
Charlie (C) Long-term or intolerable postoperative sensitivity; restoration replacement is

necessary
Secondary caries Alfa (A) No active caries present

Charlie (C) Active caries is present in contact with the restoration

2.5.3. Comparing the clinical effect difference between the two groups
Three months after the implant operation, when the upper prosthesis was applied to the patient, the

clinical effect was evaluated among three different grades. 1) The patient was cured: the chewing ability
of the patient was restored after the treatment, and the tooth occlusion was normal. 2) Improvement:
improved chewing ability, slightly abnormal occlusion of teeth, not affecting eating. 3) Invalid: no
improvement in mastication, abnormal occlusion, disease, improvement rate: cure rate + recovery rate.

2.5.4. Fixed body insertion effect
According to the evaluation criteria of the United States Public Health Service [12], the marginal

adaptation, anatomic form, marginal discoloration, surface roughness, postoperative sensitivity and
secondary caries of the two groups of prosthetics were evaluated by another surgeon who was not
involved in the guide plate design and implantation process (Table 1).

2.6. Statistical analysis

All data were analyzed by the SPSS 20.0 software package. An independent sample t-test was used
for comparison of measurement data between the two groups, and the Chi-square test was used for
comparison of counting data. P < 0.05 was considered statistically significant.

3. Results

3.1. Baseline comparison

There were no significant differences between the experimental group and the control group in gender,
age, and the number of bilateral second molars, and the results were comparable (Table 2).
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Table 2
Comparison of baseline data between the two groups

Experimental group Control group χ2/t P

Age 51.78 ± 11.41 47.06 ± 10.83 1.254 0.219
Gender 11/7 9/8 0.238 0.625
Left first molar 10 10 0.038 0.845

Table 3
Contrast the position of screw retainer holes

Experimental group Control group χ2 P

18/0 13/4 4.782 0.045

Table 4
Comparison of coronal deviation between the two groups

Group Side Sample volume Deviation (mm)
Experimental group L 10 0.95 ± 0.17

R 8 0.94 ± 0.16
Control group L 10 1.85 ± 0.26

R 7 1.74 ± 0.32

Fig. 1. The design map of implant sites.

3.2. The exit positions of screw retainer holes

The exit positions of the experimental group were all directed to the functional cusp of the opposite jaw.
The exit positions of screw retainer holes in the two groups were compared and statistical significance
was found (Table 3).

3.3. Comparison of coronal deviation after implantation between the two groups

There was no statistically significant difference in left and right coronal deviation between the two
groups. The deviation on both sides in the experimental group was significantly smaller than that of the
control group (Table 4 and Figs 1 and 2).

3.4. Comparison of coronal deviation after implant insertion

In the experimental group, the direction of deviation after implantation was mostly mesial. In the control
group, the deviation direction was mostly buccal but there was no statistically significant difference
between the two groups. The results are shown in Table 5.
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Table 5
Comparison of coronal deviation direction between the two groups

Group Left side Right side χ2 P

Experimental group Mesiolingual (ML) 1 1 0.257 0.968
Mesiobuccal (MB) 4 3
Distolingual (DL) 2 1
Distobuccal (DB) 3 3

Control group Mesiolingual (ML) 3 2 0.151 0.985
Mesiobuccal (MB) 4 3
Distolingual (DL) 2 1
Distobuccal (DB) 1 1

Table 6
Comparison of the clinical effect in two groups

Group Cure Improved Invalid improvement rate χ2 P

Experimental group 16 2 0 100% 0.949 0.402
Control group 13 4 0 100%

Fig. 2. Comparison of coronal deviation between the two groups.

3.5. Comparison of the clinical effect difference

There was no statistically significant difference in the improvement rate between the experimental
group and the control group (P > 0.05), and the results are shown in Table 6.

3.6. Comparison of prosthesis effect

The clinical evaluation of the prosthesis at 1 week after insertion showed that there was no statistically
significant difference between the two groups in terms of six aspects of the prosthesis (Table 7).
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Table 7
Effect evaluation of prosthesis in two groups

Category Experimental group,
n (%)

Control group,
n (%) X2 P

Marginal adaptation 0.305 1.000
A 16 (88.9) 16 (94.1)
B 2 (11.1) 1 (5.9)
C 0 0

Anatomic form 0.305 0.658
A 16 (88.9) 14 (82.4)
B 2 (11.1) 3 (17.6)
C 0 0

Marginal discoloration 0.172 1.000
A 16 (88.9) 16 (94.1)
B 2 (11.1) 1 (5.9)
C 0 0

Postoperative sensitivity – –
A 18 (100) 17 (100)
B 0 0
C 0 0

Surface roughness 0.305 1.000
A 15 (83.3) 15 (88.2)
B 3 (16.7) 2 (11.8)
C 0 0

Secondary caries – –
A 18 (100) 17 (100)
C 0 0

4. Discussion

Accuracy is of great significance for a long-term and stable implant repair effect. Inaccurate implantation
will create great difficulties in the implant repair for upper teeth, such as difficulty in emplacement caused
by non-parallel implants when multiple implants are implanted, in implant arrangement, and aesthetic
impact of the exposed implant or abutment metal [13,14]. The implant guide plate can accurately transfer
the repair-oriented implant design during surgery, and at the same time, it can also take into account jaw
anatomical conditions, which can ensure more accurate implant implantation [15]. It can not only improve
the accuracy of surgery but also improve the reliability predicting the repair effect [16]. At present,
according to the different production methods, fabrication of planting guide plates includes the traditional
pressing mold method and CAD/CAM method [17]. The traditional implant guide is mainly made of
resin, which has the advantages of lower cost and easier production compared with the CAD/CAM
guide [18]. Existing studies have pointed out that in complex cases, using traditional guide plates made of
resin has great limitations [19,20]. Although they can better guarantee the implant superstructure, the 3D
anatomical structure information on bone tissues in the implant area is not taken into account, and their
implantation accuracy is lower than that of digital implantation guide plates [21,22]. The application of a
digital implant guide plate allows full consideration of the internal anatomy of the jaw and avoids damage
to important anatomical structures, such as the inferior alveolar neural tube and maxillary sinus [23].

In recent years, some studies have reported that at 4–8 weeks after tooth extraction, a large amount of
the alveolar crest has not been absorbed [24,25]. In order to prevent excessive absorption of alveolar bone
and obtain a good aesthetic effect later on, early implantation is encouraged [26]. During this period after
implantation, the healing of the extraction wound can occur simultaneously with the osseous bonding
of the implant, which can effectively prevent the absorption of alveolar bone and the loss of keratinized
gingiva, and it is of great significance in obtaining a good aesthetic effect later [27]. However, because
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of the thin bone wall of the extraction socket, it is difficult to control the angle of the drilling needle
after positioning in early implantation cases. Using an implant guide plate can help surgeons perform the
implantation operation more accurately.

At present, researchers mainly focus on the aesthetic repair of anterior teeth in the early implant
repair [28]. So far, there are no other studies of any differences in implant effect when the two types of
guides are applied to the second molar area similar to the experimental design and verification carried
out in this study. As Table 3 shows, the exit positions of reserved screw holes in the upper part of the
experimental group were all in alignment with the corresponding functional cusp, while in the control
group, there were four cases with a relatively large deviation, with statistical differences between the
two groups. This is also related to unstable fixation when using the traditional implant guide plate. The
implant drill is susceptible to producing deviation and reversing to the alveolar bone on the side with less
resistance, which easily leads to the implant position deviation, thus affecting the stability of the implant
and the later repair effect. In this study, the preoperative design of the digital implant guide plate was
accurately transferred during the intraoperative stage, with only a small deviation in the 3D direction.
When the upper prosthesis was implanted, the design of the prosthesis was basically the same as that of
the tooth, and the occlusal relationship between the maxilla and mandible was stable. Therefore, when
using the traditional guide plate, the final screw hole position of the prosthesis in some cases was biased
to the buccal lingual or buccal palatal side of the maxillary functional cusp, which was not conducive to
the recovery of occlusal function in later stages and may have adverse effects on the subsequent recovery
of occlusal function.

Tables 4 and 5 compare the post-insertion deviation and deviation direction of the prosthesis in the two
groups, and the results show that the digital guide plate had little influence on the deviation direction and
deviation. When the traditional guide was applied to the second molars in patients with early repair, the
retention of the traditional guide plate was not stable because of the limited degree of mouth opening.
Thus, the coronal deviation of the control group was not affected by the position. However, the coronal
direction deviation of the upper implant crown in the digital guide group was lower than that in the control
group, because the application of the digital guide allowed the surgeon to fully consider the internal
anatomy of the jaw, and the implantation was highly accurate, thus having little influence on the upper
implant deviation. In the control group, deviations were inclined to the mesial side, because the bone
density was low during the early repair of the second molars and the traditional guide plate had poor
control over the direction of the drill needle root, which was greatly affected by mouth opening and bone
density. After positioning the drill, it was difficult to control the direction and depth of the expansion
step by step. However, the digital guide plate can help in accurately locating the implant site, but the
control of degree of the direction is limited, and it is greatly affected by bone mineral density. Therefore,
the deviation direction of the experimental group in Table 5 is presented as buccal deviation with low
buccal lateral deflection, and whether the deviation occurred on the left or right side had no obvious
influence on the results. These results indicate that in early implantation cases, the digital guide plate has
a significantly better outcome than the traditional guide plate for later crown restoration, especially for
controlling crown deviation.

As can be seen in Table 6, the disease improvement rate in both groups was 100%. After implant
repair treatment, the masticatory function of both groups was improved, and the tooth occlusion was
basically normal. This is because using an implant guide can help ensure accurate positioning, including
the position angle and depth of implantation, thereby achieving better clinical effects in the later repair
of the upper part of an implant. Table 7 compares the clinical effects in the two groups of patients 1
week after the prosthesis was implanted. There was no statistical difference between the two groups in
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terms of the marginal adaptation, anatomic form, marginal discoloration, surface roughness, postoperative
sensitivity, and secondary caries. Currently, many studies have recommended the use of an implant guide
plate to assist implant implantation in the anterior tooth area. The results of this study proved that both
traditional and digital guide plates can achieve good clinical effects for patients in early restoration of
second molars. Therefore, patients with early repair in the posterior dental area can achieve better results
with the assistance of an implant guide.

At present, digital processing technology is becoming increasingly mature and is being widely used in
the field of dental implantation. The precision of the implant location and depth after using an implant
guide is one of the research hotspots in dental implants. The digital implant guide reduces the risks in
implantation surgery and improves its success rate. However, at present, most researchers focus on the
application of a digital guide plate for the anterior teeth. The results of this study showed that the digital
guide plate plays an important role in cases of dental implant support in the early repair of the posterior
teeth. The research team of this project also focused on the clinical restoration effect in patients with
early implantation of the second molars, explored the role of the digital guide plate, and described a more
appropriate guide plate method in the early implantation of posterior teeth. Thus, it is recommended to
use a digital guide plate in such cases.

Complex conditions such as bone grafting or maxillary sinus lift were not included in this study. We
intend to do further research to provide a greater theoretical basis for clinical application.

5. Conclusion

In the cases of dental implant support in the early repair of the posterior teeth, the digital implant guide
can effectively reduce the deviation of the screw hole and the upper prosthesis in the restoration.
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