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Abstract
Patients: A 56-year-old man with a left-sided cleft lip and palate was referred to our department due to mastication and
speech difficulties. His existing prostheses have become unstable owing to changes in the remaining dentition over 10
years. For the fabrication of the new interim maxillofacial prostheses, a digital impression technique was selected as the
conventional technique posed medical risks due to hypermobile teeth and maxillary defects. New interim maxillofacial
prostheses were fabricated using a combination of the digital impression technique and a bite-seating impression, per-
formed with trial prostheses and impression material. The patient has been using the new interim prostheses comfortably
since delivery. The oral functional evaluation yielded favorable results.
Discussion: Patients with cleft lip and palate should use their existing maxillofacial prostheses during the fabrication
of new ones, even if they are of suboptimal quality. Although addressing these issues using conventional techniques is
challenging, digital technology provides a viable solution. However, impression material is essential for capturing muco-
sal defects and complex anatomy in cleft lip and palate cases; therefore, digital data should be supplemented by either
well-adjusted existing prostheses or bite-seating impressions using impression material before new prostheses fabrica-
tion. Although his occlusal force was lower than the criterion for the oral hypofunction test, his masticatory performance
remained favorable. Speech analysis revealed persistent air leakage; however, all scores improved with the prostheses.
Conclusions: Digital technology has enabled the safe fabrication of interim maxillofacial prostheses, resulting in improved

masticatory and speech performance.
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1. Introduction

Patients with cleft lip and palate (CLP) require more complex
prosthetic treatment than typical patients to improve speech, masti-
cation, and dysphagia[1]. Despite improved treatment outcomes for
CLP due to advancements in bone grafting surgery and orthodontic
treatment[2], some patients continue to experience defects, maloc-
clusions, and velopharyngeal deficiencies. This is because some
patients with CLP may be ineligible for surgery, experience unsuc-
cessful procedures, or relapse after orthodontic treatment[3-5]. In
such cases, prosthetic treatment is necessary to improve the oral
functions. Prosthetic treatment tends to be difficult for patients with
maxillary defects, those with few remaining teeth, and significantly
displaced condylar position due to the relapses, maxillary hypopla-
sia, or condylar volumetric asymmetry[6-8]. Regardless of the plastic
surgery, patients with CLP may retain defects, posing a risk of impres-
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sion material leaking into the defects during impression taking[9,10].
Digital technology addresses medical risks and treatment challenges
by reducing the need for impression materials and accurately repli-
cating the morphology of existing functional prostheses[11].

Evaluation of the treatment outcomes of maxillofacial prosthe-
ses in terms of improving speech and other oral functions is crucial,

WHAT IS ALREADY KNOWN ABOUT THE TOPIC

» Digital technology has become widely adopted in the fabrication
of removable prostheses, benefiting not only partially edentulous
patients but also postoperative patients with jaw defects. Moreover,
objective assessments, such as oral hypofunction tests, have been in-
creasingly used to assess the outcomes of prosthetic treatment.

WHAT THIS STUDY ADDS?

» Digital technology offers a treatment option for the fabrication
of makxillofacial prostheses that preserve oral function without iat-
rogenic tooth extraction, in patients with cleft lip and palate (CLP)
with severe periodontitis. This case reported the prosthetic functional
outcomes in an adult patient with CLP, which have rarely been docu-
mented.
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Fig. 1. Intraoral views before treatment: (A) Without the existing prostheses; (B) With the existing prostheses.

particularly as patients with CLP exhibit severe functional impair-
ments. Few reports have evaluated oral function following pros-
thetic treatment in adult patients with CLP, although evidence for
general prostheses in oral hypofunction tests has been accumulat-
ing[12-14]. The evaluation of oral function in patients with CLP using
a standardized method, such as the oral hypofunction test[15], can
provide insight into the degree of functional decline compared to
reference values in the general older population and other maxillec-
tomy cases[16,17]. The food intake questionnaire is another method
to evaluate masticatory performance, where patients rate the ease
of eating 25 specific food items[18]. Although this was a subjective
evaluation, the questionnaire allowed for a comprehensive assess-
ment of masticatory performance[19]. Furthermore, the calculated
masticatory score enabled the evaluation of chronological changes
in masticatory performance.

Previous studies evaluating speech performance have demon-
strated that nasalance measurement[20,21] and the presence of fog
on a mirror during the blowing test[22] are effective methods for
assessing velopharyngeal deficiencies in patients with CLP. However,
the comparative effectiveness of maxillofacial prostheses and those
fabricated using digital technology for patients with CLP remains
unclear.

This case report aimed to evaluate the oral functional per-
formance of a patient with CLP who was managed using digitally
designed maxillofacial prostheses.

2. Outline of the case
2.1. Participant

A 56-year-old Japanese man was referred to our hospital in July
2023. His chief complaint was difficulty in mastication and speech
due to instability of the existing maxillofacial prostheses. The patient
had a history of left-sided CLP and diabetes. He had undergone sev-
eral surgical procedures for CLP, speech therapy, and maxillofacial
prosthetic treatment when he was a child.

2.2. Intraoral and radiographic examinations

The patient had multiple missing teeth, with most of his remain-
ing dentition being dynamically displaced (Figs. 1 and 2). Due to
their severe mobility, the probing depth of certain teeth could not be
determined. The stability of the existing maxillofacial prostheses was

significantly poor; therefore, he used denture stabilizers to enhance
retention (Fig. 3). However, he needed to use his tongue to prevent
the displacement of the maxillary prosthesis. Furthermore, because
of the patient’s psychological state before treatment, preoperative
oral functional evaluation was not feasible.

2.3. Treatment plan

As the patient was expected to lose most remaining teeth in
the near future, a high risk of tooth loss during the initial impression-
making could render the existing maxillofacial prostheses unusable
if conventional techniques were employed. In this patient, the sud-
den inability to use existing maxillofacial prostheses could lead to
significant impairments in appearance, mastication, and speech,
resulting in a substantial decline in the quality of life. Furthermore,
although existing maxillofacial prostheses exhibited a significantly
poor fit, replicating the maxillomandibular relationship established
over the years of use was considered essential during the transition.
Departing from this familiar maxillomandibular relationship could
render the new interim maxillofacial prostheses nonfunctional.
Given these considerations, the use of the digital impression tech-
nique to fabricate interim maxillofacial prostheses was deemed the
most appropriate approach to restore function while maintaining
continuity of care.

2.4. Maxillofacial prostheses fabrication

Figure 4 displays the workflow for the fabrication of maxillofa-
cial prostheses. First, oral scanning data with and without the existing
maxillofacial prostheses were obtained using an intraoral scanner
(Trios 3 Wired; 3Shape A/S, Copenhagen, Denmark) and imported
into dental computer-aided design (CAD) software (Meshmixer; Au-
todesk, Inc., San Rafael, CA, USA). Before the initial scanning, #13 and
#25 exfoliated naturally, and epithelialization of the extraction site
was observed. Based on the scanned data, including the maxilloman-
dibular relationship of the existing maxillofacial prostheses, CAD-
computer-aided manufacturing (CAM) trial maxillofacial prostheses
were fabricated from photopolymerized resin (Surgical Guide Resin;
Formlabs Inc., Somerville, MA, USA) using a stereolithography printer
(Form 3B+; Formlabs Inc., Somerville, MA, USA). These prostheses
were used to obtain a bite-seating impression with a silicone im-
pression material (Exahiflex Regular; GC Corporation, Tokyo, Japan),
along with a bite-registration material (Correct Plus Bite Superfast
Material; Pentron Clinical, Inc., Bohemia, NY, USA) and to assess tooth
alignment. The surface of the silicone bite-seating impression was
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Fig. 2. Periodontal and radiographic examinations before treatment

Fig. 3. The existing prostheses: (A) The polished surface of the maxillary prosthesis; (B) The inta-
glio surface of the maxillary prosthesis; (C) The polished surface of the mandibular prosthesis; (D)
The intaglio surface of the mandibular prosthesis.
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Fig. 4. Workflow of maxillofacial prostheses fabrication using digital and conventional techniques
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Fig. 6. The new interim prostheses: (A) The polished surface of the maxillary prosthesis; (B) The
intaglio surface of the maxillary prosthesis; (C) The polished surface of the mandibular prosthesis;
(D) The intaglio surface of the mandibular prosthesis.

scanned and converted into standard triangulated language (STL)
data, which was then superimposed onto the STL data obtained
from the intraoral scanning after tooth preparation. After trimming
the tooth data obtained from the intraoral scan and mucosal sur-
face data from the reversed intaglio surface, the two datasets were
merged and smoothed. The CAD-CAM maxillary trial maxillofacial
prosthesis was fabricated based on the combined data. During trial
placement, the extraction of the three mandibular anterior teeth was
planned at the time of delivering the new interim maxillofacial pros-
theses, as they were too mobile to preserve. Accordingly, the anterior
tooth alignment in the new interim maxillofacial prostheses was
modified to the ideal position. Customized autopolymerizing acrylic
resin blocks (Palapress Vario; Kulzer GmbH, Hanau, Germany) were
milled using a milling machine (52DC; DGSHAPE; Roland DG Corpora-
tion, Shizuoka, Japan) to fabricate the denture base. An Akers clasp
was fabricated on #14, a wrought wire clasp with an occlusal rest on
#34, and wrought wire clasps were fabricated on #12 and #33. The
Akers clasp was fabricated using only the STL data without the use of
plaster models. A printed wax pattern based on the STL data was cast
to produce a clasp. In contrast, the fabrication of wrought wire clasps
involved bending wires on three-dimensional (3D)-printed urethane
models (Model V2; Formlabs Inc., Somerville, MA, USA) from the
STL data. The clasps, artificial teeth (Veracia SA; SHOFU DENTAL
GmbH, Tokyo, Japan), and denture base were assembled using an
autopolymerizing acrylic resin (Palapress Vario; Kulzer GmbH, Hanau,
Germany) on the 3D-printed urethane models, after priming each
part with Palabond (Kulzer GmbH, Hanau, Germany). Polymerization
was performed in a pressurized oven (Polymax 5; Dreve Dentamid
GmbH, Unna, Germany). The maxillary and mandibular maxillofacial
prostheses were fabricated using identical materials. At the time of
extraction, the three mandibular anterior teeth nearly exfoliated
naturally, with no preservation of the surrounding bone and minimal
bleeding. As epithelialization had already been observed, tissue
conditioning was deemed unnecessary. One month after delivery,

the mandibular prosthesis was relined using a hard relining mate-
rial (TOKUYAMA REBASE Il NORMAL; Tokuyama Dental Corporation,
Tokyo, Japan).

Figures 5 and 6 illustrate the intraoral views and new interim
maxillofacial prostheses, respectively, while Figure 7 displays the
periodontal and radiographic examinations after treatment. After
confirming the stability of the new interim maxillofacial prostheses,
several oral functional evaluations were performed. No additional
tooth loss was observed at 20 months after delivery, and the denture
remained functional without any complications. The patient under-
went follow-up examinations every 4 months.

2.5. Oral functional evaluations

Masticatory performance was evaluated using oral hypofunc-
tion tests[15] and food intake questionnaire[18]. The oral hypofunc-
tion test comprised seven components, and patients meeting three
or more of the criteria were diagnosed with oral hypofunction. The
test results are presented in Table 1. Two months after delivery,
the patient met the criteria for only one item. However, 14 months
later, the patient met the criteria for three components. The mastica-
tory score was calculated based on the answers to the food intake
questionnaire, resulting in 84.8% for the new interim maxillofacial
prostheses, while 72.5% for the existing maxillofacial prostheses.

Speech performance was analyzed using nasalance, blowing,
and conversational intelligibility tests. Nasalance was assessed to
quantify the degree of sound leakage through the nasal cavity[20].
The patient wore a device (Nasometer Il Model 6450; KayPENTAX, Inc.,
Bohemia, NY, USA) equipped with a metal plate and microphones on
each side. The articulation of specific sentences was also assessed.
Nasalance was calculated using the following formula:
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Fig. 7. Periodontal and radiographic examinations following treatment

Table 1. The oral hypofunction test results 2 and 14 months after delivery

Criteria for oral functional Scores
impairment 2 months 14 months
after delivery after delivery
i. Tongue Coating Index > 50 (%) 33.3 (%) 22.2 (%)
ii. Oral Moisture <27 31 23.7
iii. Occlusal Force < 350(N) 133.8 (N) 210.6 (N)
Pa 6.4 (/s) Pa 7.4 (/s)
iv. Oral Diadochokinesis > 6 (/s) Ta 7.6 (/s) Ta 7.8 (/s)
Ka 7.2 (/s) Ka 7.8 (/s)
v. Tongue Pressure < 30 (kPa) 37.1 (kPa) 35.1 (kPa)
vi. Masticatory Ability < 100 (mg/dL) 101.3 (mg/dL) 82.0 (mg/dL)
vii. Swallowing Questionnaire >3 0 0
Conversational intelligibility was evaluated by five listeners
Nasalance(%) _ __Nasal sound pressure %100 unfamiliar with the patient, using recorded speech samples and the

Nasal +Oral sound pressure

The nasalance in both low- and high-pressure sentences de-
creased, indicating improvement with the new interim prostheses
(Fig. 8).

The blowing test measures the duration a patient can sustain
blowing through a straw[23]. During blowing, fogging on the mirror
placed under the nose was observed simultaneously[22]. The blow-
ing ratio was calculated by dividing the duration without prostheses
by the duration with prostheses. In this case, the blowing ratio was
50%, indicating that, with the prostheses, the patient could blow
twice as long as without the prostheses. A large fog area on the
mirror, significant air leakage, was observed with and without the
prostheses.

following criteria: 1. intelligible, 2. partially intelligible, 3. intelligible
when the topic is known, 4. mostly unintelligible, and 5. unintelli-
gible[24]. The average score was 1.4 with the new maxillofacial pros-
theses, compared to 2.6 without the prostheses, indicating improved
speech clarity.

3. Discussion

Although the fit of the existing maxillofacial prosthesis was too
poor to reflectits morphology in the new denture base, the pre-treat-
ment maxillomandibular relationship and tooth alignment could still
be referenced. This allowed the prostheses to be fabricated in fewer
visits than with the conventional technique (Fig. 4) and allowed
immediate use after delivery, despite the inability to perform the
conventional impression. Although the conventional technique typi-
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Fig. 8. The results of nasalance measurements with and without the new
prostheses

cally requires separate visits for final impressions, bite registration,
and trial placement, these procedures can be completed in a single
visit using the digital impression technique. Moreover, aligning the
artificial teeth on the initial trial prostheses allowed for preliminary
evaluation of tooth positions during the final impression and bite
registration steps, thereby reducing the total number of visits.

The use of impression materials for fabricating functional
removable prostheses is still considered necessary, as intraoral scan-
ners cannot accurately capture defects, record border positions,
or apply functional pressure to shape the residual ridge during
impression-taking[25-27]. However, the digital impression tech-
nique helps reduce the amount of impression material used and the
frequency of impression procedures. Digital impression technique
reduces medical risks, including retained impression materials in
defects[9,10], accidental ingestion, pulmonary aspiration, and unin-
tentional tooth extractions. For patients with CLP, transitioning from
existing maxillofacial prostheses to new ones can be psychologically
challenging, especially when existing maxillofacial prostheses have
long supported essential functions such as speech, mastication,
and aesthetics in daily social life. Therefore, careful consideration is
required to minimize the discomfort and inconvenience associated
with the treatment steps. The risk of unintentional tooth extraction
could be mitigated by using the digital impression technique[28] and
bite-seating impressions, which use less impression material. This
combination of an intraoral scanner and impression material was
used for cases with postoperative defects and was demonstrated
to be beneficial for patients with CLP[11]. In this case, the interim
maxillofacial prostheses were fabricated. However, once the patient
loses most of the remaining teeth, definitive maxillofacial prostheses
must be fabricated based on the well-adjusted interim maxillofacial
prostheses used as treatment dentures, with digital technology fa-
cilitating the transfer of information from the interim to the definitive
prostheses[29].

Oral functional evaluations demonstrated that the patient
achieved sufficient masticatory and speech performance while wear-
ing the new prostheses. Table 1 displays the results of the oral hypo-
function tests. The patient exceeded the criteria in six of the seven
tests; however, only the occlusal force remained below the criterion

2 months after delivery. In the occlusal force test, a threshold of 350
N was established as indicative of a sound dentate. The occlusal force
of Japanese individuals wearing normal complete dentures was re-
ported to be 328.1 + 120.3 N[16]. In addition, an occlusal force of 230
N was identified as the threshold for occlusal impairmentin Japanese
individuals using maxillofacial prosthesis[17]. Based on these reports,
the occlusal force of the patient remained insufficient, despite wear-
ing dentures. Conversely, the patient achieved an 84.8% masticatory
score in the food intake questionnaire[18], indicating that he could
eat most of the listed foods easily. The score also improved with the
new interim prostheses compared to that noted with the existing
maxillofacial prostheses, suggesting that the masticatory perfor-
mance of the patient was favorable.

In the oral hypofunction tests assessed 14 months after delivery,
the patient scored below the criteria in three components of the test.
The patient’s masticatory ability exhibited a slight decline, whereas
the occlusal force increased yet remained below the criterion. The
tongue coating index and oral diadochokinesis improved, while oral
moisture and tongue pressure decreased; however, tongue pressure
remained within the acceptable range. Implementing these evalu-
ations before treatment was considered impossible, as the existing
prostheses were unstable. These parameters were expected to
demonstrate significant improvement compared to pre-treatment
levels. The increase in occlusal force and oral diadochokinesis may be
attributed to the patient’s adaptation to the new maxillofacial pros-
theses or may fall within the range of normal variability. Patients’ sub-
jective assessments indicated greater comfort with the new interim
maxillofacial prostheses immediately after delivery, with perceived
effectiveness improving further as they adapted to their use. The
new interim maxillofacial prostheses were well adjusted; however,
periodic fine adjustments were necessary due to the dynamic nature
of the oral conditions. Improvement in masticatory performance
requires well-adjusted maxillofacial prostheses and favorable oral
conditions. Targeted lip and tongue exercises may contribute to the
improvement and maintenance of oral function.

The 50% blowing ratio and nasalance changes suggested that
the new interim maxillofacial prostheses decreased air leakage; nev-
ertheless, the patient continued to exhibit high nasalance scores and
a large fog area on the mirror, even while wearing the new interim
maxillofacial prostheses. According to a previous study, patients’
velopharyngeal function is considered poor when the mean values
for both low- and high-pressure sentences exceed 40%, and the
maximum value for high-pressure sentences exceeds 80%[21]. This
phenomenon may not be attributable to the defect itself but rather
to velopharyngeal deficiency, suggesting that a speech aid prosthe-
sis could provide improvement.

4. Conclusions

This case revealed that digital technology can be used to fabri-
cate interim maxillofacial prostheses safely and efficiently, allowing
patients to continue using their existing prostheses and transition to
new ones smoothly. Digital technology provides a viable treatment
option for patients with CLP with severe periodontitis, as the tech-
nique allows the fabrication of maxillofacial prostheses that could
restore oral function and avoid iatrogenic tooth extraction during
treatment procedures.
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Informed consent

Written informed consent was obtained from the patient for
publication of clinical details and images.

Acknowledgments

This case report was presented at the 14t Biennial Congress of
the Asian Academy of Prosthodontics, held in Chiba, Japan, on July
5-7, 2024. This study was supported by JST SPRING (grant number
JPMJSP2120).

Conflict of interest declaration
The authors declare no conflict of interest.

References

[11 Paul A, Dhawan P, Jain N. Digital applications in the fabrication of obtura-
tors in maxillectomy defects: A systematic review. Cureus. 2024;16:€70479.
https://doi.org/10.7759/cureus.70479, PMID:39479135

[2] Gillgrass T, MacDonald JP, Mossey PA, Welbury RR. The Impact of alveolar
bone grafting on cleft lip and palate: A literature review. South Eur J Orthod
Dentofac Res. 2014;1:15-22. https://doi.org/10.15538/sejodr-2014-21992

[31 Bhandari S. Clinical outcome of tooth-supported fixed partial dentures
in unilateral cleft lip and palate patients: A case series. J Indian Prostho-
dont Soc. 2017;17:68-73. https://doi.org/10.4103/0972-4052.197939,
PMID:28216848

[4] Kurtulmus H, Saygi T, Cotert HS. Heightened telescopic copings in cleft pal-
ate rehabilitation: A case report. Cleft Palate Craniofac J. 2007;,44:448-52.
https://doi.org/10.1597/06-070.1, PMID:17608549

[5] Yamaguchi K, Lonic D, Lo LJ. Complications following orthognathic
surgery for patients with cleft lip/palate: A systematic review. J Formos
Med Assoc. 2016;115:269-77. https://doi.org/10.1016/j.jfma.2015.10.009,
PMID:26686426

[6] RahlfB, Korn P, Zeller AN, Spalthoff S, Jehn P, Lentge F, et al. Novel approach
for treating challenging implant-borne maxillary dental rehabilitation cases
of cleft lip and palate: a retrospective study. Int J Implant Dent. 2022;8:6-x.
https://doi.org/10.1186/s40729-022-00401-x, PMID:35106688

[71 PachniczD,Ramos A.Mandibular condyle displacements after orthognathic
surgery—an overview of quantitative studies. Quant Imaging Med Surg.
2021;11:1628-50. https://doi.org/10.21037/qims-20-677, PMID:33816197

[8] Romeo DJ, Oral KT,Ng JJ, Wu M, Massenburg BB, Salinero LK, et al. Mandibu-
lar condyle volumes are associated with facial asymmetry in patients with
cleft lip and palate: A retrospective cohort study. J Craniomaxillofac Surg.
2024;52:472-6. https://doi.org/10.1016/j.jcms.2024.01.024, PMID:38378367

[9] Jones SD, Drake DJ. Case series of undetected intranasal impression mate-
rial in patients with clefts. Br J Oral Maxillofac Surg. 2013;51:e34-6. https:/
doi.org/10.1016/j.bjoms.2011.11.015, PMID:22222222

[10] Farook TH, Jamayet NB, Abdullah JY, Asif JA, Rajion ZA, Alam MK. Design-
ing 3D prosthetic templates for maxillofacial defect rehabilitation: A
comparative analysis of different virtual workflows. Comput Biol Med.
2020;118:103646. https://doi.org/10.1016/j.compbiomed.2020.103646,
PMID:32174323

[11] Murase M, Pradhan N, Sumita YI, Wakabayashi N. Use of digital technology
in prosthesis fabrication for an elderly patient with a maxillectomy and se-
vere trismus: A clinical report. J Prosthet Dent 2023;50022-3913(23)00330-X.
https://doi.org/10.1016/j.prosdent.2023.04.033.

[12] SuzukiH, Matsumura K. A case: oral function improvement by new dentures
for an elderly patient with denture imcompatibility with oral hypofunction.
The Journal of the Academy of Clinical Dentistry. 2024;43:151. https:/doi.
0rg/10.14399/jacd.43.151

N3]

[14]

(5]

(6]

[17]

ne]

(9]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

Morinaga D, Nagai S, Kaku T, Itoh T, Soejima Y, Takeshita F, et al. Effects of
various prosthetic methods for patients with Kennedy Class | partial eden-
tulism on oral hypofunction, subjective symptoms, and oral health-related
quality of life. Int J Implant Dent. 2024;10:33-w. https:/doi.org/10.1186/
s40729-024-00555-w.

Yamamoto T, Tomata Y, Tanaka N, Nishizawa A, Tamaki K. Effect of denture
treatment and oral frailty measures program/nutritional guidance of oral
function and nutritional status of older adults. J J Gerodont. 2023;38:48-55.
https://doi.org/10.11259/jsg.38.2_48

Minakuchi S, Tsuga K, lkebe K, Ueda T, Tamura F, Nagao K, et al. Oral hypo-
function in the older population: Position paper of the Japanese Society
of Gerodontology in 2016. Gerodontology. 2018;35:317-24. https:/doi.
org/10.1111/ger.12347, PMID:29882364

Mizuhashi F, Asanuma N, Watarai Y, Suzuki T. Relationship among oc-
clusal force, masticatory performance, and condition of oral dryness on
complete denture wearers (in Japanese with English abstract). J Jon Acad
Occlusion Health. 2023;29:8-14. https://doi.org/10.34420/jjach.29.1_8,
PMID:39866275

Matsuda Y, Okui T, Karino M, Aoi N, Okuma S, Hayashida K, et al. Postopera-
tive oral dysfunction following oral cancer resection and reconstruction: A
preliminary cross-sectional study. Oral Oncol. 2021;121:105468. https:/doi.
org/10.1016/j.oraloncology.2021.105468, PMID:34314945

Koshino H, Hirai T, Toyoshita Y, Yokoyama Y, Tanaka M, Iwasaki K, et al.
Development of new food intake questionnaire method for evaluating the
ability of mastication in complete denture wearers. Prosthodontic Research
& Practice. 2008;7:12-8. https://doi.org/10.2186/prp.7.12

Clinical guideline committee of Japan Prosthodontic Society. Guidelines for
Evaluation Methods of Masticatory Disorders - Mainly Masticatory Ability
Test Methods- [in Japanesel. J Jpn Prosthodont Soc. 2002;46:619-25.
Fletcher SG, Bishop ME. Measurement of nasality with tonar. Cleft Palate J.
1970;7:610-21. PMID:5270510

Ogata Y, Nakamura N, Kubota Y, Sasaguri M, Kikuta R, Shirasuna K. Nasome-
ter test for analysis on velopharyngeal function of patients with cleft palate
-Objective criteria for velopharyngeal function- (in Japanese with English
abstract). J Jpn Cleft Palate Assoc. 2003;28:9-19. https://doi.org/10.11224/
cleftpalate1976.28.1_9

Nishio T. Assessment of Motor Speech for Dysarthria (in Japanese). Tokyo:
Interuna Publishers; 2004, p.32.

Katoh C, Saitoh M, Tsuneyuki M, Tanimoto H, Hashikawa K, Tahara S, et al.
Blowing ratio as an evaluation tool for velopharyngeal function after oral
and oropharyngeal cancer resection. Head Neck. 2010;32:1012-8. https://
doi.org/10.1002/hed.21283, PMID:19953620

Taguchi T. Therapeutics of Language Disorders (in Japanese). Tokyo:
Igakushoin; 1966, p.37-8.

Zhang M, Hattori M, Elbashti M, Sumita Y. Feasibility of intraoral scanning for
data acquisition of maxillectomy defects. Int J Prosthodont. 2020;33:452-6.
https://doi.org/10.11607/ijp.6763, PMID:32639705

AlRumaih HS. Clinical applications of intraoral scanning in removable
prosthodontics: A literature review. J Prosthodont. 2021;30:747-62. https:/
doi.org/10.1111/jopr.13395, PMID:34043266

Ishioka Y, Wada J, Kim EY, Sakamoto K, Arai Y, Murakami N, et al. Morpho-
logical comparison of residual ridge in impression for removable partial
denture between digital and conventional techniques: A preliminary in-
vivo study. J Clin Med. 2023;12:7103. https://doi.org/10.3390/jcm12227103,
PMID:38002714

Matsuno H, Wada J, Murakami N, Takakusaki K, Nagayama T, Manabe K, et
al. Evaluation of hypermobile teeth deviation during impression taking ina
partially edentulous dental arch: An <i>in vitro</i> study comparing digital
and conventional impression techniques. J Prosthodont Res. 2024;69:259—
66. https://doi.org/10.2186/jpr.JPR_D_23_00326, PMID:39231695

Wang J, Jin C, Dong B, Yue L, Gao S. Fully digital workflow for replicat-
ing treatment dentures: A technique for jaw relation transfer and dy-
namic occlusal adjustment. J Prosthet Dent. 2023;130:288-94. https://doi.
0rg/10.1016/j.prosdent.2021.09.014, PMID:34887077

This is an open-access article distributed under the terms of Creative Commons Attribution-NonCommercial License 4.0 (CC BY-
=T NC4.0), which allows users to distribute and copy the material in any format as long as credit is given to the Japan Prosthodontic
Society. It should be noted however, that the material cannot be used for commercial purposes.


https://doi.org/10.7759/cureus.70479
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39479135?dopt=Abstract
https://doi.org/10.15538/sejodr-2014-21992
https://doi.org/10.4103/0972-4052.197939
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28216848?dopt=Abstract
https://doi.org/10.1597/06-070.1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17608549?dopt=Abstract
https://doi.org/10.1016/j.jfma.2015.10.009
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26686426?dopt=Abstract
https://doi.org/10.1186/s40729-022-00401-x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35106688?dopt=Abstract
https://doi.org/10.21037/qims-20-677
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33816197?dopt=Abstract
https://doi.org/10.1016/j.jcms.2024.01.024
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38378367?dopt=Abstract
https://doi.org/10.1016/j.bjoms.2011.11.015
https://doi.org/10.1016/j.bjoms.2011.11.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22222222?dopt=Abstract
https://doi.org/10.1016/j.compbiomed.2020.103646
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32174323?dopt=Abstract
https://doi.org/10.1016/j.prosdent.2023.04.033
https://doi.org/10.14399/jacd.43.151
https://doi.org/10.14399/jacd.43.151
https://doi.org/10.1186/s40729-024-00555-w
https://doi.org/10.1186/s40729-024-00555-w
https://doi.org/10.11259/jsg.38.2_48
https://doi.org/10.1111/ger.12347
https://doi.org/10.1111/ger.12347
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29882364?dopt=Abstract
https://doi.org/10.34420/jjaoh.29.1_8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39866275?dopt=Abstract
https://doi.org/10.1016/j.oraloncology.2021.105468
https://doi.org/10.1016/j.oraloncology.2021.105468
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34314945?dopt=Abstract
https://doi.org/10.2186/prp.7.12
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5270510?dopt=Abstract
https://doi.org/10.11224/cleftpalate1976.28.1_9
https://doi.org/10.11224/cleftpalate1976.28.1_9
https://doi.org/10.1002/hed.21283
https://doi.org/10.1002/hed.21283
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19953620?dopt=Abstract
https://doi.org/10.11607/ijp.6763
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32639705?dopt=Abstract
https://doi.org/10.1111/jopr.13395
https://doi.org/10.1111/jopr.13395
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34043266?dopt=Abstract
https://doi.org/10.3390/jcm12227103
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38002714?dopt=Abstract
https://doi.org/10.2186/jpr.JPR_D_23_00326
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39231695?dopt=Abstract
https://doi.org/10.1016/j.prosdent.2021.09.014
https://doi.org/10.1016/j.prosdent.2021.09.014
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34887077?dopt=Abstract
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en
https://creativecommons.org/licenses/by-nc/4.0/deed.en

