
Volume 26, Number 5, 2013            411

A primary goal of prosthodontic rehabilitation is 
the restoration of function. Tooth loss can pro-

duce varying degrees of impairment in mastication, 

swallowing, and speech, potentially impacting nu-
trition and physical health, social interactions, and 
psychologic health. Functional outcomes related to 
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The functional outcomes related to treating patients afflicted with tooth loss are an 
important hallmark in substantiating prosthodontic intervention. The Oral Rehabilitation 
Outcomes Network (ORONet) conducted two international workshops to develop a 
core set of outcome measures, including a functional domain. The process followed the 
general format used in the Outcome Measures in Rheumatology (OMERACT) workshops 
to develop consensus for clinical outcome measures in arthritis research, which included: 
developing a comprehensive list of potential outcomes in the literature; submitting them 
to a filter for validity, clinical discrimination, and feasibility; and ranking those measures 
meeting all the filter criteria for relative value. The search was conducted to include 
functional assessments of speech, swallowing, mastication, nutrition, sensation, and 
motor function as they relate to dental implant therapies. This literature review surveyed 
173 papers that produced some result of these descriptors in the functional domain. Of 
these, 67 papers reported on functional assessments and further defined objective and 
subjective outcomes. Many of these results were patient-perceived improvements in 
function, while others were objective assessments based on established methodologies 
and instruments. Objective evaluations of masticatory function and speech may meet 
criteria for validity and discriminability for selected interventions, but are generally not 
feasible for routine use in clinical care settings. The current recommendation is to employ 
a well-validated survey instrument that covers mastication and speech, such as the Oral 
Health Impact Profile (OHIP-14, short form), recognizing that patient perceptions of function 
may differ from objective ability. Int J Prosthodont 2013;26:411–418. doi: 10.11607/ijp.3404
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tooth loss and prosthodontic rehabilitation have been 
proposed as a critical component or domain in de-
termining patient perceptions of oral health–related 
quality of life.1 There continues to be a need for func-
tional evaluation in prosthodontic research to direct 
the most effective treatment decisions to meet patient 
expectations, provide health benefit, and maximize 
health care resource utilization.

While the incidence of edentulism in developed 
countries seems to be declining,2–6 there is still a 
need for management of tooth loss as a chronic 
disease state that demands clinical resources and 
therefore begs for validation of related outcomes. The 
partially dentate patient, encompassing a larger pro-
portion of patients, also requires an effort in validat-
ing functionally based outcomes.7,8 Loss of multiple 
adjacent teeth and edentulism have been related to 
patient perceptions of problems with mastication and 
speech function.9

Physiologic parameters such as tissue health and 
bone loss have been associated with evaluation of 
prosthodontic treatment success and the need for 
new/additional/revised treatment, particularly in eval-
uation of dental implant-based therapies. This class 
of outcomes was included in the Oral Rehabilitation 
Outcomes Network (ORONet) working group evalua-
tion of longevity outcomes. For the purpose of this re-
view, the focus was on both subjective and objective 
outcomes related to oral function following tooth loss 
and restoration, including mastication, speech, and 
swallowing. Secondary outcomes related to the abil-
ity to perform these primary functions, such as oral 
sensation and perception, occlusal force, and motor 
function, are also included in this review.

Materials and Methods

ORONet conducted two international workshops 
in 2008 and 2009 to develop a core set of outcome 
measures that could be used across network sites 
to document clinical and patient-centered outcomes 

of implant-based restorations. The process followed 
the general format used in the Outcome Measures in 
Rheumatology (OMERACT) workshops10 to develop 
consensus for clinical outcome measures in arthri-
tis research, including: developing a comprehensive 
list of potential outcomes in the literature; submitting 
them to a filter for validity, clinical discrimination, and 
feasibility; and ranking those meeting by all the filter 
criteria for relative value. 

Potential search terms to permit identification of 
functional outcome measure in the literature were cir-
culated among the ORONET working group members 
for review and refinement. The final search string was 
intended to include functional assessments of speech, 
mastication, nutrition, sensation, and motor function 
as they relate to dental implant therapies. The search 
string was submitted to the PubMed/Medline search 
and database engine ("dental implants"[Mesh] AND 
("speech" OR "swallowing" OR "mastication" OR " 
nutrition" OR "sensory function" OR "motor function") 
AND (("1995/01/01"[PDat]:"2007/12/31"[PDat]) AND 
(Humans[Mesh]) AND (English[lang]))) to generate 
a listing of publications of potential interest for this 
standardized review for the first workshop in 2008, 
and the search was repeated for the second work-
shop with the dates modified to include all articles 
in years 2008 and 2009. Only those articles that con-
tained an abstract were included. The abstracts were 
retrieved and initially reviewed for content by the 
ORONet Functional Outcomes Working Group (JR, 
FB, TS, NG). Included were clinical research studies 
with a clear functional outcome measure. Review ar-
ticles, case reports, technique illustrations, and stud-
ies without a clear description of a functional outcome 
measure were excluded. 

Results

The search string returned 173 abstracted papers 
from January 1, 1995, to December 31, 2009 (Table 1).  
Upon review, 26 were found to be review articles, 
technique articles, or case reports and were ex-
cluded. In addition, 80 articles were excluded due to 
not containing clearly described functional outcome 
measures. Thus, of the 173 abstracts retrieved, 6711–77 
were found to be suitable for review of the complete 
article and abstraction of the functional outcome 
measures reported. 

The functional outcomes from those 67 papers 
were distributed in five broad categories (Table 2): 
mastication, speech, nutrition, swallowing, and sen-
sation. Some of the papers had two or more outcome 
measurement categories, and each was counted in 
the appropriate category.

Table 1    Overview of Search Results

No. of abstracts retrieved 173

No. of articles excluded (reviews and others) 26

No. of articles excluded (no functional outcomes) 80

No. of articles included 67
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Outcomes Related to Mastication

Many of the 58 studies11–16,18–25,27–29,31–33,35–48,50–53,55,57–63, 

65–70,72–77 on mastication used qualitative outcomes  
(arbitrary questionnaires, validated questionnaires, visual 
analog scales, 40/58, 69%) and to a lesser extent quan-
titative outcomes related to masticatory performance 
(8/58, 14%), or motor responses (11/58, 19%) such as 
electromyography (EMG), occlusal force, or other kine-
matic methods of measuring this parameter. Some of 
the studies used successive treatment stage evaluation 
by swallowing threshold performance, chewing strokes, 
and sieve measurement to demonstrate an objective im-
provement with the patient serving as a control. It should 
be noted that 6 of the 58 articles (10%) reported unspeci-
fied outcomes related to mastication.

Three articles addressed patients who under-
went tumor resection of the jaws and subsequently 
underwent surgical and/or prosthodontic rehabilita-
tion.23,37,57 Although patient numbers were diminutive 
and a cross-sectional approach was used, an im-
provement in mastication was noted. The mastication 
and speech outcomes were rated by using indices 
that were referenced from studies of those patients 
(without jaw resection) treated with dental implants. 
It may be beneficial to further compare qualitative 
findings as a patient-specific perceived improvement 
to those that are interpolated quantitative outcomes 
related to assumed masticatory improvement. Some 
of the perceived outcomes were qualitative in nature 
and were not standardized.

Evaluating these outcomes in light of the OMERACT 
filter for truth, discrimination, and feasibility, several 
measures were found by the ORONet group to be val-
id (truth) and discriminatory (reliable and sensitive), 
including objective measures of particle size analy-
sis following mastication, EMG, and kinematic mea-
sures. These measures have been validated based 
on their application with varied patient characteris-
tics and prosthetic treatments. However, these mea-
sures were designed for use in clinical trials, and the 
ORONet working group found the methods were not 
feasible for routine clinical application, failing the filter 
requirement.

Of the survey instruments, the Oral Health Impact 
Profile (OHIP) was found to meet the criteria of truth 
when viewed as a patient perspective of function, 
discriminability (evidence of reliability and sensitivity), 
and feasibility (particularly the short form). 

Outcomes Related to Nutrition

Of the 10 articles19,21,27,28,38,43,45,61–62,75 that evalu-
ated nutrition, 9 (90%) were primarily qualitative 

questionnaires and may be summarized with respect 
to patient-perceived improvements in dietary choic-
es. One study45 used serologic and other physiologic 
vital statistics, such as the Body Mass Index (BMI), to 
ascertain nutrition quality. Compared to those treated 
with complete dentures, implant overdenture subjects 
had significant increases in serum albumin, hemoglo-
bin, and serum B12 when evaluated at 6 months post-
treatment. Subjective assessments of the patient’s 
ability to chew foods with less restriction were also 
noted. While being an often-cited objective measure 
for nutrition studies, BMI may not be a valid or sen-
sitive measure for prosthodontics interventions, as it 
does not directly measure change in the nutritional 
content of a diet or a number of other variables that 
may affect it significantly. This study had a relatively 
small number of subjects, further citing the need for 
additional randomized controlled trials with larger 
populations. 

Examiner-created questionnaires and food reports/
diaries may give a more patient-centered indication 
for the food types chosen. However, this may not be 
a valid method for determining outcomes related to 
nutrition as this value may be confounded by patient 
perceptions, ethnic influences, socioeconomic fac-
tors, and other circumstances poorly correlated with 
nutritional status improvement.

Table 2    Categories of Functional Outcome Measures 
with Frequency of Utilization 

 Frequency

Mastication
  Surveys
  Objective measures
  Motor
  Unspecified

40
8

11
6 

Nutrition
  Surveys
  Objective measures
  Unspecified

9
1
0 

Oral sensation
  Surveys
  Objective measures
  Unspecified

4
2
1

Speech
  Surveys
  Objective measures
  Unspecified

29
6
4

Swallowing
  Surveys
  Objective measures
  Unspecified

7
2
2
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Due to the small number of studies and subjects, 
the Functional Working Group found it difficult to vali-
date a feasible nutritional outcome measure to guide 
therapy.

Outcomes Related to Sensation

Of the seven articles15,19,26,31,47,49,64 surveying sensa-
tion as the outcome, four included some question-
naires or visual analog scale (VAS) as an instrument 
in defining outcome. Other references favorably sur-
veyed patient-perceived improvements in comfort/
taste of consuming hot and cold foods with mandibu-
lar implant-retained prostheses.47 One study surveyed 
the donor site morbidity associated with retromolar 
bone grafts, which did not show compromised sensa-
tion.49 Further outcomes of two-point discrimination, 
pain, and thermal tests were limited. Intervention in 
these cases was entirely surgical and not inclusive of 
prosthodontic intervention. Assessment of percep-
tion of thickness threshold was used in one study 
to provide objective measurement of sensation dif-
ferences between conventional and implant-retained 
prostheses.64 

Outcomes Related to Speech

In the 38 studies with speech outcomes,11,12,14,15,17,19–21, 

23,26-31,33,34,37–40,42,43,45,47,51–57,59,62,63,66,67,75 there were 
39 different outcomes reported. The great majority 
(29/39, 74%) of these outcomes were patient percep-
tions (VAS, OHIP, or other questionnaires) of speech 
improvement following prosthodontic therapy. sSev-
eral studies used both trained and untrained listen-
ers to assess speech intelligibility, all of which trended 
toward significant speech improvement with dental 
implant treatment.23,30,34,57,63 This domain was found 
to be sensitive to patients afflicted with defects of the 
head and neck post-tumor ablative surgery or those 
jaws surgically and prosthetically reconstructed. 
Further, one reference disclosed that a specific pros-
thetic design may be preferred over the alternative 
for improved consonant production.30 The balance of 
the literature included a clinically based or quantita-
tive assessment, which may not be sensitive to tooth 
replacement therapy in the partially dentate or eden-
tulous patient without extensive oral-facial impairment 
from tissue loss due to a variety of medical conditions 
and rehabilitation (for example, surgical ablation and 
reconstruction due to oropharyngeal cancer).

Clinical assessments of articulation, intelligibility, 
auditory analysis, examiner-created questionnaires, 
and validated questionnaires such as the OHIP may 
be easily applied but not necessarily sensitive to 

traditional prosthodontic interventions. In addition, 
the manner in which consonant production varies 
from culture to culture and between subjects may 
complicate interpretation of more objective tests 
across populations. This is especially true for patients 
treated for cancer of the head and neck. 

The Functional Working Group found that none of 
the measures for speech assessment could satisfy all 
three filter requirements for truth, discriminability, and 
feasibility for routine implant-based and conventional 
prosthodontic restorations. Again, the OHIP is the one 
instrument that appears to best meet the demands 
for feasibility and validity (from the patient-centered 
perspective), but discriminability remains a question 
for this domain.  

Outcomes Related to Swallowing

Nine of 10 studies15,28,37,42,45,51,52,57,63,71 evaluating 
swallowing used questionnaires in what appeared 
to be an attempt to determine the ability to swal-
low without invasive assessment methods. Although 
small effects were noted for those treated with im-
plant-retained overdentures, the major impacts were 
seen for patients afflicted with head and neck cancer 
who underwent prosthodontic rehabilitation. 

Oral transit times and other quantitative assess-
ments of swallowing efficiency are objective meth-
ods, but may also yield very individualized results 
since most defects are unique and present with spe-
cific challenges and disabilities. Two studies63,70 used 
these quantitative methods to illustrate modest dif-
ferences in muscle function and preparatory phases 
of swallowing after treatment. Based on the number 
of subjects within the study groups, outcomes cannot 
be reliably inferred. The limited discriminability of sur-
vey instruments, and even objective methodologies, 
to most prosthodontic treatments indicates there is 
no currently suitable core outcome measure for swal-
lowing that meets all three filter criteria.

Discussion

The articles reviewed in the study appeared to be 
primarily based on outcomes related to patient- 
perceived improvement and objective measurements 
with benchmark parameters. Some of the subjective 
outcome measurements may have value in interpreta-
tion of treatment efficacy, as they present the perspec-
tive of those who have perceived self-improvement 
in function. However, many of the instruments used 
were not subjected to extensive evaluation of rep-
licability, validity, or sensitivity of the instruments, 
particularly for typical implant-based prosthodontic 
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therapies. The objective outcome measurements also 
have value in providing perspective to collective and 
future studies in assessing these outcomes. 

As many of the studies surveyed improvement of 
function after surgical and prosthodontic interven-
tion, the results of some outcomes are found with rel-
atively small numbers of patients and interpretation 
should be cautioned. The functional domains of mas-
tication seem to be well represented and favorable 
in outcome from objective and subjective methods 
in the articles surveyed. It is noteworthy to interpret 
that improvement in mastication was more likely to be 
seen if the initial impairment or anatomical defect was 
large (ie, edentulism and jaw resection). This gener-
alization is taken with caution based on the limited 
sampling size and specific patient heterogeneity. 

The improvement of speech was variable in out-
come from both patient-perceived improvements and 
that of third-person trained and untrained listeners. 
Although subjective and objective improvement was 
noted to be significant for patients with head and neck 
cancer treated with implants,23,57 these sample sizes 
were also small and could be better substantiated in 
the future with multicenter sampling approaches. For 
those patients without significant orofacial defects, 
the discriminability of both survey instruments and 
objective speech measures are limited for the major-
ity of prosthodontic applications.

Nutrition was assessed primarily through patient-
perceived improvements in dietary choices. Only one 
study looked objectively at serologic and anthropo-
morphic characteristics to assess outcomes related 
to implant prosthodontic intervention with modest 
improvement. Although some preferences exist from 
patient-specific examples, the variability of these 
questionnaire results is widespread, making interpre-
tation difficult.

Swallowing was assessed primarily by patient-
centered outcomes. Only a few of the studies looked 
at specific quantifiable parameters giving rise to as-
sessing the preparatory phases of swallowing, which 
relates to mastication outcomes. Pharyngeal and 
esophageal phases of swallowing were not inclusive in 
any of the studies, and it may be doubtful to make any 
specific inference that swallowing was improved by 
prosthodontic intervention. This is further supported 
by the fact that the physiology of swallowing is more 
comprehensive than simply oral preparation.78 Much 
of the improvement associated with swallowing was 
found to be significant for patients with combination 
tongue/mandible defects, and this level of impairment 
may be critical for researchers to be able to observe 
improvement in transit times, normal reflexive swal-
lowing, and age/disease-associated differences.79,80

Motor outcomes were only represented by one 
study that was narrow in focus and based on physical 
improvement of daily activities with implant-retained 
mandibular overdentures. The majority of these find-
ings, however, were targeted at eating and speaking, 
making this more of an outcome related to mastica-
tion and speech. Perhaps this was a loosely defined 
parameter, which may be bundled into speech and 
mastication subdomains.

The sensory domain was represented by only seven 
references, which surveyed residual neurosensory 
deficit and discriminatory capacity. This outcome was 
interpreted almost entirely through that of the pa-
tient’s perspective, which may be variable based upon 
loss of tissues and some levels of neurologic adap-
tation. Again, the interpretation of this outcome was 
limited, with more studies needed to yield acceptable 
objective and patient-centered outcomes.

Of some concern was the observation that of the 
67 papers that purported to have outcomes related 
to the functional domains of interest, 13 (19%) did not 
give a clear definition of the bases of the outcome 
statements made in the article. Provision of at least a 
simple core measure would greatly assist these inves-
tigators in providing scientifically and clinically useful 
information.

While no single survey instrument or objective 
methodology strongly met all three requirements of 
the OMERACT filter (truth, discrimination, and feasi-
bility), the OHIP-14 (short form) appears to be the best 
current alternative as a core measure. The reduction 
of questions from 49 in the original version to 14 in the 
short form greatly improves the feasibility for routine 
clinical use, while it maintains good validity, sensitiv-
ity to oral conditions, and reliability.81 Since the do-
mains cover questions related to eating, diet, speech, 
and function, the instrument provides a broad patient  
perspective of oral function

Conclusion

Restoration of function remains a primary goal in the 
management of tooth loss. Issues of improvement 
in mastication and speech are critical from the pa-
tient perspective. A variety of subjective and objec-
tive methodologies have been used to capture patient 
benefits in function with prosthodontic treatment, 
both conventional and implant-based. While several 
of these measures have been validated and can dis-
criminate between oral conditions and prosthodontic 
treatments, feasibility for routine clinical use remains 
a problem. The OHIP-14 was found to be the best can-
didate for obtaining patient perspectives of oral func-
tion within a clinical setting. 
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Literature Abstract

Are frequent dental x-ray examinations associated with increased risk of vestibular schwannoma?

This matched case-control study aimed to evaluate environmental risk factors that might result in vestibular schwannoma. It specifi-
cally investigated if having increased exposure to certain forms of radiation, such as diagnostic or therapeutic, and non-ionizing 
radiation from wireless phones, contribute to vestibular schwannoma (VS). Three hundred forty-three patients diagnosed with VS, 
who underwent gamma knife surgery between the years 1997 and 2007 were matched to 343 control patients with spinal degenera-
tive disorders according to age (± 5 years) and sex. Information regarding factors associated with the development of a schwan-
noma, such as previous exposure to medical radiation or wireless phone technologies, were collected via a questionnaire or by 
phone interview by a trained recruiter. Potential confounders were estimated by use of the McNemar test. Conditional multivariate 
logistic regression was used to estimate adjusted odds ratios (ORs) and 95% confidence intervals (CIs). Race, education, cigarette 
smoking, alcohol consumption, occupational exposure to noise, use of cell phones, and family history of cancer were adjusted for. A 
single factor: exposure to dental radiographs once yearly (OR = 2.27, 95% CI = 1.01–5.09) or once every 2–5 years (OR = 2.65, 95% 
CI = 1.20–5.85) was associated with a higher risk. No relationship was found between the use of cell phones or cordless phones and 
VS. The authors conclude that patients diagnosed with VS were found to have a higher frequency of exposure to dental radiographs 
compared with the control group. However, as this retrospective study has numerous fundamental limitations, the authors suggested 
that the advice to reduce exposure to dental x-ray imaging to lessen the risk of developing VS should be objectively considered 
against the potential value of frequent dental imaging in the facilitation of dental diseases. 
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