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Abstract 

Objectives: To compare gingival inflammation scores obtained chairside using the non-invasive 

modified gingival index (MGI) with MGI scores from an intraoral scan (IOS) captured at the clinical visit 

but viewed 10 days later. 

Methods: Single visit, anterior teeth, observational, proof of concept study in healthy adult 

participants with a spectrum of gingival inflammation. One investigator performed both clinical and 

intraoral scan MGI assessments, a second repeated the MGI evaluation from the IOS. 

Results: 23 participants aged 18-72 yielded data for 552 gingival sites. There was agreement at 90% of 

sites comparing clinical with IOS MGI scores. The commonest disagreements were MGI grade 0 read 

as 1 and 2 read as 3, the highest single probability of error occurring where a clinical score of 0 was 

scored 1 from the IOS: 0.118 and 0.129 for examiners 1 and 2 respectively. The second most common 

probability of error occurred where an IOS score of 3 was scored clinically as 2: 0.089 and 0.097 for 

examiners 1 and 2 respectively. MGI scores from the scans were similar for both examiners (91% 

agreement), with no discrepancies of greater than 1 scale point. There was very close agreement 

between clinical MGI and IOS colour/texture scores.  

Conclusion: This study conclusively demonstrated that the MGI score from the scanned image was 

very similar to the MGI scored clinically. This study confirms that a digital IOS accurately captures 

gingival contour images allowing a clinician to determine health or degree of gingival inflammation 

from it using MGI scores. 

Clinical Significance Statement 

This study confirms that IOS images of teeth and soft tissues are sufficiently accurate to allow the 

clinical evaluation of health or inflammatory gingival status using non-invasive indices. IOS has great 

potential for efficient and accurate data capture, for general practice and research facilitating remote 

evaluation and data verification. 

 
ISRCTN: 80682472  

https://doi.org/10.1186/ISRCTN80682472
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Introduction 

Clinical gingival health is associated with an inflammatory infiltrate and a host response consistent 

with homeostasis [1]. Gingivitis is a reversible condition confined to the gingiva, which if untreated, 

can progress to periodontitis. Periodontitis is an irreversible condition, characterised when severe by 

bone loss [2], tooth loss and adverse effects on quality of life [3]. The prevention of periodontitis is 

conditional on the control of gingivitis [4], the most common cause of which, is the accumulation of 

dental plaque [5,6]. Implementation of successful plaque control by daily, self-directed good oral 

hygiene [7] allows a return to gingival health [8]. However, it has been shown that the majority of 

patients do not brush their teeth effectively [9]. In addition, they are often unaware that they are 

suffering from gingival inflammation, with gingivitis being diagnosed and demonstrated to them only 

when they attend for a dental appointment [10]. For the majority of patients, the combination of an 

excellent oral hygiene homecare regimen and regular supportive periodontal care is necessary to 

maintain oral health [11]. 

The diagnosis of gingivitis by the clinician relies on the identification of signs and symptoms of 

inflammation resulting from the disease process in the gingival tissues. This assessment is either non-

invasive using a visual technique, or invasive using instrumentation [12]. Indices to assess the severity 

of changes to the gingivae have been developed with the aim of providing a clinical assessment that 

is as objective as possible. The Modified Gingival Index (MGI) is an example of a wholly non-invasive 

index that is visual and whereby the characteristic inflammatory changes at the gingival margin are 

evaluated by the assessment of changes in colour, texture and oedema [13]. Invasive indices such as 

the gingival index (GI) [14] use a periodontal probe which is used to gently probe around the gingival 

sulcus of each tooth in the mouth to enable bleeding and qualitative changes in the marginal and 

interproximal tissues to be recorded. All current gingival indices measure similar parameters related 

to gingival inflammation, are all subjective in nature and all require expert examiner training and 

knowledge to examine a patient at multiple sites to arrive at an appropriate diagnosis and 

management strategy [12]. 

The introduction of Computer Aided Design – Computer Aided Manufacture (CAD-CAM) technology 

in the early 1980’s has enabled the direct and non-invasive acquisition of data from the oral cavity 

[15]. In principle, three dimensional (3D) intra oral scanners (IOS) project a light source on to the object 

to be scanned and the images captured by imaging sensors are processed by scanning software to 

produce triangulated point clouds that enable a virtual 3D surface model to be created [16-18]. 

Initially, the technology was used for the accurate manufacture of restorative prostheses (such as 

inlays, onlays, short span fixed bridgework) and digital impressions as well as surgical guides for 
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implants and implant crowns [16]. In the field of implantology IOS is increasingly used in place of 

conventional impressions and a 2020 systematic review indicated that scanners utilising active 

wavefront sampling are more accurate than other techniques employed [19]. More recently 

application has been extended to being used as a tool for the diagnosis and treatment planning for 

orthodontic patients [17]. The accuracy of IOS has been demonstrated to be sufficient for the 

acquisition of diagnostic or orthodontic models and comparable to conventional impression 

techniques [20,21].  

Rosin et al [22] demonstrated that changes in gingival margin volume could be detected by 3D scans 

of impressions when converted into replicas, suggesting that imaging could be used to assess gingival 

oedema. In a subsequent IOS study, Newby et al [23] demonstrated in vivo that reductions in clinical 

contour volume correlated with improvements in standard clinical gingivitis indices for oral areas that 

had received dental prophylaxis. Similar studies [24,25] using digital cameras with colour 

calibration/software have shown that changes in gingival health assessed by standard non-invasive 

gingival indices may also be detected as a change in gingival redness on a digital image, indicating that 

digital imaging may be used to record gingival inflammation by changes in redness. While digital 

images captured by camera do result in a permanent record of the status of gingival health at a 

particular timepoint the IOS provides additional advantages. To accurately follow changes of an oral 

area over time the lighting of the images must be consistent. While digital cameras do not adjust for 

different lighting conditions, the IOS has its own source of light which is calibrated each clinical session 

such that no additional light is needed and it is not affected by surrounding lighting conditions. The 

position of the IOS from the tooth is also fixed whereas it is not possible to standardise the focal 

distance using a camera and an IOS can also image lingual and palatal surfaces inaccessible to a 

camera. In addition, while a camera can only capture a 2D image the IOS captures the oral cavity in 

3D making it possible to manipulate the image so that you can see around the tooth in the same way 

as you would review the entire gingival margin in the clinic, rather than observing a tooth from a 

specific angle or direction. 

The acquisition of digital data with IOS represents a novel methodology to unequivocally capture and 

store source data from the gingival tissues more rapidly than standard non-invasive clinical records 

with enough detail to enable clinicians to also assess a multitude of other oral health parameters used 

to evaluate oral health. This addresses the shortcomings of most oral health studies using 

conventional assessment indices, in that they lack objectivity, comparability and validity [26]. IOS 

furthermore, may record data at an instant as per observational studies or in sequence, as per 

intervention studies. Such images may focus on the gingival tissues to aid clinicians to diagnose the 
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severity and extent of gingival inflammation, or on disclosed plaque to evaluate plaque scores by 

conventional plaque indices. Whichever parameter is investigated, IOS methodology ensures rapid 

and objective data capture that can be evaluated remotely outside clinical time at a different time 

point and validated by third party assessment. 

The Trios3 scanner is the 3rd generation scanner developed and manufactured by 3Shape®. It is a 

scanner which uses confocal microscopy to capture images of the dento-gingival tissues with 

integrated features of colour, high definition and digital shade determination to differentiate between 

teeth and gingival tissues [18]. To determine the accuracy of MGI scored from the Trios3 IOS, this 

proof of concept study scored clinical gingival health and inflammation with non-invasive MGI and 

compared these scores with MGI scored from the IOS taken at the clinical visit but viewed 10 days 

later.  

 Materials and Methods 

Study Design and Conduct 

This study was a blind (blind to the clinicians assessing the 3D image scans) single visit part mouth 

observational study in healthy adult participants who had a range of gingival inflammation. It was 

designed to compare colour/texture and gingival inflammation scored contemporaneously in a clinical 

environment, with that scored remotely following a 3D intraoral scan of the same. No clinical 

interventions were undertaken. This study was approved by the North East-York Research Ethics 

Committee (REF 19/NE/0351) and completed following Good Clinical Practice Guidelines.  

Potential participants were recruited from a clinical trials unit database of people who had expressed 

an interest in taking part in clinical trials. Participants who gave informed consent were assessed for 

eligibility. Eligible participants were adults with at least 20 natural teeth who were not currently 

undergoing orthodontic treatment and had no signs of untreated caries, no significant periodontitis 

or any periodontal pockets >4mm in anterior dental sextants. 

Following enrolment in the study, a maximum of 12 scorable teeth (teeth with natural tooth surface 

at the gingival margin) from canine to canine (FDI teeth 13-23, 33-43) in the upper and lower anterior 

sextants, for each participant, were assessed clinically for gingival inflammation. We chose anterior 

teeth for this proof of principal study as they are accessible and tend to have fewer restorations 

adjacent to the gingival margin. One score for the buccal gingival unit and one score for the lingual 

marginal unit of each tooth was recorded according to MGI [13]. Colour and texture at 2 buccal gingival 

sites in the same sextants per participant were pre-identified by the examiner and also scored. The 

examination was conducted using a standard mirror for clinical examination and loupes. Immediately 
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following the clinical assessments, a 3D scan of the evaluated areas for each participant was also taken 

using a 3Shape camera (3Shape A/S, Copenhagen, Denmark) ensuring that the same scored teeth and 

gingival units in the anterior sextants were imaged. Prior to the use of the scanner at each session it 

was white/colour balanced and calibrated to ensure consistent reproduction of colour as per the 

manufacturer’s instructions. Scans were taken in the dental surgery using standard lighting conditions 

and teeth were dried. Ten days after the clinical assessment, the original and a second examiner 

evaluated the anonymised 3D Intra-oral scans and attributed an MGI score for all scorable teeth in the 

study sextants. Additionally, they recorded colour and texture scores at the 2 pre-identified buccal 

sites. 

Study Assessments 

The gingival condition was assessed using the ordinal MGI 5-point scale [0 = normal (absence of 

inflammation), 1 = mild inflammation (slight change in colour, little change in texture) of any portion 

of the gingival unit, 2 = mild inflammation of the entire gingival unit, 3 = moderate inflammation 

(moderate glazing, redness, oedema, and/or hypertrophy) of the gingival unit, 4 = severe inflammation 

(marked redness and oedema/hypertrophy, spontaneous bleeding, or ulceration) of the gingival unit] 

[13]. For the additional data, a binary index was adopted with colour being recorded as red or pink 

and texture recorded as smooth or stippled. For the purposes of this proof of principle study, the 

clinical assessment of the MGI was assumed to be correct so that the generated data points could be 

used as a reference to gauge the direction (over or under score), extent (degree of disagreement) and 

frequency (the number of times the assessments vary for each clinical examination) of variation. The 

two clinicians experienced in using the MGI index were trained in the use of the scanner and calibrated 

prior to the commencement of the study, Kappa value >0.8. 

Statistical Methods 

Sufficient adult participants in good general health were accepted onto the study in order to obtain at 

least 210 scorable buccal or lingual anterior tooth sites and a minimum number of scorable sites with 

each MGI score as follows: 0 - 80 sites; 1, 2, and 3 – 40 sites each; 4 – 10 sites. It was deemed that a 

minimum of 20 participants (480 potential scorable sites) who fulfilled the eligibility criteria would 

need to be enrolled to achieve the minimum of 10 sites with a score of 4. 

Cross tabulations were constructed to compare clinical and scan derived MGI scores recorded by each 

examiner and to compare examiner scan derived MGI scores. Disagreements between MGI scores 

were highlighted and disagreement probabilities calculated for disagreements between consecutive 

scores, with confidence intervals calculated using Wilson’s method [27]. The degree of examiner over-

rating of IOS scores was calculated with confidence intervals according to the method of Tango [28]. 
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Cross tabulations were also constructed to compare clinical and scan derived colour and texture scores 

recorded by each examiner and to compare between examiner differences in the scan derived scores. 

The agreement between the clinical MGI scores and the clinical colour and texture scores were 

summarised using the generalised Mann-Whitney statistic U/mn analysis [29]. 

The clinical assessment of MGI was considered for the purposes of the study to be the correct and 

reference evaluation. 

Results 

Between 4 and 18 December 2019, 23 participants aged 18 to 72 years old were recruited to the study. 

There were 15 female and 8 male participants, 22 of whom were White and 1 of Asian ethnicity. No 

adverse events were reported. The number of scorable sites greatly exceeded the 210 minimum 

required for the study. Clinically, of the 552 possible gingival scores, there were 85 MGI scores of 0, 

117 scores of 1, 162 scores of 2, 146 scores of 3, 30 scores of 4 and 12 were unscorable. 

Representative images of each MGI score as captured by the scan are shown in Figure 1. The 

frequencies of agreements and disagreements between the scan and clinical MGI score for each 

examiner are shown in Table 1. The patterns for the two examiners were similar: the most common 

disagreements were to score a scan as 1 when the clinical score was 0 and to score a scan as 3 when 

the clinical score was 2. There were no statistically significant differences when examining differences 

by surface or arch. 

Table1. Cross-tabulation of clinical score vs examiner score from the scan.  

  Scan read by Examiner 1 
 Score 0 1 2 3 4 Total 

Clinical 0 75 10 0 0 0 85 

1 6 103 8 0 0 117 

2 0 7 141 14 0 162 

3 0 0 3 141 2 146 

4 0 0 0 2 28 30 

Total 81 120 152 157 30 540 

  Scan read by Examiner 2 
 Score 0 1 2 3 4 Total 

Clinical 0 74 11 0 0 0 85 

1 3 106 8 0 0 117 

2 0 6 141 15 0 162 

3 0 0 6 139 1 146 

4 0 0 0 1 29 30 

Total 77 123 155 155 30 540 
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The frequencies of all disagreements comparing the clinical MGI scores to the scan derived MGI scores 

for examiners 1 and 2 are shown in Table 2, the most frequent disagreements are indicated in bold, 

these were common to both examiners.  

Table 2. Frequencies of all disagreements comparing the clinical MGI scores to the scan derived MGI 
scores for examiners 1 and 2 

  Examiner 1 Examiner 2 

  Proportion 95% CI* Proportion 95% CI* 

Probability that scan read as: 
    

0 is a clinical score of 1 0.074 0.034 - 0.152 0.039 0.013 - 0.108 

1 is a clinical score of 2 0.058 0.029 - 0.116 0.049 0.023 - 0.102 

2 is a clinical score of 3 0.020 0.007 - 0.056 0.039 0.018 - 0.082 

3 is a clinical score of 4 0.013 0.003 - 0.045 0.006 0.001 - 0.036 

1 is a clinical score of 0 0.083 0.046 - 0.147 0.089 0.051 - 0.153 

2 is a clinical score of 1 0.053 0.027 - 0.100 0.051 0.026 - 0.099 

3 is a clinical score of 2 0.089 0.054 - 0.144 0.097 0.060 - 0.154 

4 is a clinical score of 3 0.067 0.018 - 0.213 0.033 0.006 - 0.167 

Probability that a clinical score of:     

0 will be read as 1 from scan 0.118 0.065 - 0.203 0.129 0.074 - 0.217 

1 will be read as 2 from scan 0.068 0.035 - 0.129 0.068 0.035 - 0.129 

2 will be read as 3 from scan 0.086 0.052 - 0.140 0.093 0.057 - 0.147 

3 will be read as 4 from scan 0.014 0.004 - 0.049 0.006 0.001 - 0.038 

1 will be read as 0 from scan 0.051 0.024 - 0.107 0.026 0.009 - 0.073 

2 will be read as 1 from scan 0.043 0.021 - 0.086 0.037 0.017 - 0.078 

3 will be read as 2 from scan 0.021 0.007 - 0.059 0.041 0.019 - 0.087 

4 will be read as 3 from scan 0.067 0.018 - 0.213 0.033 0.006 - 0.167 

*Wilson et al [27]     

Accepting the clinical examination as the baseline referral point there was a good deal of accord 

between both clinical and scan scores, however there was a tendency for both examiners to over, 

rather than under-rate the severity of gingival disease as scored by MGI from the scans. The extent of 

over scoring is summarised in Table 3. Examiner 1 tended to over-read scans by an average of 0.030 

per grade, relative to their clinical scores, demonstrating that clinically meaningful disagreements 

were present and significant (p=0.027) but few in number. Scans read by examiner 2 were similar but 

not identical.  However, it is more pertinent to look at these figures in relative terms: the former is 14 

out of 162, the latter is 10 out of 85.  

Table 3. The degree of over-rating of scan scored MGI by each examiner 

Examiner Proportion Overrated 95% CI* p-value 

1 (34-18)/540 = 0.030 0.004 – 0.057 0.027 

2 (35-16)/540 = 0.035 0.010 – 0.063 0.008 

*Tango et al [28] 
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Results for colour and texture demonstrated that for every one of the 46 sites scored, the 6 binary 

scores produced by clinical scoring of colour and texture and subsequent scoring of colour and texture 

by examiners 1 and 2 were always identical. Furthermore, all MGI scores of zero had a normal colour 

(pink), and all scores of 2, 3 or 4 had an abnormal colour (red); those with score 1 were approximately 

equally divided between the two colourings. The generalised Mann-Whitney statistic U/mn analyses 

[29] in Table 4 express this, near perfect agreement between the clinical MGI scores and the clinical 

colour and texture scores. The texture was interpreted as a binary score of stippled or oedematous 

and mirrored the colour scores. 

Table 4. Comparison scan derived MGI score compared with scan derived colour score for both 
examiners  

Examiner U/mn  95% CI  
 

1 0.992 0.865 – 0.9995 
 

2 0.984 0.851 – 0.998  

 
 
Discussion 

This study aimed to determine whether scans captured by the Trios 3Shape scanner can be used to 

identify areas of gingival health or gingival inflammation when compared to conventional clinical 

records obtained using a standard assessment and gingival index. The MGI [13] represents the gold 

standard for non-invasive scoring for gingival health and inflammation [30]. The ability to use a 

scanned image to score gingivitis with MGI, differentiating between the degrees of gingival 

inflammation, was conclusively demonstrated in this study. Not only was an excellent level of intra-

examiner agreement confirmed, but also there was no clinically relevant difference between the inter-

examiner scanned images scores when considering direction, extent and frequency of variation. 

Indeed, there were no discrepancies of more than one point on the MGI scale anywhere, between the 

two examiners reading the image or between either examiner reading the image and the clinical 

grade. 

More in depth analysis revealed the observers reading the scans both tended to overrate the score by 

a similar degree rather than underrating the severity of gingivitis, although these discrepancies were 

few in number. Interestingly, proportions representing how often substantial disagreements occurred 

for both examiners showed that the most frequent disagreement was to score a scan as 1 when the 

clinical score was 0 and to score a scan as 3 when the clinical score was 2. The appearance and clinical 

diagnosis of gingivitis is a continuum, so these results are not surprising and indeed there is frequent 

subjectivity when scoring visually [24]. Reassuringly there was no suggestion that one observer read 

consistently higher than the other. The examiners undertaking the MGIs were extremely experienced 
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clinicians, trained and calibrated for this study. Some degree of variation between examiners scoring 

a site would seem both acceptable and realistic with a continuous scale. 

Confronted with a crosstabulation of two ordinal variables as in this study, it is instinctive to undertake 

a rank correlation or some similar measure such as weighted kappa, with a suitable confidence interval 

to test agreement. Analysed this way our data would indicate an extremely strong, significant 

association between the two scores but would not identify where scores diverged.  Quantifying the 

degree of disagreement between the two sets of ratings identifies how often there are discrepancies 

and where these occur most frequently so whether they might be clinically relevant and meaningful 

can be judged. 

One of the objectives of the study was to recruit volunteers with a substantial numbers of sites with a 

spectrum of possible scores ranging from 0 to 4, anticipating that fewer participants would score 4 

than any other score. In the event, 30 surfaces scoring 4 were obtained, along with much higher 

numbers of other scores. This reflected that sufficient numbers of volunteers were recruited and 

ample number of sites could be considered and scored for comparison of visual and scanned images, 

ensuring the power of the study was met. 

A healthy gingival margin should be pink visually as there is no inflammation and in contrast gingivitis 

is the result of inflammation of the gingival margin and reddening and swelling. Considering the high 

definition of the scan and excellent examiner agreement for MGI gingival scoring, it was not surprising 

that there was perfect agreement between the binary colour and texture indices in the 46 additional 

sites selected, indicating the strong relationship between the clinical MGI scores and the clinical colour 

and texture scores. The sites were scored as pink for health or red for inflammation which appeared 

to have great clarity when visualising the scans and were straightforward to differentiate. Similarly, 

with the binary texture scores that mirrored the colour assessments showing health and disease, these 

could be easily and accurately identified with reproducible accuracy. This again validated the high level 

of discrimination which can be achieved with this scanning technology and is very encouraging for the 

dental profession with regard to the benefits of scanning patients in the future to record the gingival 

tissues to aid diagnosis and identify treatment needs. The colour and texture scores may be able to 

be used in conjunction with the MGI scores to help discrimination with discrepancy resolution. 

Clinical gingival health on an intact periodontium has now been defined in the 2017 World Workshop 

in Periodontal Diseases and Conditions, by the absence of bleeding on probing, erythema and oedema, 

patient symptoms, and attachment and bone loss [1]. Previous epidemiological data on the prevalence 

of gingivitis suffered from the lack of a universally adopted case definition, figures varying as widely 

as 6% to 94%, due to the use of indices that measure gingival inflammation at individual sites rather 
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than considering the patient's mouth as a whole [31]. Localized clinical inflammation is reported to 

affect almost 95% of the population. With the increased use of digital scanning technology in the 

dental arena, there is now scope for dental health professionals to be able to rapidly record and store 

accurate 3D images of the whole mouth using non-invasive methodologies. This aids the dentist to 

rapidly assess the complete dentition and periodontium and monitor oral health if the scans are 

repeated at subsequent appointments. There is no robust evidence to clearly differentiate mild, 

moderate, and severe gingivitis, with definitions defined by percentage of bleeding on probing in the 

2017 World Workshop as mild = < 10%, moderate = 10%-30%, severe = > 30% sites affected [1]. Since 

IOS can allow correlation to clinical scores, this technique could be evaluated further to enable oral 

healthcare professionals to scan the mouth with a non-invasive methodology, preferred by patients, 

and use algorithms to determine gingival health and disease according to the New 2017 Classification 

[8]. Furthermore, they provide a pictorial take home report for the patient as a behaviour modification 

tool to improve oral health and oral health related quality of life. 

Conventional indices have been long established to evaluate the oral health status of individuals and 

to generate epidemiological data recording periodontal, gingival and plaque status in research studies. 

The variety and number of indices for each oral health parameter reflects the complexity of capturing, 

analysing and presenting data that is standardised, comparable and reproducible for validation 

purposes. Oral health indices rely on experienced, trained clinical assessors spending considerable 

costly clinical time evaluating oral conditions, such as gingival inflammation, which need to be 

recorded chairside for the data to be contemporaneous. This is a tried and tested technique but suffers 

the shortcomings that multiple clinical decisions are required for each subject, which can result in 

fatigue and data drift. Furthermore, the source information cannot be examined for validity on a 

subsequent occasion. The implication of this, is that observational and intervention studies, being 

subjective in nature, suffer from a lack of objectivity and as a result clinical investigators have adopted 

several measures to improve the credibility of the data. These measures range from adoption of 

industry standards such as Good Clinical Practice (GCP), to pre study training and the adoption of 

repeat scoring throughout, either by the same or an alternative investigator. Statistical analysis of the 

data set is able to confirm or otherwise, the consistency and accuracy of scoring, but it is not able to 

determine that the data evaluated is an accurate representation of the clinical picture. The advantage 

of IOS is that the original record can be assessed and scored by any number of individuals at a later 

time point, with much reduced clinical time and for both the clinician and the patient. One could also 

envisage a step further when software technology is utilised to assess the scans and categorise the 

findings. 
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Intra-oral scanning (IOS) represents the adaptation of existing technology to rapidly capture in a 

standard and secure form, the data which can be used for analysis off-clinic and at a later time. The 

nature of IOS implies that the images may be used for recording data for non-invasive indices only, 

however, the images themselves may be standardised and third party validated as well as stored to 

comply with data protection. This ensures that the clinical time associated with any clinical research 

and examination is minimised as it is limited to data capture. It also ensures that the assessment and 

subsequent analysis may be conducted and validated off-site and by more than one examiner for 

accuracy and reproducibility. In particular, this should facilitate the move for evaluation methodology 

away from ordinal to ratio indices, thereby increasing the clinical relevance of the findings and also be 

of benefit for medico-legal purposes. 

Conclusions 

This study confirms that the same clinical conclusion may be reached whether observational data is 

collected conventionally or using IOS. The results of both data sets are comparable and show clinically 

meaningful high level of agreement, demonstrating conclusively that these images can be later 

analysed using the same non-invasive index used chairside, to produce the same clinical results. In 

addition, IOS ushers in an era of clinical research where source data capture is separated from data 

analysis, is objective, standardised, rapid and may be performed by clinical staff who need not be 

trained to investigator standard. The impact of this study represents a paradigm shift for data 

collection for non-invasive indices as it is faster, requires fewer members of the research team, an 

increased capacity for study volunteers and an opportunity to evaluate and process the data 

statistically off-site. This evaluation may be validated for governance purposes when required and as 

such represents a new gold standard for randomised controlled oral health studies. Furthermore, the 

authors envisage the adoption of IOS methodology to become the industry standard for gingival 

measurement studies as it enable a shift to ratio indices with more meaningful clinical conclusions and 

a transparent evaluation of inter and intra examiner variability. This level of agreement for examiner 

calibration for a clinical gingivitis study conducted to good clinical standards supports a 

recommendation for routine use of digital intra-oral scanning to record gingival inflammation for 

observational or intervention research studies and in general dental practice. 
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Figure Legends 

Figure 1. Representative intra-oral images of MGI scores 0-4 

 

 

 


