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The Assessment of Digital Study Models Using the GOSLON Yardstick Index

Wendy Nicholls, B.Sc., B.A. (Psych), M.H.A., Steven L. Singer, B.D.S, M.Sc., F.D.S. D.Orth, Peter J. Southall,
B.D.S., M.Sc., F.D.S. D.Orth, John C. Winters, B.D.Sc., M.Sc.

Objective: To investigate the reproducibility and repeatability of digital models of patients
with a unilateral cleft lip and palate (UCLP) using the GOSLON yardstick.
Design: Reproducibility and repeatability study.
Method: Two examiners used the GOSLON yardstick to assess the intermaxillary dentoal-

veolar relationship of 30 consecutive UCLP patients by analyzing their 9-year (63 months) dental
study casts and digital study models. The records were rated 1 week apart to avoid bias. The
process was repeated 1 month later as a measure of reproducibility. Reliability was assessed by
comparing the GOSLON score achieved between the two modalities. Patient dental study casts
were sent to 3M Unitek Australia to be scanned using the 3M Unitek LavaTM system to produce
digital study models. The accuracy of the dental study cast occlusal registration was assessed
by both raters prior to sending the study models for scanning.
Statistical analysis: The Linear Weighted Kappa statistic and Kendall’s Coefficient of

Concordance statistic were used to determine the levels of agreement within and between raters.
Results: The linear weighted Kappa statistic for intrarater repeatability of digital study models

scores were very high (0.89 and 0.97). This compared favorably to the intrarater repeatability of
study model casts scores (0.86 and 0.97). There was very good agreement for interrater digital
study model scores (0.80 and 0.87) and also for the interrater study model casts scores (0.80 and
0.90). Kendall’s Coefficient of Concordance statistic (0.99) and Correlation Coefficient (0.86)
support the weighted Kappa results of the digital study model scores.
Conclusion: Digital models can be used for GOSLON scoring with a high degree of

reproducibility and repeatability.
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Patients born with a cleft involving the lip and palate

have normal maxillary growth potential (Mars and

Houston, 1990). Subsequent surgical repair of the hard

palate has been shown to have the potential to adversely

affect facial growth resulting in aClass IIImalocclusion due

to maxillary retrusion. Various methods have been

developed to measure the effect of the type and timing of

such surgery on long-term growth of the maxilla in patients

with a unilateral cleft of the lip and palate (UCLP). The

most widely used and accepted method is the GOSLON

(GreatOrmondStreet andOslo) yardstick. It was originally

developed using reference study casts as a tool to rate the

dentoalveolar relationship between the maxillary and

mandibular dentition in patients born with a UCLP with

particular emphasis on the overjet (Mars et al., 1987). It has

been shown to be a robust method for assessment of UCLP

dentoalveolar relationship outcome and has been validated

for this patient group in the permanent dentition (Mars et

al., 1987), the early mixed dentition, and the deciduous

dentition (Noverraz et al., 1993; Lilja et al., 2006; Mars et

al., 2006). This has led to its application in multi centre

studies to compare treatment outcome between different

clinics within the UK, Europe and the United States (Mars

et al., 1992; Hathaway et al., 2011). The versatility of the

technique has been demonstrated by rating photographs

based on theGOSLONyardstick to rank the dentoalveolar

relationship between the maxillary and mandibular denti-

tion in patients born with a UCLP (Nollet et al., 2004).

Digital technology has developed into an accepted

method of record taking in orthodontics (Harradine et

al., 1990;McGuinness and Stephens, 1992; Redmond et al.,

2000; Sandler et al., 2002; Barry, 2009). One such

application is the use of digital study models as an

alternative to traditional dental study casts. Advantages

include elimination of space required to store large numbers
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of dental study casts, the avoidance of record breakage that

frequently occurs over time, more accurate record cata-

loguing, easier retrieval of data, and the ability to transfer

information via the internet or via storage mediums for

individual case analysis by a colleague or for independent

audit of a clinic data base as part of an intercenter study.

Previous studies have shown that digital study models can

be accurately analyzed using both linear and angular

measures (Tran et al., 2003; Abizadeh et al., 2012; Luu et

al., 2012 ) and qualitative ordinal measures (Darvann et al.,

2007; Veenema et al., 2009; Asquith and McIntyre, 2010;

Chawla et al., 2012; Fleming et al., 2011). Although the

image is two-dimensional, computer software enables it to

be viewed from any angle, allowing a comprehensive visual

examination of a patient’s occlusion. The ability to do so

has resulted in the application of the 5-year index to rate

digital study models of patients with a UCLP (Asquith and

McIntyre, 2010; Chawla et al., 2012). While similar to the

GOSLON yardstick, it is based on the analysis of a

patient’s occlusion in the deciduous rather than mixed or

permanent dentition and may be used to determine early

surgical outcomes for UCLP audit.

The Dental Department of Princess Margaret Hospital

in Perth Western Australia is considering the introduction

of digital studymodels as themethod of recording the serial

dentoalveolar relationship between the maxillary and

mandibular dentition of the cleft patients under its care.

Prior to proceeding, a comparison between the assessment

of digital study models and traditional dental study casts

was carried out to investigate the reproducibility and

repeatability of digital models of patients with a unilateral

cleft lip and palate (UCLP) using the GOSLON yardstick.

This paper reports on the outcome of this study.

MATERIALS AND METHODS

This was a retrospective study of 30 consecutive

nonsyndromic UCLP patients born in Western Australia.

None of the patients had undergone active orthodontic

treatment. The patients had received all their treatment at

the Cleft Lip andPalateUnit at PrincessMargaretHospital

in Perth, Western Australia. All patients underwent

presurgical orthopedics using an intra-oral plate with

external lip strapping applied via a bonnet, from the time

of birth until primary lip repair at 3 months in conjunction

with a Muir flap, an anterior palate repair and a primary

rhinoplasty.Apalatoplastywas carried out between 6 and 9

months using the V-Y push back procedure. The Hospital

Ethics Review Committee approved this study.

An alginate impression of a UCLP patient’s dentition is

taken at 9 years (63 months) and poured in dental stone to

produce dental study casts (Fig. 1) as part of the unit record

taking protocol. 3MUnitekLavaTM (3MUnitekAustralia,

NorthRyde,NSW) uses a computed tomography scanning

process to produce a digital image of a patient’s dentition

(Fig. 2). This can be done either directly from impressions

of a subject’s maxillary andmandibular dentition or from a

dental study cast. Due to the retrospective nature of this

investigation, patient dental study casts were sent to 3M

Unitek Australia to be scanned using the 3M Unitek Lava

system to produce digital study models. Topas PERFECT

A85 (Müller-Omicron GmbH Co. KG, Schlosserstraße 1,

Linlar, Germany) was used to record an occlusal registra-

tion between the maxillary and mandibular study casts to

record the interocclusal registration for the digital study

models. The accuracy of the dental study cast occlusal

registration was assessed by both raters prior to sending

records for scanning (PJS and SS).

Two raters (PJS, SS) used the GOSLON yardstick to

rank the dental study casts and digital study models from 1

to 5. A score of 1 to 2 indicates a malocclusion that can be

satisfactorily addressed by routine orthodontic treatment.

Patients with a score of 3 have a malocclusion that is a

technical challenge to address and requires complex

orthodontic intervention to treat successfully. Scores of 4

and 5 are allocated to patients who will require a

FIGURE 1 A: Frontal view of 9-year UCLP dental study cast. B: 458 view of 9-year UCLP dental study cast.
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combination of orthodontic treatment and orthognathic
surgery to address the underlying skeletal 3 pattern (Mars et
al., 1987). The dental study casts were examined by hand.
The digital study models were viewed on an ASUS IT
laptop (15-inch screen, ASUSTek Computer Incorporated,
Taipei, Taiwan). 3M Unitek Lava software displayed the
digital study models from anterior, lateral, and occlusal
aspects. It also enabled themanipulation of the digital study
models in three planes of space in order to assess the
vertical, horizontal, and transverse maxillary and mandib-
ular interdental relationship from any angle.
During the rating no communication was allowed

between observers. In order to prevent bias, the records
were rated in random order and on separate occasions 1
week apart. A second separate random order rating was
performed 1 month later to provide information for
intrarater repeatability.Master GOSLONyard stick dental
study casts and digital study model copies were available
for reference during the study. The examiners were
previously calibrated in the use of the GOSLON yardstick
to reduce systematic bias. The reliability of digital study
models compared to dental study casts was determined by
comparison of their GOSLON scores.
An Excel spreadsheet (Microsoft Corporation Red-

mond, Washington) was used to calculate the results using
the Linear Weighted Kappa statistic. The linear weighted
Kappa statistic was calculated for the dental study cast
GOSLON scores to determine the intrarater repeatability
(i.e., trial 1 and trial 2 scores for the same rater) and
interrater reproducibility (rater 1 and rater 2 scores). The
same calculations were performed for the digital study
model GOSLON scores.
The Kendall’s Coefficient of Concordance statistic was

also calculated by using Minitab (Minitab Incorprated,
State College, Pennsylvania) to determine levels of
agreement within raters. Like the weighted Kappa, this
statistic takes into account the magnitude of the difference
between scores (i.e., scores of 2 and 3 are relatively close,

but 2 and 5 are a long way apart) with a value of 0

indicating no agreement, while 1 is perfect agreement.

RESULTS

The mean GOSLON score for the dental study casts was

2.96 and for the digital study models 3.02. The GOSLON

yardstick scores for dental study cast and digital study

model assessment are shown in Table 1.

Intrarater repeatability for the dental study casts

(weighted Kappa of 0.86 for rater 1 and 0.97 for rater 2)

and digital study model images was very good (0.97 for

rater 1 and 0.89 for rater 2). The interrater reproducibility

for both the dental study casts (0.90 for rater 1 to rater 2 for

the first trial and 0.80 for the second trial) and digital study

models was also very good (0.87 for rater 1 to rater 2 for the

first trial and 0.80 for the second trial). Table 2 shows the

intrarater repeatability and interrater reproducibility re-

sults, including percentage agreement.

The linear weighted Kappa statistic was used to give an

indication of the intrarater and interrater agreement

between the dental study cast and digital study model

scores for the same trials. The intrarater repeatability was

very good in all four cases (ranging from 0.86 to 0.90). The

interrater reproducibility was consistently very good (0.80

to 0.90). Table 3 shows the intrarater and interrater results

FIGURE 2 A: Frontal view of 9-year UCLP digital study model. B: 458 view of 9-year UCLP digital study model.

TABLE 1 Frequency of GOSLON Scores for Dental Study Model

Casts and Digital Study Models

GOSLON Score
Model
Casts Percentage

Digital
Study Models Percentage

1 0 0 0 0
2 51 42.5 47 39.17
3 26 21.67 28 23.33
4 40 33.33 43 35.83
5 3 2.5 2 1.67
Total 120 100 120 100
Average 2.96 3.02
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between dental study casts and digital study model images
including percentage agreement.

Kendall’s Coefficient of Concordance statistic (Table 4)
was calculated to determine levels of agreement within

raters. The intrarater results for the digital study model
images scores comparing the first and second trials were
0.99 for both raters. This shows an extremely high level of
agreement within rater (almost perfect) with P , 0.05
indicating this was not due to chance.

The Kendall’s Correlation Coefficient statistic (Table 5)

was calculated to determine the intrarater agreement
between the digital study model images scores and the
‘‘standard’’ represented by the dental study casts scores.
Both rater 1 (0.86) and rater 2 (0.91) had very good
agreement, with P , 0.05 indicating this was not due to

chance.

DISCUSSION

The results of this study show that the GOSLON
yardstick can be used to rate 9-year digital study models of

patients with a UCLP. The intrarater repeatability and
interrater GOSLON reproducibility achieved when assess-
ing digital study models was very good and compared
favorably to those attainedwhen ranking dental study casts
in this study and previous published articles (Mars et al.,

1987;Noverraz et al., 1993;Hathorn et al., 1996; Lilja et al.,
2006).

The intrarater repeatability and interrater reproducibility
of the GOSLON scores attained for the digital study

models compared with the dental study cast suggests good
agreement between these methods of recording the
intermaxillary relationship (Table 3). The ability to digitize

dental study casts directly suggest this method could be
used by a cleft clinic to retrospectively record a historical
archive of dental study casts and still retain the ability to use
theGOSLON index as amethod of audit. 3MUnitek Lava

retains digital records for a maximum of 14 years unless
otherwise stipulated. Because cleft records are regarded as a
permanent document, if such a method of record storage
was to be introduced, it would be necessary for the
company to be advised of the permanent nature of the

recordedmaterial in order to avoid loss of information after
this time period. If a clinic chose to use an in-house method
to produce digital records, it would be prudent to have
duplicate storage of information in case the storagemedium
became corrupted and the data were lost. In either

circumstance the ongoing cost of either a third-party
storing digital records off site or the long-term requirement
for a clinic to back them up would have to be taken into
consideration if this method of record taking was to be

introduced.

The 3M Lava system is based on the digitization of an

impression of a patient’s mouth rather than a dental study
cast. This avoids a clinical procedure, thereby saving
clinical time, and would be the method of application if
introducing this method of digital record into a clinic. In

this study the retrospective nature of the investigation
necessitated the production of the digital records from
existing dental study casts rather than alginate impressions

TABLE 2 Intrarater Repeatability and Interrater Reproducibility

Model Casts Digital Images

% Agreement Wt Kappa (CI) % Agreement Wt Kappa (CI)

Intrarater repeatability

Rater 1 (Trial 1 to Trial 2) 86.7 0.86 (0.74, 0.99) 96.7 0.97 (0.90, 1.00)
Rater 2 (Trial 1 to Trial 2) 96.7 0.97 (0.91, 1.00) 90.0 0.89 (0.78, 1.00)

Interrater reproducibility

Trial 1 (Rater 1 to Rater 2) 90.0 0.90 (0.79, 1.00) 86.7 0.87 (0.74, 0.99)
Trial 2 (Rater 1 to Rater 2) 80.0 0.80 (0.66, 0.94) 80.0 0.80 (0.65, 0.94)

TABLE 3 Intrarater Repeatability and Interrater Reproducibility Between Model Casts and Digital Study Models

Rater 1 Trial 1 Rater 2 Trial 2

% Agreement
Wt

Kappa (CI) % Agreement
Wt

Kappa (CI) % Agreement
Wt

Kappa (CI) % Agreement
Wt

Kappa (CI)

Intrarater repeatability

Casts to digital
study models (Trial 1)

90.0 0.90 (0.79, 1.00) 86.7 0.86 (0.74, 0.99)

Casts to digital
study models (Trial 2)

86.7 0.86 (0.74, 0.99) 80.0 0.80 (0.66, 0.94)

Interrater reproducibility

Casts to digital study
models (Rater 1 to 2)

90.0 0.90 (0.78, 1.00) 86.7 0.86 (0.73, 0.99)

Casts to digital study
models (Rater 2 to 1)

80.0 0.80 (0.66, 0.94) 80.0 0.80 (0.67, 0.94)
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from patients. Though the former produces a more
accurate digital record for linear and angular measurement
such differences are unlikely to alter a GOSLON yardstick
outcome because it depends upon a ranking of a study
model rather than quantitative measure.
The reproducibility and repeatability of digital assess-

ment achieved in this studywas superior to that reported by
Asquith andMcIntyre (2010) and Chawla et al. (2012) who
used the 5-year index to assess 5-year-old UCLP records. It
is possible theremay have been a difference in the quality of
the images produced by 3MUnitek Lava digital imaging as
compared with the R640 3 Shape Desktop study model
scanner (3Shape A/S Copenhagen K, Denmark), as the
former produces a digital image by computer tomography
and the latter by a surface laser scan. Another possible
source of difference that could impact a GOSLON score is
the accuracy of recording the interocclusal registration
required to produce a digital study model. Incorrect
registration has the potential to alter the GOSLON rating
of a digital study model compared with the equivalent
dental study cast. In this study the intermaxillary relation-
ship was registered using Topas PERFECT A85 (Müller-
Omicron GmbH Co. KG) rather than directly from a
patient occluding on bite registration material. Before a
registration was approved, the authors checked the
intermaxillary relationship between the dental study casts
with and without the intermaxillary registration in place. If
the occlusal registration appeared incorrect, it was repeated
prior to acceptance. In the case of Asquith and McIntyre
(2012) and Chawla et al. (2012) bite registration involved a
partial scan of a patient dental study cast. Neither paper
indicated how the accuracy of the digitally recorded
intermaxillary relationship was checked compared with
the original dental study cast. During this investigation,
reference was frequently made to the digital copies of the
original GOSLON yard stick reference dental study casts.
This may have been a reflection that neither rater was
experienced in the use of digital study models. If these had
not been available, the authors feel that there would have
been a negative impact on the rating of the digital study
models.
A possible reason for a difference in kappa score

observed between digital study models and dental study
casts is that only one possible intermaxillary relationship
exists for the former. In the case of dental study casts,
however, the intermaxillary relationship can be altered
during examination, particularly if a patient’s occlusion
appears uncertain when the dental study casts are occluded.
This could introduce an inconsistency in the GOSLON

score between different operators examining a dental study
cast.
The 3M Unitek Lava method involves sending an

impression or dental study cast to be scanned to 3M
Unitek for processing rather than scanning dental study
casts in-house. This has significant time-saving potential for
a department planning to duplicate a historical archive or
prospectively introduce digital recording of the dentoalve-
olar relationship of cleft patients under their care.

CONCLUSION

The results of this study indicate that digital models can
be used for GOSLON scoring with a high degree of
reproducibility and repeatability.
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