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Abstract

Objectives: Changes in periodontal referral patterns over time have been reported

from the United States and Australia. To date, comparable studies have not been

published from Europe. The objectives of the present study were to examine changes

in periodontal referral patterns in Norway in 2003 versus 2018 and to compare these

with trends observed in the United States and Australia using universal criteria for

grading of periodontal severity.

Materials and methods: A retrospective analysis of 369 charts from four Norwegian

periodontics clinics was completed. Data on year of referral, gender, age, tobacco

smoking, periodontal status and missing teeth at initial examination, teeth planned

for extraction, and periodontal case type were collected using a survey format; case

type I, II, III, and IV representing increasing severity of periodontitis, case type V rep-

resenting referral for other periodontal conditions (peri-implantitis, refractory peri-

odontitis, etc.). Chi-square, t-tests, and negative binomial regression were used for

the statistical analysis.

Results: Compared with 2003, the 2018 data showed an increase in mean age at

referral (p < 0.05), overall distribution of case type III and V (p = 0.047), and number

of missing teeth (p = 0.001). Further, a decrease in prevalence of smokers (p < 0.05),

but no change in number of teeth planned for extraction (p = 0.104), were observed.

Conclusions: During a period of 15 years, changes in periodontal referral patterns in

Norway are similar to those in the United States and Australia. The adoption of a

guideline-based referral practice might be beneficial for both the dental profession

and patients.
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1 | INTRODUCTION

The outcome of periodontal therapy is highly dependent on early diagno-

sis, an appropriate treatment plan, and optimal primary and supportive

periodontal therapy. At a tooth and site level, furcation involvements,

tooth mobility, and infrabony defects are commonly recognized factors

promulgating tooth loss (McGowan et al., 2017). At a patient level,

disease modifiers including smoking and diabetes mellitus likely impair

treatment outcome (Tonetti et al., 2018). Diagnosed early, periodontal

disease can be successfully managed with limited morbidity using mostly

noninvasive means, individualized patient supervision, and behavior mod-

ification (Axelsson et al., 2004; Saito et al., 2011; Wylam et al., 1993).

Over the last 30 years increased understanding of the pathogene-

sis of periodontal disease, the potential relationship between
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periodontal disease and systemic diseases, increased knowledge and

education and a number of novel treatment modalities have contrib-

uted to present public and professional awareness and focus on peri-

odontal disease and periodontal care needs. This has provided

important reasons to investigate whether these changes have

impacted periodontal referral patterns. General practitioners wish to

pursue training and education to provide their patients with a broader

range of “in-house” services, including nonsurgical periodontal treat-

ment, dental implant placement, and soft tissue and bone grafting pro-

cedures (Zemanovich et al., 2006). In addition, improved

socioeconomic status in Western Europe may have affected patients'

willingness to undergo periodontal treatment (Wamala et al., 2006).

General practitioners are well trained in diagnosing periodonti-

tis and the majority of moderate to severe cases are referred to

periodontal specialists. Recent reports suggest that nonclinical fac-

tors related to patients, general practitioners, practice demo-

graphics, feedback from patients, fees, and working relationships

with specialty care clinics influence referral patterns (Kraatz

et al., 2017, 2019). A Virginia-based survey indicates that periodon-

titis receive the least referrals from general dentistry providers with

less than 5 years professional experience (White et al., 2019). This

might be a result of improved periodontal education over the years,

but also related to the increasing debt burden faced by younger

practitioners. There may also be a tendency to over-establishment

of general dentistry providers, especially in urban areas resulting in

fewer patient per dentists and reduced income. Thus, universal

guidelines for referral of periodontal cases based on valid clinical

criteria can be warranted.

Two retrospective studies compared charts of patients referred

for periodontal specialty care in the United States (Cobb et al., 2003)

and Australia (Brown et al., 2017) over 20 and 15 years, respectively.

Both studies concluded that comparatively fewer severe cases were

referred in the first cohort compared with patients in the second. This

trend was clear even though the prevalence of smoking was reduced

during the same time periods. Both reports concluded that it is the

responsibility of general dentistry providers to ensure that patient

periodontal treatment needs are identified early, and if indicated,

referred for specialty care.

The British Society of Periodontology has presented guidelines

for a periodontal referral policy (Dowell & Chapple, 2002). Efforts

have also been made by the American Dental Association and the

American Academy of Periodontology to develop a universal screen-

ing tool for periodontal treatment needs (Charles & Charles, 1994).

Comparable guidelines have not been presented in Norway or

reported from the European Union. The adoption of a guideline-based

referral practice might be of significant benefit to the practice of gen-

eral dentistry and patients alike. The objective of this retrospective

study was to assess periodontal referral patterns in Norway in 2003

versus 2018 by comparing charts of patients referred for periodontal

specialty care. A second objective was to compare referral trends in

four specialist clinics in Norway with referral trends in three specialist

clinics in the United States and Australia using the same criteria for

grading periodontal disease severity.

2 | MATERIAL AND METHODS

The present study closely adopted the study design presented by

Cobb and colleagues reviewing periodontal referral patterns in the

United States (Cobb et al., 2003). The study was approved by the Nor-

wegian Regional Ethics Committee (Reference: 2018/2401/

REK Vest).

The inclusion of private periodontal practices was based on the

following criteria: (1) Authorized as a periodontal specialist no later

than 2001, (2) Utilizing digital charting system in 2003, and (3) Willing-

ness of the specialist to collect the data and record them on to a pref-

abricated, validated survey form. Written consent from patients was

waived due to the anonymous nature of the survey form. An internet

search, cross checked with Norwegian health worker register office

(HPR), identified 39 potential specialist clinics (Figure 1). All specialists

were approached by telephone. Of these, 27 were successfully con-

tacted, 12 were not possible to reach. Five declined to participate;

three because it was too time-consuming and two due to lacking data.

The 22 remaining agreed to receive an email invitation to participate

in the study. Four of these did not have available data, three declined

to participate due to lack of time, and 11 failed to respond within the

deadline. Four periodontists thus agreed to provide research data.

The second objective of the study was to compare the outcomes with

previous findings from the United States (Cobb et al., 2003) and

F IGURE 1 Study flowchart

2 LIND ET AL.



Australia (Brown et al., 2017). In order to assure a valid comparison,

the present study replicated the design of the above publications,

including the same variables and classification system for periodontal

severity (Oliver & Heuer, 1995). The definitions of periodontal case

type are shown in Table 1.

2.1 | Data collection

Four private periodontal specialty care clinics were found eligible and

accepted to be included for a retrospective chart analysis. Two clinics

were located in Eastern and two in Western Norway. The collection

of data was undertaken within each clinic from August 2019 through

February 2020. Generally, charted data from the first 50 patients

referred to each clinic for periodontal specialty care in 2003 and 2018

were retrieved and tabulated. If the clinic received less than 50 refer-

rals either in 2003 or 2018, data from all referred patients were

retrieved. To ensure consistent and standardized data collection, the

designed survey form was used. Unclear guidelines were discussed by

telephone. The following data were collected from each patient chart:

(1) year of referral, (2) gender, (3) age, (4) missing teeth at initial exami-

nation (not including third molars), (5) teeth planned for extraction

due to hopeless prognosis prior to treatment, and (6) periodontal case

type. The specialist filled out the survey form based on digital charting

and referral notes and then returned it by mail to the University of

Bergen.

2.2 | Statistical analysis

Data were recorded and entered into MS-Excel (Microsoft, Redmond,

WA), proofed for errors, and subsequently imported into Stata, ver-

sion 16 (StataCorp, College Station, TX). For comparison of categorical

variables, Chi-square tests were used, and t-tests were used for com-

parison of continuous variables between groups. For extended and

adjusted analysis of number of missing teeth and number of teeth

planned for extraction, negative binomial regression was used. In

these regression analyses, period (year), age, gender, and location

were included. P-values less than 0.05 were considered statistically

significant. Patients referred to four representative clinics were the

statistical unit in all analyses.

3 | RESULTS

Patient demographics for 2003 and 2018 are presented in Table 2.

Three hundred sixty-nine surveys meeting qualifying criteria were

received; 180 from 2003 (51.7% female) and 189 from 2018 (54.5%

female). Patient mean age was 52.3 (±13.6) years, range 20–84 years.

Mean age at referral was significantly higher in 2018 than in 2003

(p < 0.05). The prevalence of smokers was reduced from 78 (44%) in

2003 to 62 (33%) in 2018 (p = 0.032). The decline was caused by a

significant reduction in female smokers (p = 0.006) but not male

smokers (p = 0.826).

In 2003, only three type I cases (gingivitis) were referred, whereas

the corresponding number in 2018 was one (not tabulated). We found

an overall statistically significant difference in the distribution of peri-

odontal case type, with an increase in type III and V and a subsequent

decrease in type II and type IV from 2003 to 2018 (p = 0.047).

Table 3 shows the distribution of median case type and periodontal

severity (%) across locations for the two cohorts. Stratified by region,

the Eastern part showed the same pattern (p = 0.020), while the

Western part exhibited no change in case type distribution

(p = 0.589).

Categories of missing teeth and teeth planned for extraction for

the two cohorts are presented in Table 4. There was an overall change

in the distribution of missing teeth from 2003 to 2018 (p = 0.008),

with an increase in categories 5–8, and ≥9 missing teeth. Stratified by

region, there was no statistical changes in the distribution of missing

teeth categories. The total number of missing teeth for all patients

was 686 in 2018, whereas the corresponding number in 2003 was

409 (p = 0.001).

In 2003, the total number of teeth planned for extraction was

91 (180 patients), while the number increased to 105 (189 patients) in

2018. The difference was nonsignificant (p = 0.104; not tabulated).

For missing teeth, the regression analyses for 2003 and 2018

indicated a significant effect of location (p = 0.001) and year

(p < 0.001), but not gender (p = 0.473) and smoking (p = 0.082).

Corresponding analyses for planned extractions, revealed a significant

effect of location (p < 0.001) and gender (p = 0.002), whereas year

and smoking were nonsignificant (p = 0.372 and p = 0.277,

respectively).

4 | DISCUSSION

The following trends were observed over time from 2003 to 2018 in

the present study: a significant increase in mean referral age; a signifi-

cant increase in the distribution of case types III and V; a significant

TABLE 1 Criteria for grading periodontal severity

Case

type Features

I Gingivitis, no clinical or radiographic evidence of

attachment loss

II CP of slight severity, PD: 3–4 mm; radiographic evidence

of resorption of interproximal crestal lamina dura

III CP of moderate severity; PD: 4–6 mm; radiographic

evidence of alveolar bone resorption; Class I or II tooth

mobility and Class I or II furcation involvement

IV CP of advanced severity; PD = 4–≥7 mm; Class I, II, or III

tooth mobility and Class I, II, or III furcation involvement

V Various periodontal conditions not designated above,

including peri-implantitis, aggressive periodontitis,

necrotizing periodontal disease, and refractory

periodontitis
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increase in number of missing teeth; and a significant decline in preva-

lence of smokers. There was no significant change in distribution of

teeth planned for extraction. One may speculate if these changes over

time may delay the diagnosis, screening, and referral of periodontitis

cases, and have caused inadequate or lack of treatment. As the distri-

bution of case type V also increased, a higher number of teeth with

questionable prognosis was most likely extracted and prosthetically

replaced. Nonclinical factors as patient anxiety or fear of treatment

and financial situation may further hinder or delay timely referral. The

overall findings may indicate that general practitioners to a greater

extent in 2018 treated uncomplicated cases and referred the most

severe ones.

The present findings indicate a significant increase in the mean

age of the referred patients from 49 years in 2003 to 56 in 2018. A

similar trend over time was observed in USA (7-year increase) over a

20-year period (9) and in Australia (5-year increase) over a 15-year

period (10). This increase may be related to a growing proportion of

elderly people (Ainamo & Osterberg, 1992) who have lost fewer teeth

(Hopcraft, 2015). In Australia, the proportion of +65 year olds is

steadily increasing. In 2004, 13% of the Australian population were

+65 years old with a projected increase to 16.8% by 2023. At the

same time, the number of edentulous individuals is decreasing.

Projections indicate that the proportion of edentulous individuals in

Australia will decrease from 3% by 2021 to 1% at 2041

(Hopcraft, 2015). A growing, longer living dentate population, more

prone to suffer from noncommunicable diseases (Gong et al., 2018)

and potentially increasing the risk of developing periodontitis

(Eriksson et al., 2019; Sanz et al., 2020), may partly explain the

increased referral mean age trend from 2003 to 2018.

Furthermore, the role of general practitioners as the primary

screening and referral source and patient factors may be of signifi-

cance. General practitioners may see a financial gain in in-house non-

surgical treatment by dental hygienist. In USA and Norway,

nonsurgical periodontal treatment is part of the total insurance costs

for dental treatment. This financial aspect may play a role in the refer-

ral decision for the general practitioner (Flemmig & Beikler, 2013;

Kraatz et al., 2019; White et al., 2019). It has been stated that a major

factor in failing to refer periodontitis cases to specialist services has

been inaccessibility (Linden et al., 1999). The influence of “non-
disease factors” on the number of referrals is supported by Bennett

et al. (2010), reporting that general practitioners with patients from

lower socioeconomic backgrounds tend to generate less referrals.

Another study, Kraatz et al. (2019) has suggested high cost, complex

medical history, and unsuccessful motivation of patients as critical

TABLE 2 Patient characteristics for 2003 and 2018

2003 2018

Location n (%) Mean age years (SD) Smokers n (%) n (%) Mean age years (SD) Smokers n (%)

Stavanger

Males 23 (47) 48 (±10) 11 (48) 20 (38) 52 (±12) 8 (40)

Females 27 (53) 47 (±8) 13 (48) 33 (62) 57 (±17)* 10 (30)

Total 50 48 (±9) 24 (48) 53 55 (±15)* 18 (34)

Egersund

Males 23 (55) 43 (±10) 4 (17) 20 (43) 54 (±15)* 3 (17)

Females 19 (45) 42 (±8) 8 (42) 27 (57) 51 (±16)* 5 (19)

Total 42 43 (±9) 12 (29) 47 52 (±15)* 8 (18)

Total West 92 45 (±9) 36 (39) 100 54 (±15)* 26 (27)

Oslo

Males 20 (51) 54 (±12) 8 (44) 18 (46) 58 (±14) 6 (33)

Females 19 (49) 52 (±13) 11 (58) 21 (54) 52 (±17) 7 (33)

Total 39 53 (±12) 19 (51) 39 55 (±16) 13 (33)

Hønefoss

Males 21 (43) 56 (±9) 8 (42) 28 (56) 61 (±13) 13 (46)

Females 28 (57) 48 (±10) 15 (54) 22 (44) 59 (±15)* 10 (45)

Total 49 52 (±11) 23 (48) 50 60 (±14)* 23 (46)

Total East 88 52 (±11) 42 (49) 89 58 (±15)* 36 (40)

Study total

Males 87 (48) 50 (±11) 31 (37) 86 (46) 57 (±14)* 30 (36)

Females 93 (52) 48 (±11) 47 (51) 103 (54) 55 (±16)* 32 (31)*

Total 180 49 (±11) 78 (44) 189 56 (±15)* 62 (33)*

Abbreviation: SD, standard deviation.
*p < 0.05.
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factors for timely referral. As such, nonclinical factors may influence

the timepoint of referral, increase the probability of more advanced

severity and possibly reduce the number of referrals.

A study by Linden et al. (1999) compared referral patterns in two

regions of UK. A minority of the general practitioners in the study

(15%) did full mouth periodontal recordings on their patients, whereas

TABLE 3 Periodontal severity across locations for 2003 and 2018

Location Median case type (SIR) Type II (%) Type III (%) Type IV (%) Type V (%) P

Stavanger

2003 4 (0) 2.0 4.0 94.0 0.0 0.151

2018 4 (0) 3.8 13.2 79.2 3.8

Egersund

2003 3 (0) 4.8 73.8 21.4 0.0 0.283

2018 3 (1) 2.3 61.4 36.4 0.0

Total West 4 (1) 3.2 35.5 60.3 1.0 0.384

Oslo

2003 4 (0) 13.2 5.3 81.6 0.0 0.120

2018 4 (0) 7.7 7.7 71.8 12.9

Hønefoss

2003 4 (0) 8.3 10.4 77.1 4.2 0.061

2018 4 (1) 14.3 26.5 51.0 8.2

Total East 4 (1) 10.9 13.2 70.0 6.3 0.007

Study total

2003 4 (1) 6.7 22.5 70.0 1.1 0.047

2018 4 (1) 7.0 27.0 60.0 6.0

Total 4 (1) 6.9 24.8 64.7 3.6

Abbreviation: SIR, semi-interquartile range.

TABLE 4 Distribution of categories of missing teeth and planned extractions for patients across locations for 2003 and 2018

Categories of missing teeth Categories of teeth planned for extraction

Location n 0 1–4 5–8 ≥9 P 0 1–4 ≥5 P

Stavanger

2003 50 38.0% 42.0% 14.0% 6.0% 0.735 80.0% 18.0% 2.0%

2018 53 32.1% 39.7% 17.0% 11.2% 78.9% 13.5% 8.6% 0.241

Egersund

2003 42 40.5% 50.0% 2.4% 7.1% 0.101 100% 0.0% 0.0%

2018 46 30.4% 41.3% 15.3% 13.0% 95.6% 2.2% 0.0% 0.250

Total West 191 35.0% 43.0% 12.5% 9.5% 0.148 87.9% 8.9% 3.2% 0.117

Oslo

2003 37 46.0% 45.9% 8.1% 0.0% 0.642 61.5% 38.5% 0.0%

2018 35 42.9% 42.8% 11.4% 2.9% 71.8% 25.6% 2.6% 0.315

Hønefoss

2003 49 14.3% 73.5% 7.4% 4.8% 0.069 69.4% 28.6% 2.0%

2018 49 20.4% 49.0% 12.2% 18.4% 71.4% 26.6% 2.0% 0.975

Total East 170 28.8% 54.2% 10.0% 7.0% 0.053 68.8% 29.6% 1.6% 0.577

Study total

2003 181 33.1% 52.5% 8.3% 6.1% 0.008 77.4% 21.0% 1.7% 0.104

2018 189 29.6% 41.8% 13.8% 14.8% 78.3% 16.4% 5.3%

Total 370 31.4% 47.0% 11.1% 10.5% 77.8% 18.7% 3.5%

LIND ET AL. 5



68% used the Community Periodontal Index of Treatment Needs

(CPITN) for periodontal assessment. Consequences of partial peri-

odontal recordings might be underscoring of severity and extent and

subsequent delayed referral. This issue has been discussed by

Papapanou (2012) demonstrating that partial mouth recordings may

underestimate diagnosis of severe periodontitis by almost five-fold.

When periodontal treatment is provided before the disease is classi-

fied as “severe,” the potential for tooth loss is significantly reduced.

Delaying treatment until a patient has “severe periodontitis” increases
the likelihood of tooth loss from ≈20% to ≈70% (Martin et al., 2010).

This indicates that delayed referral to periodontist, may have crucial

consequences for the treatment outcome.

Smoking has a negative impact on periodontal progression and

prognosis (Bunaes et al., 2016; Dietrich et al., 2007). The current

study disclosed a gender difference in smoking habits over time.

Among male patients, a significant reduction in smoking status was

not observed over 15 years, whereas the reduction in smoking

females was highly significant. The trend in Europe, and especially in

northern countries, is that fewer smoke (Manzoli et al., 2019). In

Norway, there has been an overall reduction in daily smoking from

43% in 1973 to 13% in 2014 (Fardal et al., 2020; Gartner et al., 2016).

In the current study, this trend was only observed in referred female

patients. These findings are in contrast to published data from Norwe-

gian health authorities, which demonstrate that the largest reduction

in daily smoking is found in males, not females. Similar trends were

observed in USA and Australia where, in general, decreased smoking

was observed for both genders (Brown et al., 2017; Cobb

et al., 2003). Differences were also found in regard to location. A sig-

nificantly higher percentage of smokers were in 2018 referred to the

two clinics in the Eastern part of Norway compared with the two

clinics in the Western part. Generally speaking, a reduction in smokers

with a concomitant increase in severity of periodontal disease is unex-

pected. However, this may be partially explained by the fact that

overall severity and prevalence of periodontitis may increase with

age, non-disease factors, and underestimated diagnosis (Holde

et al., 2017).

A slight decrease in patients with no missing teeth was observed

from 2003 to 2018, 33.1% versus 29.6%, respectively. The opposite

was seen in patients missing more than nine teeth, 6.1% versus

14.8%, respectively, indicating that referred patients in 2018 started

their specialist treatment with fewer teeth than patients referred in

2003. The higher referral age in 2018 might partly explain these

observations (Holde et al., 2017). However, these findings are consis-

tent with data from USA (Cobb et al., 2003), whereas in Australia

(Brown et al., 2017) more patients with no missing teeth during the

time period were observed. In our study, three out of four locations

reported a decrease in fully dentate patients from 2003 to 2018. The

reason for this decrease is difficult to pinpoint. During the same

observation period, an increase in periodontal severity was demon-

strated. As it is reasonable to assume that teeth were extracted due

to hopeless periodontal prognosis, the overall periodontal status is

supposed to be less severe. In the Virginia-based American study,

(White et al., 2019) it was suggested that there was an increased

pressure among general practitioners to perform in-house periodontal

treatment in order to keep the revenue for themselves, instead of

referring to specialist. There was also a perception that general practi-

tioners wanted to do implant surgery in-house. In the current study,

patients across all locations were missing significantly more teeth in

2018 (686 missing teeth) compared with 2003 (409 missing teeth).

These findings are in line with observations from the Virginia-based

study. This may indicate that general practitioners first attempted to

treat the periodontitis, and when unsuccessful, referred the cases

(Darby et al., 2005).

In the United States study, there was a marked reduction in

patients without missing teeth from 1980 to 2000 (Cobb

et al., 2003). In the Australian study, no such trend was discerned. In

contrast, an increase in patients without missing teeth between

2000 and 2015 was observed, patients retaining more teeth over

their lifespan (Brown et al., 2017). The opposite finding was

observed in regard to teeth planned for extraction. Our observa-

tions are aligned with the Australian study, where no significant

changes were found in teeth planned for extraction after the initial

examination. This could be explained by a shift in treatment options

from 1980 to 2003 influencing practitioner's view on periodontal

prognosis.

The present findings revealed a significant increase in distribution

in case type III and V over the 15-year span. This partly agrees with

reports from USA and Australia demonstrating that patients referred

in 2018 in general had a more severe periodontitis compared with

cases in 2003. The fact that patients were referred with more

advanced periodontitis in 2018, and at the same time were missing

more teeth, raises the question whether adequate examination and

treatment were implemented in a timely manner prior to referral.

Acknowledging that periodontal severity has increased over time, may

strongly support the need for universal guidelines for referral of peri-

odontal patients. The establishment of evidence-based guidelines for

general practitioners on the appropriate referral timepoint would be

beneficial to the periodontal specialists, the dental profession in gen-

eral, and patients.

The current study is not exempt from limitations: (1) The retro-

spective nature of our study increases the risk of bias. (2) Due to

incomplete data and the large workload associated with providing

data, many potential periodontal practices could not be recruited.

Therefore, we could not randomly select participating clinics. On the

other hand, when patient is the unit of analysis, the inclusion of

369 referral charts has to be considered as a rather substantial num-

ber (Brown et al., 2017; Cobb et al., 2003). (3) The periodontists were

asked to respond to a simple survey form. This did not include items

providing complete information about the referred patient, such as

exact indications for referral, tooth mobility and migration, bleeding,

and so on, if the patient had previously been referred, why referral

was potentially delayed, (4) or the reason(s) for extraction. (5) Because

the practices were geographically situated widely apart, calibration on

collection of patient data could not be performed. (6) There is no

information regarding the number of general practitioners referring to

each specialist, which might potentially skew the data. Moreover,
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some periodontal cases were most likely referred by dental hygienists.

Despite these limitations, our study gives valuable insight in changing

referral patterns in Norway over a 15-year period.

In conclusion, an increase in patient' age and number of missing

teeth at referral from 2003 to 2018 could pave the way for the devel-

opment of Universal guidelines for appropriate referral to facilitate

management of periodontal cases with greater predictability and less

morbidity. The demand and the outline of periodontal referral guide-

lines among general dentistry providers and specialists should be

explored in future surveys.
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