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Abstract

Despite the high success rates of preformed metal crowns (PMCs) in children no random-
ized clinical trials compare methods of placement and none describe its use in Africa. Our
aim was to compare survival and cost-effectiveness of PMCs placed by conventional tech-
niques (CT) and biological Hall techniques (HT) using a prospective randomized control trial
in a general dental practice from Khartoum. One hundred and nine and 103 PMCs were
placed in randomly selected children (5-8years) with 1-2 carious primary molars using HT
and CT respectively and followed for 2 years. Socioeconomic status, periodontal health,
occlusion, anxiety, and procedure time were compared using student t-test. Kaplan—Meier
survival rates and incremental cost effectiveness ratio (ICER) were compared between CT
and HT. CT and HT groups were similar for age, gender, socio-economic status. Survival
rates were high (over 90%) for both study arms and not statistically different (p>0.05). Anxi-
ety scores were significantly higher in CT arm after 12 months compared to HT (p<0.001).
Clinically, gingival and plaque indices were similar between groups (p>0.05) but occlusions
were raised in nearly all subjects in the HT arm (p<0.05). Periodontal health improved, and
occlusions adjusted over time in both arms. There were 3 (2.7%) and 6 (5.8%) minor fail-
ures, 7 (6.4%) and 6 (5.8%) major failures in HT and CT arms respectively. Mean procedure
time was lower in HT (9.1 min) than CT (33.9 min); p<0.001. Mean PMC cost was US$2.45
and US$7.81 for HT and CT respectively. The ICER was US$136.56 more for each PMC
placed by CT per life year. We show that PMCs have high survival outcomes in disadvan-
taged populations similar to results from developed countries. As HT can be carried out by
less experienced dental operators and therapists, this biological approach provides a prom-
ising cost-effective option to manage caries in developing countries with limited resources.

Trial registration: The trial is registered at clinicaltrials.gov. ClinicalTrial.gov Trial Regis-
tration: NCT03640013
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Introduction

Preformed metal crowns (PMCs) have excellent and higher success rates for treating carious
primary molars in children compared to conventional restorations such as composite resin
restorations, glass ionomer cements and amalgam [1-6]. They are routinely used in specialist
paediatric practices in developed countries but relatively underutilised by general practitioners
worldwide [6-10]. Restoration of carious molars is carried out using the conventional tech-
nique which involves total carious tissue removal. As the CT requires tooth modification and
occlusal reduction, it usually requires the administration of local anaesthetic and rubber dam
use [11,12]. Hence, it is regarded by general dental practitioners to be highly technical, requir-
ing advanced training, including excellent child behaviour management skills. It is therefore
highly unlikely to be widely used outside specialist settings and unlikely to be incorporated in
routine care of deprived children from developing countries. The Hall technique (HT) on the
other hand, requires either no, or partial, carious tissue removal, and no tooth modification or
local anaesthesia. The PMC is cemented by the clinician using a gentle push aided by the
child’s biting force. This biological approach has been shown to have high success rate [6].

Despite the fact that HT uptake is increasing amongst educational institutions as well as
specialists from developed countries [6], PMC use is yet to be explored in developing coun-
tries. Only two retrospective studies were found comparing the two techniques, showing simi-
lar success rates [13,14]. Direct comparison of the results between HT and CT from these
studies is difficult as different methods were used.

To date, no published prospective randomized controlled study has compared the efficacy
of CT and HT in placing PMCs. Hence, the aims of this study were to compare the clinical per-
formance, success rate and cost-effectiveness of PMCs placed by either the HT or CT using a
prospective randomized clinical trial design in Sudan.

Materials and methods

The study was conducted in a general dental practice in Khartoum, Sudan (2014-2017). The
practice has a throughput of 6000 to 6500 children per annum. Ethical approval was granted
by the Khartoum Centre for Research and Medical Training Review Board on 11/9/2014

(Ref. Paed/Dent/11). Due to a clerical and managerial oversight, the trial was registered after
enrolment of participants had started. This led to the retrospective inclusion of the study in the
trials register (Clinicaltrials.gov; identifier NCT03640013). Recruitment began in February
2015 and ended in March 2016. The protocol has been submitted with the manuscript as sup-
porting information. The authors confirm that all ongoing and related trials for this drug/
intervention are registered. All relevant data are within the paper. The trial ended in May
2018.

Sample size

A sample size of 146 teeth was needed to detect a significant difference using 80% power and o
=0.05 (two-sided) [15,16], based on previously reported success rates of 80% and 95% for both
CT (occlusal and approximal) and HT SSCs [3,17-20]. Assuming a dropout rate of 20% the
size required the inclusion of 230 teeth.

Inclusion criteria

The children from the practice pool were scanned and those who were between 5 to 8 years
old and medically fit were selected. From clinical and radiographic examination (using rota-
tional tomograms, OPG, as the practice norm), those children who were diagnosed to have

PLOS ONE | https://doi.org/10.1371/journal.pone.0217740  June 3, 2019 2/15


https://doi.org/10.1371/journal.pone.0217740

@ PLOS|ONE

A randomized clinical trial comparing Hall vs conventional technique

untreated single surface (occlusal) or multi-surface (approximal) cavitated carious lesion
extending to dentine; i.e. ICDAS (4 and 5) and with or without marginal ridge breakdown, in
1 or 2 primary molars were invited and recruited in the study. Caries diagnosis and treatment
planning for all participants were carried out by a single senior dentist from the clinic (FE).
Written consents were obtained from the accompanying parents.

Exclusion criteria

Children were excluded if they:

« Had chronic medical conditions requiring long-term specialist care e.g. immunocompro-
mised, cardiovascular and bleeding disorders

« Were uncooperative during clinical examination
o Lived in remote villages and were unlikely to return for follow-up
 Had teeth with pain or sepsis

« Had teeth with carious lesion extending into pulp clinically or on radiographic examinations
(if available). All teeth with approximal caries were radiographed. No radiographs were
taken for lesions limited to occlusal surfaces.

Trial design

This prospective randomized clinical trial followed the CONSORT recommendations (Fig 1)
[21]. 164 children fulfilled the inclusion criteria and were selected for the study. After the clini-
cal data were recorded, the children were randomized by a dental assistant by tossing a coin
and allocated to one of the two arms. The participants and the clinician (FE) assessing out-
comes were blinded to the intervention provided.

1. HT-The PMCs were placed on the affected teeth (n = 109) in 86 patients using the pub-
lished technique [17]. They were placed without local anaesthetic and without crimping or
trimming. When the contact points were tight, an orthodontic elastic separator was placed
for 2 hours prior to PMC placement (n = 7 teeth, 6.4%). The PMCs were cemented with
glass ionomer (Vitrofil DFL, Brazil) at a powder/liquid ratio recommended by the manufac-
turer at room temperature. The HT procedures were carried out by a dental therapist with
2 years of experience after graduation (SI).

2. CT—Conventional preparation and reduction of the affected primary molars (n = 103 in
78 patients) were carried out [5] with local anaesthesia. The PMC were trimmed and
crimped at the gingival margin to improve the fit and achieve occlusal contacts [11]. They
were then adapted and cemented with the same type of glass ionomer as in the HT group
with no rubber dam. All the procedures in this group were carried out by a dentist with an
experience of 5 years after graduation (NA). Teeth were excluded from the study if pulp
therapy was indicated as a result of total caries removal during CT (n = 2).

One day after the placement of the PMC (Kids Crown, Shinhung, Korea), the patients were
contacted by a phone call to ascertain and record any acute complications. Afterwards, they
were reviewed in our clinic every 6 months for 2 years.

Data collection.

1. Baseline-The child’s age, gender, and social economic status (assigned according to school
attended, type of insurance; income, parent education and job title) were recorded. The
dmft was recorded by the operators.
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CONSORT Flow Diagram

[ Enrollment ] Assessed for eligibilty n=182

Excluded (n=18)

+ Not meeting inclusion criteria (n=8)
+ Declined to participate (n=3)

+ Crown size not present (n=7)

Randomized (n=164)

Y [ Allocation | Y
Allocated to HT (n=109) Allocated to intervention (n=103)
+ Received allocated intervention (n=109) + Received allocated intervention (n=103)
X J Follow-Up 1 X
Lost to follow-up (failed to attend) (n=25) Lost to follow-up (failed to attend) (n=22)
Discontinued intervention (painvpulpitis) (n=7) Discontinued intervention (pair/pulpitis) (n=6)
y [ Analysis J y
Analysed (n=84) Analysed (n=81)
+ Excludedfrom analysis (exfoliation/extraction + Excluded from analysis (exfoliation) (n=1)
outside the clinic) (n=2)

Fig 1. CONSORT flow diagram.

https://doi.org/10.1371/journal.pone.0217740.9001

2. Anxiety—The child’s anxiety was assessed and recorded using self-reported Facial Image
Scale (FIS) [22]. Children had to select one from five faces, ranging from ‘very happy’ score
1 to ‘very unhappy’ score 5, which represented closely to how they felt at the time of assess-
ment. The self-assessment was carried out before and at the end of each treatment. This
assessment was repeated at the one-year review appointment.

3. Procedures time-It was recorded as the time when the operators started to carry out the
clinical procedure until the operator felt they had finished.
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4. Fajlure of PMCs-The PMC was assessed clinically at each review appointment, or at the
time of emergency. Minor failures constituted dislodgement or perforation of the PMCs
without pain. Major failures (clinical endpoint) constituted the teeth that caused pain and
needed pulp therapy or extraction.

5. Periodontal health-It was assessed and recorded using the modified plaque index [23] and
gingival index [24] around PMC margin.

6. Occlusal contact-It was assessed by passing an occlusal strip between the contra-lateral
upper and lower posterior natural teeth when the child was asked to bite into maximum
intercuspation. If the occlusal strip could pass without resistance between teeth anterior or
posterior to the PMC, we considered the occlusion raised. If there was resistance to the
teeth were considered to be in normal occlusion

Data analysis. The data were analysed using SPSS 20.0 for Windows (SPSS Inc, Chicago,
I1l.,, USA). Descriptive statistics were used to report the frequency distributions of the evaluated
variables. Comparison between groups were carried out using the Student t-test. Survival (pri-
mary endpoint), anxiety, plaque, gingival indices and occlusion were compared using Pearson
Chi-Squared test (3*) and Fisher’s exact test. In addition, survival analysis was carried out
using the Kaplan—Meier and the log-rank test. A tooth was censored if the patients dropped
out, or the tooth had exfoliated at the time of assessment. The censored date was the date when
the patient was last seen. Only major failures of PMCs were considered for the purpose of this
study. The null hypothesis was that there was no statistical difference (p> 0.05) in the survival
rates of the treated teeth between HT and CT groups.

Incremental cost-effectiveness ratio (ICER) was calculated by dividing the difference in
total costs incurred from each trial arm by the difference in the measure of health effect
improvement from each arm. This provides a ratio of extra cost per extra unit of health effect
[25,26] if any, and enables cost-effectiveness to be compared.

Results
Recruitment

After screening, patients who fulfilled the inclusion criteria were randomized until the mini-
mum number of 73 teeth for each group was reached. One hundred and sixty-four patients
were eventually recruited of which the HT arm had 86 children with 109 PMCs, and the CT
group had 78 children with 103 PMCs. The number of PMCs that were lost to follow-up were
25 and 22 in the HT and CT groups, respectively. Clinical endpoints (i.e. major failures) were
reached for 7 teeth from HT group and 6 teeth from CT group and follow-up was discontin-
ued. Eventually, 84 and 81 PMCs in the HT and CT groups respectively were included in the
analysis (Fig 1). The distribution of the type of teeth treated is shown in Fig 2. No obvious
trend was observed between the 2 groups.

Baseline

No statistically significant differences were found between the two caries treatment groups for
age, gender, socioeconomic status, survival rates and caries experience (Table 1).

Anxiety

Table 2 shows the relation between anxiety categories, measured using FIS, and PMC place-
ment methods. It was significantly different when assessed immediately postoperatively, > (4,
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Fig 2. Distribution of the types of teeth treated in both groups (FDI notation).
https://doi.org/10.1371/journal.pone.0217740.g002

N =212) = 21.04., p < 0.001, and after twelve months, y* (4, N = 212) = 52.74, p <0.001. HT
subjects were less likely to report anxiety than CT immediately or over time.

PMC survival

The drop-out rates at the end of the two years study was just over 20% for both groups with no
significant differences between them. There was a significantly higher minor failure rate in the
CT group (5.8%) than the HT group (2.7%), but they had similar major failure rates (5.8% and
6.4% respectively, Table 1). The survival rates for both groups were above 90% at 24 months
(Fig 3). A chi-square test of independence was performed to examine the relation between
PMC placement method and survival (primary endpoint) at 24 moths. The relation between
these variables was not significant, 7 (1) =0.311, p >0.05. A log rank test was also run to
determine if there were differences in the survival distribution for HT and CT. The survival
distributions for the two interventions were not statistically significantly different, * (1) =
0.007, p >0.05. The 1-year cumulative survival probabilities were 94.5% in the HT group and
96.0% in the CT group. The CT group had a slightly higher number of immediate post-opera-
tive complications (3.9%) compared to that in the HT group (1.8%) but the difference was not
statistically significant due to small number. The complications include lip biting and pain. Of
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Table 1. Descriptive parameters describing each arm of the randomized clinical trial.

HT (N =109) CT (N=103) p value
Age, mean (yrs) 6.89 6.58 N§*
(SD; min-max) (0.874; 5.00-8.27) (0.850; 4.99-8.08)
Sex N (%) Male 54 (49.5%) 53 (51.5%) NS§*
Female 55 (50.5%) 50 (48.5%) NS?*
SES Medium 19 (17.4%) 16 (15.5%) NS§*
Low 90 (82.6%) 87 (84.5%) NS?
Caries dmft 6.08 (3.06) 6.33 (2.02) NS§*
Occlusal 11 (10.0%) 7 (7.0%) NS?*
Approximal 98 (90.0%) 96 (93.0%) NS§*
Mean procedure time in minutes (SD) 9.10 3391 <0.001*
(2.87; 5.0-25.0) (10.61; 23.0-85.0)
Survival rate at 24 months (%) 102 (93.6%) 97 (94.1%) NSP
Minor failures 3 (2.7%) 6 (5.8%) <0.05"
Major failures 7 (6.4%) 6 (5.8%) NsP
Pulp exposure during carious tissue removal 0 2 -
Dropout rate (%) 6 months 4 (3.7%) 4 (3.9%) NS*
12 months 5 (4.6%) 8(7.8%)
18 months 14 (12.8%) 13 (12.6%)
24 months 25 (22.9%) 22 (21.4%)
Immediate postoperative complications (Lip biting, allergy, incorrect placement) 2 (1.8%) 4(3.9%) NS§*
Tooth exfoliation 2 (1.8%) 1(0.9%) NS§*
HT, Hall technique; CT, conventional technique; SES, socioeconomic status; dmft, decayed missing filled teeth; SD, standard deviation
%, student t-test
®, Fisher’s exact test; p>0.05 considered significant; NS, not significant.
https://doi.org/10.1371/journal.pone.0217740.t001
Table 2. Anxiety scores for the two groups using facial image scale.
FIS HT CT % value P value
Baseline 1 1 0 2.63 NS
2 20 26
3 34 28
4 31 26
5 23 23
Immediate post-op 1 1 1 21.94 <0.001
2 43 44
3 64 39
4 8
5 0 11
12 months post-op 1 24 0 52.94 <0.001
2 18 12
3 26 7
4 21 47
5 15 33

FIS, Facial image score ranging from 1 = very happy to 5 = very unhappy; HT, Hall technique; CT, conventional

technique; p>0.05 considered significant; NS, not significant.

https://doi.org/10.1371/journal.pone.0217740.1002
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Fig 3. Kaplan-Meier survival function of PMCs for Hall technique (HT) and conventional technique (CT).
https://doi.org/10.1371/journal.pone.0217740.9003

the teeth that had occlusal caries, no major failures were observed in CT group and one
PMC was removed due to pain from HT group (Table 1). One patient was allergic to the

PMC and was excluded from the study. Both groups had similar early exfoliation rate
(Table 1).

Periodontal health

Table 3 shows no significant relationship between PMC placement method (HT or CT) and
periodontal health assessment represented by plaque index, * (3) = 1.12, p > 0.05, and gingi-
val index, ¥ (3) = 3.67, p > 0.05. Both PI and GI scores decreased over time in both groups.

Occlusal contact

In the HT group, nearly all the children had raised occlusions immediately after placement of
PMC:s (Table 3). Only 4% of the children in CT group had raised occlusal contacts postopera-
tively. At 6 months, nearly all the children returned to normal occlusal contacts except 3% in
HT group. By 12 months, all the children had normal occlusion.
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Table 3. Assessment of periodontal health using the modified plaque index (Loe 1967), gingival index (Lée et al. 1972) and occlusion across time.

HT CT Pearson Chi-
squared test
Months 0 6 12 18 24 0 6 12 18 24 x* Value | p value
N =109 N =105 N =104 N=95 N=84 N =103 N=99 N=95 N =90 N=381 (df)
Plaque Index | 0 48 66 (62.9%) 69 71 69 55 61 66 64 61 1.12 (3) NS
(44.0%) (66.3%) (74.7%) (82.1%) (53.4%) (61.6%) (69.5%) (71.1%) (75.3%)
1 38 33 (31.4%) 30 21 12 32 33 25 23 17
(34.9%) (28.8%) (22.1%) (14.3%) (31.1%) (33.3%) (26.3%) (25.6%) (21.0%)
2 23 6 (5.7%) 5 (4.8%) 3(3.2%) | 3(3.6%) 16 5(5.1%) 4(4.2%) 3(3.3%) 3(3.7%)
(21.1%) (15.5%)
Gingival 0 62 73 (69.5%) 74 80 78 53 68 70 71 70 3.67(3) NS
index (56.9%) (71.2%) (84.2%) (92.9%) (51.4%) (68.7%) (73.7%) (78.9%) (86.4%)
1 41 26 (24.8%) 26 12 4 (4.8%) 39 25 20 15 8 (9.9%)
(37.6%) (25.0%) (12.6%) (37.9%) (25.3%) (21.1%) (16.7%)
2 6 (5.5%) 6 (5.7%) 4 (3.8%) 3(3.2%) | 2(2.4%) 11 6(6.1%) | 5(5.3%) | 4(4.4%) | 3(3.7%)
(10.7%)
Occlusion Normal 0 102 104 95 84(100%) 99 99 95 90 81 188.77 | <0.001
(97.1%) (100%) (100%) (96.1%) | (100%) | (100%) | (100%) | (100%) )
Raised 109 3 (2.9%) 0 0 0 4 (3.9%) 0 0 0 0

(100%)
HT, Hall technique; CT, conventional technique; df, degrees of freedom, p>0.05 considered significant; NS, not significant.

https://doi.org/10.1371/journal.pone.0217740.t003

Cost effectiveness

The mean procedure time for the CT group (33.9 minutes; SD = 10.61) was significantly higher
(p<0.001) than that in the HT group (9.1 minutes; SD = 2.87), Table 1. The calculated mean
cost per unit for HT was US$2.45 (SD = 0.14), almost one-third cheaper than the cost of US
$7.81 (SD = 0.14) for the CT. The ICER (incremental cost-effectiveness ratio) was US$136.56
more for each PMC placed by CT compared to that placed by HT per life year, Table 4.

Discussion
Setting

This is the first prospective RCT comparing the efficacy of the PMCs placed by Hall and con-
ventional techniques in an under-developed country. Little has been reported on the use of
preformed metal crowns from developing countries. Sudan is one of the poorest countries in
the world with internal conflicts and political instability [27]. In a country of 40 million, very
few dentists exist outside the capital. The United Nations and WHO estimate that over 40% of

Table 4. Cost comparison between the two modalities of treatment.

HT CT p value
Total cost $267.58 $804.47
Total successful treatments 96 95
Major failures 6 5
Mean cost per unit (+SD) $2.45 (+£0.14) $7.81 (£1.41) <0.05
Cost per procedure (US$) $2.79 $8.47
ICER (US$/per year of survival) - $136.56

ICER = incremental cost-effective ratio

https://doi.org/10.1371/journal.pone.0217740.t1004
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the population in Sudan to be under 15 years of age [28,29]. All Counties provide dental ser-
vices through dental therapists. It is common for dental clinics to operate without amenities
such as running water and electricity. The burden of dental caries is high. Tooth extractions
are common as patients afford little else. In this setting, the limited resources have to be man-
aged efficiently in terms of treatment efficacy, survival, and cost-effectiveness in relation to
materials, human resources, education, supply chains and failure management [30].

The present study used two clinicians with different grades and experiences for each tech-
nique for the following reasons:

1. It enabled the comparison of the two techniques in terms of cost effectiveness and efficacy.
Most of the previous studies on placement of preformed metal crowns were carried out by
dentists, and mainly with the conventional technique. Hence, it is usually regarded as the
“gold standard”. This is the first study in which a dental therapist was used to place the
crowns with HT so that potential reduced cost could be investigated if the efficacies for
both techniques are similar, as shown in the results.

2. This design also reduced the potential unconscious bias of favouring a particular technique.
As mentioned before, placing PMC using the CT is generally regarded as the “gold stan-
dard” and it is difficult to change the preconception of an experienced dentist who had
been using CT for many years. As the technique cannot be blinded, unconscious bias might
be introduced as the dentist might modify, or be reluctant to use the HT, in the belief that
CT gives the better outcome.

Survival of PMCs

The present study confirms the high success rate of PMCs, with more than 90% cumulative
probability of surviving over 24 months. It is comparable to the survival rate (95%) of PMCs
placed by HT in developed countries [6,31]. The PMCs are shown to have longer survival rates
than other restorative materials in primary molars [6,17,32-36]. The non-significant difference
between the HT and CT agrees with the results from other retrospectives studies [13,14].
When major and minor failures were combined, the success was 90.8% and 88.3% for HT and
CT respectively, in line with other investigators who show similar success rates of about 87%
[37]. Although one in vitro study [38] reported that HT PMCs have more micro-leakage com-
pared to the CT PMCs, the present clinical study does not show that as it has not affected the
survival rate of the PMC.

Periodontal health and occlusion

It has been a concern that a PMC, if it is placed using the HT, could cause deterioration of peri-
odontal health [39], and/or cause occlusal discrepancies. However, the present study shows
that plaque and gingival indices improved over time for both groups. The high level of poor
oral hygiene and gingival inflammation at baseline might be due to the children’s/carers’ initial
ignorance of oral health. We are unable to establish whether the improvements were due to
raised awareness and/or motivation, however, the PMCs might enable the children to main-
tain better plaque control [40]. Although periodontal depths were not measured, the improved
PI and GI after 12 months, and nearly all the raised occlusion returned to normal after 6
months, indicate that the PMC did not cause any periodontal damages, even with the HT. It
has been shown that the raised occlusion could be re-established after 1 month [41]. Neverthe-
less, further studies may be needed to assess the long-term effects of PMCs on vertical dimen-
sion, facial height and malocclusion.
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Anxiety

The present study agrees with previous studies that the children’s anxieties are reduced imme-
diately after treatment [42,43]. However, the HT group had lower postoperative anxiety scores
than the CT group. This is different to the children’s acceptance of treatment reported by Bani-
Hani et al. [13] who show no differences between the two techniques. We also show that the
HT had significantly lower anxiety level than baseline, whereas the children seemed to remem-
ber the unpleasantness associated with the CT placement of PMCs and had a higher anxiety
score after 12 months. This is in line with previous reports that show negative memories of
painful first procedures are linked to greater distress in future procedures and children tend to
develop exaggerated anxiety and distress due to the pain memory [44,45]. The use of local
anaesthetic and the noisy air turbine operated high-speed handpieces might also be the cause
of the increased anxiety in the CT group.

Cost effectiveness

The present RCT demonstrates that the PMCs placed by the HT are more cost-effective than
CT (Table 4). It has been estimated that conventionally fitted PMCs cost 35% less than amal-
gam restorations [3]. A study from Germany also confirms that HT PMCs are more cost-effec-
tive than conventional restorations [46]. In the UK, total cumulative costs were significantly
lower in HT than conventional restorations (24 and 29 GBP, respectively) [47]. In our setting
in Sudan, PMCs placed by CT were three times more expensive than by HT. Apart from the
significantly reduced time of procedures by HT, the PMCs were placed by a dental therapist,
whose salary was much lower than that of a dentist. However, the effectiveness of treatment
was similar, resulting in an ICER of $136.52 for CT intervention compared to HT per year of
survival. It is also noted that PMCs can be placed using HT during frequent shortages of elec-
tricity and water supply, and shortages even without the need for a dental chair.

Clinical implications

Despite the high success rate and effectiveness of PMC in children with high caries risk, den-
tists from general dental practice do not routinely use PMCs for managing carious primary
molars [8,12,48]. Reasons for not using the technique include lack of training, underfunding,
perceived lack of cost-effectiveness in general practice, and patient cooperation [49,50]. In the
present study, a dental therapist, with 2 years clinical experience, is able to place the PMCs
using the HT with minimal training, and had similar clinical performance to the CT groups.
The HT was also shown to be more advantageous in term of time, cost, and anxiety of the chil-
dren. Hence, more therapists should be trained to place HT PMCs in general practices, and in
rural communities [51], in order to improve health outcomes and tooth survival. One further
advantage of the HT is that not only PMCs can be placed without electricity, but also in the
“field”, e.g. in schools, without a dental chair. This might be important in particular in under-
developed countries.

Limitations

In this randomized clinical trial, the failures were assessed clinically in terms of pain and sepsis.
No bitewing radiographs were taken to assess success/failure and no teeth with pulpal involve-
ment (i.e. no pain/sepsis or radiographic evidence) were included. Hence, the survival rates in
this study may have been over-estimated due to the lack of postoperative radiographs assessing
pulp status. However, as the patients were randomized, the comparison between the two tech-
niques should still be valid.
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The reported cost-effectiveness for HT did not consider the cost required for diagnosis by a
dentist. In Sudan, therapists can diagnose and treat carious lesions without pulp involvement.
We appreciate that different health systems exist and the remit of dental therapist from this
study may not apply in other settings. Furthermore, some children required specialist treat-
ment for some failures. The study did not consider the impact of managing post-operative
major or minor failures of PMCs on ICER. This includes extractions, pulp therapy and future
orthodontic intervention.

About one-fifth of the sample dropped out from the study. This is unlikely to have an
impact as there was sufficient statistical power to test the differences. The drop-out rate is
probably associated with economic hardship rather than treatment failure. This is because our
clinic is the only facility that provides free PMCs as part of the routine care for children with
low SES. Those who seek treatment elsewhere will incur significant cost. The impact of aesthet-
ics on children and parents were not examined. However, a survey shows that 84% of parent
respondents had no concerns about PMC's colour, and 56% of children liked the colour of the
PMC [52].

Conclusion

PMC:s placed using the Hall or conventional techniques have excellent survival in deprived
communities. HT is highly cost-effective in terms of materials, labour and time. HT induces
less self-reported anxiety than the more invasive CT. Placing PMC using HT by therapists is a
successful and cost-effective public health intervention for carious primary molars in commu-
nities and developing countries.
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