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Outcomes of Holding Care in Primary Teeth Treated with Silver Diamine Fluoride 

Versus Interim Therapeutic Restorations 

Kaitlin Victoria Benchimol, DDS 

Abstract  

Purpose: The purpose was to evaluate and compare the success, outcomes, and 

adverse events of two common holding care techniques used in pediatric dentistry, 

Silver diamine fluoride (SDF) and interim therapeutic restorations (ITR).  

Methods: A retrospective chart review was conducted involving patients of record from 

January 2015 through October 2017 at the University of California San Francisco, 

Pediatric Dental Clinics. Children ages 0 to 6 years old, who had undergone treatment 

with Silver diamine fluoride or Interim Therapeutic Restorations, were evaluated during 

a time frame of up to 34 months. One treatment was considered successful if the tooth 

did not develop any symptoms or adverse events during the course of the holding care, 

nor was the tooth extracted prematurely. A generalized linear mixed effect model was 

used to evaluate the two holding care techniques for their success.  

Results: Totally 57 out of 118 ITR patients and 185 out of 265 SDF patients were 

eligible to be included in the study. From these selected patients, 135 teeth treated with 

ITR and, 834 teeth treated with SDF were observed in the 34-month time frame. Of the 

135 teeth treated with ITR, 127 teeth (94.1%) were successful, 3 teeth became 

symptomatic, and 5 teeth had to be extracted as premature loss. Of the 834 teeth 

treated with SDF, 815 teeth (97.7%) were successful, 3 teeth became symptomatic, 2 

developed an abscess or fistula, and 14 teeth had to be extracted as premature loss. 

There was no statistically significant difference in success rate between the two 
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treatments. Oral hygiene was the only variable that significantly impacted the success of 

the treatments.  

Conclusion: The results demonstrate that both Silver diamine fluoride and Interim 

Therapeutic Restorations are reliable holding care techniques in pediatric dental 

patients, and produce few adverse events.  
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Introduction and Background 

Silver Diamine Fluoride 

Silver Diamine Fluoride, or SDF, as it is more commonly referred to, is a 

relatively new product on the dental market in the United States of America. Silver 

Diamine Fluoride is approved by the Food and Drug Administration for reducing tooth 

dentin sensitivity 1. However, the product has gained significant popularity in pediatric 

and adult dentistry for its off label use, which is arresting dental caries. Using Silver 

Diamine Fluoride to arrest dental decay has now become an acceptable use despite its 

specific approval by the FDA 1. The FDA even went as far as to deem SDF the first oral 

health therapy to be considered a breakthrough therapy for arresting dental caries 2.  

 Though Silver Diamine Fluoride is a relatively recent therapy in the United 

States, topical products containing silver have a long history in dentistry1, 2. The use of 

Silver Nitrate to arrest dental caries dates as far back as the 1840’s. Many other 

variations of silver products were developed over the years for treating dental decay. In 

1969, a researcher named Mizuho Nishino, at Osaka University in Japan, first 

developed and studied the product we know and use today, Silver Diamine Fluoride. 

She combined high amounts of fluoride, known for its ability to strengthen and 

remineralize teeth, and Silver, which was known for being antimicrobial, to create Silver 

Diamine Fluoride2. Silver Diamine Fluoride was used in Japan for decades to reduce 

dental sensitivity and stop the progression of tooth decay before it finally gained 

acceptance in the United States1.  

 The primary brand of Silver Diamine Fluoride used in the Unites States today is 

known as Advantage Arrest 3. The concentration of Advantage Arrest is 38% Silver 
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Diamine Fluoride, or Ag(NH3)2F, has a pH of 10, and is a clear liquid 3. It contains 

approximately 44,800ppm of fluoride, which is nearly twice as much as typical fluoride 

varnish 2. The two main elements of SDF are Silver and Fluoride. Silver ions are know 

for being antibacterial, biocompatible, and minimally toxic 2. Silver ions chelate the 

cariogenic bacterial DNA and proteins, which in turn prevents the metabolic activity, and 

inhibits the cell wall synthesis and cell division. This kills the cariogenic bacteria, and 

creates what is known as a “zombie effect”, where the bacteria that have been killed 

carry silver ions to living adjacent bacteria and further kill those bacteria as well 2,4. 

Specifically, the silver ions, as well as other byproducts, such as silver phosphate and 

calcium fluoride, precipitate onto the tooth carious surface, creating a hard, dark black 

barrier, which indicates caries arrest 2,4. This precipitate also occludes into the dentinal 

tubules and prevents caries progression as well 2. The fluoride ions act on the 

crystalline structure of the demineralized dentin to form fluorapatite, which strengthens 

the tooth structure through remineralization by reducing acid solubility of the modified 

apatites, and protects against future breakdown and acidic challenges 4.  

 In 2017, the American Academy of Pediatric Dentistry released a policy 

statement on the use of Silver Diamine Fluoride in pediatric dental patients. Traditionally 

the dentists approach to treatment of dental caries involved immediate surgical 

intervention. Surgical intervention generally means “drilling and filling”, or more 

specifically, definitive treatment with dental restorations, such as fillings or crowns. The 

goal of the surgical intervention was to treat the acute disease at present 1. However, 

there has recently been a shift in the profession toward preventing, or arresting the 

caries process in children. Traditional restorative dental treatment may not be the best 
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option for all patients. Many patients would benefit from holding care instead, to control 

the disease process, and delay treatment until a later time. Because of this, dentists are 

encouraged to consider less invasive alternatives, such as Silver Diamine Fluoride 1. 

Indications for the use of Silver Diamine Fluoride would be young age, uncooperative 

behavior, special health care needs, financial constraints, limited access to care, or 

extensive treatment needs, which would otherwise necessitate general anesthesia or 

oral conscious sedation to complete treatment 5.  

Besides the advantage of Silver Diamine Fluoride to effectively arrest caries by 

killing bacteria and strengthening teeth, it also offers a less invasive option for 

treatment, so providers can offer holding care, until such time that definitive treatment 

can be rendered 4. Silver Diamine Fluoride is also a cost effective or inexpensive option, 

relative to other dental treatments. Multiple studies have demonstrated the high success 

rate of Silver Diamine Fluoride, with the arrest rate of caries being higher than 70% 

when applied two or more times per year 5. Silver Diamine Fluoride is considered very 

safe when used according to the manufacturer recommendations, and no reported 

cases of deaths or adverse systemic events have been documented. The only 

contraindications to the use of Silver Diamine Fluoride would be known allergies to 

silver 5, or open mouth sore, such as apthous stomatitis, ulcerative gingivitis or herpetic 

gingivastomatitis2. The main disadvantage to the use of Silver Diamine Fluoride is 

esthetics. Once applied, the medicament stains the carious lesions black, creating a 

potentially unaesthetic outcome, especially when applied to anterior teeth. Similarly, 

Silver Diamine Fluoride also has the potential to stain skin and oral mucosa if it comes 

into contact during the application process 5. Most parents find the compromised 
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esthetics to be acceptable due to the obvious benefits of Silver Diamine Fluoride in 

halting caries progression and delaying definitive treatment until the child reaches an 

age where treatment can be accomplished without oral conscious sedation or general 

anesthesia. On the other hand, some parents may not find it acceptable, or may only 

find it acceptable on posterior teeth. In a recent study conducted to assess parental 

attitudes toward Silver Diamine Fluoride staining, researchers found that 67.5% of 

parents were accepting of staining on posterior teeth, but only 29.7% were accepting of 

staining on anterior teeth. However, the acceptance rates increased to 68.5% for 

posterior teeth and 60.3% for anterior teeth when children had difficult behavior to 

manage. The study also showed that parents preferred Silver Diamine Fluoride, and 

were more likely to accept staining, over treatment under Oral Conscious Sedation or 

General Anesthesia 6.   

Regarding the instructions for use and frequency of application, there several 

variations for use of this product, and more research is needed to standardize 

guidelines. Current data suggests that the application of 38% Silver Diamine Fluoride 

twice per year can reduce caries progression by 80% 4, and that twice yearly 

application, without caries excavation, is effective for at least 2 years 3. A protocol for 

the safe and effective use of Silver Diamine Fluoride has been developed at the 

University of California, San Francisco. This protocol includes removing excess saliva 

and drying the mouth, isolating oral soft tissue with cotton roll or gauze, applying 

petroleum jelly to prevent staining of adjacent oral tissues, drying tooth surfaces to be 

treated, applying SDF onto the tooth surfaces with a micro-brush for up to 1 minute, 

removing excess with gauze or cotton roll, and rinsing with water 3.  



	 5	

Silver Diamine Fluoride continues to gain popularity among pediatric dental 

providers as an alternative, less invasive, holding care approach to treatment. Studies 

are demonstrating the effectiveness of Silver Diamine Fluoride in controlling dental 

caries. After just a single application, Silver Diamine Fluoride has shown to range from 

47%-90% effective in arresting dental caries, depending on the location and size of the 

cavity. Some studies show that Silver Diamine Fluoride may be more effective at 

arresting caries on anterior teeth. This may be due to better cleansability of anterior 

teeth 5. More studies are continuing to appear in the dental literature as this holding 

care technique continues to prove successful.   

Interim Therapeutic Restorations 

Another common holding care technique used in pediatric dentistry is “Interim 

Therapeutic Restorations”, or ITR. Many dentists mistakenly interchange the terms 

Interim Therapeutic Restorations (ITR) and Atraumatic/Alternative Restorative 

Technique (ART), as the exact distinction between the two, and terminology, can be 

confusing. Both techniques are very similar in procedure, and use the same restorative 

materials, however the goals of the treatments are very different 7.  

Atraumatic/Alternative Restorative Technique is endorsed by the World Health 

Organization and is used as a means of definitive treatment for dental caries in 

populations with little access to dental care. Conversely, Interim Therapeutic 

Restorations are used as a temporary, or holding care treatment, in children who lack 

cooperation or are unable to tolerate definitive dental treatment. Some children are not 

able to tolerate definitive treatment because of uncooperative behavior, young age, or 

special health care needs, and need to have traditional treatment postponed until a later 
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time 7, 8. Though Atraumatic/Alternative Restorative Technique is a very useful tool, a 

recent study showed that training for Atraumatic/Alternative Restorative Technique is 

only provided in 66% of pre-doctoral dental programs and only 14% provide this training 

with high frequency 9.  

The procedure for Interim Therapeutic Restorations involves removing caries 

without local anesthetic, using either a hand instrument, such as a spoon excavator, or 

a rotary instrument, such as a large round bur on a slow speed hand piece. Focus 

should be placed on removing caries from the periphery of the lesion, while not 

exposing the pulp, and creating enough retention for the restorative material to be 

adequately maintained. Excavated lesions are then restored with a glass ionomer or 

resin modified glass ionomer 10.  

Glass ionomer cements have been used in dentistry since the 1970’s as luting 

agents, liners, and restorative materials. Glass ionomers have many advantages as a 

dental material. Glass ionomers can chemically bond to tooth structure, they are 

biocompatible, the thermal expansion property is very similar to tooth dentin, they act as 

a reservoir for fluoride, and they are much less moisture sensitive than traditional 

composites. The later advantage is extremely helpful when trying to restore teeth in 

young, uncooperative children, when moisture control is extremely difficult. This material 

is also beneficial in high caries risk patients, as glass ionomer can release fluoride into 

the mineral of the tooth structure, making the enamel and dentin stronger and more acid 

resistant. Glass ionomer can take up fluoride from external sources of fluoride 

introduced into the mouth, such as fluoridated tooth paste and topical fluoride varnish 7.  
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Interim Therapeutic Restorations are indicated as holding care when traditional 

restorative treatment needs to be postponed, or can not be rendered, due to a patient’s 

young age, uncooperative behavior, special health care needs, or even as part of a 

multi-step restorative technique 10. Evidence supports the use of glass ionomers and 

resin modified glass ionomers in small class I and class II restorations in primary teeth 7. 

Studies have shown that a major advantage of Interim Therapeutic Restorations is that 

the procedure immediately reduces the levels of cariogenic bacteria such as Mutans 

Streptococci and Lactobacilli in the mouth. 10. This type of treatment can be very 

advantageous in patients who are high caries risk but can not tolerate traditional dental 

treatment or need treatment to be delayed. A 5-year prospective study demonstrated 

the potential bacteriostatic effects of glass ionomer, showing that after 5 years, 11% of 

composite restorations showed recurrent caries, compared to only 2% of glass 

ionomers showed recurrent caries, which was a significant difference. The study also 

showed that after 1 year, composite restorations were significantly more likely to show 

marginal discoloration than glass ionomers. Marginal discoloration is an early sign of 

marginal leakage and recurrent caries to come 11.  

Not all patients are indicated for Interim Therapeutic Restorations, even if they 

can not tolerate definitive treatment. This would include patients in severe pain, or who 

present in an emergency situation with signs of an acute infection manifested by focal 

cellulitis, fistula, internal or external swelling. Additionally, patients with poor oral 

hygiene, and unable to return to the dental office for follow up care with fluoride varnish 

may not be good candidates for this treatment. Research suggests good oral hygiene 

and topical fluoride can improve the outcomes of Interim Therapeutic Restorations 10. 
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An Interim Therapeutic Restoration is more likely to fail if the tooth can not be prepared 

adequately to retain the bulk of the material 10.  

The survival rate of Interim Therapeutic Restorations varies and depends on 

multiple factors. One study reviewed charts from 178 patients who had primary teeth 

treated with Interim Therapeutic Restorations, and found the median survival time of 

these restorations in primary teeth to be 8.3 years. The study also concluded that the 

only factor to effect the survival of the restoration was the general health of the child 12. 

Another study evaluated the survival of Interim Therapeutic Restorations in primary 

teeth and found the mean survival to be 38 months. This study also found that at 6-11 

months follow up the survival rate was 89% and at 25-48 months, the survival rate 

decreased to 72% 13. By contrast, another study evaluated the three-year survival of 

one and two surface Interim Therapeutic Restorations in primary teeth, and showed that 

at three years only 43.4%of one surface and 12.2% of two surface restorations 

survived, which appeared to be a low survival rate relative to other studies 14.  

 

Rationale, Aim and Hypothesis  

According to the Centers for Disease Control and Prevention, dental caries is the 

most prevalent, chronic, and preventable, disease in childhood 15. A traditional approach 

to treatment of dental caries in children generally involves surgical removal of the 

carious lesion, followed by placement of a definitive dental restoration, such as a 

stainless steel crown, composite or amalgam restoration. This type of treatment may be 

considered “invasive” dental treatment, as it is a surgical approach to dental care 1. 

However, young age, uncooperative behavior, special health care needs, extensive 
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dental treatment needs, or financial limitations, can make definitive or traditional dental 

treatment in children extremely difficult 1. Many times children can not tolerate this type 

of traditional dental treatment in the dental office. These children sometimes require 

advanced pharmacological behavior management, such oral conscious sedation or 

general anesthesia, to complete definitive restorative dental treatment. Though oral 

conscious sedation or general anesthesia are commonly used treatment modalities in 

pediatric dentistry, they have inherent risks and complications to the patient, including 

death, and can be very costly 5.  

Recently in pediatric dentistry, there has been a shift away from definitive, 

surgical intervention for the treatment of dental caries, to a minimally invasive approach 

to treatment 2. According to these proponents, surgical treatment of dental caries might 

treat the present disease condition, but does not “cure” the disease process of dental 

caries. This can lead to recurrence of dental caries and need for more surgical 

intervention in the future. A minimally invasive approach to dental caries in children 

would also focus on prevention of the disease 2, 16, 4. A recent study of public health 

dentists found that 86% felt that a minimally invasive approach to treatment of primary 

teeth was appropriate and effective for treatment in children 16.  

Given this recent emphasis on a preventative approach toward the disease with 

minimally invasive dentistry, two common holding care techniques have emerged to 

treat children. These treatments include Silver Diamine Fluoride (SDF) and Interim 

Therapeutic Restorations (ITR). Both treatments have shown very promising results. 

They are relatively inexpensive, quick to apply, safe, and expand access to care 4. Most 

importantly, these treatments can help delay definitive treatment in children with dental 
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caries, when these children can not tolerate or access definitive treatment. However, is 

one treatment option more successful than the other? Does one option produce fewer 

adverse events? Is one option more predictable as holding care when treating children 

with dental caries? The aim of this study was to evaluate and compare the success, 

outcomes, and adverse events of two common holding care techniques used in 

pediatric dentistry, Silver Diamine Fluoride and Interim Therapeutic Restorations. 

Two previous studies which compared Silver Diamine Fluoride and Interim 

Therapeutic Restorations have appeared in the dental literature 17, 18. One study 

compared the ability of the two medicaments to arrest dental caries. The study 

evaluated 91 children under the age of 6 and found that Silver Diamine Fluoride was 

significantly more effective at arresting dental caries than Interim Therapeutic 

Restorations at one year 17. The other study focused on adverse events of both 

treatment options in terms of success, including pain, abscess and fistula. This study 

followed 50 children under age 6, and found that the Silver Diamine Fluoride did not 

have any adverse events. The Interim Therapeutic Restorations group experienced 

significantly more episodes of pain as an adverse event after 3 months 18.   

The hypothesis in this study is Silver Diamine Fluoride is a more 

successful holding care treatment option in pediatric dental patients, with fewer 

failures or adverse events, than treatment with Interim Therapeutic Restorations.  

 

Materials and Methods  

This study is a retrospective, chart review study. Charts were reviewed from 

patients of record at the University of California, San Francisco, pediatric dental clinics. 
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These patients either had the Silver Diamine Fluoride code (D1354, D1354A) completed 

and charged out, or the Sedative Filling code (D2940) completed and charged out. 

Sedative filling is another term that can be used for Interim Therapeutic Restorations. 

Charts were pulled from patients who received these treatments from January 2015 

through October 2017, for a total of a 34-month study window.  

 The inclusion criteria for the study were: 1) patients of record at the University of 

California, San Francisco, 2) Patients age 0-6, inclusive, 3) Healthy patients, either ASA 

I or ASA II, 4) Any primary, anterior or posterior tooth, with an active carious lesion, on 

one or multiple surfaces, that was treated with either Advantage Arrest Silver Diamine 

Fluoride or restored with a glass ionomer for Interim Therapeutic Restorations. The 

exclusion criteria for the study were: 1) Any evidence of pain, abscess, or fistula 

associated with the tooth prior to treatment with Silver Diamine Fluoride or Interim 

Therapeutic Restorations, 2) History of trauma associated with the tooth, 3) Complex 

medical history, ASA III or higher, 4) Combination Silver Diamine Fluoride and Interim 

Therapeutic Restorations used together for treatment.  

When collecting data from the charts of patients included in this study, two Excel 

spread sheets were created to keep track of all the data, one for Silver Diamine Fluoride 

patients, and one for Interim Therapeutic Restoration patients. For each patient included 

in the study we recorded the following: patient age, gender, ASA classification, hygiene 

status, number of times brushing per day, number of times flossing per week, if the 

patient had fluoride varnish at base line, if the patient consumed a cariogenic diet, date 

of initial treatment, specific teeth treated, if the tooth was symptomatic at baseline, date 

of any follow up visits, if the tooth was symptomatic at any follow up visits, and overall 
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success or failure of the holding care treatment. All of this information was recorded for 

each tooth treated, associated with every patient. The information was derived from 

chart reviews and notes for each patient.  

The measureable outcomes to define success and failure were based on the 

presence or absence of any clinical signs and symptoms which the patient may have 

presented with, during subsequent visits and after the holding care was rendered. 

Holding care was considered to be a failure if at any time post treatment, the tooth 

became spontaneously painful, sensitive to percussion or palpation, developed an 

abscess or fistula, or needed to be extracted prematurely. The holding care was 

considered to be successful if the tooth did not develop any symptoms or adverse 

events during the course of the holding care, nor was the tooth extracted prematurely.  

Participants’ oral hygiene (excellent, good, fair, and poor) was evaluated by the 

dentist and they were also asked about their brushing, flossing and cariogenic diet.   

           Means, standard deviations, frequencies, and percentages were used to 

summarize participants’ characteristics and caries risk factors. Generalized linear mixed 

effect models were used to evaluate the effects of treatment, characteristics and caries 

risk factors on the success of the treatment while controlling for the correlation among 

repeated measures over teeth within a participant. Odds ratio and 95% confidence 

interval (CI) were computed.  

 

Results  

 A total of 383 patients were included in the initial study sample of patients who 

received Interim Therapeutic Restorations or Silver Diamine Fluoride, during a 34-
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month period, from January 2015 through October 2017. This initial study sample 

consisted of 118 patients who received Interim Therapeutic Restorations, and 265 

patients who received Silver Diamine Fluoride. After patients were eliminated from the 

study based on the exclusion criteria, the final study sample consisted of 57 patients 

who received Interim Therapeutic Restorations and 185 patients who received Silver 

Diamine Fluoride. The average age of patients included in the final sample of the study 

was 2 years 10 months for Interim Therapeutic Restorations, and 3 years 6 months for 

Silver Diamine Fluoride patients. For Interim Therapeutic Restoration patients, 46.7% 

were female and 53.3% were male. For Silver Diamine Fluoride patients, 52.9% were 

female and 47.1% were male. Table 1 shows the breakdown of patient’s characteristics 

who were evaluated in the study, including age and gender. 

In many cases, multiple teeth were treated per patient, and in the present study 

success or failure of the holding care treatment was evaluated on an individual tooth 

basis. In this study, which included 383 patients, 135 teeth were treated with Interim 

Therapeutic Restorations, and 834 teeth were treated with Silver Diamine Fluoride, for a 

total of 969 treated teeth. Table 2 shows a breakdown of how many of each type of 

primary tooth was treated with either Interim Therapeutic Restorations or Silver Diamine 

Fluoride, for a total of 969 treated teeth. Figure 1 shows a breakdown of teeth treated by 

percentage. Maxillary primary anterior incisors, teeth #D,E,F, and G, appeared to be the 

most frequently treated teeth with holding care, accounting for 46.7%. Primary first and 

second molars, teeth #A, B, I, J, K, L, S, and T account for 45.1% of teeth treated with 

holding care. The range of teeth treated per patient was between 1 and 18 teeth. The 

average number of teeth treated per patient was 4.2 teeth.  
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 Possible confounding factors, or caries risk factors, were recorded for 

each patient, and therefore for each corresponding tooth that was treated. This was 

recorded to determine if any of these factors contributed to success or failure of the 

Interim Therapeutic Restorations or Silver Diamine Fluoride holding care treatments. 

These possible confounding factors include baseline oral hygiene (excellent, good, fair, 

poor), number of times brushing per day, number of times flossing per week, fluoride 

varnish (yes, no), and cariogenic diet (yes, no). Table 1 shows the categories of caries 

risk factors for all teeth included in the study.  

 Success and failure of all 969 teeth that received Interim Therapeutic 

Restorations and Silver Diamine Fluoride were shown in table 3. Success was defined 

as the tooth did not have any adverse event while being followed in the study for holding 

care. Failure was defined as the tooth became symptomatic, spontaneous pain, 

percussion or palpation sensitive, developed an abscess or fistula, or needed to be 

extracted prematurely. These failure outcomes are considered adverse events for the 

treated tooth. For Interim Therapeutic Restorations,127 (or 94.1%) of teeth were 

successful, and 8 teeth (or 5.9%) of teeth were failures. For the teeth with Interim 

Therapeutic Restorations that failed, 3 teeth became symptomatic, and 5 teeth had to 

be extracted and were lost prematurely. For Silver Diamine Fluoride, 815 (97.7%) teeth 

were successful, and 19 (or 2.3%) teeth were failures. For the 19 teeth with Silver 

Diamine Fluoride that failed, 3 teeth became symptomatic, 2 developed abscess or 

fistula, and 14 teeth had to be extracted and were lost prematurely. 

 In order to determine if one holding care treatment was statistically more 

successful than the other, a generalized liner mixed effect model was used. This 
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statistical analysis was chosen to account for non-normal data with random effects 19. In 

this study, the random effects were the patients, as most patients had multiple teeth that 

were treated with holding care, but each tooth was evaluated for success or failure on 

an individual basis. There are individual level personal differences that can not be 

controlled for in the model. Confounding variables that may have played a role in 

success or failure of the holding care treatment were also included in the statistical 

analysis. Those confounding factors included the baseline oral hygiene (excellent, good, 

fair, poor), number of times brushing per day, number of times flossing per week, 

fluoride varnish (yes, no), and cariogenic diet (yes, no). Table 4 shows the results from 

the generalized linear mixed effect model.  

 Based on the statistical analysis, the treatment type of Interim Therapeutic 

Restorations or Silver Diamine Fluoride did not have a statistically significant impact on 

success or failure of the treatment with a p value of 0.255.  The only factor that had a 

statistically significant impact on success or failure was oral hygiene with a p* value of 

0.012. This indicates that the holding care treatment was more likely to be successful if 

that patient had better oral hygiene.  A Berounouli logistic regression was performed to 

calculate the odds ratio and 95% Confidence Interval of the odds ratio to determine oral 

hygiene’s influence on success of holding care treatment, seen in Table 4. The odds 

ratio for oral hygiene was 9.21 and p* value was 0.049, meaning that patients with 

excellent, good, or fair oral hygiene are 9.21 (95% CI: 1.01, 84.04) times more like to 

have a successful outcome of holding care than patients with poor oral hygiene.  
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Discussion  

 Treatment modalities in pediatric dentistry are not always straightforward. 

Cavities do not always need to result in fillings and crowns right away. However, it is 

important to address the caries disease process in patients. Personalizing dental 

treatment for each patient is extremely important, especially in pediatric dental patients. 

Traditional and definitive restorative dental treatment is not always a variable option for 

children with dental caries. In many cases, young age, uncooperative behavior, special 

health care needs, lack of access to care, and financial hardships, prohibit children from 

receiving traditional and definitive restorative dental treatment, even under oral 

conscious sedation or general anesthesia, such as fillings and crowns 1,10 . However, if 

the patient does not receive any dental treatment, dental caries will continue to progress 

and certainly lead to negative consequences such as pain or infection 5. For these 

reasons, many dentists turn to less invasive, holding care treatment options such as 

Silver Diamine Fluoride or Interim Therapeutic Restorations.   

 Much of the scientific literature supports the use of Silver Diamine Fluoride or 

Interim Therapeutic Restorations as predictable options for holding care in pediatric 

dental patients, and as successful options for arresting dental caries. A systematic 

review and meta-analysis of caries arrest in primary teeth treated with Silver Diamine 

Fluoride was conducted. Eleven randomized clinical trials were included in the study, 

and the results demonstrated that Silver Diamine Fluoride was 154% more successful 

at halting dental caries compared to no treatment, and 66% more effective when 

compared to fluoride varnish or Interim Therapeutic Restorations 20. Another 

randomized clinical trial evaluated the caries arrest rates of annual and biannual 
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application of Silver Diamine Fluoride to glass ionomer. The results showed that teeth 

treated with biannual Silver Diamine Fluoride had higher rates of caries arrest 21.  

However, few studies directly compare both Silver Diamine Fluoride and Interim 

Therapeutic Restorations to determine if one treatment option is more successful, in 

terms of producing fewer adverse events, than the other. One pilot study conducted by 

dos Santos Junior directly compared the two treatments options. This study found that 

Silver Diamine Fluoride produced fewer adverse events, specifically Silver Diamine 

Fluoride produced fewer toothaches, than Interim Therapeutic Restorations, and this 

difference was statistically significant, with p* value of 0.022 18. 

On the other hand, in our current study, there was no significant difference in 

success between the two holding care treatment options. The treatment type (SDF or 

ITR) did not affect the outcome of success or failure. Both Silver Diamine Fluoride and 

Interim Therapeutic Restorations proved to be highly successful, with Silver Diamine 

Fluoride’s success rate at 97.7% and that of Interim Therapeutic Restorations at 94.1%. 

This demonstrated the high success rate of both holding care treatment options in 

pediatric dental patients. Both treatments can be considered successful by pediatric 

dentists to act as predictable holding care in patients who cannot tolerate traditional 

dental treatment. Silver Diamine Fluoride and Interim Therapeutic Restorations are 

minimally invasive dental treatments with very few adverse events.  

In pediatric dentistry it is important to personalize a child’s treatment plan so that 

the patient’s and parent’s needs and desires can be met. A surgical approach to dental 

treatment is not always necessary, or may be delayed, with the use of Silver Diamine 

Fluoride or Interim Therapeutic Restorations. Many pediatric dental patients under age 
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six with early childhood caries require restorative treatment using general anesthesia or 

oral conscious sedation, which can be costly and with associated risk of treatment 

complication, including death in office. Through the use of holding care such as Silver 

Diamine Fluoride or Interim Therapeutic Restorations, treatment in the hospital or under 

oral conscious sedation can be delayed or even avoided all together once the patient’s 

cognition develops and improves cooperation for definitive treatment in office. In a 

recent survey of pediatric dentistry residency program directors, 64% could foresee an 

increased need for general anesthesia/deep sedation of pediatric dental patient’s in the 

future 22. With the high success rates and predictability of holding care treatment options 

such as Silver Diamine Fluoride or Interim Therapeutic Restorations, it is important to 

utilize these options as a part of our treatment planning.   

In the current study, oral hygiene had a statistically significant impact on the 

outcome of holding care treatment. Having been categorized as having excellent, good 

or fair oral hygiene, as opposed to poor oral hygiene, had a significant effect on the 

outcome toward success. The results showed that having excellent, good or fair oral 

hygiene is significantly positively correlated with a successful outcome of holding care 

treatment. Poor oral hygiene involves having a significant accumulation of plaque 

biofilm in the oral cavity. This biofilm allows pathogenic or cariogenic bacteria to flourish 

in the mouth leading to the progression of dental caries 23. It appears that patients who 

were able to keep the teeth treated with Silver Diamine Fluoride or Interim Therapeutic 

Restorations free of plaque biofilms, were able to improve the outcomes of the holding 

care treatment. With this information, dentists should reinforce proper daily oral hygiene 

with patients who receive Silver Diamine Fluoride or Interim Therapeutic Restorations. 
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Other factors such as age, gender, brushing, flossing, fluoride varnish and cariogenic 

diet did not prove to have a statistically significant influence on success or failure of the 

holding care treatment.  

As a retrospective chart review, this study has some limiting factors or distorting 

influences on the outcomes. We evaluated patients who had been treated with either 

Silver Diamine Fluoride or Interim Therapeutic Restorations during a 34-month time 

frame, however all patients were followed for different lengths of time. Depending on 

when the initial treatment was rendered, some patients were followed for longer or 

shorter periods of times. Some teeth that were considered successful, may have 

eventually failed if they were followed for a longer period of time. Second, loss to follow 

up can be an issue in any clinical study involving patients. Not all patients who received 

Silver Diamine Fluoride or Interim Therapeutic Restorations returned to the clinic for 

follow up evaluation. It is not possible to determine whether the patient left the clinic 

completely, missed their bi-annual recall appointment or would have been evaluated 

just after the end date of the study. A tooth was considered successful if it did not have 

an adverse event during the 34-month course of the study. It is possible that some of 

the teeth that are considered successful may have experienced an adverse event but 

did not return to the clinic for follow up during the study period. Third, the providers 

(residents vs. faculty providers at UCSF) providing treatments were not calibrated prior 

to using Silver Diamine Fluoride or Interim Therapeutic Restorations. This inter-provider 

variability and procedure protocol may have attributed to success or failure of the 

holding care treatments. Finally, all the information for the study was gathered from 

patient chart notes, which were written by multiple different providers. Relying solely on 
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chart notes requires the investigator to rely on the accuracy and thoroughness of the 

treating and documenting provider. Sometimes information can be interpreted in 

different ways which can influence the data that is gathered and eventually analyzed. In 

a retrospective chart review study, it is not possible difficult to control many of these 

variables. Differing variables were accounted for as best as possible in the statistical 

analysis used in the study.   

 

Conclusion 

 Traditionally, a surgical approach has been used to treat dental caries in pediatric 

dental patients where dental caries would be removed mechanically and conventional 

composite or amalgam restorations, or full coverage crowns would be placed. 

Generally, this procedure requires local anesthetic, rubber dam isolation, and good or 

excellent patient cooperation. The treatment can be costly if performed under oral 

conscious sedation or general anesthesia with potential serious risk and complication. 

Not all pediatric dental patients are good candidates for this type of traditional and 

definitive dental care. Instead, many patients would benefit from holding care with either 

Silver Diamine Fluoride or Interim Therapeutic Restorations in order for them to reach 

an age where conventional restorative care can be given. Holding care options such as 

Silver Diamine Fluoride or Interim Therapeutic Restorations are a highly reliable and 

predictable treatment approach for pediatric dental patients with very few adverse 

events. Both options are extremely successful, and the choice for which treatment 

should be made based on the provider’s clinical judgment, patient’s behavior, as well as 

the patients and parents needs and desires.    
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Table 1: Participants’ Characteristics and Caries Risk factors by Treatment Type 
with ITR and SDF 

  ITR N= SDF N= 
Total Number of Patients  57 185 

Number of Teeth  135 834 

Average Age  
2.95 years ± 

1.16 
3.5 years ± 

1.2 
Percent Male  53.5% 47.1% 

Oral Hygiene  
N= 
(%) 

N= 
(%) 

 Excellent 
0 

(0) 0 (0) 

 Good 
109 

( 80.7) 709 (85) 
 Fair 2 (1.5) 9 (1.1) 
 Poor 24 (17.8) 116 (13.9) 

Times Brushing Per day    
 0 0 (0) 17 (2) 
 1 42 (31.1) 194 (23.3) 
 2 90 (66.7) 615 (73.7) 
 3 2 (1.5) 8 (1) 
 4 1 (0.7) 0 (0) 

Times Flossing Per Week    
 0 104 (77) 724 (86.8) 
 1 11 (8.2) 21(2.5) 
 2 0 (0) 18 (2.2) 
 3 6 (4.4) 15 (1.8) 
 4 12 (8.9) 8 (1) 
 5 0 (0) 15 (1.8) 
 6 2 (1.5) 8 (1) 
 7 0 (0) 25 (3) 

Fluoride Application Within Last 6 
Months    

 No 35 (25.9) 160 (19.2) 

 Yes 100 (74.1) 674 (80.6) 
Cariogenic Diet    

 No 44 (32.6) 315 (37.8) 
 Yes 91 (67.4) 519 (62.2) 
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Table 2: Treatment (ITR vs. SDF) by Tooth Type 

 Tooth 
Number 

ITR 
Treated 

SDF 
Treated 

Total Number of 
Tooth Type 
Treated (%) 

A 5 (3.7%) 25 (3.0%) 30 (3.1%) 
B 8 (5.9%) 54 (6.5%) 62 (6.4%) 
C 2 (1.5%) 19 (2.3%) 21(2.2%) 
D 8 (5.9%) 83 (10%) 91 (9.4%) 
E 15 (11.1%) 111 (13.3%) 126 (13%) 
F 16 (11.9%) 111 (13.3%) 127 (13.1%) 
G 11 (8.1%) 97 (11.6%) 108 (11.2%) 
H 1 (.07%) 22 (2.6%) 23 (2.4%) 
I 11 (8.1%) 43 (5.2%) 54 (5.6%) 
J 3 (2.2%) 31 (3.7%) 34 (3.5%) 
K 13 (9.6%) 43 (5.2%) 56 (5.8%) 
L 18 (13.3%) 56 (6.7%) 74 (7.6%) 
M 0 (0%) 4 (0.5%) 4 (0.4%) 
N 0 (0%) 3 (0.4%) 3 (0.3%) 
O 0 (0%) 10 (1.2%) 10 (1%) 
P 0 (0%) 10 (1.2%) 10 (1%) 
Q 0 (0%) 4 (0.5%) 4 (0.4%) 
R 1 (0.7%) 4 (0.5%) 5 (0.5%) 
S 11 (8.1%) 65 (7.8%) 76 (7.8%) 
T 12 (8.9%) 39 (4.7%) 51 (5.3%) 
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Figure 1: Bar Graph of Treatment with ITR or SDF by Tooth Type 
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Table 3: Number (N) and Percent (%) of Success and Failure by Treatment Type. 

  ITR (N) ITR (%) SDF (N) SDF (%) 
Failure 8 5.9 19 2.3 
Success 127 94.1 815 97.7 
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Table 4: Effects of Treatment, Participants’ Characteristics and Caries Risk 
Factors on the Treatment Success. 

Factors  
Co-Efficient 

Estimate 
Standard 

Error Z P* > |z| 
Odds Ratio 

(95% CI) 
Age 0.006 0.006 0.92 0.357  

Gender -0.234 0.0145 -1.65 0.1  

Oral Hygiene 0.55 0.022 2.51 0.012** 
  9.21   

(1.01, 84.04) 
Brushing 0.13 0.024 0.54 0.588  
Flossing -0.09 0.021 -0.48 0.634  
Fluoride 
Varnish -0.001 0.0183 -0.07 0.941 

 

Diet 0.011 -0.0153 0.74 0.462  
Treatment 0.22 0.194 1.14 0.255  

 

* P values were computed from the generalized linear mixed effect model. 
**significant at level 0.05 
Z= value of the test statistic 
P > |z|= p value given the value of the test statistic 
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