




































































SECTION IV - CLINICAL CONSIDERATIONS IN USING THE INVISALIGN SYSTEM 

Several articles have appeared in the literature to describe 
the effectiveness of Align Technology's lnvisalign System 
since it was first introduced in 1997. lnvisalign was origi­
nally offered to adult patients seeking orthodontic treat­
ment with an esthetic appliance. 

The first clinical study on the feasibility of lnvisalign was 
performed on adult patients. Adults were chosen as the 
initial test sample for three reasons; (1) Adults have a stat­
ic dentition, whereas adolescents and children have 
actively erupting teeth and growing jaws; (2) adults are 
generally regarded as the most compliant patient group. 
Children are thought to be somewhat compliant and ado­
lescents are typically believed to be noncompliant. 
Studying the efficacy of aligners required that the patients 
wear them as directed; (3) from a business perspective, 
lnvisalign treatment was targeted at adults who wanted 
orthodontic treatment but were reluctant to wear fixed 
appliances. The results gathered from the study of adults 
showed that aligners were effective at treating generalized 
crowding and spacing cases. 

Shortly after the initial studies of lnvisalign treatment 
began, 20 or so orthodontists around the country each 
began treatment on three patients as a beta test. Many of 
these patients were adolescents. The empirical data gath­
ered from these clinicians showed that adolescents may 
be successfully treated with the lnvisalign System. It was 
decided to initiate a formal study to determine if adoles­
cents with permanent dentition (ie, second molar to sec­
ond molar) could be treated with the appliance. 

Study Design 
In 2000, Align Technology and the orthodontists affiliated 
with the company's research and development department 
began working on a design for the study. At the time, very 
little was known about the capability of the lnvisalign 
System. To focus specifically on the treatment of adoles­
cents, many of the other variables had to be controlled. 
Because of this, a narrow scope of diagnosis was created 
for the inclusion criteria so as to remove variability of the 
treatment plans. 

The primary objective of the study was to determine the 
efficacy of the lnvisalign aligner in treating adolescent 
patients. The variables measured were tooth alignment, 
oral hygiene, patient cooperation, and quality of life. 
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Materials and Methods 
Patient selection 
Patients were recruited from the authors' private practices 
in Kansas City, Kansas (RF), and Tracy, California (AT). 
Twenty-one and 13 patients were recruited from each prac­
tice, respectively, with a total enrollment of 34 patients. 
There were 13 male patients (mean age: 15 years, 3 

months) and 21 female patients (mean age: 15 years, 2 

months) distributed between the two practices. Patients 
were included in the study if they were 12 to 18 years old 
and had maxillary and mandibular permanent dentition, 
mild to moderate spacing (1 to 6 mm), mild to moderate 
crowding (1 to 6 mm), and Class I posterior occlusion. 
Patients were excluded if they or their parents were unwill­
ing to sign consent forms or if they had severe malocclu­
sion. The selected patients and their parent(s) were 
informed of the study, asked to participate, and given a 
consent form. Patients were given a choice of lnvisalign 
treatment or standard treatment with either fixed or 
removable appliances. 

Records 
Standard records were taken for each patient for the pur­
pose of orthodontic treatment planning. In addition, for 
the purpose of the lnvisalign treatment, polyvinyl siloxane 
(PVS) impressions of each arch and a centric occlusion 
wax bite were made. The PVS impressions, a prescription 
form, panoramic radiograph, lateral cephalogram, and 
photographs for each patient were submitted to Align 
Technology. Once received at Align, the cases went 
through the normal commercial process of pouring casts, 
three-dimensional scanning, and virtual treatment. All 
cases were treated under the normal commercial manufac­
turing guidelines for staging, speed, and attachments. The 
virtual treatments were based on the treating orthodon­
tists' treatment plan in the prescription form. The final vir­
tual treatment plan was presented in ClinCheck via the 
Internet to the treating orthodontist. The treating ortho­
dontist reviewed the virtual treatment plan and either 
accepted or requested a modification in the treatment 
based on the desired treatment plan and goal. Once the 
treatment plan was accepted, aligners were fabricated and 
delivered. lntraoral photographs and progress casts were 
obtained every 6 months, and a panoramic radiograph 
was taken at the end of 12 months. At the completion of 
treatment, photographs, impressions, a panoramic radi­
ograph, and a lateral head film were taken. 
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FEASIBILITY STUDY OF THE INVISALIGN SYSTEM IN TREATMENT OF ADOLESCENTS 

As mentioned, there was no blinding in the design of 
this study. This may have affected the data. The fact that 
6 months passed between questionnaire assessments 
might have helped reduce this bias, as the patients may 
have forgotten their previous answers. In addition, the 
patients completed these questionnaires without assis­
tance of the office staff, thereby eliminating additional 
bias resulting from the data collectors. 

Treatment outcome 
Irregularity index measurements showed an improvement in 
anterior alignment in each patient studied, with a mean 
reduction in irregularity of 73°/o in the mandible and 53% in 
the maxilla. The measurements for 22 patients are shown in 
Table 29-4. Initial review of the irregularity numbers indi­
cates that the final results were not devoid of irregularity of 
the anterior teeth. In fact, the sensitivity of this metric is 
such that even a well-treated case will result in an irregu­
larity index of greater than zero. That these numbers reflect 
a successful result is reflected in the posttreatment photo­
graphs and casts. Nevertheless, the simplicity of the cases 

in this sample limits the findings to simple cases. 
Furthermore, the lack of a fixed-appliance control group mit­
igates any direct comparison with fixed appliances. 
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DATA MINING: 
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by 
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SECTION IV - CLINICAL CONSIDERATI ONS IN USING THE INVISALIGN SYSTEM 

Data mining is the process by which vast amounts of data 
are transformed into insight by finding trends and correla­
tions that cannot be detected from individual case studies 
alone. In dentistry, data mining can be used to understand 
epidemiologic patterns, utilization of procedures, and 
demographics. Data mining uses software tools to query a 
large catalog of data. This approach can identify correla­
tions and patterns that may go unnoticed when only a few 
individual data sets or data points are observed. For data 
mining to be successful, a defined information model and 
related infrastructure are required, since not all collected 
information will be relevant (Fig 30-1) . Because the predic­
tion is only as good as the model, one risk of this method­
ology is using an incorrect model and drawing erroneous 
conclusions from what could be noise inherent in any data 
system. 

The lnvisalign Metrics Analysis Program (MAP) is a data­
mining pilot program developed to establish specific 
measurable quantities (metrics) to better understand key 
performance indicators, trends in treatment approach and 
outcome, key clinician and patient demographics, and 
treatment success and satisfaction with lnvisalign treat­
ment (Fig 30-2) . It is an initiative that, once established, 
can grow into a robust orthodontic data management tool 
for scientific research and dental' education. For the time 
being, it is used to design and develop better lnvisalign 
product offerings and educational training materials. 

In the lnvisalign MAP model, specific case parameters 
are stored in a digital information warehouse. These case 
parameters can include demographic information such as 
patient age, clinical information (eg, treatment approach), 
and manufacturing information (eg, number of aligners 
manufactured for the case). This information can be use­
ful to better understand how lnvisalign is used by ortho­
dontists, for what types of patients, and with what levels 
of success. 

Case Study 1: Use of 
Reproximation with lnvisalign 
Reproximation (or interproximal enamel reduction [IPRD is 
an alternative to extraction whereby a portion of the inter­
proximal enamel is removed from one or more teeth to 
create arch length for alignment of crowded teeth. It is 
often used when the teeth should not be advanced or 
expanded buccally because of either poor periodontal 
health or inclination of the dentition. Moderately crowded 
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cases can also be treated with reproximation instead of 
extraction to avoid retraction of the anterior teeth and flat­
tening of the profile, especially when the total extraction 
space significantly exceeds the total amount of crowding 
present. Reproximation, however, is technique sensitive, 
and understanding the impact of reproximation techniques 
on case complication is important to characterize (see 
chapter 26) . 

Reproximation can be built into the case in one of two 
ways. The clinician can create interproximal spaces prior 
to taking the lnvisalign impressions, perhaps creating the 
space with interdental elastic separators for access. 
Alternatively, reproximation can be performed as the align­
ers are being delivered, using the reproximation form as 
the guide and interproximal space measurement gauges to 
determine accuracy (Figs 30-3 and 30-4). 

The first approach may be more accurate, but unless a 
diagnostic setup is performed, it can lead to a certain 
amount of guesswork as to which surfaces require enamel 
removal. The latter approach reduces the guesswork, since 
the setup is reviewed alongside the reproximation plan; 
however, reproducing the exact amount of reproximation as 
indicated in the form is technique sensitive. Failure to deliv­
er the exact amount of reproximation as indicated on the 
form can lead to either crowding at the end of treatment 
from inadequate space creation or interproximal spaces 
from overreduction. Usually, either of these scenarios can be 
corrected with additional aligners as long as the dental con­
tours that follow the reproximation remain properly shaped. 
The need for additional aligners, however, can be a hassle 
for both the clinician and the patient. 

Some of the questions that would be interesting to 
answer are: 

1. To what extent is reproximation requested by clin i­
cians? 

2 . Are reproximation cases more complicated than nonre­
proximation cases? 

3. What is the effect of reproximation utilization on treat-
ment convenience? 

4. What is the overall trend in use of reproximation? 

To answer these questions, a sample of lnvisalign-treated 
cases was evaluated and categorized based on use of 
reproximation. Cases in which reproximation was per­
formed prior to impressions were put in category 1. 

Generalized space-closure cases were also placed in this 
category since the physical appearance of both types was 



FIG 30-1 Data-mining tools can identify 
trends and correlations within the infor­
mation stored in the database, but the 
conclusions are relevant only if the infor­
mation model is correct. 

FIG 30-2 Align's data-mining infrastruc­
ture can store clinical parameters in an 
information database to test the validity 
of a clinical hypothesis. 
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FIie: 585972_2_ 1_0_USTreet.edf 

Important: Difficult access to any of the interproximal contacts, or 
concerns over patient esthetics may require smaller reproximation 
amounts to be performed incrementally over multiple appointments. 
Be sure to accurately record the amount of space created at each visit. 
Each Increment should be done before the existing space fully closes. 
This will help prevent poor aligner flt resulting from inadequate 
interproximal space. Be sure to first measure any existing space with 
thickness gauges and subtract this amount from the final space to 
determine the additional amount of space created. 

For additional information, go to http://www.invisaligncec.com or call 
1-888-82ALIGN 
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FIG 30-3 Reproximation form. 

essentially identical. Cases in which no reproximation was 
performed were placed into category 2 . These were crowd­
ing cases in which the teeth were aligned without reprox­
imation either before or after the impression. Cases that 
needed anterior reproximation during aligner delivery 
(postimpression) were put in category 3. Cases that need­
ed reproximation distal to the first premolar during align­
er delivery were put in category 4. 
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FIG 30-4 lnterproximal measurement gauges. 

For this investigation, cases in which spaces were left 
for restorative work were omitted because such space clo­
sure could inherently lead to additional detailing work 
unrelated to the outcome specific to whether reproxima­
tion was used or not. Extraction and distalization cases 
were also not included, since it was believed that such 
cases could introduce complications that were unrelated 
to the use (or not) of reproximation. 

The hypothesis was that cases requiring reproximation 
after impressions, especially of posterior teeth, were more 
likely to require additional aligners for treatment, since 
postimpression reproximation is technique sensitive, espe­
cially when trying to access posterior interproximal con­
tacts. Performing reproximation before impressions, how­
ever, would probably be more accurate as long as the 
guesswork about which surfaces to recontour could be 
reduced. 

For this study, 555 cases (1,005 treated arches) were 
randomly selected from all cases ordered between April 
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SECTION IV - CLINICAL CONSID ERATIONS IN USING THE INVISALI GN SYSTEM 
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FIG 30-5 Distribution of treatment approaches for lnvisalign cases 
with reproximation. Categories: (1) Preimpression reproximation/ 
space closure; (2) no reproximation; (3) anterior reproximation 
only, postimpression; (4) any posterior reproximation, postimpres• 
sion. 
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FIG 30-7 Percentage of cases in each category for which addition­
al aligners were ordered to complete treatment. The data are con­
sistent with the hypothesis that space management is critical to 
treatment outcome success. (Taken from 2001 sample; confidence 
level = 0 .95.) Categories: (1) Preimpression reproximation/space 
closure; (2) no reproximation; (3) anterior reproximation only, 
postimpression; (4) any posterior reproximation, postimpression. 

and June 2001. Another 744 cases (1,261 treated arches) 
were randomly selected from April to June 2003 as a sec­
ond time point to investigate trends in utilization of 
reproximation . The utilization of reproximation within 
these sample groups is shown in Fig 30-5 . 

Between 2001 and 2003, the use of reproximation 
decreased from 62% to 50% of cases. The increase in 
group 2 (no reproximation) and the decrease in group 4 
(posterior reproximation) was statistically different 
between 2001 and 2003 (chi -square test, P < .005) . One 
theory explaining this change is that as clinicians better 
appreciate the challenges associated with reproximation, 
they rely on it less to achieve their treatment goals, espe­
cially in the posterior dentition, where reproximation can 
be difficult to deliver with accuracy. 
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FIG 30-6 Case complexity as measured by mean aligner number 
per arch, the hypothesis being that more complicated cases 
require more tooth movement (and aligners) to resolve. 
Categories: (1) Preimpression reproximation/space closure; (2) no 
reproximation; (3) anterior reproximation only, postimpression; 
(4) any posterior reproximation, postimpression. 
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FIG 30-8 Rate of additional aligners ordered, by patient age. 
(Taken from 2003 data; n = 23,054 treated arches.) 

To determine the inherent complexity of each case, the 
number of aligners manufactured for each arch was used 
as an indicator (Fig 30-6) . The critical assumption here is 
that this was a rough estimate of treatment complexity, 
since more complicated cases should require greater tooth 
movement and, hence, a greater number of aligners. The 
study results did not reveal a statistically different number 
of aligners among the different treatment approaches; 
however, cases planned with posterior reproximation, on 
average, had a higher number of aligners associated with 
the cases. 

An analysis of the rate of additional aligner use for each 
category revealed that the more extensive the amount of 
postimpression reproximation, the higher the rate of addi­
tional aligners being ordered (Fig 30-7) . 
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FIG 30-9 Distribution of treatment approaches for lnvisalign cases 
with reproximation. Categories: (1) Preimpression reproximation/ 
space closure; (2) no reproximation; (3) anterior reproximation 
only, postimpression; (4) any posterior reproximation, postimpres­
sion. 

The conclusion from this exercise was that the data were 
consistent with the observation and general belief that 
cases that require reproximation during the course of 
treatment, especially in the posterior dentition, were more 
likely to require additional aligners at the end of treat­
ment, and that space-closure cases and cases in which 
space was created prior to impressions were less likely to 
require additional aligners. The fact that additional align­
ers were needed in 15°/o of space closure/preimpression 
cases (group 1) , however, suggests that certain types of 
cases within this category may still require detailing at the 
end of treatment. Nonetheless, this information could be 
of interest to a clinician trying to assess treatment times 
as it relates to treatment approach. Pressed for a limited 
amount of treatment time, a clinician may elect to treat a 
case with either preimpression reproximation or no reprox­
imation in an effort to reduce the need for additional 
aligners at the end of the aligner series. At the same time, 
not knowing how much to reproximate up front could also 
lead to additional complexity; hence, additional effort 
such as a diagnostic setup may be necessary to properly 
assess the treatment plan. The fact that there was not a 
significant increase in utilization of preimpression reproxi­
mation between 2001 and 2003, but an overall decrease 
in reproximation use concurrent with an increase in non­
reproximation cases (see Fig 30-5), suggests that clinicians 
were becoming cognizant of the challenge of trying to 
deliver preimpression reproximation without a three­
dimensional visualization of the treatment goal. 

DATA MINING: PRINCIPLES AND CONSIDERATIONS 

25 ~ ---------------~ 

~ 20 -+----~~~~~~~---~~-,....... 
C: 
-~ 15 ~~ ~· ~~ ·~ -~ -~ 
co 
0 10 

ci 5 z 

Patient age (y) 

FIG 30-10 Mean number of aligners per arch, by patient age (2003 

data) . 

Case Study 2: Patient Age and 
Need for Additional Aligners 
lnvisalign is indicated for patients whose second molars 
are fully erupted. This guideline was established because 
erupting dentition and skeletal growth are not currently 
simulated by the ClinCheck software. Because of concerns 
about potential compliance problems with younger 
patients, it is important to characterize the effect of 
patient age on treatment. 

To study this effect, all cases that included patient age 
were analyzed based on the use of additional aligners. If 
younger patients were not compliant in wearing the 
aligners, one would expect a higher rate of additional 
aligners being ordered for younger patients. As Fig 30-8 

shows, however, the rate of additional aligners ordered 
was actually higher for older patients, not for younger 
patients. One possible explanation for the results is a 
greater acceptance of fixed appliances in younger 
patients in the event that they are needed for finishing. 
Adults may be less likely to accept fixed appliances and 
may prefer trying to finish their treatment using aligners. 
Survey data, however, did not show a higher utilization 
of fixed appliances for finishing in younger patients (Fig 
30-9). 

Another possible explanation for the higher rate of addi­
tional aligners in older patients is that older patients may 
have more complicated malocclusions, or their teeth may 
be less responsive to orthodontic movement; as a result, 
older patients may be more likely to require refinement. To 
test this hypothesis, the mean number of aligners per arch 
was calculated by patient age, with the assumption that 
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SECTION IV - CLINICAL CONSIDERATIONS IN USING THE INVISALIGN SYSTEM 

the number of aligners is correlated to the complexity of Concluding Comments 
the treatment. 

Figure 30-10 shows that the mean number of aligners 
did increase with patient age, which means that the sever­
ity of malocclusion could be a function of patient age. This 
could explain why older patients exhibited a higher utiliza­
tion rate of additional aligners for treatment. In other 
words, while compliance in younger patients may be an 
issue (this was not proven or disproven by the data), its 
effect appears to be overshadowed by the more significant 
effect of older patients needing more aligners to correct 
their more complicated malocclusions. 

The assertion that younger patients are less likely than 
adults to be compliant with lnvisalign, and are more like­
ly to require multiple refinements to finish treatment, can­
not therefore be supported by the data. Initially, this may 
be counterintuitive; however, given that lnvisalign is still 
in its early stages of adoption and that many clinicians are 
still somewhat cautious in offering it to their patients, per­
haps younger patients currently being treated with 
lnvisalign are a well-selected population, who are deter­
mined to avoid wearing brackets and therefore more apt 
to be compliant. If this is the case, then the data make 
perfect sense. And based on these data, since the rate of 
additional aligner utilization in younger patients is no 
worse than in older patients, clinicians should be encour­
aged to treat younger patients with lnvisalign, as long as 
the malocclusions being treated are compatible with the 
appliance's indications. 
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A successful data-mining program requires that the char­
acteristics being studied are objectively parameterized. As 
demonstrated in the case studies above, much of what is 
being reviewed today in Align's research laboratories are 
still very basic parameters such as the number of aligners 
manufactured, treatment approach, and patient demo­
graphics. As such, the outcomes are only useful for assess­
ing consistency with a given hypothesis, rather than for 
proving or disproving a theory. 

A more rigorous but challenging approach could be to 
characterize cases based on traditional orthodontic 
parameters • such as Angle classification, overjet, and 
amount of crowding. The reasons why the characteriza­
tion approach is challenging is that the standards and 
definitions for these measurements can vary widely, and 
measurement processes need to be automated to be 
applicable to a large sample in an accurate and repro­
ducible fashion . Poorly defined data in large quantities 
without any scientific hypothesis to test are not very use­
ful, and do not lead to meaningful results. Large amounts 
of well-defined, quality data used to test specific 
hypotheses, however, are extremely powerful and can 
lead to interesting observations, which can in turn spark 
even more interesting questions and results. Align 
Technology's data-mining initiative holds great promise 
for better understanding how and why lnvisalign treat­
ment works and for identifying clinical parameters corre­
lated with treatment outcome success. 
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SECTION V - OFFICE DESIGN AND TECHNOLOGY 

What is the function of the lnvisalign orthodontic office, 
and how can it be designed to best deliver what is 
required of it? Other pertinent questions are, who uses the 
office, and what are these users' expectations? Patient 
needs and expectations are the two principal parameters, 
which suggests that the orthodontic office should seam­
lessly blend form with function. Unless the mission and 
objectives of the space are clearly defined, the architect 
will design a space that serves as a monument to himself 
or herself, or the builder will simply build a generic box. 
In the context of this chapter, "mission" is defined as tasks 
performed in the orthodontic office, and "objective" is 
defined as how these tasks are performed. 

The mission of the orthodontic office may be listed as 
all of the following: patient waiting, reception duties and 
appointments, payment collection, patient data storage 
and retrieval, office work for correspondence and financial 
business, consultation of the patient with the clinician or 
clinical personnel, patient education, staff training, collec­
tion of diagnostic information, treatment, sterilization, and 
fabrication of orthodontic appliances. 

It is necessary to break down these tasks to design a 
space that will permit the performance of these functions 
in a specific way. Orthodontic practices are high-volume 
establishments. In the absence of efficiency, they cannot 
reach their full potential of productivity. Efficiency is linked 
not only to high quality of treatment but also to income. 
The architectural design and incorporated technology 
must have a symbiotic existence. Retrofitting one element 
to suit another generally does not bring efficiency; it only 
adds one more element to an already crowded operation. 
This is an important consideration, as one can never know 
what kind of novel treatment techniques or additional 
equipment might be needed in the future. The design 
should prepare the space for easy conversion. 

Functional Needs Fundamental 
to the Mission of the 
Orthodontic Practice 

Patient waiting area 
The waiting areas should never be used for waiting, but it 
is often hard to adhere to this principle. If waiting is to 
take place, what should be the design considerations for 
the waiting area? This question may best be answered by 
assigning a function for the space. This space can be 
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many things, but one element is certain : it should be 
relaxing. The space could be useful in helping to relax 
patients before their appointment. This relaxation benefit 
also applies to adults who are accompanying a child 
patient. 

How does a waiting area invite people to relax? A per­
son's experience of entry into the office is significant, as it 
is essential that he or she develop a positive first impres­
sion of the space. Some spaces are inviting, comfortable, 
and relaxing, whereas others convey a feeling of coldness 
or tension. The personality of a space and how it affects 
humans is called feng shui in the Chinese culture. The per­
sonality of a space is dictated not only by its layout but 
also by the harmonious interaction of its furnishings, color 
scheme, light, and materials. In terms of layout, factors 
that affect the waiting area must be considered first. The 
waiting area is located next to the reception area. 
Obviously, incoming patients stop at the reception desk 
first. The patient's approach to the reception desk, com­
bined with his or her experience there, influences the 
"entrance" factor of the waiting area (Figs 31-1 and 31-2) . 
Patients carry the mood of their day into the waiting area 
or to the treatment areas. Thus, whether it is the initial 
visit or a regularly scheduled visit, it is best to ensure that 
the patients are happy and in a good mood at all times 
when they are in the orthodontic office. 

Receptionist's area 
From the perspective of the patient or the parent, it is 
important to be "received." People who walk into an estab­
lishment-be it an orthodontic office or a restaurant-enjoy 
being recognized and accommodated. For the patient, the 
receptionist's area has a high impact value. It is essential, 
therefore, that the receptionist is in a position (spatially) to 
comfortably interact with the client, at eye level or lower. 
The client should have a comfortable stance and should not 
have to carry bags while trying to negotiate the appoint­
ment. (The staff should assist the patient in hanging coats 
or securing bags or briefcases in a coat closet) . 
Nonetheless, the receptionist's area should distinctly sepa­
rate the receptionist from the client. A traditional physical 
barrier (ie, a counter) is necessary (see Figs 31-1 and 31-2). 
Such a counter should have certain convenience features­
most notably, a ledge on which the clients can place their 
handbags or briefcases. Above all, however, it has to "feel 
good" to be there. The materials used in the design of the 
receptionist's counter are as instrumental as the counter's 
design in promoting this feeling. 



Many of the busiest orthodontic offices grow big with­
out being noticed. In the early years of a practice, it is 
more important just to grow. More and more patients are 
brought into the practice, but the infrastructure is not 
modified. Many busy practices identify the receptionist's 
desk as a bottleneck area that interferes with rather than 
facilitates efficient patient flow.1 Based on our data, 37 
square feet per worker must be allocated for the reception 
area. The location of the reception desk needs to be suf­
ficiently removed from other areas to provide a sense of 
privacy for the patient. Oftentimes, payments are made, 
financial matters are discussed, or appointment times 
need to be negotiated while the client is standing at the 
counter. Enough privacy to accommodate these conversa­
tions serves the office well. Thus, the reception counter is 
best isolated from the waiting area. 

Areas for consultations, initial 
examinations, records, and patient 
education 
It is recommended that areas used for patient-specific 
discussions be sufficiently isolated so as to not interfere 
with the flow of patient and staff traffic. It is beneficial, 
however, to locate the treatment coordinator in close 
proximity to where the initial examination will take place. 
Patients are better serviced when the treatment coordina­
tor has ready access to everything he or she needs. This 
level of detail may not matter too much in a small bou­
tique practice with only a few chairs; but even in a small 
practice, these functions must be isolated from the treat­
ment area. 

For larger offices, these areas are best located closer to 
the waiting area-but not along the way from the waiting 
area to the treatment area. Of course, these areas should 
all be easily accessible from the treatment area. The 
design of these areas cannot encourage excuses for not 
keeping them impeccably neat. These are areas of busi­
ness where potential patients are educated about why 
they should choose this particular practice. Once the 
space is designed for this vitally fundamental function, 
the layout of the examination chair, radiographic equip­
ment, and other imaging locations is nothing more than 
a "best fit" exercise. If the space is a serious problem, the 
clever use of panels made from transparent or semitrans­
parent materials along with equally clever lighting layout 
creates exciting, clean, hi-tech spaces. Similar approach­
es can also be used in offices where space is not a limit­
ing factor. Lighting makes or breaks a good design . 
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FIG 31-1 A foyer and receptionist's desk welcome the patient effi­
ciently and purposefully. The clear Lucite chairs are more decora­
tive than functional. Patients may use the chairs to rest their 
bags. 

FIG 31-2 The waiting area in another practice is traditional in 
design, yet uncluttered. It is important to provide adequate space 
for the adults, as the location's patient population characteristics 
dictate. Computers are everywhere throughout the office, but they 
are unobtrusive in the living room-li ke waiting room. 
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FIG 31-3 The back wall of a main clinic. It is equipped and laid 
out to take records in a compact space. Note the dramatic use of 
light fixtures. The first shelf of the cabinet above the sink is made 
up of slots to store the day's aligner trays to be delivered. Large 
boxes are stored elsewhere in the office. 

Spaces for the staff 

Construction of a staff lounge is a show of respect for the 
people who ensure the success of a thriving practice. Our 
data reveal that successful practices do not overlook the 
importance of a staff lounge. If space is limited, however, 
a staff lounge could be constructed with versatility in 
mind. A staff lounge could also be used, for example, as 
a space to conduct in-service training. The design of the 
staff lounge is best decided by input from the people who 
will use it. This gives the staff a feeling of belonging. Staff 
members who look at their duties as "just a job" cannot 
be good marketers of the practice. 

Staff members use their lounge to change and hang 
clothes, eat lunch, take a coffee break, make private 
phone calls, and conduct other activities. If the staff mem­
bers use the lounge to heat food or perform another activ­
ity that might generate odors not suitable for an office 
environment, the room needs to be well ventilated. The 
staff lounge is ideally located as remotely as possible from 
public areas. In a suburban setting, it may even have a 
separate entrance wherever possible. 

Treatment areas 
Treatment areas need to be constructed to perform two 
functions: patient treatment and support services. The 
treatment area is where the patients sit, and the support 
services area is where sterilization and consultation take 
place. Oftentimes, the support areas look and function as 
if they were an afterthought. In some cases, the treatment 
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F1G 31-4 Main clinic. Mobile cabinets augment the cuspidor and 
flat-pa nel monitors. 

areas are filled with distractions such as games, busy 
objects or paintings, and the like. Patients do not, and 
should not, sit in the treatment area long. Moreover, it is 
important to remember that, when they do, they mostly 
look at the ceiling. A television monitor is enjoyed by all 
patients, even though they only watch it briefly. 

Whose comfort is most important in the treatment area? 
Clearly, it is the workers' comfort. Patients spend minimal 
time in the treatment area. Their time can be counted in 
minutes. As much as adult patients might recognize and 
comment on a luxurious treatment chair, a standard-issue 
chair does not elicit disapproving comments: patients are 
most forgiving. For example, if they have to get out of the 
chair and walk a few steps to the tooth-brushing area, 
they do not mind. 

The unit treatment area should be viewed as a worksta­
tion, where everything is within easy reach for the clinical 
personnel (Figs 31-3 and 31-4) . This includes not only how 
the clinical personnel can reach the items needed for a 
given procedure but also the ease of discarding used 
items. If the orthodontist has an existing practice and a 
new one is planned, it is useful to videotape the activities 
of the staff over various times of the day and for various 
procedures. In the videotape, weaknesses of the existing 
system will become apparent. 

After a new office is built and the practice has had some 
time to function within it, almost everyone can identify 
elements in the office that they would do a little different­
ly. To avoid such remorse, a videotape analysis can be 
useful. A camera mounted on a high tripod and placed 
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FIG 31-5 Glass paneling is used in such a way to suggest the lnvi­
salign tray. In practical terms, it also provides privacy for conver­
sations. Note that the monitor is visible to the patient to discuss 
treatment progress and to allow the patient to read the progress 
notes. This style of communication promotes better cooperation. 

unobtrusively in a corner is all that is needed and can be 
of immeasurable utility before moving out of or renovat­
ing an existing office. Efficiency brings comfort no matter 
the setting; in this case, the comfort of the clinical person­
nel is the focus. 

To achieve greater efficiency and convenience, it is nec­
essary to design storage facilities that will enable the 
lnvisalign boxes to be kept within easy reach. The deliv­
ery of aligners in a plastic bag should be smooth. 

Finally, because lnvisalign is an interactive experience 
for the patient, it is important to keep patients informed 
about their progress. Accordingly, a large monitor should 
be installed at each chair (Fig 31-5) . Patients should see 
not only their ClinCheck images and progress photos, but 
also what is being written about them in the progress 
notes. This approach eliminates "you've never told me 
that"-type comments. Normally, with children, concerns 
are addressed to the accompanying parent. With adults, 
however, direct, one-on-one conversation must be stan­
dard operating procedure. 

Sterilization area 
An area that is often overlooked is the sterilization room. 
Obviously, its location should be near the clinic areas, but 
the way dirty instruments are brought in and clean ones 
taken out should be carefully planned. In a busy practice, 
even the smallest of traffic details matter. Our research 
data indicate that larger practices find the sterilization 
room setup inadequate. An opening into the sterilization 
room through which instrument trays can be passed is 

INVISALIGN OFFICE DESIGN AND TECHNOLOGY 

F1G 31-6 Data entry and patient education station is located in 
the entry of the main clinic. The side view of the three-panel 
arrangement can be seen in Fig 31-4. 

preferred over walking the trays through the door. It also 
helps to furnish this area with high-speed sterilizers. 
Quick-turnover sterilization times reduce the need for a 
large inventory of intraoral instruments. High-speed steril­
izers also do not generate a great deal of heat or steam. 
In close quarters, where a high-powered ventilation fan 
cannot be fitted, this strategy is preferred. Obviously, this 
is a problem encountered more often in older high-rise 
building locations. An architect who understands the flow 
of an lnvisalign practice and its sterilization requirements 
can design the elements needed in this space sensibly. 

Consultation room 
The consultation rooms need to be substantial, as it is a 
key marketing area. In an lnvisalign-exclusive practice, its 
function is slightly different. Education of the patient in 
lnvisalign therapy takes place in this space. Patient edu­
cation does not require separate quarters. lnvisalign 
patients often have already been educated through their 
various dental experiences or prior orthodontic treatment. 
All that is needed for the potential patients is an explana-
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tion of the mechanism of the lnvisalign System. As men­
tioned in chapter 19, for example, the clinician thinks in 
terms of distances over which forces are applied, rather 
than simply force magnitude. 

The consultation room is also where payments are dis­
cussed. Privacy, therefore, needs to be provided in the 
design. Fundamentally, however, visual elements and equip­
ment are critical (Fig 31-6). They must engulf the patient. 
The importance of the use of audiovisual equipment in this 
setting cannot be overstated. In this space, the potential 
patient is made to understand and see what the treatment 
entails. Unlike the conventional methods of explaining 
treatment with fixed appliances, patients see the intended 
treatment outcome and the stages by which it is achieved. 
This is done in an effort to eliminate misunderstandings. It 
is dangerous if patients fantasize about what their teeth will 
look like. Instead, they should see the intended result and 
how many aligners it will take to get there. 

Finally, the consultation room is also used to educate 
the staff. It is useful to include seminars in the morning 
huddle. These seminars are structured such that the staff 
is educated about orthodontics, in a fashion not dissimi­
lar to what a student of orthodontics is exposed to. The 
more the staff knows and understands, the better their 
performance and skills will be. Elements of ClinCheck, 
polyvinyl siloxane impressions, emerging technology, limi­
tations of tooth movement, and similar topics should be 
covered. 

Technology 
The lnvisalign System is a shift in the orthodontic para­
digm. Clearly, it is technology dependent. The lnvisalign 
office must be equipped appropriately to deliver lnvisalign 
treatment. Imaging systems are the key. A network of com­
puters in all areas of the office will be necessary to deliv­
er the intended care. lnvisalign is an interactive system. 
The clinical personnel interact with the patient at all phas­
es of treatment. Because the patient is intimately involved 
in the process-because the appliances are removable­
images need to be readily available in the treatment area. 
Thus, it is imperative that all chairs are equipped to facil­
itate this level of interaction. The equipment that is need­
ed can vary in its configuration, either in the form of indi­
vidual, networked central processing units (CPUs) or thin 
client terminals at each chair. These choices depend on 
many factors, but whatever system the office chooses, it 
cannot adversely affect the interaction with the patient. 
The most important equipment consideration is the mon-
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itor the patient will see. A 19-inch monitor works best. It 
is cost-effective and big enough to engage the patient in 
his or her own treatment. With a 19-inch monitor at the 
chair, the patient will clearly see his or her ClinCheck and 
other images. 

The Ideal lnvisalign Office 
Figure 31-7 presents a design for an optimized lnvisalign 
office. As patients enter, they are not in contact with the 
rest of the office, and the seating areas for adults and chil­
dren are separated. A concierge caters to people in the 
waiting areas for such matters as providing refreshments, 
arranging parking or reservations for lunch, and checking 
on train or airline schedules. 

The most innovative element of this office is the confer­
ence center. This centrally located space may be used for 
staff meetings, continuing education, and meetings with 
patients. The clinician has a personal monitor, whereas the 
people seated across the conference table view flat-panel 
monitors mounted on the walls behind the clinician or the 
treatment coordinator. The outer walls of the conference 
center serve as countertops to support the clinic or wait­
ing area. 

In the treatment areas, chairs are divided by semitrans­
parent panels to engulf the patient in the lnvisalign expe­
rience. They also provide privacy. Images collected by the 
radiographic, scanning, or photographic equipment may 
be processed at the countertops. 

This layout may be modified for computer support as 
outlined in this chapter. 

Technology Requirements 
The technology in the lnvisalign office is the backbone of 
support and the central nervous system for efficiency. 
Indeed, adequate infrastructure for the implementation, 
maintenance, and upgrade of technology must be 
designed into a new office. These features include suffi­
cient physical space; environmental controls for sound, 
temperature, and humidity; uninterruptible electrical 
power for present and future needs; and access to cabling 
within control areas to workstation locations. This will 
allow for the constant evolution of the office's technology 
backbone. The objective is to establish a technology plat­
form that enables lightning-fast computer access, which is 
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Administrative 
program 

Communication 
program 

CAD/CAM 
custom appliance 

Delivery of patient 
treatment result 

Diagnostic 
programs 

FIG 31-8 Flowchart of computer systems to deliver the desired 
lnvisalign result. 

essential for managing administrative, diagnostic (records, 
diagnosis, and on-line appliance design), treatment infor­
mation (treatment cards), and inter- and intraoffice commu­
nication between clinicians, referrals, patients, and vendors. 
Not only does this technology enable the orthodontist to 
provide better treatment, but it allows greater patient par­
ticipation in treatment choices. In return, this differentiates 
the practice to a whole new level and provides the "wow 
factor'' to motivate both patients and parents to pursue 
their (and their children's) orthodontic needs. 

Over the last 20 years, the role of computerization in the 
orthodontic practice has grown far beyond the seemingly 
elementary tasks of scheduling and billing. More than 
ever, orthodontists are empowered by this technology to 
do much more-and, conversely, paralyzed and able to do 
almost nothing when technology fails. There is a conflu­
ence of technology from the first entry of the new patient 
into the practice to the use of custom computer-designed 
and computer-manufactured appliances (of which lnvisalign 
is only one of the first) (Fig 31-8). 

It is helpful to first consider each of the areas most 
affected by the expression of this relatively new technolo­
gy and then describe the physical requirements to imple­
ment and manage these programs effectively. Without 
question, the more orthodontists ask the computer to do 
in the office, the more powerful the system needs to be, 
the greater its requirements, and the more complex its 
maintenance. 
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Administrative programs 

Administrative practice-management programs encompass 
the patient's first contact with the practice. This can be 
with the first phone call or visit to a website, the filling 
out of initial data, the check-in for the first visit, the 
scheduling of appointments, billing, and both hard and 
soft communications. All the information that is necessary 
for excellent patient care and practice growth is based on 
these management programs. 

The whole concept of an lnvisalign office has to do with 
state-of-the-art technology. This must start from the 
patient's first encounter with the office and follow through 
to the placement of the retainer and maintenance appoint­
ments. Keeping the use of technology as a point of focus 
will both facilitate treatment and differentiate the 
lnvisalign experience from traditional orthodontic therapy. 

Initial forms are completed and sent electronically to the 
office. In the ideal paperless office, these forms are never 
printed out, but just filed electronically. The perfect admin­
istrative program audits the patient's data, displaying 
warnings if pertinent data such as health histories, 
informed consents, or critical diagnostic records are miss­
ing. 

Appointments are made either over the Internet or by 
phone. These appointments, and all subsequent appoint­
ments, are confirmed via e-mail. Ideally, notification of 
appointment confirmations and arrival of aligners should 
be done electronically prior to the patient's appointment. 

Of course, no office can function without billing. There 
is nothing new about an accounts receivable program, but 
certainly its interaction with the clinical part of the man­
agement program is critical. Automated billing via credit 
card or direct bank withdrawal can dramatically simplify 
collections. 

An additional feature of a practice-management program 
is the compiling and production of birthday cards, holiday 
greetings, thank-you letters for referrals, and other prac­
tice-building communications. These are coordinated by 
the administrative area of the practice-management pro­
gram, either with traditional printed material or through e­
mail, thus saving paper and postage costs. 

Diagnostic programs 
Paramount in an lnvisalign office are the diagnostic pro­
grams. These programs organize and store diagnostic 
records, plan treatment, and monitor or modify treat­
ment. 
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Image capture is managed by a program to capture, 
modify, and store digital images. These images include 
intra- and extraoral images and digital panoramic and 
cephalometric radiographs. The program also provides a 
method to digitize cephalometric images for diagnostic 
measurements using any number of standard analyses. 
The program must also provide a method of transmitting 
these images to other professionals and vendors. To com­
plete the case submission for lnvisalign, these data must 
be easily manipulated to enable the images to be 
uploaded to Align Technology. 

Communication programs 
Communication both within and outside of the office is a 
critical issue in any high-technology office, all the more so 
in one that must deal with a computer-designed and com­
puter-manufactured appliance. 

Within the office, paperless messaging and intraoffice 
communication may be done with a custom-designed pro­
gram called V.Com. (Virtual Software Solutions). The sys­
tem functions on several levels. It provides a banner 
across the top of the screen on each computer, which tells 
the clinician or staff where they are needed and for what 
procedure. The same system is also used for coded or text 
messages to tell the staff of phone calls, action instruc­
tions, and more. 

V.Com has an additional message pad function . 
Messages can be entered on screen on a message pad 
form. If these messages relate to a patient, they are auto­
matically noted in the patient's treatment card, as are any 
replies to the patient-specific message. For example, the 
clinician can call up the message pad from any computer, 
see all of the messages, and respond, with the responses 
going back to the sender or any other designee and being 
noted in the patient's chart. These messages can then be 
deleted from the message pad, archived, or printed. 

E-mail messages can be sent to referring clinicians, con­
sulting specialists, or even the patients themselves from 
within the patient's treatment card. Records, which consist 
of panoramic and cephalometric radiographs and digital 
photographs, can be uploaded to a host website (such as 
www.AnywhereDolphin.com, if the imaging program used 
is Dolphin Imaging). This also includes any messages or 
notes between the clinician and the person(s) to whom 
the records have been uploaded. An entry or comment 
made in the patient's treatment card can be sent by click­
ing the e-mail icon, which brings up a prompt that asks to 
whom the entry or comment should be sent. If, for exam-
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pie, the patient's dentist is selected, that dentist will 
receive an e-mail stating that "on this date the following 
entry was made on (patient's name) treatment card." The 
fact that a copy of this entry was e-mailed to the selected 
party is automatically entered in the treatment card as 
well. The time saved by this feature is significant. 

If an orthodontist wants to send a message that 
includes patient records, he or she can upload the records 
to AnywhereDolphin by simply clicking on the upload icon. 
The orthodontist is then asked to whom the records are 
to be made available and for any message that is to be 
attached. The intended recipient receives an e-mail with 
the attached message, a note stating that the records are 
available to them, and a link that brings them directly to 
the AnywhereDolphin site. 

Computerized appliance fabrication 
lnvisalign, as well as a number of other new orthodontic 
appliance systems, now involves the transmission of 
patient data both to and from the orthodontic office 
before a computer-designed and computer-fabricated 
appliance can be placed for the patient. Other computer­
designed and computer-fabricated appliances available or 
soon to be available include Orametrix's SureSmile wires 
and Ormco's Insignia bracket system, or the systems of 
OrthoCAD for bonding. Ultimately, the data will be entire­
ly digital, provided by light, laser, or x-ray scans that pro­
duce the patient's three-dimensional data in what is 
known as machine code to be used to design and fabri­
cate the appliance. At present however, a combination of 
digital and physical records sent to the appliance fabrica­
tor is used. 

For lnvisalign, digital images (extra- and intraoral photo­
graphs and digital cephalometric and panoramic radi­
ograph images) as well as a physical set of impressions 
are sent. The impressions are digitized by a computerized 
axial tomography (CAT) scan process (see chapter 6). From 
this now-totally-digital data, a digital representation of the 
dentition is prepared. This is sent back to the orthodontic 
office over the Internet in the form of the ClinCheck. The 
ClinCheck allows the orthodontist to confirm that the 
treatment guidelines prescribed have been adhered to and 
that the result will meet or exceed expectations given ade­
quate tissue response and patient compliance. The actual 
ClinCheck process is another topic (see chapter 11). What 
is important to note is the need for high-speed communi­
cation, which makes possible the transmission and recep­
tion of this data, as well as for powerful video hardware 

315 



SECTION V - OFFICE DESIGN AND TECHNOLOGY 

to be able to display and use this data to design the 
patient's appliance. Broadband Internet access is a must. 

Computer room 
To support the kind of hardware required to run these pro­
grams, carry data into and out of the office, back up data, 
and allow for maintenance and updating of this infrastruc­
ture, the construction of the hardware skeleton, or back­
bone, is required . An lnvisalign office needs a "nerve cen­
ter," or computer room, that communicates with a large 
number of workstations located throughout the office and 
in remote locations, as well. It is here that the traditional 
office has been sorely deficient. A new way of designing 
an office is required . 

The use of computers in dental offices dates to the late 
1970s and early 1980s. These first steps into the comput­
er age usually involved word processing and billing. In the 
late 1980s, some use of scheduling programs and the very 
beginning of computerized treatment records and notes 
was seen. In the late 1980s, the computer began to store 
video images of patients. Some very early uses of comput­
erized diagnostic tools also occurred. In the 1990s, digital 
imaging-both photographic and radiographic-became 
commonplace in the office. Currently, the era of instant 
transmission and sharing of patient records is at hand, 
which allows data to be viewed over the Internet by prac­
titioners in different offices and different specialties. 

The trend is clear. Over the past 20 years, what was 
thought to be cutting edge has become standard. The use 
of, and dependence on, computers in the professional 
office has grown at an ever-accelerating pace. Larger, more 
reliable, computer platforms are required in orthodontic 
offices to do everything from making appointments to 
generating appliances and prosthetics. Phone systems, if 
they do not do so already, will soon use the Internet to 
carry voices as well as data, while increasing the speed at 
which data can be transmitted. Even plaster casts, proba­
bly soon to become a tool of the past, are digitized and 
stored for retrieval electronically. 

As professionals have embraced more and more tech­
nology, the use of the darkroom, and soon the file cabi­
net, has become a thing of the past. At first blush, this 
may appear to be a great way to save space in the office, 
as well as the labor of developing and duplicating radi­
ographs and filing charts. This change is not without its 
requirements, however. No longer do orthodontists have a 
few computers in their offices, sitting isolated on desks, 
or even rudimentary networks sharing data on a peer-to-
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peer level. Currently, it is not unusual to find offices with 
20 to 40 computers connected to powerful servers, unin­
terruptible power supplies (UPSs) , sophisticated tape 
backups, and multiple smaller servers for everything from 
intraoral scanning to connecting multiple offices. 

Decisions regarding the purchase of new technology are 
often made more difficult by the "FOO" factor. This "fear 
of obsolescence" is the most common reason for not inte­
grating new technology. Paralysis can occur from always 
waiting for the next generation, the next fastest chip, or 
for the price to come down. It is necessary to accept the 
fact that the latest technology will be cutting-edge for lit­
tle more than a day and that tomorrow inevitably brings 
something new or better. It is furthermore necessary to 
accept the fact that technology needs to be purchased 
only when it makes sense, either because of the need for 
increased efficiency or a more clearly defined return on 
investment. It is not reasonable to think that one system 
and one program can be installed and used without mod­
ification or upgrade for the next 5 years. The fact is that 
it will be necessary to upgrade hardware and software, 
perhaps frequently, to maintain a technological edge in 
both the diagnostic and management arenas. This edge 
often differentiates one practice from another. 

Given the fact that hardware and software will need to 
be upgraded continuously, it is interesting that, up to this 
point, orthodontists have generally failed to build offices 
that facilitate the installation, maintenance, and upgrade 
of computer systems. An infrastructure that can allow com­
puter systems to evolve, without inconvenient and costly 
reconstruction and modification of physical plants, is 
essential. 

The issues that should be considered include the 
amount of physical space required, power requirements, 
ventilation, noise control, and access for wiring and 
rewiring. Ease of recabling, as well as space for phone 
equipment, should also be considered. All of these factors 
must be taken into account not only in relation to the sys­
tems currently in place but with consideration for the evo­
lution that will undoubtedly continue to take place. These 
issues include additional software applications, larger 
storage devices for images with greater resolution, new 
diagnostic procedures such as intraoral scanning, and 
computer-driven appliance fabrication and treatment mon­
itoring. 

Constructing a data center in the orthodontic office is a 
science and should be treated as such. It is important to 
accept the fact that doing this correctly requires space. 



The darkroom and filing area may be gone, but there is 
now a need for a dedicated computer room/closet that 
provides adequate ventilation, power, noise control, and­
most important-access that allows neat organization of 
hundreds of cables that will run in and out of this space. 
While space is always at a premium in an office, this is 
now truly a required area, not a luxury. 

Rack-mounted equipment 
To go about making use of such an arrangement in an effi­
cient manner, it is necessary to first make a commitment 
to using rack-mounted equipment. Rack-mounted equip­
ment allows more devices to be packed into a smaller 
area in a more organized and maintainable fashion by 
using standardized sizing, both vertically and horizontally. 
Standard rack-mounted equipment is 19 inches wide, but 
varies in height. The height is listed as "U"s, meaning 
units of height. Each U is 1.75 inches. A server, for exam­
ple, could be as small as 1 U in height (1.75 inches) ; a 
2-U server would be 3.5 inches high by 19 inches deep. 
On a typical 7-foot Electronics Industries Association-com­
pliant rack, there are 42 rack units. Generally, rack-mount­
ed equipment sits on slides, similar to a drawer, that allow 
the unit to slide out for service. The cables are on extend­
ing arms to allow the machine to slide out without pulling 
out all the cables from the back. 

The use of rack-mounted equipment allows for better 
cable management and easier maintenance, power han­
dling, and ventilation. This is a significant leap beyond 
servers in floor-standing towers that are lined up along a 
wall or under a counter with a nest of poorly managed 
cables. In designing an office, it is important to note that 
not all racks are equal; there are some compatibility 
issues. 

Size of the data center room 
Room to move around the equipment racks on all sides 
and for adequate air movement is essential. It is also nec­
essary to leave enough space to manage a lot of cables. 
There must also be room to grow as computer usage 
increases. Adequate space for phone equipment, which 
may tie into the computer, is also needed. Even if it is not 
rack-mounted, phone equipment should be included in 
the office's data center. Most everything will go on a rack, 
including servers, UPSs, switches to allow one keyboard 
and monitor to control multiple servers on the rack, a key­
board drawer, and monitor. A phone is needed on the rack 
as well, since it may be necessary to obtain technical 
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assistance over the phone while doing upgrades and mak­
ing modifications. 

The data center need not be in the office. It could be in 
the basement or down the hall, since it should essentially 
be able to run as what is called a "lights-off" installation. 
In general, for a 4,000-square-foot office, a 6 x 10-foot 
room (60 square feet) should be adequate for present and 
future requirements. Ceiling height should also be consid­
ered. Smaller offices require less space, but it is important 
to keep in mind the rack's dimensions and the need to 
work comfortably around it. 

Power requirements 
It is best to provide the data center with two dedicated 
30-amp lines, having available both 110 and 220 volts. 
These lines should be on a 24-hour circuit. Ideally, a back­
up generator will be available to handle the data center, 
including its heating, ventilation, and air conditioning 
equipment. Generators are not generally expensive or 
complicated to install. The UPS can be programmed to do 
an orderly shutdown of the server in the event of a power 
failure-another good precaution . These considerations 
are best regarded as insurance-a premium to be paid 
with the hope that the benefits will never be needed-that 
provides the comfort of protection. 

Heating, ventilation, and air conditioning (HVAC) 
Computers create a tremendous amount of heat and 
noise. The hotter the computer gets, the more likely it and 
its subsystems are to fail. Since reliability is a critically 
important factor, ventilation cannot be ignored. In addi ­
tion, computer equipment, especially tape drives and hard 
drives, are particularly sensitive to dirt and dust. Since 
they all have a large number of powerful internal fans 
cooling them, the computers are pulling a good volume of 
room air over critical components. This, of course, pulls in 
any dust or dirt that is suspended in the air. 

To protect computer equipment from heat and dirt, a 
controlled environment is critical. Ideally, the data center 
in the office will have adequate individually controlled air 
conditioning and good air filtration to remove particulate 
matter. Humidity should be controlled as well, to eliminate 
as much buildup as possible of static electricity, which can 
instantly "zap" hardware. 

The following design criteria are often used by conven­
tion : temperature, 68°F to 77°F; and humidity, 50% ± 5. It 
is necessary to consult an HVAC contractor to find the best 
way of addressing these concerns. 
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Cabling 
Choosing the type of cable to run is an important deci­
sion. Cables are categorized according to the amount and 
type of data they can carry and, importantly, at what 
speed. The category also indicates the type of shielding 
from interference that is in the cable. Cables are also rated 
as to their fire resistance; many local building codes now 
require that cables that run in the ceiling, floor, or walls 
be plenum rated. Cable requirements change continuous­
ly. Currently, at a minimum, category 6 cable should be 
used. Category 5 cables transfer data at a maximum of 100 

MB/s, whereas category 5e and 6 cables transfer data at 1 

GB/s. Whatever cable is run, however, will eventually be 
replaced to move more data more quickly. For this reason, 
how the cables are run is critical. 

An early decision to make is where to run the cables. 
Cables can be run in the ceiling, beneath a raised floor with 
removable panels, or in the ceiling of the space beneath the 
office. In the ceiling, cables can be run in trays to keep 
them in one place, bundled together with nylon wire ties or 
wrapped with Velcro straps. It is important not to run the 
cables parallel with electrical cables and preferably not 
within 6 inches of an electrical cable. It is also best not to 
line the cables up too neatly, since this facilitates cross-talk 
between the cables, in spite of their shielding. 

In big data centers, it is common to run cabling beneath 
a raised floor. These are often special floors made up of 
removable panels that look similar to a suspended ceiling. 
The sections can be removed for access. This would be 
great in a dental office, since all of the plumbing and elec­
trical would be accessible as well. It is costly, however, 
since the floor has to be load bearing. It is also not nec­
essarily attractive, unless covered with some other type of 
flooring, obviating some of its benefit. 

As already noted, it is important to check local building 
codes. Whether in the ceiling, wall, or floor, according to 
code, cables are often supposed to be plenum rated for 
fire resistance. Additional codes requiring that all aban­
doned wiring be removed exist in some areas. This would 
be an issue when recabling. Removing abandoned cables 
certainly facilitates knowing which cables run where, but 
removing them from a tangled web in the ceiling is not an 
easy job. 

Some computers are mounted on individual treatment 
units, and no longer just on a counter or stand in front 
of or behind the patient. This means there has to be a 
way of getting the cable to the chair, as well as up or 
down a wall into a wall jack if the computer is on a desk 

318 

or counter. This is difficult even in a standard wall with 
plasterboard and studs; it is almost impossible in 
cement walls and floors or plaster walls. If there are 
areas in the office without suspended ceiling tiles, get­
ting the cables through the ceiling is costly. More impor­
tant, the need to recable relatively easily without having 
to redecorate with new floor covering, flooring, or wall 
covering must be considered. For this reason, once the 
cable leaves an accessible ceiling or floor and travels 
through any inaccessible area, it should be in a conduit 
to allow the old cable to be easily removed and a new 
one to be pulled. 

Servers in the office 
In today's professional office, there is likely to be more 
than one server in the computer center. For example, one 
author's (Ml.'.s) office runs: 

1. A main server with dual 2.8 GHz Xeon processors, 4-GB 
RAM, 2 x raid controllers, 4 x 72-GB hard drives, and 
2 x 36-GB hard drives 

2. A second server running the terminal server, which 
allows access to the main server from remote locations 
(to allow clinicians to work from home) or access to all 
computer data from a second office location 

3. An exchange server, which manages office e-mail 
4. An old UNIX server, which is left over from an antiquat­

ed practice-management program but that is main­
tained for old, unconverted data 

5. A dedicated server for Orametrix, a diagnostic and treat­
ment tool that scans intraorally and fabricates custom 
wires 

In contrast, another office (OT's) runs on a single server 
with mirrored hard drives and dual processors. A 1- or 2-
year age difference is reflected in the equipment specifica­
tions. 

Backup 
Both of these authors' offices use a tape backup. This 
device has a library of eight tapes, which it rotates 
through in backing up critical data every night. Key staff 
members receive an e-mail from the server reporting that 
the backup was successful, or, occasionally, that it was 
not. Some imaging data is also backed up to a remote site 
managed by our imaging provider. Backing up data is a 
thankless task, unless disaster strikes. Conventional wis­
dom states that it is best to back up daily and take at 

-



least one backup copy offsite each week. It is also impor­
tant to periodically attempt to restore data from the back­
up tape. It is not uncommon to find that the backup pro­
gram indicates a successful backup, but that the tape can­
not restore the data to your system. 

Internet-protocol phone equipment 
Phone equipment can also be tied into the computer sys­
tem. This allows the addition of many interesting features, 
such as the ability to bring up a patient's chart immedi­
ately if his or her phone number is recognized by caller ID. 
Having the phone connected over the Internet also 
enables staff members who work from home, on insurance 
processing and word processing, to plug a special phone 
into their home broadband router and answer the office 
phones from home. 

Broadband connection 
Having the ability to transmit data requires a high-speed 
connection to the Internet. Some offices transmit almost 
all of their treatment notes, radiographs, and images to 
referring clinicians over secure Internet connections. One 
problem for offices that are so equipped is that some 
referring clinicians do not have broadband connections in 
their offices. Often, however, these professional offices are 
quick to upgrade when they see the many advantages of 
a broadband connection. 

There are a number of broadband connections avail­
able. In our office, we use what is known as a T1 line. 
While it is relatively costly, we use it for our phone serv­
ice as well, saving on the total cost. There is a tradeoff: 
when the phone lines take up part of the broadband 
bandwidth (referred to as a fractional T1 line) , the rate at 
which data can be transmitted drops. With a new office 
location requiring data interchange with our main server, 
we have since reverted to separate lines for our phones, 
thus reclaiming our total T1 bandwidth. Other systems 
include DSL (digital subscriber line) over a phone line, 
which offers different speeds for uploading and down­
loading depending on price, or cable modems, which are 
fast and reliable but whose speed degrades as more 
people in an area use it. All of these technologies pro­
vide different speeds for uploading and downloading 
data. Because of the need in offices to upload images, 
which involve large amounts of data, upload speed is 
more important than it is for home broadband, for which 
downloading is the primary use. 
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Compromise 

Because clinicians are not always able to fulfill their wish 
list because of space limitations, there are some smaller 
steps that can be taken to achieve a more manageable 
approach to computer installation. These steps include the 
following: 

• Use a "short" rack system that can sit under a counter 
(although it will require more depth than a standard 24-
inch cabinet) ; this will limit the number of devices that 
can be rack mounted. Two short racks could be used 
side by side. These racks are on wheels and can roll out 
to allow access to the cabling from the back. It is nec­
essary to specify the correct vertical rails to accommo­
date computer equipment; there are several different 
kinds. Access is still best if you can move around the 
rack. 

• Provide adequate 24-hour power. 
• For ventilation, run an air-conditioning duct right down 

to the rack, and use an auxiliary blower in the duct to 
increase airflow. A good exhaust duct is a good idea as 
well. 

• These machines and their cooling devices are noisy. 
Choose a spot where noise is not an issue or where you 
can provide sound insulation without interfering with 
the ventilation. 

• Provide access for Internet connection (ie, cable, DSL, or 
T1) . 

Information technology support 
As information technology (IT) needs become more com­
plex, the need for 24-hour support becomes more evident. 
While it might be possible to run an orthodontic office if 
the imaging program, or even the scheduling or billing 
system, is down, the prospect of a total loss of all records 
during a computer malfunction now exists. We found it 
best to employ a full-time IT support person on staff. 
Between backups, program upgrades, hardware mainte­
nance, and custom programming, he is kept busy. There is 
a significant cost factor here, which offsets some of the 
cost benefits of the digital practice. Before venturing into 
the high-technology world, the practitioner must be pre­
pared to either spend an increasing amount of personal 
time working with the system, assign specific staff mem­
bers to the task, have dependable outside local support, 
or have an in-house IT person. The importance of "local 
support" cannot be overemphasized. Even the best of the 
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software vendors, with the best support, can only do so 
much offsite. A local, hands-on technician is a real require­
ment. 

Summary 
There is clearly no turning back. We have seen many new 
technologies evolve in medicine and dentistry. All of them 
seem to require more space, more equipment, and more 
technical support. It makes little sense to design and build 
a facility that does not take into account that more comput­
er equipment is needed and that it is changing at an ever­
increasing pace. It can only save time and expense to 
design into our offices the ability to keep pace with the rap­
idly expanding opportunities to provide our patients with 
the best possible diagnostic, treatment, and communication 
technology. 
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