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Statement of problem. Radiograph paralleling devices provide an excellent means of obtaining orthogonal radiographs
for the evaluation of the ﬁt of implant restorations. Unfortunately, the clinical applicability of such devices is a signiﬁcant
issue because access to the implant body must be obtained at each radiographic appointment.
Purpose. The purpose of the study was to investigate whether the ﬁt or microgap at the implant-abutment junction could
be more accurately and conﬁdently assessed with a novel radiograph paralleling device that did not require access to the
implant body once a proper registration index was made.
Material and methods. Microgaps of 0, 50, and 100 mm were introduced at the implant-abutment junction of a provisional
implant crown in a manikin-typodont assembly. Dental assistants made 54 radiographs (18 per microgap) of the crown with
and without a radiograph paralleling device; 9 clinicians then evaluated the standardized radiographs for the presence of
misﬁt. The Cochran-Mantel-Haenszel test and the corresponding odds ratios were used to evaluate the effectiveness of the
paralleling device in helping clinicians better assess misﬁt from the radiographs made.
Results. The use of the device led to a higher percentage of accuracy under all conditions (79.0% vs 70.4% at the 0-mm gap,
77.8% vs 16.1% at the 50-mm gap, and 100% vs 92.6% at the 100-mm gap); the improvement was statistically signiﬁcant
at the 50-mm gap (P<.001) and 100-mm gap (P¼.049) but not at the 0-mm gap (P¼.364). The odds ratio (95%
conﬁdence interval) of obtaining correct versus wrong answers with the device compared with without the device was
18.64 (7.94-43.77) at the 50-mm gap and 5.40 (0.25-114.25) at the 100-mm gap.
Conclusions. The study indicated that the paralleling device helped the clinician more accurately assess the
implant-abutment junction with the 50- and 100-mm gaps. (J Prosthet Dent 2014;112:817-823)

Clinical Implications

The use of a radiograph paralleling device is critical in making diagnostic
radiographs to assess implant prosthetic misﬁt. The proposed device
provides an effective and simple way of detecting microgaps up to
100 mm in applicable clinical situations.
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Intraoral radiography can help assess
the ﬁt of an implant-abutment junction
(IAJ) when it is properly used in conjunction with other evaluation modalities.1-4 Unfortunately, results of studies
summarized in a review article have
shown that improper alignment between
the IAJ and the radiographic beam often
hide prosthetic misﬁts.2 As the angulation of the radiographic tube diverges
from the angle orthogonal (perpendicular) to the long axis of the implant,
identifying the extent of IAJ opening becomes increasingly difﬁcult.4-6 When the
relative position of the implant to the
ﬁlm and radiographic collimator (tube
head) is evaluated, the position of the
collimator to the implant has been
shown to be more critical than the relative relationship of the ﬁlm to the
implant.5 Moreover, clinicians routinely
use the blurring or superimposition of
the machined screw threads as a reference to discern radiographic tube
misalignment; the diagnostic value of
the radiographs is thus determined by
the clarity of the threads on the ﬁlm.
However, because radiographic angulation can distort the crestal bone margin
relative to the implant body while
maintaining thread clarity, validating
radiographs based on the presentation
of implant threads is both inaccurate
and subjective.7-10
Devices that allow direct access to the
implant connection site have been used
for many years and provide an excellent
means of obtaining orthogonal radiographs.3,11-14 However, because these
devices must obtain access to the implant at each radiographic appointment,
clinical applicability is an issue. First, the
prosthesis must be removed to allow the
implant to be engaged; this is not a
problem for retrievable screw-retained
restorations, but it poses a signiﬁcant
challenge for cement-retained restorations.3,11-14 Second, abutment removal
and reattachment at the IAJ is known to
result in tissue changes and bone loss.15
A better means to achieve consistent radiographs without the need to remove
the restoration is proposed.
By indexing the implant body to
the adjacent dentition, the authors

developed a novel radiograph paralleling device, the Precision Implant
X-ray Relator and Locator (PIXRL), that
could be attached to commercially
available ﬁlm holders.16 The use of the
positioning device and the related clinical protocol were described in an
earlier publication.16 In brief, the PIXRL
was ﬁrst positioned orthogonally to the
implant with implant drivers or implant
placement drivers, which allows a registration record to be made between
the adjacent teeth and the positioned
PIXRL. Because the occlusal relationship was indexed with the adjacent
teeth, accurate radiographs could be
made consistently without further
removal of the implant prosthesis. The
purpose of this study was to investigate
whether the microgap at the IAJ could
be more accurately and conﬁdently
assessed with radiographs made with
the paralleling device in a clinically
simulated model. The null hypothesis
was that no difference would be found
in the assessments made with the radiographs produced with the PIXRL
versus the ones made in a routine clinical manner.

MATERIAL AND METHODS
A manikin-typodont assembly was
used to simulate a dental patient.
Three registered dental assistants were
recruited from the postgraduate prosthodontics clinic and the faculty group
practice at the University of California,
San Francisco, School of Dentistry, to
participate in the study. They made
radiographs of the mandibular left
ﬁrst molar crown of the manikin with
3 microgaps at the IAJ (0, 50, and
100 mm). Nine prosthodontists subsequently evaluated the radiographs for
the presence of microgaps.
A dental implant (Replace Select
Tapered TiUnite WP 5.0"11.5 mm;
Nobel Biocare) was buccally inclined
and stabilized with Type II fast set
dental plaster (Snow White Plaster no.
2; Kerr Dental Laboratory Products) at
the mandibular left ﬁrst molar site on
the typodont (32 Teeth Hard Gingivae
Type; Kilgore Intl). The remaining
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plastic dentition was intact (Fig. 1). The
orientation and angulation of an
implant placement is often limited by
the morphology of the residual ridge.17
Thus, the implant in this study was
buccally inclined to simulate a clinical
situation. A screw-retained provisional
implant restoration was fabricated with
a ﬁnal abutment (WP Gold Adapt
abutment, internal tri-channel connection, engaging; Nobel Biocare) and
composite resin (Herculite XRV Microhybrid Composite; Kerr Corp). The
implant crown was fabricated with
anatomic anatomy and occlusion
(Fig. 2). The PIXRL was indexed to the
implant and the adjacent dentition with
an implant placement driver (Implant
Driver, NobelReplace, Short WP; Nobel
Biocare) and a polyvinyl siloxane registration material (Blu-Mousse; Parkell)
(Fig. 3). The index was then connected
to a conventional ﬁlm-holding device
(Rinn XCP; Dentsply Rinn).
Gaps of 0, 50, and 100 mm were
formed by inserting 0, 1, or 2 thicknesses of Mylar matrix strips (Henry
Schein) at the IAJ during different phases of the experimental protocol. A
4-mm-diameter circular hole was made
at the center of each Mylar matrix strip
to ensure an even surface contact
with the implant and abutment undersurface when inserted (Fig. 4). Gap
thicknesses of 50 mm and 100 mm
were selected because previous studies
indicated that clinicians had difﬁculty
detecting an interface opening that
ranged from 50 to 150 mm as the
angulation of the radiographic tube
head increased up to 20 degrees.4,5
After each microgap condition
was created, the implant crown was
tightened to 35 Ncm according to the
recommendation of the manufacturer
for deﬁnitive restorations. The screw
access channel was ﬁlled with polytetraﬂuoroethylene tape and composite resin to simulate a clinical
screw-retained crown delivery. Once
properly prepared, the typodont was
then mounted onto a manikin head
(NIS-SIM Manikin Head; Kilgore International) for clinical simulation.
The typodont was set to close with
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1 Indicated by unmodiﬁed deﬁnitive abutment, implant
2 Implant crown was fabricated with anatomic contour and
body was positioned in typodont with buccal inclination at occlusion by building composite resin on modiﬁed deﬁnitive
abutment.
mandibular left ﬁrst molar site.

3 Precision Implant X-ray Relator and Locator (PIXRL) device assembly. A, Implant placement driver was oriented
perpendicularly to PIXRL index. B, Assembly was indexed to implant body and adjacent dentition with placement driver and
occlusal registration material.

4 Mylar stripeimplant crown interface. A, Each Mylar strip had 50-mm thickness. B, A 4-mm-diameter hole was created
and even surface contact between Mylar strip and intaglio surface of implant crown was ensured.
general-purpose rubber bands
paper clips (Fig. 5). A digital
machine (Kodak 2200 Intraoral
System; Carestream Dental)
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and
x-ray
X-ray
was

tested and preset at 70 Kv and 7 mA
to provide optimal contrast and
brightness for the experimental
model.

Under each of the 3 gap conditions
(0, 50, and 100 mm), the dental assistants
made 3 radiographs by using a
commercially available ﬁlm-holding
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6 Assistants made radiographs in clinically simulated
model.

5 Manikin with default jaw closure.
device (Rinn XCP; Dentsply Rinn) in their
usual manner (Fig. 6). They were then
instructed to use the same ﬁlm holder
with the indexed PIXRL attached to make
3 additional radiographs under each
condition. The additional instruction for
the PIXRL condition was restricted. The
registration record on the PIXRL device
was placed against the adjacent teeth
without moving the radiograph sensor.
Between making each radiograph,
the ﬁlm-holding assembly; the radiographic tube; and the cotton rolls,
cotton pads, and gauze were returned
to their original position before the assistants proceeded. The assistants were
free to use cotton rolls, cotton pads,
and gauze to stabilize the occlusion or
ﬁlm-holding assembly as necessary. In
summary, each assistant made 18 radiographs. Under each misﬁt condition
(0, 50, and 100 mm), 3 radiographs
were made with the PIXRL index and 3
without the PIXRL index. Altogether, 54
radiographs were collected from the 3
assistants for evaluation.
The radiographs were exported from
the digital software (Emago/Advanced,
v5.6.4; Exan Academic) as Joint Photographic Experts Group (JPEG) ﬁles. Without adjusting the contrast or brightness of
the original images, these were cropped,
resized, and positioned in the center of

7 Standardization of radiographs. A, Unaltered digital radiograph. B, Each
radiograph was cropped, resized, and centrally positioned for standardization of
presentation.
each slide in the presentation software
(PowerPoint for Mac 2011 v14.1; Microsoft Corp) for standardization (Fig. 7).
The display sequence of the 54 radiographs was then randomized with a
spreadsheet function (Excel for Mac 2011
v14.1.0; Microsoft Corp). After randomization, the slides were reorganized,
numbered, and assembled in a presentation. A questionnaire, numbered 1
through 54, also was prepared, formatted
with the question, “Is there a misﬁt between the implant abutment and the
implant?” and the answer choices, “misﬁt,
no misﬁt, unsure.” The presentation and
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the questionnaire were presented to each
of the 9 evaluators. A collective sample
of edited radiographs from 1 assistant
was provided for visualization (Fig. 8).
The frequencies and percentages of
correct, incorrect, and unsure assessments of the radiographs were compiled. The Cochran-Mantel-Haenszel
test was used to assess the effectiveness
of the PIXRL in helping clinicians evaluate the radiographic IAJ with 0-, 50-,
and 100-mm microgaps (a¼.05). The
corresponding odds ratios (OR) and
their 95% conﬁdence intervals were
computed by following the Woolf
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8 Representative radiographs made by assistant. A, At 0 mm without Precision Implant X-ray Relator and Locator (PIXRL). B,
At 0 mm with PIXRL. C, At 50 mm without PIXRL. D, At 50 mm with PIXRL. E, At 100 mm without PIXRL. F, At 100 mm with PIXRL.
formula for log OR.18 If any empty cells
were found in a contingency table, then
each cell (nij) in the contingency table
was replaced by nij þ 0.5 in estimating
OR and its standard error for 95%
conﬁdence interval.19

RESULTS
Nine evaluators completed a total
of 81 misﬁt assessments. The frequencies and percentages of misﬁt, no
misﬁt, or unsure responses, and the
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results of the Cochran-Mantel-Haenszel
test are summarized in Table I. The ORs
of the various microgap comparisons
are summarized in Table II. Under the
control condition (0-mm misﬁt), 70.4%
of the misﬁt assessments (57 of 81)
were correct in the no PIXRL group and
79% of the assessments (64 of 81) were
correct in the PIXRL group. Under the
50-mm misﬁt condition, 16.1% of the
assessments (13 of 81) were correct in
the no PIXRL group, and 77.8% (63 of
81) were correct in the PIXRL group.

Compared with no PIXRL, ratings with
PIXRL had approximately 19 times the
odds of being correct versus being
wrong and approximately 18 times the
odds of being correct versus being unsure (Table II). The difference was statistically signiﬁcant (P<.001).
Under the 100-mm misﬁt condition,
the result from the Cochran-MantelHaenszel test (P¼.049) demonstrated
a statistically signiﬁcant difference in
accuracy between the no PIXRL and the
PIXRL groups (Table I). Speciﬁcally,
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92.6% of the assessments (75 of 81)
were correct in the no PIXRL group and
100% (81 of 81) were correct in the
PIXRL group. Compared with no PIXRL,
ratings with PIXRL had approximately 5
times the odds of being correct versus
being wrong and approximately 10
times the odds of being correct versus
being unsure (Table II).

DISCUSSION
The ﬁndings in the present study
indicated that the use of the PIXRL device
could lead to a higher percentage of accurate assessment under all conditions,
and the improvement was statistically
signiﬁcant at 50 mm and 100 mm but
not at 0 mm. The statistical analysis at the
0-mm microgap demonstrated no significant difference in the evaluations of radiographs made with and without the
PIXRL device. This was expected because
the 0-mm microgap was the control and
had no misﬁt at the IAJ; the presence of
radiographic tube angulation could not
mask any misﬁt. When following the
same logic and regardless of whether or
not the radiograph paralleling device was
used, clinicians incorrectly identiﬁed the
IAJ as containing a misﬁt up to 30% of the
time; this suggests that clinicians might
not have a full understanding of the
radiographic presentation of a well-ﬁtted
IAJ. The prevalence of incorrect assessment (n¼41) is a topic for future
investigation.
The statistical analysis demonstrated
signiﬁcant difference in the number of
correct evaluations from radiographs
made with or without the PIXRL device
under both 50 mm and 100 mm misﬁt
conditions. When the radiographic beam
passes through the IAJ at an angle greater
than 0 degrees, the geometric model
conﬁrms that a quantiﬁable amount of
opening can be hidden because the only
radiation of diagnostic value not blocked
is near the edges of the abutment and the
head of the implant. Radiographically,
such detectable edges between the abutment and the head of the implant body
diminish as the beam diverges.5 This is
why identifying a misﬁt on the radiograph
becomes increasingly difﬁcult as the

Table I.

Comparison of total number of misﬁts, no misﬁt, and unsure answers
obtained from radiographs made with or without PIXRL device

Misﬁt Size

Misﬁt (%)

No Misﬁt (%)

Unsure (%)

Total

0 mm

Pa
.364

No PIXRL

7 (8.6)

57 (70.4)

17 (21.0)

81

PIXRL

4 (4.9)

64 (79.0)

13 (16.1)

81

Total

11

121

30

162

50 mm

<.001

No PIXRL

13 (16.1)

50 (61.7)

18 (22.2)

81

PIXRL

63 (77.8)

13 (16.0)

5 (6.2)

81

Total

76

63

23

162

100 mm

.049

No PIXRL

75 (92.6)

2 (2.5)

4 (4.9)

81

PIXRL

81 (100)

0 (0)

0 (0)

81

Total

156

2

4

162

PIXRL, Precision Implant X-ray Relator and Locator.
a
Cochran-Mantel-Haenszel test was used to compare ratings between radiographs with or
without PIXRL device, conditional on raters (clinicians).

Table II.

Odds ratio (95% CI) of getting correct vs wrong answers and of getting
correct vs unsure answers with PIXRL vs with no PIXRL under 3 misﬁt conditions

PIXRL vs. No PIXRL*
Misﬁt Condition

Correct vs Wrong

Correct vs Unsure

0 mm

1.96 (0.55-7.06)

1.47 (0.66-3.29)

50 mm

18.64 (7.94-43.77)

17.45 (5.49-55.48)

100 mm

5.40 (0.25-114.25)

9.72 (0.51-183.50)

OR, odds ratio; PIXRL, Precision Implant X-ray Relator and Locator; CI, conﬁdence interval.
*OR and 95% CI were computed based on Woolf formula from contingency tables.

beam divergence increases. Although this
study examined the accuracy of ﬁt
assessment without controlling for tube
angulation, Ormaechea et al4 investigated the relationship of controlled
radiographic tube angulation and IAJ gap
assessment by clinicians in a laboratory
setting. Consistent with the concept
described, as the gap at the IAJ increased
from 50 mm to 100 mm, the accuracy of
the assessment by clinicians decreased
from 62% to 0% when the radiographic
beam diverged from 10 to 15 degrees.4
In addition to demonstrating the
difference in evaluation accuracy, this
study revealed that clinicians were able
to assess for misﬁt more conﬁdently
when a radiograph paralleling device
was used. The number of unsure answers was effectively reduced with the
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use of PIXRL in both misﬁt conditions.
This was critical to investigate because
uncertainty from a clinician about the
diagnostic value of a radiograph may
lead to remaking radiographs in a clinical setting and increase a patient’s
exposure to radiation. Further evaluation is required to establish an association between the mental assessment of a
poor radiograph by a clinician and the
actual number of requests for a remake.
To the authors’ knowledge, this was
the ﬁrst study to examine the assessment
of misﬁt at the IAJ in a simulated clinical
situation. In this experimental model,
the dental assistants were found to
use cotton rolls, cotton pads, and/or
gauze to stabilize the dentition inconsistently when making radiographs. The
collimator ring on the ﬁlm holder also
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was misaligned against the radiographic
tube head on numerous occasions.
Without controlling for operator error
and evaluator bias, this study demonstrated that a radiograph paralleling device such as the PIXRL could help
assistants reduce the radiographic tube
angulation and allow evaluators to assess
implant prosthetic misﬁt more conﬁdently and accurately by using radiographs. Investigating the effect of a
microgap less than 50 mm was not
considered because the resolution of the
existing digital x-ray system was limited to
14 line pairs per 35.7 mm. Although it was
possible to introduce a 21- or 42-mm gap
by using articulating ﬁlm (Accuﬁlm; Parkell) at the IAJ, the marginal discrepancy
might be too small for this particular x-ray
system to detect predictably.
Anatomic limitation and psychologic factors in human participants
could not be addressed in a manikin
model. The radiographs were made
without time constraint and patient
management issues. In addition, the
PIXRL has limitations because the use
of orthogonal radiographs usually is
conﬁned to single implant sites. This is
simply because the ability of the surgeon to perfectly align multiple implants parallel to one another is
difﬁcult, if not impossible. In situations
in which multiple implants are linked by
the prosthesis, the ability to detect
misﬁt at each individual IAJ would
require the PIXRL to be fabricated for
each implant site. In an edentulous site,
enhanced stability may be achieved by
extending the index registration plate of
the PIXRL on the dentate side.
To simulate clinical situations, the
assistants were given the freedom to align
the radiographic tube without additional
instructions. The inconsistent technique
might have subsequently rendered
some of the radiographs nondiagnostic.
However, because the assistants were
blinded to the experiment design and the
misﬁts that were introduced in the
implant crown, the likelihood of making
technical errors in radiography with
and without the PIXRL device was
equivalent. Furthermore, because the
assistants made 3 radiographs under
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each condition, the impact of operator
error was minimal given the statistical
signiﬁcance of the overall ﬁndings.
The purpose of this study was not to
address the difference in bias among
the evaluators. However, because the
sequence of the misﬁt and control
radiographs was randomized in the
presentation, the bias within each
evaluator was consistent throughout
the assessment. Finally, because the
study was conducted in a postgraduate
prosthodontic clinic, where the participants were afﬁliated with the university,
the variation in the assistants’ ability to
make diagnostic implant radiographs
and the bias of the evaluators might
not have reﬂected the general pattern
beyond the academic institution.

CONCLUSION
Under the control (0 mm) condition, the PIXRL device did not allow
radiographs to be assessed more
accurately. Under the 50- and 100-mm
misﬁt conditions, the implant IAJ may
be more accurately assessed with radiographs made with the PIXRL device
than without the device; the PIXRL
device also allows clinicians to evaluate misﬁts more conﬁdently. The use
of a radiograph paralleling device is
essential in making diagnostic radiographs for the assessment of implant
prosthetic misﬁt.
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