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Introduction – Full Arch Implant Prostheses
Fabrication of a full arch implant-supported/assisted prosthesis is technique sensitive and a
complex procedure. To achieve optimal fit, esthetics, and functional outcomes, all procedural steps
should be performed accurately and thoroughly. An error introduced in any one of the procedural
steps will intensify during the insertion of the final prosthesis necessitating a remake. Following all
the steps accurately will ensure a predictable outcome.
Please note: This is Part II of a two-part series. Full Arch Implant Prostheses: Part I - Diagnosis and
Treatment Planning describe the advantages, disadvantages, indications, and contraindications for
implant-supported removable and fixed dental prostheses. Each of the two courses can be taken
independently and in any order.
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The successful osseointegration of implants
has had an enormous impact on the treatment
of edentulous patients. Rehabilitation with
implant prostheses has significantly improved
prosthesis retention and stability and the
masticatory ability, esthetics, expectations,
and the overall quality of life of edentulous
patients.1-3 In the early phase of implant
dentistry, implants were used to retain
full arch fixed, totally implant-supported
prostheses.5-8 With the success of the fixed
implant-supported prostheses, new prosthetic
designs and types were developed. Initially,
the bar-retained implant overdenture was
introduced as an alternative to the fixed
implant-supported prosthesis.9-12 The bar
supported implant overdenture helped
improve the prosthesis retention, patient’s
masticatory ability and required a lesser
number of implants compared to the fixed
counterpart. It also aided in decreasing the
financial burden of implant rehabilitation.12
Easy placement and removal of the implant
overdenture made oral hygiene maintenance
easier to achieve. The implant overdenture also
helped improve esthetics by providing optimal
lip and facial support.13,14 With the continuous
improvement in the success rates of implant,
stud attachments were developed to retain
and support the implant restorations, further
reducing the treatment cost.15-17
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Overview

This course details all the steps for fabrication
of Implant overdentures and “all-on-5”
prostheses. The same procedural steps can
be applied to the fabrication of various other
types of implant prostheses. It describes the
rationale for all the steps and the problems
encountered if short cuts are taken and the
steps are not performed thoroughly.

Learning Objectives

Upon completion of this course, the dental
professional should be able to:
• Learn step-by-step procedures for
fabricating implant-supported removable
and implant-supported fixed prostheses
(All-on-4).
• Understand the reasons for fabricating an
impression index and a verification index.
• Understand the materials to be utilized for
the fabrication of the impression index and
the verification index.
• Understand that each step is crucial to the
success of the definitive prosthesis.

Recently, newer technologies and materials
(such as monolithic zirconia, milled monolithic
acrylic, as well as new ceramics, polymers,
and hybrids) have been developed and used
for fabricating implant prostheses.18-20 The use
of digital dental technologies has improved
the overall prosthetic outcome. CAD/CAM
technology has helped fabricate simple and
complex fixed and removable prostheses and
frameworks.21 CAD/CAM frameworks are very
accurate compared to the cast frameworks
developed by the lost wax technique.21 CAD/
CAM frameworks have a passive fit thereby
decreasing the prosthesis movement and
bacterial leakage.22 This course will describe in
detail the fabrication steps for both removable
and fixed implant prostheses along with a brief
discussion on CAD-CAM frameworks.

Introduction
Definition
An implant prosthesis is a prosthesis
supported and retained in part or whole by
dental implants.
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Type and Design of Definitive
Prostheses

the two posterior implants are placed distally
and angled to minimize the cantilever length
and to allow the fabrication of prostheses
with 10-12 prosthetic teeth. The length of the
cantilever should be kept as small as possible
when treatment planning an “all-on-4/allon-5” implant prosthesis. The angulation of
the implants can be corrected using multi-unit
angle corrections abutments. However, the
use of these abutments increases the vertical
restorative space requirement by 2-3mm.

The type of the prostheses to be fabricated (and
the attachments to be used) should be decided
prior to the placement of implants. The number
and position of implants should be planned
based on the design of the intended prosthesis.
All the factors discussed in part I section of this
course should be taken into consideration while
deciding the type of prosthesis.
If an open palate overdenture design is planned
for the maxillary arch, a minimum of 4 implants
should be planned with a wide anteroposterior
(AP) spread (implants configured in canine and
first molar bilaterally). The implants should
be planned such that they are parallel to each
other and emerge through the palatal aspect
of the prosthetic teeth. However, if adequate
bone is available, planning 6 implants would
be advantageous, the reason is even if one or
two implants are lost, there would still be a
sufficient number of implants left to permit the
continuation of the same treatment.

Implant Overdentures
An implant overdenture supported by
individual attachments may be fabricated
by one of the two methods. A conventional
complete denture may be fabricated and the
retentive elements of the attachments can
be picked up chair-side during placement of
the denture or the retentive elements can be
incorporated in the prosthesis during denture
processing. The latter technique is also used for
the fabrication of bar-supported overdentures.

Fabrication of Definitive Prostheses

Similarly, if a fixed implant prosthesis is planned
for the mandibular arch a minimum of 4
implants should be planned with a wide AP
spread (implants configured in canine and first
molar bilaterally). However, if sufficient bone
is available, 6 implants would be preferable.
When an optimal AP spread of implants
cannot be achieved due to lack of posterior
bone height, the posterior implants may be
intentionally angled to improve the AP spread
(all-on-4 prostheses). The protocol for the
“all-on-4” prosthesis includes the use of four
implants in the anterior part of edentulous jaws
to support a fixed prosthesis. The two most
anterior implants are placed axially, whereas

The technique for fabrication of a maxillary
implant overdenture with an open palate
design (retentive elements incorporated during
denture processing) and a mandibular “all-on-5”
fixed (Figure 1) implant-supported complete
denture (acrylic with titanium framework) is
described below:
Second Stage Surgery
Following implant placement and a 3-4month healing period (as determined by the
surgeon), second stage surgery is performed
(if needed) and cover screws are replaced with
healing abutments (Figure 2). The transitional
prostheses are adjusted and relined with a

Figure 1. Mandibular posterior implants intentionally tilted by 30° to
improve the AP spread.
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Figure 2A. Healing abutments
attached to the maxillary implant.

Figure 2B. Healing abutments attached to the
mandibular implants.

Figure 3A. Closed tray impression copings
attached to the maxillary implants.

Figure 3B. Closed tray impression copings
attached to the mandibular implants.

soft reline material. The procedures for the
fabrication of the definitive prostheses are
initiated after 2-3 weeks.

Following the removal of the impression, the
impression copings are removed from the
mouth one by one, starting with the anteriormost first and then proceeding posteriorly.
The healing abutments are replaced as soon
as the impression copings are removed.
The impression copings are attached to the
implant replica/analog (preordered for all the
implants) and placed in the impression coping
indentations in the impression. The impression
copings are placed in the same location as they
were in the mouth. Once all the impression
copings with the analogs are placed in the
impression, the impressions are carefully
poured using type III dental stone to generate
an implant level cast.

First Clinical Appointment
Primary Impressions
The healing abutments are removed and
kept aside in labeled containers denoting
their exact positions. Closed tray impression
copings (preordered prior to the appointment
for all the implants) are attached to the
implants (Figure 3). Ease in the placement of
the impression copings can be achieved by
starting with the posterior-most implant and
then proceeding anteriorly. Upon removal
of the healing abutments, the impression
coping should be immediately attached to the
implants to prevent tissue rebound. Primary
impressions may be made using alginate in
stock trays (dentate trays, to accommodate the
height of the impression copings) (Figure 4).

Second Clinical Appointment
Preparation for Master Impressions
a. Multi-unit Abutments attached to the
mandibular implant analogs
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Figure 4A. Maxillary primary impression.

Figure 4B. Mandibular primary impression.

Multi-unit angle correction abutments are
utilized to correct the divergence of the
angulated posterior mandibular implants.
30° Multi-unit angle correction abutments
are attached to the posterior implant
analogs on the cast and are aligned such
that they are parallel to the remaining
implants and themselves. Straight multiunit abutments are attached to the anterior
mandibular implant analogs on the cast.
Note: The multi-unit abutments on the
anterior implants are used to keep all the
implant platforms at the same level (not
to correct angulation of implants) and
maintain consistency while ordering implant
components.
b. Splinting Impression Copings
Accurate transfer of the spatial relationships
of the implants from the oral cavity to the
master cast is a very critical first step for
fabricating a well-fitting and passive implant
framework and prosthesis.23 A poorly fitted
implant framework/prosthesis will exert
uneven occlusal loads and stresses on the
implants leading to marginal bone loss,
failure of implants, loosening of screws, and
fatigue fractures of implant components.24,25

Splinting of the open tray impression
copings while making a master impression
aids in making an accurate impression
by minimizing the movement/rotation of
the copings during impression making,
removal, and pouring of the impression.
Splinting of the copings aids in generating
an impression index. Various materials
may be used for splinting the impression
copings including auto polymerizing resin
[DuraLay (Reliance) or Pattern Resin LS (GC
AMERICA INC)], dual-cured resins, plaster,
and prefabricated resin bars.
c. Fabricating an impression index and custom
trays
The maxillary open tray copings may be
splinted with prefabricated resin bars and
auto polymerizing acrylic resin (having
minimum polymerization shrinkage) on
the primary cast. The mandibular copings
may be splinted with floss and auto
polymerizing acrylic resin (having minimum
polymerization shrinkage) on the primary
cast. The impression index generated is
sectioned between adjacent implants and
opposing implants (Figure 5). A layer of
spacer wax is adapted over the splinted
copings and the cast, and custom trays are
fabricated (Figure 6). The screw axis holes
are created on the custom trays to enable
the pick-up of the copings in the impression.

The open tray impression copings (preordered) are attached to the maxillary
implant analogs and mandibular multi-unit
abutments on the primary casts. The opentray master impression can be made by
attaching the open-tray impression copings
to the implants/abutments in the mouth
and picking them directly in the master
impression. Alternatively, they (copings) can
be splinted to provide more rigid fixation of
the copings within the impression.

Master Impression
During the clinical appointment, healing
abutments are removed. The 30° multi-unit
angle correction abutments (retrieved from
the casts) are attached to the two posterior
mandibular implants in the predetermined
position and the straight multi-unit abutments
5
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Figure 5. Impression index sectioned between opposing and adjacent implants.

Figure 6A. Maxillary custom tray.

Figure 6B. Mandibular custom tray.

are attached to the anterior mandibular
implants. All the abutments are torqued as
per the manufacturer’s recommendations
(Figure 7).

of the impression copings may be verified
with a radiograph (periapical or a panoramic
radiograph.)
Border molding procedures are performed
for both the maxillary and mandibular arches.
Most restorative dentists do not perform
border molding procedures while fabricating a
fixed prosthesis; however, if the treatment plan
is altered to a removable prosthesis at the time
of try-in, one may have to repeat all the steps
starting from master impression if the border
molding procedures were not performed. The
maxillary and mandibular master impressions
may be made using vinyl polysiloxane (VPS)
or polyether impression material (Figure 8).
Following the complete polymerization of the
impression material, the impression copings
are detached from the maxillary implants
and mandibular abutments by loosening the
screws through the screw access perforations
in the tray. The impressions are removed from
the oral cavity and examined for detail. The
impression indices with the copings are picked

The impression index sections (attached
to the impression copings) are attached
to the implants/abutments in the mouth
in their predetermined positions. The split
sections of the index are reconnected to
each other with auto polymerizing resin
(having minimum polymerization shrinkage).
Upon polymerization of the resin material,
the passivity of the index may be tested by
performing the one screw test (Sheffield test).
Sheffield test/ one screw test: The index is said
to be passive if all the impression copings are
completely seated on the implant/abutment
platform when only one of the impression
copings is attached to the implant/abutment
(the distal-most implant) with a screw. If the
junction of the impression coping and the
implant platform is subgingival, the seating
6
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Figure 7. Multi-unit abutments attached to the mandibular implants.

Figure 8. Master Impressions.

up in the impressions. The healing abutments
and healing caps are attached to the maxillary
implants and mandibular multi-unit abutments
respectively. Appropriately sized maxillary
implant analogs and mandibular multi-unit
abutment analogs are attached to the maxillary
and mandibular impression copings respectively
(on the impression). Tissue forming material is
injected around the copings and the impressions
are beaded, boxed, and poured with Type IV die
stone to generate implant and abutment level
maxillary and mandibular casts respectively.

the analogs to the impression copings, and
pouring of the cast. These inaccuracies cause
misfit and lead to non-passive castings.26
Passively fitting implant prosthesis can only
be generated on a cast with verified implant
positions.27-29 It is recommended to use a
verification index for verifying the implant
positions on the cast.30-32 A verification of the
master cast prior to the framework fabrication
minimizes the possibility of having to remake
the framework. Verification of the master cast
is a critical step in prosthesis fabrication and it
aids in decreasing stress, dissatisfaction, and
treatment costs.

Note: Digital impressions have become very
popular in the last twenty years, however,
the literature reports that intraoral scans for
complete arch prosthesis are not very accurate
and should be restricted to short spans.

Fabricating an all-resin verification index may
give the clinician a false-positive result owing
to the flexibility of the resin material. A rigid
material and non-engaging copings (falsepositive results may be achieved with engaging
copings) should be used for the fabrication
of the verification index. Verification indices
may be fabricated using a thick metal wire (as
thick as a coat hanger wire) and minimal auto

Third Clinical Appointment
Verification Index Fabrication
Inaccuracies can be introduced during the
making of the impression, attachment of
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Figure 9. Verification index tested with one screw test.

polymerizing resin material (DuraLay, Reliance)
(with minimum polymerization shrinkage) to
join the wire segments.26 The verification index
is first tested on the cast with one screw test
(Sheffield test).

The healing abutments (retrieved from the
laboratory) are reattached to the maxillary
implants in the mouth. Using standard
complete denture clinical methods for assessing
esthetics, phonetics, and biomechanical dictates
of appropriate denture tooth position, the
maxillary wax occlusion rim is appropriately
adjusted clinically. The adjusted wax occlusal
rim served as a guide for setting the prosthetic
teeth accurately. Maxillary anterior teeth are
set chairside and evaluated for esthetics and
phonetics at the same appointment.33-38 This
procedure is time-consuming, however, it
precludes the need for redoing the wax tryin procedures associated with the improper
setting of anterior maxillary teeth. Preview shell
teeth (Nobilium) may be waxed to the maxillary
occlusal rim and utilized for evaluating esthetics
and phonetics.

Verification Procedure
The maxillary healing abutments and the
mandibular healing caps are removed and
placed in labeled containers. The verification
index is tested in the mouth with the one screw
test (Figure 9). A single screw is tightened, and
the seating of all the other copings is noted.
This process is repeated for all the implants.
A panoramic/periapical radiograph is taken to
verify complete seating of the verification index
with one screw test when the junction of the
coping and the implant platform is subgingival.
When the verification index does not seat on
the other implants with one screw tightened,
it indicates that the cast is inaccurate. When
the cast is inaccurate, the impression needs
to be remade and the cast would need to be
reverified.

The mandibular wax occlusal rim is adjusted
to establish the optimal occlusal vertical
dimension (OVD). The centric relation record
is registered at the established OVD with a
VPS bite registration paste (Regisil, Dentsply
Caulk) (Figure 10). Next, a face bow record and
a protrusive record (to set the articulator’s
condylar elements, to achieve balanced
occlusion) are registered. The casts, trail denture
bases, and the interocclusal records are sent to
the laboratory for mounting of the casts in the
articulator and setting the prosthetic teeth.

Fabrication of Trial Denture Base and Wax
Occlusal Rims and Registering the Jaw
Relation Records
Trial denture base (Triad, Dentsply Prosthetics)
and wax occlusal rim are fabricated for the
mandibular abutment level cast. The healing
abutments attached to the maxillary implants
in the mouth are removed and are attached
to the implant analogs on the maxillary cast
and the trial denture base is fabricated over
the healing abutments. This helps in achieving
improved stability of the maxillary trial denture
base while registering the interocclusal records.

Fourth Clinical Appointment
Wax Try-in
The wax trail dentures are evaluated intraorally
for esthetics (Figure 11), phonetics, and OVD.
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impression material (Aquasil Ultra LV fast set,
Dentsply Caulk) is applied to the same area
(Figure 12B). The wax trial denture with the
impression material is inserted in the patient’s
mouth. The patient is instructed to make
orofacial movements such as pucker their lips,
smile, cough, suck, open and close the mouth
and move the jaw from side to side to make
the maxillary external impression. The wax trial
denture is removed from the mouth following
the complete polymerization of the impression
material and evaluated. Excess impression
material is trimmed with scissors (Figure 12C).

Figure 10. Registering the interocclusal records.

Verification of the Restorative Space, Selection
of Attachments, and Framework Fabrication for
The Maxillary Prosthesis
Ideally, restorative and esthetic spaces should
be evaluated in the diagnostic phase before the
placement of implants.40-43 Nevertheless it must
be verified and re-verified before selecting the
attachments and processing the denture. An
occlusal or facial matrix of the wax trial denture
may be used for re-assessing the restorative
space. All the factors discussed in Part I of this
course should be taken into consideration while
making the attachment selection.

Figure 11. Evaluating patient esthetics during the wax
try-in procedure.

When inadequate vertical restorative space is
present, locator abutments are the attachments
of choice. They are selected for each implant
based on the height of the mucosal cuff.
Incorporation of the metal framework in the
design of the overdenture aids in increasing
its strength (especially important when
restorative space is inadequate), decreasing
its flexure (when the open palate design is
planned) and fracture susceptibility.44,45 The
locator abutment assembly (abutment and
their retentive element) is attached to the
implant analogs on the maxillary casts. The
maxillary master cast and the wax trial denture
are sent to the laboratory for fabrication of
the metal framework. The restorative dentist
should provide the design of the framework
to the laboratory (Figure 13A). The framework
is examined and adjusted to ensure complete
seating on the cast (Figure 13B).

The occlusal contacts are checked to ensure a
bilateral balanced occlusion.
The patient’s partner (or significant other
person in their life) must be present during this
appointment. They should be asked to opine
about the esthetics and phonetics with the wax
trial dentures and changes should be made as
necessary. Approval from both of them, prior
to proceeding with the next step is crucial,
since, the same tooth set up will be used as a
guide to fabricate the frameworks and will also
be replicated in the definitive prostheses.
External Impressions
Next external impressions may be made to
develop appropriate contours of the polished
surface of the maxillary wax trial denture.39
Baseplate wax apical to the prosthetic teeth on
the wax trial denture is carefully removed, VPS
tray adhesive (Caulk tray adhesive, Dentsply
Caulk) is painted on the area where the wax
is removed (Figure 12A) and low viscosity VPS

Designing and Fabrication of the Milled
Framework for the Mandibular Prosthesis
The mandibular master cast and wax trail
denture are sent to the laboratory for the
9
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Figure 12A. VPS tray adhesive
painted on the area where the wax
is removed.

Figure 12B. Low viscosity VPS
impression material applied to the
same area.

Figure 13A. Framework design.

Figure 12C. Trimmed external
impression.

Figure 13B. Maxillary framework.

Fifth Clinical Appointment

fabrication of the CAD/CAM milled titanium
framework (more accurate compared to a
cast framework) for the “all-on-5” prosthesis.
Precision of fit (passivity), durability, simplicity,
and ability to use biocompatible and/or
esthetic materials such as titanium and
zirconia are some of the advantages of CAD/
CAM framework (however, they are more
expensive compared to casted frameworks.)21
It is important to be involved in the designing
process of the framework. The technician
should be asked to send screenshots of the
design for approval. While reviewing the
software images, there should be adequate
distance between the framework and the
tissue to perform oral hygiene. The framework
should extend posteriorly up to the distalmost prosthetic teeth and it should be within
the confines of the prosthetic teeth in all 3
dimensions (Figure 14). A short dental arch is
planned for this patient based on the position
of the implants. Increasing the number of
posterior teeth will increase the cantilever
length and the stresses on the implants.

Mandibular Framework Try-in
The healing caps are removed and the
mandibular milled framework (Figure 15) is
evaluated intraorally. The milled framework
should passively seat on all the implants. One
screw test is performed to verify the passivity
of the framework. The distal-most screw is
tightened completely first and a radiograph of
the contralateral side is taken to ascertain that
the framework is completely seated on the
abutments on that side. A misfit indicates that
the cast is inaccurate. In this instance, a new
impression must be made and all the steps
must be repeated from the impression making
step. Hence, the cast verification step is critical
to the success of the definitive prosthesis.
The maxillary framework, maxillary cast
with locator attachment assembly, wax trial
dentures, and mandibular cast with milled
titanium framework are sent to the laboratory
for processing the maxillary implant-supported
10
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Figure 14. The framework extends posteriorly to the posterior-most teeth.

Figure 15. Milled mandibular framework.

Figure 16. Definitive Prostheses.

Sixth Clinical Appointment

overdenture and fabricating the fixed screwretained mandibular complete denture
(Figure 16). If another wax try-in procedure
with the frameworks is required, the laboratory
should be instructed accordingly. The
laboratory should be provided with detailed
instructions for prostheses fabrication.

Placement of the Maxillary Implant Supported
Overdenture
Healing abutments are removed and the
locator abutments (retrieved from the
laboratory) are attached to the implants,
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verified radiographically, and torqued as per
the manufacturer’s recommendations. The
maxillary implant-supported overdenture
is adjusted as needed, finished, polished,
and placed in the patient’s mouth. The black
processing elements are changed to pink, grey,
or blue retentive elements depending on the
amount of retention desired.

scheduled for routine maintenance recalls. The
patient should be provided with all the cleaning
aids to help maintain their oral hygiene.46,47

Summary

There are several techniques for fabricating
implant-supported restorations. However,
having implant level (or multi-unit abutment
level) verified casts enable the fabrication of
all types of removable and fixed prostheses.
Following the wax try-in procedure, the
laboratory can be informed regarding the type
of the prosthesis and the desired type can be
fabricated.

Placement of the Mandibular “All-on-5”
Prosthesis
The healing caps are removed and the
mandibular restoration is tried, adjusted,
finished, and polished. The occlusion
(bilateral balanced) is verified. The screws
of the mandibular restoration are tightened
and torqued as per the manufacturer’s
recommended torque values. The screw
axis holes are packed with Teflon tape and
composite resin.

Also, most of the procedures are similar for
fixed and removable prostheses except the
last few steps. The procedures described in
this course will guide the fabrication of various
types of removable (supported by studs or bar
attachments) and fixed restorations (metal
acrylic, metal ceramic, all-ceramic, and/or
zirconia).

The patient is educated and instructed
regarding the hygiene procedures and
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Course Test Preview

To receive Continuing Education credit for this course, you must complete the online test. Please
go to: www.dentalcare.com/en-us/professional-education/ce-courses/ce618/test
1.

The verification index should be tested in the mouth with one screw test. The
verification index is said to be passive when any one of the impression coping is
completely seated on the implant/abutment platform.
A. Both statements are true.
B. Both statements are false.
C. The first statement is true. The second statement is false.
D. The first statement is false. The second statement is true.

2.

Which implant prosthetic components are required to make an implant level cast?
A. Impression copings and implant analogs
B. Multi-unit abutments and analogs
C. Impression copings, multi-unit abutment, and implant analogs
D. Impression copings, implant analogs, multi-unit abutment, and analogs

3.

What is the best method for determining the height of the locator attachments?
A. Determining the width of the implant platform
B. Measuring the height of the mucosal cuff
C. Measuring the height of the impression copings
D. Measuring the mouth opening

4.

Multi-unit angle correction abutment decreases the amount of vertical restorative
space required for a prosthesis. It also helps correct the angulation of implants.
A. Both the statements are true.
B. Both the statements are false.
C. The first statement is true. The second statement is false.
D. The first statement is false. The second statement is true.

5.

What is the objective of fabrication of the impression index?
A. Cast verification
B. Splinting of the impression copings
C. Ease of impression making
D. Both A and B

6.

The impression copings used to fabricate a verification index should be:
A. Engaging
B. Non-engaging
C. Hexed
D. Both A and B

7.

What is the purpose of making external impressions?
A. To acquire intricate details of the intaglio surface.
B. To improve the retention of the prosthesis.
C. To develop proper contours of the polished surface.
D. To develop both the intaglio and the polished surface.
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8.

All of the following are advantages of milled framework EXCEPT one. Which one is this
exception?
A. Ability to use biocompatible and/or esthetic materials
B. Cost
C. Durability
D. Passivity

9.

All of the following are true for the CAD-CAM framework EXCEPT one. Which one is this
exception?
A. It should passively seat on all the implants.
B. There should be adequate distance between the framework and the tissue.
C. It should extend posteriorly up to the distal-most prosthetic teeth.
D. It should be within the confines of the prosthetic teeth in all 3 dimensions.
E. It should actively seat on all the implants.

10. What does the misfit of the milled bar in the oral cavity indicate?
A. The cast is inaccurate.
B. The framework does not fit the cast.
C. Poor design of the framework.
D. Inaccurate jaw relationship records.
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