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Abstract: Implant-supported dental prostheses can be retained by a screw or cement. Implant-

supported fixed partial dentures have a passive fit. A passive fit means there is an internal gap 

between the abutment surface and the intaglio of the retainer to insure that there is no lateral 

pressure on the supporting implants or friction upon seating of the prosthesis. This gap is filled 

with cement for retention of the prosthesis. Any lateral pressure may cause marginal bone loss 

or periimplantitis. Also, there is usually a microscopic gap at the margin of a crown retainer that 

exposes the cement to oral fluids. The solubility of zinc phosphate (ZOP) cement is a definite 

liability due to the risk for cement dissolution. In fixed prostheses, the dissolution of the cement 

of one or more retainers would cause a transfer of the occlusal load to the retained unit(s). The 

resulting rotation and lifting of the cement-retained implants from occlusal and parafunctional 

loads could cause loss of osseointegration of the abutment-retained implant(s). ZOP cement 

may not be indicated for implant-supported fixed partial dentures or splints. Cement dissolu-

tion in single unit probably only involves re-cementation, if the patient does not swallow or 

aspirate the crown.
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Introduction
Implant-supported fixed crowns and dentures may be retained by screws or cement. 

There are several types of cement that may be used for this. Zinc phosphate (ZOP) 

cement has been used in dentistry since the 1850s and is very familiar to dentists.1 

ZOP, however, has been traditionally used as a definitive cement for fixed crowns and 

partial dentures on natural teeth. ZOP cement was made for tooth-borne fixed partial 

dentures and crowns. Its properties may not be suitable for passive-fit metal-to-metal 

cementation that is in implant prostheses. It may be an inappropriate choice for long-

term retention of multiple implant-supported prostheses. The solubility of ZOP is a 

well-known detrimental property.2 This property may make it inappropriate for luting 

the metal-to-metal or metal oxide surfaces of titanium and zirconia abutments to the 

metal or metal oxide intaglio of crowns and retainers.

The purpose of this article is to discuss ZOP cement as a definitive luting agent for 

fixed implant-supported dentures and crowns. Written informed consent for treatment, 

photographs, and publishing has been obtained from patients for this study.

Case series
Case 1
A 54-year-old female was treated with fixed small diameter implant-supported partial 

denture at the mandibular right molars. The partial denture was cemented with ZOP 
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cement (Flecks). After several years of uneventful function, 

the denture became loose at the mesial abutments causing 

an overloading of the distal implant (Figures 1 and 2). Sub-

sequently, the distal implant fractured. The fractured implant 

apex was removed, a short, larger diameter implant placed, 

and a new fixed partial denture fabricated and cemented with 

a resin-modified glass ionomer (RelyX, ESPE; 3-M, Neuss, 

Germany). The patient has been functioning uneventfully 

for 5 years.

Case 2
A 60-year-old male was treated with a ZOP cement-retained 

implant-supported fixed partial denture. The denture func-

tioned uneventfully for 5  years, but the cement failed at 

the mesial abutment causing the distal implant to rotate 

under load, loose osseointegration, and exfoliate (Figures 3 

and 4). The site was retreated a new implant-supported fixed 

partial denture cemented with a resin-modified glass iono-

mer (RelyX, ESPE). The patient has now been functioning 

uneventfully for 7 years.

Case 3
A 59-year-old female patient had an implant placed that 

supported a single crown and cemented with ZOP in 2005. 

In 2016, the cement had dissolved and the crown dislodged. 

The crown and abutment were cleaned, and the crown re-

cemented with resin-modified glass ionomer (RelyX, ESPE).

Discussion
There is no consensus as to the most appropriate cement 

for implant restorations.3,4 There are even variations of 

preference in and among dental schools.3,4 Nonetheless, 

dental schools most often choose resin-modified glass 

ionomer cement (57%) but ZOP is still chosen for ~19% 

Figure 1 The mesial abutments zinc phosphate cement dissolved, and there was 
subsequent overload and fracture of the distal implant.

Figure 2 The fractured fragment was retrieved.

Figure 3 The distal abutment zinc phosphate cement dissolved putting more load 
on the mesial implant.
Note: This caused loss of integration and exfoliation of the fixed splinted restoration.

Figure 4 The mesial abutment was lost due to mechanical overload from the 
dissolution of the retaining cement of the distal abutment.
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of cementations. ZOP, among other cements, is still being 

taught in 70% of dental schools and in advanced education 

programs.3,4 According to one survey, only 2% of private 

practice clinical dentists use ZOP to retain implant crowns.5 

The practical experience of clinicians may be the reason for 

such a discrepancy.

ZOP is mixed as a powder component incorporated into 

a liquid component. ZOP should be mixed for low viscosity 

for definitive cementation and high viscosity for provisional 

cementation (ANSI-ADA Spec 8).6 The maximum ZOP film 

thickness should be 25  mm for crown cementation. After 

2  minutes of mixing, the cement viscosity will increase 

dramatically. The ZOP setting time is 5–9 minutes at 37°C. 

Setting time will be shortened if there is rapid powder incor-

poration.3 Mixing of ZOP is an exothermic reaction. Thus, 

incremental slow mixing is done to increase the setting time 

and prevent excessive heat generation. Slow mixing delays 

the exothermic reaction. Mixing on a cooled glass slab 

increases the setting time and allows incorporation of more 

powder producing a set cement with better retentive and 

compressive qualities. Adding water to the mix, intention-

ally or through condensation on the cooled slab, will shorten 

setting time.3

ZOP shrinks slightly with setting. Any water contact will 

cause the set cement to swell but this is followed by ~0.05% 

shrinkage up to 7 days later. Approximately 0.3% shrinkage 

will occur if setting occurs in air. While the cement is very 

acidic during mixing, neutrality is reached after ~48 hours. 

ZOP is a good thermal and electrical insulator, but this is 

decreased under clinical moisture conditions.3

The main constituent of ZOP powder is zinc oxide, 

with smaller amounts of magnesium oxide, silicon dioxide, 

boron oxide, barium oxide and sulfate, and calcium oxide. 

Tin fluoride may be an additive in some brands for poten-

tial chronic fluoride release. The cement liquid comprised 

aqueous ~50% phosphoric acid with buffering compounds 

in minor amounts.3

Basically, the mixing reaction is that zinc oxide reacts 

with phosphoric acid to form ZOP:

	 3 2 43 4 2 3 4 2 2ZnO H PO H O Zn PO H O+ + = +( )

After 24  hours, the compressive strength of set ZOP 

is 80–140 MPa. Most of the final compressive strength is 

reached at 1 hour after mixing.

ZOP cement has moderately good natural tooth abut-

ment retention when tested for pull-out retention.7 A thin 

film thickness and an intimate fit of the retainer to a natural 

tooth is desirable, and the thin ZOP cement film has good 

retention for crowns on natural teeth.7

ZOP does not perform well as a provisional cement to 

seal an endodontic access opening.8

Sand blasting of the intaglio of the retainers and abut-

ments, occlusal taper, and cutting internal grooves in the 

surfaces may increase the retentiveness of ZOP as well as 

other cements.9

ZOP is generally mixed by hand, which creates variability 

in the resultant product and its properties.10 Under laboratory 

conditions, ZOP may easily disintegrate compared to other 

types of cements.11 Nonetheless, oral conditions may be much 

less stressful than laboratory conditions.

A systematic review of the clinical failures of restora-

tions retained with ZOP, glass ionomer, resin, and zinc oxide 

eugenol (ZOE) cements found that the ZOP restorations lost 

retention most often with the exception of those cemented 

with ZOE.12

In implant fixed prosthodontics, an intimate fit of the 

retainer in fixed partial dentures is not desirable.13 A passive 

fit is more appropriate so there is no lateral frictional force 

against the supporting implants from tight fitting crown retain-

ers (Figure 5). A passive fit means there is no axial abutment 

friction or pressure of the retaining crowns. Inter-implant 

abutment friction or pressure may induce marginal bone loss 

by pressing the supporting implant fixture against the encasing 

bone.13 The pressing implant may induce pressure necrosis of 

the surrounding bone especially the cervical bone and induce 

periimplantitis.13 Thus the intaglio of the retaining crowns 

should not press against the inter-implant axial walls of the 

abutments. A passive fit is attained by fabricating a space 

between the intaglio of the retainer surface and the abutment 

surface (Figure 5). This space may minimize the retention 

quality of ZOP cement. Because the optimal film thickness of 

ZOP is 25 microns this space will cause the set ZOP to be much 

thicker and thus reduce the functional qualities of the ZOP.14

The powder-to-liquid ratio of ZOP significantly can 

influence the amount of marginal cement excess.15 Nonethe-

less ZOP is the easiest to remove from titanium abutments 

compared to many cements.15

A beneficial point of ZOP is its radio-opacity that enables 

scrupulous excess removal.16 It is dramatically more radio-

opaque than any of the resin cements.16 In fact, many resin 

cements are not detectable on radiographs.16 However, zinc 

oxide cements, eugenol or noneugenol containing, are more 

radio-opaque than ZOP.16
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ZOP can have very effective retention properties espe-

cially when the abutment is sandblasted with 5 mm aluminum 

oxide.17 Nonetheless, the brittle nature of ZOP may not make 

it to be the most appropriate definitive cement for implant-

supported prostheses.3,4

The acceptable maximal marginal gap for crowns and 

retainers on implant abutments is 250 mm. This generally 

means that there may be an open margin between the crown 

margin and the abutment margin. This gap allows salivary fluids 

access to the cement. Since there is a fabricated built-in intaglio 

space for a passive fit, there can be cement dissolution over 

time. The space may allow more and continuous fluid access 

to the cement as it dissolves. The loss of cement retention will 

result in a loose abutment. One loose abutment in a multiple 

unit fixed partial denture will place more load and rotation on 

the remaining cemented units, thus risking loss of integration.

Cement dissolution may only be important in multiple 

unit fixed partial dentures. Cement dissolution in single units 

only involves re-cementation, if the patient does not swallow 

or aspirate the crown. Since ZOP is soluble in water, it can 

erode over time from the crown margins.2 Thus, over time a 

crown retainer is at risk for dislodging. ZOP does not seal 

margins of zirconia implant crown retainers as well as resin 

cement does.18,19 Thus, ZOP may not be appropriate for zir-

conia implant crowns.

The retention of all cemented crowns on implant abut-

ments is influenced by the number and position of abutment 

axial walls, which increases retention of fixed prostheses.20 

The more abutments in parallel but out-of-linear position 

then the more retention.21 Increased abutment height adds 

to retention, but the type of cement effects retention more 

than abutment height.22

Resin cement may favor the development of suppuration 

and the growth of periodontal pathogens more than some 

other cements.23 Since ZOP is soluble, this may make it less 

likely to induce periimplantitis since it would be dissolved 

by intrasulcular fluids before any detrimental effects can 

occur. Resin cement is the most retentive cement, but ZOP 

is more retentive than glass ionomer and eugenol cements 

in implant-supported prostheses.14,24

Conclusion
Because implant-supported fixed partial dentures have a 

passive fit, there is a necessary gap between the abutment 

and intaglio of the retainer to prevent a push against the 

supporting implants. A thin film thickness is desirable for 

ZOP retention on natural teeth, but this is not the case with 

implant-supported abutments. Because there is a metal-

to-metal internal and marginal gaps, the solubility of ZOP 

is a liability. The gap exposes the cement to oral fluids. If 

ZOP is used as a definitive cement in multiple unit implant-

supported fixed partial dentures, there is a risk for ZOP 

cement dissolution. The dissolution of the cement of one 

or more retainers in a multiple unit fixed partial denture 

would cause a transfer of the occlusal load to the remaining 

retained units. There would also be rotational force of the 

cement-retained implants so the occlusal and parafunctional 

loads would be borne by the abutment-retained implants. 

Thus, there would be a substantial risk for detrimental rota-

tion, overloading, and loss of integration. ZOP may not be 

indicated for implant-supported fixed partial dentures or 

splints. Cement dissolution in single units probably only 

involves re-cementation, if the patient does not swallow or 

aspirate the crown. These case reports are not high credibil-

ity evidence. There are better contemporary cements than 

ZOP as a definitive cement for dental implant-fixed pros-

theses. Randomized blinded controlled testing is required 

for definitive evidence.

Figure 5 Implant-supported fixed restorations are fabricated for a passive fit. 
Notes: This means there is no binding of the retainer intaglio against the abutment surface. Also, there would be a space between the intaglio of the retainer and the 
abutment surface. The interceding space and any marginal gap may expose the cement to oral fluids and result in dissolution of a soluble cement. If the cement does dissolve 
under one abutment and the other retainer is held by the cement, there may be an overload of the other supporting implant. This may cause a loss of integration.
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