
   

COPPER is an essential 
trace element required for the 
normal activity of numerous enzymes
Copper deficiency in humans can result from:
• Inadequate copper intake (e.g., unsupplemented TPN) 

• Malabsorption (e.g., celiac disease; Menkes syndrome)

• Excessive copper excretion (e.g., nephrotic syndrome)

Excessive zinc intake is also a well-recognized cause 
of acquired copper deficiency in humans
• Excessive zinc ingestion upregulates metallothionein production in enterocytes

• Copper has a higher affinity for metallothionein than zinc

• Copper displaces zinc from metallothionein, remains 
in the enterocytes and is lost in the feces

Copper deficiency is a known cause of 
hematological abnormalities in humans
• Anemia (micro-, macro-, or normocytic)

• Neutropenia

• Left shift in granulocytic and erythroid maturation

• Vacuolated precursors and ringed sideroblasts in bone marrow

Since 2001 copper deficiency in humans has been 
associated with neurological manifestation
• Myelopathy clinically presenting as a spastic gait due to prominent sensory ataxia

Nations and coworkers (2008) published a study that:
• Presented 4 patients with hematological and neurological abnormalities

• Reported that each patient used large amounts (≥2 tubes/
week) of zinc-containing denture adhesive for years

• Hypothesized that excessive use of zinc-containing denture adhesive resulted in:

 Hyperzincemia ⇒ Hypocupremia ⇒ Hematological/neurological impairment

InvEstIgatIOn PuRPOsE

1 Summarize the current epidemiological literature 
associating use of zinc-containing denture adhesive 
with hematological and neurological abnormalities

2 Analyze this body of evidence using a framework 
combining toxicological and epidemiological evidence 
to establish causal inference (Adami et al., 2011)

3 Alert physicians and others to possible hematological or 
neurological abnormalities associated with zinc-containing 
denture adhesives but masquerading as other maladies

MEthOds
PubMed Literature search linking the following terms
•  Zinc 

•  Copper 

suMMaRY:

• The current body of literature concerning a possible 
association between the use (misuse) of zinc-containing 
denture adhesive and myeloneuropathy consists of 14 
case reports describing 27 patients.

• Of the 27 described patients, 22 used excessive 
amounts of denture cream (use not described in 5).

• All 27 patients had hypocupremia; 25 also had 
hyperzincemia and 9 had low serum ceruloplasmin

• Myeloneuropathy generally involved an initial ascending 
sensory neuropathy in the lower extremities followed 
by ataxia, wide-based gait, loss of balance, and limb 
weakness (distal greater than proximal). In some, the 
ascending sensory neuropathy progressed to the upper 
extremities.

• All patients developed difficulty walking; most required 
assistance to ambulate and some became wheelchair 
dependent.

• All but one patient presented with concurrent 
hematological abnormalities.

• Copper supplementation and discontinuation of zinc-
containing denture adhesive correct all hematological 
abnormalities, including myelodysplastic changes.

• Copper supplementation and discontinuation of zinc-
containing denture adhesive did not correct the 
myeloneuropathy in most patients.

o For most the myeloneuropathy stabilized but did not 
improve suggesting permanency

o Some reported subjective changes not reflected in 
objective testing

COnCLusIOn:
• Although causation is uncertain, patients presenting 

with myeloneuropathy primarily of the lower extremities 
should be examined for copper, zinc, and ceruloplasmin 
status

o Especially if concurrent hematological manifestations 
are present

• Similarly, patients presenting with myelodysplastic 
changes suggestive of myelodysplastic syndrome 
should also be examined for copper and ceruloplasmin 
status

o Some of the cases described above were seen 
in hematological departments for treatment of 
myelodysplastic syndrome when hypocupremia was 
first recognized. Copper supplementation reversed 
the myelodysplastic changes, demonstrating they did 
not in fact have myelodysplastic syndrome. 

o Hypocupremia from other causes has been 
previously associated with myelodysplastic 
syndrome/changes. Despite this, clinicians may 
not be aware of the association between this 
hematological condition and hypocupremia.

Biological Plausibility - HIGH

Known interaction between zinc and copper  
in the enterocyte

Bioavailability studies concerning  
zinc-containing denture cream lacking

Epidemiological Evidence - WEAK

Limited to case reports

Hypothesis generation studies only

No hypothesis testing studies

study number authors number of Cases tubes/Month Misuse

1 Willis et al. (2005) 1 28.0

2 Spinazzi et al. (2007) 1 3.08

3 Neerman et al. (2007) 1 use not described ?

4 Nations et al. (2008) 3* >8

5 Spain et al. (2009) 1 0.0 ?

6 Hedera et al. (2009) 11 >8

7 Sibley and Maddox (2009) 1 use not described ?

8 Trocello et al. (2010)# 2 use not described ?

9 Afrin (2010) 1 2.6

10 Doherty et al. (2011) 1 7.1

11 Barton et al. (2011) 1 7.1

12 Summerville and Baloh (2011) 1 use not described

13 Crown and May (2012) 1 8.0

14 Shammaa and Rodgers (2012) 1 8.0

normal usage 1.3

How to Properly Apply Denture Adhesive 
 
Patients with ill‐fitting dentures should seek the care of a prosthodontist – a dental specialist 
with three additional years of training beyond dental school who is an expert in fabricating 
dentures, among other esthetic and restorative procedures. 

 
• Dental professionals agree that the vast majority of dentures that fit well do not require 

the regular use of denture adhesive. It is important that a prosthodontist evaluate your 
dentures on a regular basis because your bone and gums may shrink in time, and your 
dentures will need to be remade or relined when they become too loose. Do not think 
that you can correct the fit of your dentures by using more and more denture adhesive. 

 
• For your upper denture, apply 3 or 4 dabs of denture cream, the size of a pencil eraser 

(Fig. 1), on the upper part of the denture that fits against the roof of your mouth (Fig. 2).  
DO NOT fill the denture with adhesive (Fig. 3). Using too much denture adhesive will not 
improve the fit of your denture or make them stay in place any better. 

Fig. 1 

Fig. 2          Fig. 3 

Upper Denture – Proper Amount    Upper Denture – Too Much 
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IntroductIon dIScuSSIonreSultS

Contribution of toxicological and epidemiological 
data to causal inference

22
of 27

patients 
used  

excessive 
amounts  

of denture  
adhesive.

27 patients presented with myeloneuropathy 
generally involving an initial ascending  
sensory neuropathy followed by ataxia,  
wide-based gait, loss of balance, and limb 
weakness (distal greater than proximal).  
All patients developed difficulty walking.

Anemia  (n=12) 
Leukopenia and/or neutropenia (n=8) 
Pancytopenia (n=11) 
Myelodysplastic-like syndrome (n=4)

EPId-tOX graphical template for establishing a causal 
relationship between use (misuse) of zinc-containing  

denture adhesive and neurological impairment

Adapted from: Adami et al. (2011)
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*Nations et al. presented 4 cases, however Case 4 had been previously presented by Willis et al. (2005)
# Abstract only, article in French
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•  Denture adhesives/creams

•  Hematological abnormalities/toxicity 

•  Neurological abnormalities/toxicity

Michael J. Wernke, R.Ph., Ph.d.
Phronesis Scientific Consulting

Kathryn a. Wurzel, MPh, daBt
NewFields

Zinc-Containing denture adhesives,  
toxicity and Causal Inference

study numbers

Reported neurological Findings 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Ascending sensory neuropathy lower extremities

Sensory neuropathy progressing to upper extremities

Difficult walking/gait ataxia

Wide-based gait

Nerve conduction velocity abnormalities

Loss of balance

Positive Romberg sign

Brisk tendon reflexes

Extensor plantar reflexes

EMG abnormalities in upper and/or lower limbs

Limb weakness distal greater than proximal

Decreased or absent lower limb reflexes

Bowel and/or bladder incontinence
Objective/subjective improvement in some or all  
findings after copper supplementation

neurological Findings

Laboratory Findings  

REvERsIBLE

nOt 
REvERsIBLE

the current body of literature consists of 14 case reports describing 27 patients

hematological Findings  

Hypocupremia (n=27)
Hyperzincemia (n=25)
Low serum ceruloplasmin (n=9)

A 68-gram tube of denture adhesive should 
last approximately 3-10 weeks with once 

daily application of 0.5 to 1.5 grams 
of adhesive per dental unit (Nations et al., 2008)

Copper supplementation 
and discontinuation of zinc
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Biological Plausibility

Epidemiology 
human situation

Dose-Response

Time-Response

Target Organs

Mode of Action

Delivered Dose

Species-Specificity

Dose Scaling

Dose-Response

Time-Response

Target Organs

Biological Plausibility

Consisitency

Specificity

Coherence

X

X

X

X

X

X

Causation Conclusion:
Uncertain
High biological plausibility
Weak epidemiological evidence


