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Background: Metallic implants are an integral part of the practice of orthopaedic surgery. Metal 
hypersensitivity is reported to be from 10−17% of the general population. No consensus exists on how to 
screen or what changes in treatment plans should be implemented when reported sensitivities to metals 
exist. Literature review suggests that preoperative testing may influence surgical practice. This study was 
designed to gain insight to the experience of orthopaedic surgeons as it relates to metal allergies to metallic 
orthopaedic implants and to examine the trends in screening and evaluating patients who have sensitivities to 
metals to determine how this data influences treatment.
Methods: An online survey of orthopaedic surgeons’ experiences and opinions on the prevalence, screening 
protocols, and treatment adjustments made when metal hypersensitivity is suspected was performed. 
A 35-question survey was distributed via orthopaedic surgery specialty societies, orthopaedic surgery 
departments, and state orthopaedic societies’ email lists. The survey was performed by a commercially 
available online survey company, which provided data acquisition and analysis.
Results: A total of 230 responses were obtained from May 15, 2015 through December 31, 2015. 
Respondents were primarily from the United States with a small contribution from Canada and other 
countries. All regions of the United States and all orthopedic specialties were represented. A quarter of 
respondents have experience with metal allergy to an implant. Most orthopaedic surgeons (69%) believed 
that metal allergies occur with orthopedic implants, while 18% did not believe that metal allergies 
occur. Nickel, cobalt, and chromium allergies were most commonly seen. Consultation with an allergist/
dermatologist was primarily used for diagnosis. Revision was listed as the first choice of treatment in 47% of 
respondents, while observation was listed as first choice by 33%. Most surgeons (59%) did not ask patients 
about metal allergy history. Only a quarter of patient questionnaires inquired about metal allergy. The 
majority (59%) altered their implant choice with a mild reaction to testing, whereas 29% did not. With a 
moderate reaction, 72% altered their implant. When the reaction was severe, 64% altered their implant, 
12% obtained a second opinion, and 6% did not alter their implant. 
Conclusions: Orthopaedic surgeons vary in their level of confidence on whether metal allergy to 
orthopaedic implants exist. Most surgeons believe in metal allergy, but a sizable number do not believe. The 
prevalence of reported metal allergy to an implant was low. Surgeons tend to alter their choice of implant 
more frequently as the reaction becomes more severe. Observation and revision surgery are frequently used 
to treat an allergic reaction. Allergy/dermatology consults are used to diagnose metal allergy, yet a minority 
of orthopaedic surgeons inquire about metal hypersensitivity in their patients. Greater awareness of a history 
of hypersensitivity may prevent patient exposure to implants containing metals that they may react to. 
More evidence is needed to establish a connection between metal sensitivity and the occurrence of pain and 
implant loosening following arthroplasty procedures.
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Introduction

Metallic implants are an integral part of the practice of 
orthopaedic surgery. Metal hypersensitivity (on patch 
testing) is reported to be from 10−17% of the general 
population (1-6). However, higher rates of hypersensitivity 
described in literature on body piercing suggests that the 
rates might be higher than previously imagined and have 
potential demographically related risk factors. For example, 
two recent studies looking into metal hypersensitivity as 
it relates to body piercing showed geographic variations 
in hypersensitivity rates in the general population. These 
studies demonstrated that hypersensitivity was also related 
to body piercings with rates increasing with increased 
number of piercings (7,8). In the Schuttelaar et al. study 
(European), a history of piercings was associated with a 
20.8% incidence of nickel allergy. Having three or more 
piercings increase the incidence to 27.6%, with females age 
31−45 having the highest incidence (31.8%) (7). Similarly, 
Warshaw et al. (North America) showed that having five or 
more piercing increased the incidence to 34% (8). 

No consensus or standard exists on how to screen or 
what changes in treatment plans need to be implemented 
when there is reported a sensitivity to metals or jewelry 
(2-4,6,9-13). Recent studies examined the role of metal 
sensitivities in painful hip (9,14-19) and knee arthroplasties 
(18,20-22). Based on these studies, the role of metal 
sensitivity in persistently painful or aseptic loosening of 
lower extremity arthroplasties was found to be uncertain, 
the evidence inconclusive. Numerous literature reviews and 
meta-analyses regarding metal hypersensitivity and allergy 
to orthopaedic implants have been published, with large 
variance on incidence (1,3-5,10-13,23-25) and existence of 
metal hypersensitivity (10,26-30). These reviews suggest 
that preoperative testing, with methods such as metal 
allergy patch testing, serum metal ion testing, lymphocyte 
transformation testing, or leukocyte migration testing may 
influence surgical practice (9). However, it is not understood 
whether these studies correlate with metal hypersensitivity 
in the context of metal implants.

The lack of  compell ing data correlat ing metal 
hypersensitivities to metal implants has created controversy 

in the field of orthopaedic surgery about the relevance of 
metal hypersensitivity. There is currently only one study to 
date to have surveyed orthopaedic experts in arthroplasty. 
The Delphi Consensus Study, in the UK (6). This study 
unfortunately had only a 19% (17/90) response rate and 
was limited in the scope of its questioning, with consensus 
being made by just ten responses, reducing its relevance to 
“expert opinion” rather than true consensus. By contrast, 
the goal of this study is to gain insight into the experience 
of orthopaedic surgeons, as it relates to metal allergies 
to metallic orthopaedic implants. This study also aims to 
examine the trends in screening and evaluation of patients 
who have metal hypersensitivity and to understand if this 
data influences treatment.

Methods

The online survey consisted of 35 questions. The survey 
questions were aimed at determining orthopaedic surgeons’ 
experiences and opinions on the prevalence, screening 
protocols, and treatment adjustments being made when 
metal hypersensitivity is suspected. E-mail requests were 
sent to specialty orthopaedic societies and the author’s state 
orthopedic societies and other orthopedic groups. Several 
of the orthopaedic specialty societies declined distribution 
of the survey for a variety of reasons including internal 
policies preventing the solicitation of their membership. 
The American Shoulder and Elbow Surgeons (ASES), 
Orthopaedic Trauma Association (OTA), California 
Orthopaedic Association (COA), Wisconsin Orthopaedic 
Society (WOS), Wilson-Bost Orthopaedic Society, Medical 
College of Wisconsin Orthopedic Surgery alumni, and the 
Kerlan-Jobe Orthopaedic Fellowship alumni (KJOC) groups 
were willing to distribute the survey to their membership. 
The survey was distributed via a survey weblink. Individual 
physician participation was voluntary and anonymous. 
The survey was performed by SurveyMonkey.com, which 
provided data acquisition and analysis. The survey was open 
from May 15, 2015 through December 31, 2015. Question 
response totals and percentages were calculated. Survey 
questionnaire is presented in (http://fp.amegroups.cn/cms/
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Results

A total of 230 responses were obtained for the seven-month 
collection period. 

Demographics: respondents were primarily from the 
United States (Table 1). All regions of the country were 
represented. The average number years in practice was  
21 years.  A diverse type and specialty focus within 
orthopedic surgery was represented (Table 1). The 
distribution of practice focus is representative of the 
specialty organizations and orthopaedic groups willing to 
send out the survey.

This study first asked whether the respondents believe 
that metal allergies occurred to orthopaedic implants. 
108/157 (69%) believed that metal allergies occur with 
orthopedic implants, while 29/157 (18%) disagreed. 
Another 20/157 (13%) stated “other”, such as “not sure”, “I 
don’t know”, or “possibly”. 

Respondents were then questioned if they have had a 
patient develop a metal allergy to an implant. Twenty-five 
percent (52/206) of respondents reported having had a 
patient develop a metal allergy to an implant. 

The most commonly seen metal allergies reported 
were nickel (77/142 positive responses) responses, cobalt 
(21/142), and chromium (23/142). Titanium (8/142 positive 
responses), molybdenum (3/142), iron (3/142), aluminum 
(2/142), and zirconium (1/142) were also observed.

Metal hypersensitivity presented (in decreasing frequency) 
as pain, swelling, rash/skin manifestation, sterile effusion, 
osteolysis, and loss of motion (Table 2). Most reactions 
occurred within one year of implantation (63/110 or 57% of 
responses). Twenty-six percent (29/110 responses) occurred 
between one and two years after implantation. Respondents 
stated that the diagnosis of metal hypersensitivity to an 
orthopaedic implant was primarily made by consultation 
with an allergist/dermatologist, along with evaluation of 
signs and symptoms (Table 2). When testing was performed 
by orthopaedic surgeons, metal disk and patch testing were 
performed more frequently than serum testing. 

Revision was listed as the first choice of treatment in 
47% of respondents, although this was second in rank 
order (4.97/6), while observation was listed as first choice 
by 33% of respondents (first in rank order 5.12/6) (Table 2). 
The rank order list weighted how the respondents ordered 

Table 1 Demographics of respondents to this survey

Demographics # %

Country of residence [228/230]

United States [208] 208 91.23

Canada [5] 5 2.19

Other [15= Europe 12, South America 2, Japan 1] 15 6.58

Total 228

US region [206/230]

New England [13] 13 6.31

Middle Atlantic [16] 16 7.77

East North Central [34] 34 16.50

West North Central [6] 6 2.91

South Atlantic [16] 16 7.77

East South Central [3] 3 1.46

West South Central [8] 8 3.88

Mountain [9] 9 4.37

Pacific [101] 101 49.03

Total 206

Type of orthopaedic practice [211/230]

Foot/ankle [11] 11 5.21

General [52] 52 24.64

Hand/upper extremity [29] 29 13.74

Oncology/tumor [6] 6 2.84

Pediatric [7] 7 3.32

Shoulder/elbow [95] 95 45.02

Spine [10] 10 4.74

Sports medicine [74] 74 35.07

Total joint [56] 56 26.54

Trauma [39] 39 18.48

Other [12] 12 5.69

Gender

Male 214 93.45

Female 15 6.55

Total 229

http://fp.amegroups.cn/cms/aoj.2019.04.01-1.pdf
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their choice of treatment. First choice was given six points, 
second choice was given five points, and subsequent choices 
were given one less point for each position of rank. 

Respondents reported reactions primarily to plates/

screws/pins, knee arthroplasties, shoulder arthroplasties, 
and hip arthroplasties (Table 3).

Only 41% of respondents asked their patients if they 
were allergic to metal or jewelry and only 25% of patient 
questionnaires included a question about metal allergy 
(Table 4). 

For a reported mild reaction to metal or jewelry, 43% 
would consult an allergist or dermatologist and 37% would 
take no action. If a marked reaction were reported, 62% 
would consult a dermatologist or allergist, only 7% would 
take no action (Figure 1).  Fifty-nine percent of respondents 
stated that a mild reaction results from allergy testing 
altered their implant choice, whereas 29% did not alter 
their choice of implant (Figure 2). When the reaction was 
moderate, 72% altered their implant choice (11% did not). 
When the reaction was severe, 64% altered their implant, 
12% obtained a second opinion, and 6% did not alter their 
implant choice. 

SurveyMonkey.com raw data results presented in (http://
fp.amegroups.cn/cms/aoj.2019.04.01-2.pdf).

Discussion 

This study is the first to survey a broad cross-section 
of orthopedic surgeons across the country and across 

Table 2 Experience with metal allergy/hypersensitivity

Responses # %

Have you had a patient develop a metal allergy 
to an implant you used? (206/230)

Yes 52 25.24

No 154 74.76

What were the signs and symptoms? 
What percentage of cases do you see this 
symptom? (>80%) N=83

Pain 52

Swelling 36

Sterile effusion 18

Loss of motion 20

Skin rash/cutaneous manifestation 23

Osteolysis around implant 12

Other 1

How did you or how would you make the 
diagnosis of metal hypersensitivity to an 
orthopaedic implant? (147/230)

Patient signs and symptoms 95 64.63

Skin test—metal disc test 59 40.14

Skin test—patch test 47 31.97

Blood test—serum metal ion concentration 24 16.33

Blood test—lymphocyte transformation test 22 14.97

Blood test—leukocyte migration inhibition test 11 7.48

Allergist/dermatology consult 97 65.99

Other 25 17.01

How did you or would you treat the allergic 
response to the orthopaedic implant? Rank 
Order (most likely 6, Least likely 1) (125/230)

Observe/monitor 96 5.12

NSAIDS 73 4.33

Steroids 75 3.91

Revision/remove Implant 115 4.97

Refer to another orthopaedic surgeon 71 3.24

Other 54 2.8

Table 3 Implants reported to have caused reactions

Responses # %

Implants which had shown allergic reactions 
(106/230 responses)

Ankle/foot arthroplasties 2 1.6

Elbow: radial head 3 2.3

Elbow: total elbow arthroplasty/hemiarthroplasty 5 3.9

Hip (total/hemiarthroplasty) 17 13.3

Knee (total/partial) 31 24.2

Shoulder (total/reverse/hemiarthroplasty) 25 19.5

Spine—discs/cages 0 0

Spine—rods/hardware 2 1.6

Wrist/hand arthroplasties 2 1.6

Plates/screws/pins 33 27.8

Intramedullary rods 3 2.3

Metallic suture anchors/interference screw 5 3.9

Total 128

http://fp.amegroups.cn/cms/aoj.2019.04.01-2.pdf
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subspecialty focus to assess their attitudes/opinions on metal 
allergy, incidence, diagnosis, screening, implant choice 
changes, and treatment of metal allergy in their patients. 
A large-scale consensus study does not exist to guide 
practitioners in how to manage their patients who report a 

sensitivity to metal or jewelry, nor on how to treat patients 
who have painful arthroplasties or hardware yet demonstrate 
a positive metal allergy test. This is a topic of great debate for 
which there is very little consensus, with recent reviews by 
Lachiewicz et al., Akil et al., Faschingbauer et al., Middleton 

What do you do with a positive answer to the questionnaire (e.g., reaction to 
jewelry)? n=149

0          10        20         30         40         50         60        70         80
Percentage

Mild reaction to jewelry               Marked reaction to jewelry

Other

Allergist/Dermatologist consultation?

Blood testing-(LMIT)

Blood testing-(LTT)

Blood testing-serum lons

Skin contact testing-disc

Skin contact testing-patch

Perform allergy testing-outside testing

Perform allergy testing-in office

Take no action

Figure 1 Work-up of patient reported metal allergy. LMIT, leukocyte migration inhibition test; LTT, lymphocyte transformation test.

Figure 2 Changes in treatment due to positive testing for metal hypersensitivity. Responses given by severity of the reaction as determined 
by testing method.

How do the results of testing influence your treatment? Mild, Moderate, 
Severe reaction. n=138

Other (please specify)

Obtain second opinion or refer to another physician

Choose not to perform the arthroplast/procedure 

Alters implant choice to non-reacting metal component

Does not alter treatment choice

Severe reaction

Moderate reaction

Mild reaction

0             20           40            60            80           100

Percentage
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et al., and Mitchelson et al. have summarizing the debate 
on the numerous questions surrounding metal allergies and 
whether it is a significant issue in orthopaedics (10-12,25,31). 
The Delphi consensus study is the only prior consensus 
study performed relating to metal allergy or hypersensitivity 
in orthopaedic surgery (6). This study surveyed orthopaedic 
arthroplasty surgeons in the UK in 2013. It consisted of two 
rounds of questionnaires, which were sent via electronic mail. 
Ninety joint arthroplasty experts in the UK were surveyed 
(60 hip/knee surgeons, 30 shoulder/UE surgeons). There was 
only a 19% response rate (17/90). Absolute agreement could 
not be obtained, as 60% agreement (10 responses) was set 
as consensus. Their findings were that patients having metal 
arthroplasty should not be routinely questioned about metal 
allergy prior to surgery. If patch testing was performed and 
the result was negative, then traditional Cobalt-Chromium/
stainless steel implants were to be used. If the patients tested 
positive for cobalt, chromium, or nickel, consensus was also 
reached that using traditional cobalt-chromium and stainless-
steel implants was appropriate. The report concluded that 
patch testing was not necessary to confirm the presence of 
metal allergy.

Review of the Delphi study reveals a poor response rate 
to the questionnaires. Only 17 responses were obtained, 
which meant that concurrence of only ten responses was 
considered a consensus. There may be a sampling bias or 
error due to the limited number of responses. It could be 
argued that a consensus of 10−17 orthopaedic surgeons does 
not constitute a “consensus of opinion” but rather an expert 
opinion.

This study concluded that there is a wide range of beliefs 
as to whether metal hypersensitivity/allergy is of concern. 
Sixty-nine percent of respondents believe in metal allergy, 
18% do not, and 13% are not sure. Twenty-five percent 

of respondents have had a patient with a presumed metal 
allergy. The diagnosis was made primarily by signs and 
symptoms or consultation with an allergist/dermatologist. 
Interestingly, only 41% ask their patients if they have 
a sensitivity to metal and only 25% have a question of 
metal allergy on their patient intake questionnaires. If 
the questionnaire noted a mild positive reaction, 37% 
would take no action whereas the majority would consult 
an allergist/dermatologist or perform testing. When the 
questionnaire noted a more severe reaction, only 7% would 
take no action. 

When a positive allergy test was obtained, the actions 
taken varied by severity of the reaction. For a mild reaction, 
29% did not change their implant choice; in cases of 
moderate reactions—11% did not change implant choice; 
with a severe reaction—only 6% did not change their 
implant. Fifty-nine to 72% stated they would change the 
implant based on severity of reaction. Observation and 
monitoring ranked first for treatment of a patient with a 
metal allergy, followed by revision surgery. 

The strength of this study is that it includes many 
orthopaedic surgeons [230] from a broad spectrum of 
specialties and from all regions of the United States; it 
also included surgeons from other parts of the world. The 
limitation is that it is purely the opinions of the surgeons 
willing to take the survey. Although we asked all the 
major subspecialty societies to send out the survey to their 
memberships, several declined to participate in the survey. 
This may have biased the opinions generated. Overall, the 
survey does give insight into the beliefs and opinions of the 
orthopaedic community regarding metal hypersensitivity 
and allergy. 

Further investigational studies will need to be performed 
to establish a connection between metal sensitivity and 
the occurrence of pain and implant loosening following 
arthroplasty procedures. Further studies may demonstrate 
improvement in arthroplasty outcome and decreases in 
metal hypersensitivity reactions in patients who have 
implant choices which are changed due to patient reporting 
or positive testing to metal hypersensitivity. It is important 
to consider that such testing can be costly, with metal 
allergy patch testing typically costing between $60 and $300 
USD, with blood tests being between $200−1,000 (32). 
These tests also may not be covered by patients’ insurance 
plans, creating a potential in exorbitant cost to patients. 
It is unclear whether a greater awareness of a history of 
hypersensitivity will lead to improved outcome and less 
reactions in joint replacement surgery.

Table 4 Screening questions regarding metal sensitivity

Responses # %

Do you routinely ask patients if they are allergic 
to metals or jewelry? (172/230)

Yes 70 40.70

No 102 59.30

Is there a specific question in your patient 
questionnaire form for metal allergy? (165/230)

Yes 42 25.45

No 123 74.55
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Conclusions

This study is the first to survey orthopedic surgeons on their 
opinions regarding metal allergy, screening, and treatment. 
It is unique in that surgeons from a broad geographic 
representation and across orthopedic subspecialties were 
surveyed. Orthopaedic surgeons vary in their level of belief 
on whether metal allergy to orthopaedic implants is of a 
concern. Sixty-nine percent do believe in metal allergy, 
but a sizable number (18%) do not believe it occurs. The 
prevalence of reported metal allergy to an implant was 
low. These reactions usually occurred within one year 
of implantation. Surgeons tend to alter their choice of 
implant more frequently as the reaction becomes more 
severe on testing. Observation and revision surgery are 
frequently used to treat an allergic reaction to an implant. 
Although many orthopaedic physicians would obtain an 
allergy/dermatology consult or perform metal allergy 
testing, a minority of orthopaedic surgeons inquire about 
metal hypersensitivity in their patients and most patient 
questionnaires do not inquire about metal allergy. Greater 
awareness of a history of hypersensitivity may prevent 
patient exposure to implants containing metals that they 
may react to. Further studies will need to be done to show 
an improvement in arthroplasty outcome and decreases 
in metal hypersensitivity reactions in patients who have 
implant choices which are changed due to patient reported 
or tested positive to metal hypersensitivity. More evidence is 
needed to establish a connection between metal sensitivity 
and the occurrence of pain and implant loosening following 
arthroplasty procedures.
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