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Abstract
Purpose A prospective study was conducted to detect wheth-
er a relationship exists between metal allergy and post-
operative pain in total hip and knee arthroplasty patients. We
postulated that to some extent a relationship does exist be-
tween them.
Materials and methods Patients who had undergone total hip
and knee arthroplasty surgery because of hip and knee disease
were included. The exclusion criteria were patients who were
treated with immunosuppressor two weeks pre-operatively,
skin conditions around the patch testing site, and other uncon-
trollable factors. Each patient agreed to patch testing for
three days before surgery. Photographic images before patch
testing, two and three days after patch testing were obtained to
evaluate the final incidence of metal allergy. The patch tests
contained 12 metal elements; chromium, cobalt, nickel, mo-
lybdenum, titanium, aluminium, vanadium, iron, manganese,
tin, zirconium, and copper. Two independent observers eval-
uated the images. The results were divided into a non-metal
allergy group and a metal allergy group. Pre-operative and
postoperative VAS score, lymphocyte transforming test, and
X-rays were collected to detect the relationship between metal
allergy and post-operative pain following total hip and knee
arthroplasty.

Results There were 96 patients who underwent pre-op-
erative patch testing. The overall metal allergy rate was
51.1 % (49/96) in our study. Nickel, cobalt, manganese,
and tin were the most common allergic metal elements
in our study. Nine inappropriate cases were excluded,
and 87 patients were finally included in our study.
There were 36 metal allergy and 26 non-metal allergy
patients in the THA group, while 11 metal allergy and
14 non-metal allergy patients were found in the TKA
group. We found no relationship existed between metal
allergy and post-surgery pain in total hip and knee
arthroplasty.
Conclusion Pain caused by metal allergy usually pre-
sents as persistent and recurrent pain. The white cell
count, C-reactive protein, erythrocyte sedimentation
rate and postoperative radiographs were not affected.
Currently, patch testing and lymphocyte transforming
tests are used for metal allergy diagnosis. We deemed
that a relationship between post-surgery pain and metal
allergy in total hip and knee patients may exist to some
extent. Larger samples and longer follow-up time are essential
for further study.
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transforming test . Post-surgery pain . Total hip arthroplasty .

Total knee arthroplasty

Background

Patients who suffer from diseases, such as osteoarthritis,
rheumatoid arthritis, osteonecrosis, etc. have benefited
from total joint arthroplasty (TJA refers to total hip
arthroplasty and total knee arthroplasty regardless of any
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other replacement surgery) have been frequently treated in
our clinical practice [1–3]. From the introduction of the
first generation of artificial joints, there has been a great
of advancement in the design and materials leading to low
wear rates, and thus longevity of use.

Currently, there are a multiplicity of prostheses avail-
able, including metal-on-metal, metal-on-polyethylene,
ceramic-on-polyethylene, and ceramic-on-ceramic implants
for total hip arthroplasty (THA), while only the metal-on-
polyethylene prosthesis is available for total knee
arthroplasty (TKA). All these prostheses are divided ac-
cording to their bearing surfaces. Not only THA prosthe-
ses but also TKA prostheses have some metallic parts
apart from the bearing surfaces which may lead to metal
allergy reactions [4]. Hans Georg Willert et al. [5] report-
ed that histological analysis of the periprosthetic tissues
from revision surgeries in patients who underwent primary
metal-on-metal THA revealed vasculitis with perivascular,
postcapillary venules infiltrated by intramural lymphocytes,
recurrent localised bleeding, and necrosis, which was de-
fined as delayed type-IV hypersensitivity mediated by T-
lymphocyte cells [6–9]. Innocenti et al. [10] found that
approximately 16.6 % of metal hypersensitivity incidence
existed in patients who underwent TKA, though the num-
ber was small.

As to the symptoms of metal allergy, presentation
varies. Some patients complained of skin manifestations,
such as contact dermatitis, localised eczema, bullous
eruption, and other undefined cutaneous lesions
[11–13]. Localised recurrent pain, swelling, tenderness,
and failure of implants were also reported [14–16]. It is
hard to differentiate metal allergy from periprosthetic
infection because both clinical symptoms and radiolog-
ical findings are to some extent alike [17]. The patch
testing procedures of the potential allergen are wildly used to
detect metal allergy reactions because of their high specificity
and sensitivity [18–20]. Our study was aimed at detecting
whether or not there was a correlation between metal allergy
and post-surgery pain following TJA through the patch testing
results.

Methods and materials

Before the study was commenced, we registered at the site
http://www.chictr.org and received the registry number
ChiCTR-ONRC-12002425. Thereafter, we presented our pro-
gram to the ethnics committee of our hospital and received
approval after serious review. Patients who suffered serious
hip and knee joint dysfunction and needed to undergo total
joint arthroplasty in our orthopaedic department from August,
2012 to August, 2013 provided the cases of our study. All

patients were informed of the relevant benefits and risks, and
written consent was obtained.

Patients who had made the decision to undergo total
joint arthroplasty, as one of the treatment options, fol-
lowing the standard guidelines were included in our
study. The exclusion criteria were as follows. First,
patients that were administered an immunosuppressor
because of diseases such as rheumatoid arthritis, ne-
phrotic syndrome, systemic lupus erythematosus, etc., two
weeks before surgery were excluded. Second, those with skin
impairments (mainly left side of upper back) which appeared
on the patch testing site, and third, patients who showed bad
compliance and removed the patch reagents without
informing us were also excluded.

The procedures were performed by the same surgeon (Pro-
fessor Yirong Zeng) and all the patients were informed that the
selected hip and knee prostheses were LINK (made in Ger-
many) prostheses. We confirm that the study accepted no
financial sponsorship and there were no conflicts of interests
with any other prosthesis companies. We selected 12 metal
elements for our patch testing according to the main contents
of the LINK prostheses provided. The metallic elements were
chromium, cobalt, nickel, molybdenum, titanium, aluminium,
vanadium, iron, manganese, tin, zirconium, and copper. The
left side of upper back was selected as the patch testing site
owing to its flat surface and sufficiently large area (Fig. 1).
Photographs of the entire patch sites were taken pre-testing.
We attached the patch reagents and numbered each metal
element parallel to the side after the patients had taken
showers on the night before surgery. After 48 hours, the patch
reagents were removed and the remaining metal elements
were wiped out. We touched each chamber for primary eval-
uation of the patch testing results and took localised and
integral pictures thereafter.

The final results were obtained when re-assessing the 12
chambers after 72 hours of patch testing and pictures were taken
as mentioned above for further identification. The recommended
standard interpretation of the test results were: irritant reaction
(IR), referring to discrete patchy erythema without infiltration;

Pre-patch testing    Time of patch testing       48 hours later                 72 hours later

Fig. 1 Exact procedures of patch testing
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doubtful reaction (?+), referring to faint macular, no infiltration,
and homogeneous erythema; weak positive reaction (“+”), refer-
ring to erythema, papules, and infiltration; strong positive reac-
tion (“++”), referring to erythema, papules, infiltration, and
discrete vesicle; and extreme positive reaction (“+++”), referring
to coalescing vesicles, bullous or ulcerative reaction (Fig. 2). We
defined the irritant reaction and doubtful reaction as negative
results. All evaluation results of the patch testing was completed
by two independent observers. The overall incidence of metal
allergy reaction was determined, and we divided those patients
into metal allergy groups and non-metal allergy groups for both
THA and TKA patients. We detected the relationship between
metal allergy and post-operative pain following THA and TKA,
respectively.

Other values were also needed to strengthen and confirm
our findings. VAS scores, lymphocyte transforming test,
anteroposterior and lateral X-rays of both hips and
anteroposterior and lateral X-rays of the operated knee were
obtained pre-operatively. We defined our observation time as
three months. The lymphocyte transforming test, VAS scores,
and X-rays, erythrocyte sedimentation rate (ESR), C-reaction
protein (CRP) and blood analysis were added to exclude
periprosthesis infection.

Results

A total of 96 patients who had undergone total hip and knee
arthroplasty participated in our study. There were 30 osteoar-
thritis (OA) patients, 26 osteonecrosis of femoral head
(ONFH) patients, two rheumatoid arthritis (RA) patients, three
ankylosing spondylitis (AS) patients, and six patients who
suffered other diseases in the THA group (Table 1). Fifty-
three patients underwent bilateral THAs and 14 patients
underwent unilateral THAs.

The mean age was 48.28±14.87 years (range 22–76 years),
mean weight was 59.63±10.04 kg (range 42–75 kg), mean
height was 1.62±0.08 m (range 1.48–1.75 m), and mean BMI
was 22.68±3.26.While there were 29 patients (four men and 25
women) in the TKA group, there were 25 OA patients, two RA
patients, and two other undiagnosed disease patients. Among

them, 19 patients underwent bilateral TKAs and the remaining
ten patients underwent unilateral TKAs. The mean age was
65.07±9.16 years (range 45–79 years), mean weight was
59.17±10.17 kg (range 51–102 kg), mean height was 1.56±
0.07 m (range 1.48–1.71 m), and mean BMI was 24.09±3.59
(Table 2).

In the THA group, 46 patients received ceramic-on-
ceramic prostheses, 13 patients received ceramic-on-
polyethylene prostheses, five patients received metal-on-
polyethylene prostheses, and the remaining three patients
received other kinds of prostheses. While in the TKA groups,
25 patients received Gemini MKII PS prostheses, and four
patients received other kinds of prostheses. The overall metal
allergy rate was 51.1 % (49/96) in our study. Nickel, cobalt,
manganese, and tin were the most common allergic metal
elements in our study (Table 3).

In the THA and TKA groups, we excluded seven patients
from our study which aimed at detecting the relationship be-
tween metal allergy and post-surgery pain following THA and
TKA because non-LINK prostheses were implanted. One pa-
tient died of high fever due to a serious and uncontrollable
infection which was confirmed to not be a THA complication.
Another patient was lost to follow-up contact. Consequently, 87
patients were finally included in our study. There were 36metal
allergy and 26 non-metal allergy patients in the THA group,
while 11 metal allergy and 14 non-metal allergy patients were
in the TKA group. For THA patients, the mean age, mean BMI
index, mean VAS score (we defined VAS score here as defer-
ence value of pre-operative VAS score minus postoperative

Fig. 2 Interpretation of the patch testing results

Table 1 Preoperative diagnosis in the study groups

Diagnosis Hip disease Knee disease

Osteoarthritis (cases) 30 25

Osteonecrosis of femoral head (cases) 26

Rheumatoid arthritis (cases) 2 2

Ankylosing spondylitis (cases) 3

Other diseases (cases) 6 2

Table 2 Demographic data in THA and TKA groups

Characteristic THA group TKA group

Gender (cases)

Male 35 4

Female 32 25

Age (years) 48.28±14.87 65.07±9.16

Height (metres) 1.62±0.08 1.56±0.07

Weight (kg) 59.63±10.04 59.17±10.17

BMI index 22.68±3.26 24.09±3.59

Bilateral (cases) 54 19

Unilateral (cases) 13 10
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pain), and mean lymphocyte transforming test in the metal
allergy group were 48.33±14.74 years, 23.18±3.26, 3.75±
1.02 points, and 76.28 %±2.92 %, respectively. For patients
in the non-metal allergy groups, the mean age was 48.54±
16.24 years, the mean BMI index was 22.16±3.35, mean
VAS score was 3.88±1.45, and points, mean lymphocyte
transforming test was 71.76 %±3.24 %. Both the demographic
data (years and BMI index) and VAS score between the two
groups were of no statistical significance (p>0.05). For TKA
patients, the mean age, mean BMI index, mean VAS score, and
mean lymphocyte transforming test in the metal allergy group
were 67.36±7.19 years, 23.17±1.66, 4.09±0.70 points, and
78.52 %±2.64 %, respectively. For patients in the non-metal
allergy groups, the mean age was 62.57±7.38 years, the mean
BMI index was 24.04±1.41, mean VAS score was 3.86±1.83
points, and mean lymphocyte transforming test was 76.52 %±
2.74 %. Not only mean years, BMI index, and VAS score but
also lymphocyte transforming test revealed no statistical signif-
icance between the two groups (p>0.05, Table 4). No patient
suffered infection because of the negative results of postopera-
tive X-rays of anteroposterior and lateral bilateral hips and
anteroposterior and lateral X-rays of the operated knee, blood

analysis, CRP, and ESR. We concluded that post-surgery pain
in our study was not due to infection.

Discussion

There are many causes of chronic pain following total hip
and knee arthroplasty. Septic prostheses loosening, aseptic
prostheses loosening, malposition of implanted prostheses,
mechanical stress, pre-operative pain level and functional
impairment have accounted for post-surgery pain according
to some documented studies [21–26]. In some recent studies,
metal allergies were described as another potential factor
resulting in post-operative pain and subsequent prostheses
failure in THA and TKA patients [27]. When our patients
complain of surgical site pain three months postoperatively
or more, what can we do to cope with the condition?
Postoperative infection may be the first consideration; how-
ever, when radiological (when metal artifact can be
decreased, magnetic resonance image is highly
recommended) and serological (blood analysis, ESR, CRP,
intra-articular aspiration, bacterial culture, and so on) evi-
dence reveals no signs of infection, other reasons must be
taken into consideration though low titre infection cannot be
totally ruled out. When aseptic prostheses failure, prostheses
malposition, and above mentioned other reasons are exclud-
ed, we should consider metal allergy. Metal allergy and
infection have a lot in common. The differential diagnosis
of metal allergy and infection is of great importance because
subsequent treatment is definitely different. When infection
is confirmed, a two-stage revision procedure is essential,
while metal allergy accompanied with serious and re-
current pain can be an indication for one-stage revision
surgery [28, 29].

Unlike periprosthetic infection, metal allergy patients show
negative results on blood analysis, CRP, ESR, and X-Ray
findings. Patch testing and serological lymphocyte
transforming testing are the main diagnostic methods in our

Table 3 Rates of metal allergy in THA and TKA groups

Metal THA group TKA group

Chromium (%) 1.03 3.03

Cobalt (%) 11.2 3.03

Nickel (%) 15.5 7.22

Molybdenum (%) 0 0

Titanium (%) 1.04 0

Aluminium (%) 0 0

Vanadium (%) 0 0

Iron (%) 0 0

Manganese (%) 8.24 4.12

Tin (%) 18.6 3.09

Zirconium (%) 3.08 1.03

Copper (%) 5.13 1.03

Table 4 Detailed results in THA
and TKA groups

P positive, metal allergy; Nnega-
tive, non-metal allergy

Parameter THA group TKA group

P N P N

Cases 36 26 11 14

Mean age (years) 48.33±14.74 48.54±16.24 67.36±7.19 62.57±7.38

Mean BMI index 23.18±3.26 22.16±3.35 23.17±1.66 24.04±1.41

Mean pre VAS score (points) 4.14±0.99 4.27±1.54 5.00±0.45 4.71±2.02

Mean post VAS score (points) 0.39±0.80 0.38±0.57 0.90±0.54 0.86±0.66

Mean difference VAS score (points) 3.75±1.02 3.88±1.45 4.09±0.70 3.86±1.83

Lymphocyte transforming test (pre,%) 75.42±3.83 72.27±4.21 77.81±2.92 76.54±3.12

Lymphocyte transforming test (post,%) 76.28±2.92 71.76±3.24 78.52±2.64 76.52±2.74
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clinical practice [30–34]. With regard to the mechanism of
metal allergy, this is still not fully understood. Some studies
suggest that the implanted prostheses has direct contact with
the serum mediator systems and tissues, which may stimulate
the prostheses to release metal wear particles. The released
particles may lead to T-lymphocyte mediated delayed type-IV
hypersensitivity, which may arouse localised inflammation
eliciting tissue damage and bone degradation and subsequent
prostheses loosening [35–38].

Our study aimed at finding out whether or not a relation-
ship existed between metal allergy and post-surgery pain
following TJA mainly through patch testing results. Most
implanted prostheses contain metal elements which were
commonly seen as contact allergens, such as nickel, cobalt,
and chromium [7]. Sensitisation to nickel, cobalt, and chro-
mium are known to cause metal allergy[39–42]. Potential
metal allergies can be identified commonly from the patch
testing results though the accuracy is not well understood [27].
Some other studies have described patch testing as a
standardised, and in vivo diagnostic test for evaluation of
metal allergy [43]. Besides, lymphocyte transforming tests in
metal allergy patients were higher than the reference values.
Patients were tested for 12 metal elements on the basis of the
constituent parts of the implanted prostheses in our study.
During our follow-up period, we showed a high suspicion of
metal allergy in one THA patient. The female patient was
71 years old and underwent left side THA surgery with
a ceramic-on-ceramic LINK prostheses because she suf-
fered dysfunction and pain from bilateral osteronecrosis
of the femoral head. The patient had no previous med-
ical history apart from hypertension, which reached up
to 175/110 mmHg, for one year, and responded oral
Nifedipine controlled released tablet. She complained
of recurrent serious pain six months postoperatively.
She described the feeling as “rupture pain” in the groin
area. Physical examination, radiological and serological
results revealed no signs of infection. We prescribed
oral analgesia (Celexib, one pill once a day) combined
with oral calcium tablets (Caltrate, one pill once a day),
and Rocaltrol (one pill once a day) for the prevention of
osteoporosis. However, she was still so obsessed with
pain that she could not walk freely and laid on the bed
for most of the day. The pre-operative patch testing
results showed weak positive reaction to cobalt, tin,
zirconium, and copper, which drew our attention to
metal allergy in the patient, though the lymphocyte
transforming test was negative. The patient felt gradual
pain relief after oral glucocorticoid was administered.

There were several limitations in our study which may
prevent widespread recognition. First, the numbers were rel-
atively small. The patch testing results obtained from the 96
patients cannot explain the real endemic rates of metal allergy
in China. Consequently, the reported rates of each metal

element had some limitation. Second, the interpretation of
the patch testing results had the potential bias of observation
because to some extent this is subjective. Third, there were
still other possible risks of allergy reactions, such as polyeth-
ylene liner and ceramic parts, which may lead to post-surgery
pain. Fourth, false negative results may exist if patients had no
previous contact history of the included 12 metal elements.

Conclusion

There are several causes of thigh pain in THA patients and
recurrent knee swelling in TKA patients. Aseptic and septic
prosthesis loosening, surgical techniques, metal allergy and
other unknown reasons may lead to those symptoms. Pain
caused by metal allergy usually manifests as persistent and
recurrent pain. The results of white blood cell and neutrophil,
C-reactive protein, erythrocyte sedimentation rate tests and
postoperative plain X-rays are negative. Currently, patch test-
ing and the lymphocyte conversion test are used for metal
allergy diagnosis. We concluded that metal allergy may form
to some extent a relationship with thigh pain in THA patients
and recurrent knee swelling in TKA patients. Large samples
and long follow-up time are essentially needed for further
study.
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