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Background: Metal allergy may be an uncommon cause of prosthetic joint failure. There exists
little data on patch testing to metals in this context and its impact on outcomes of joint revision
in these patients.

Objective: Explore the utility and indications for metal patch testing in the evaluation of
patients suspected of having metal allergy as a cause of failed joint replacements and clarify the
outcomes of patients revised with alternative metallic joints because of positive patch testing.

Methods: A retrospective analysis from January 2016 to April 2020 was completed on a patient
cohort referred for evaluation of metal hypersensitivity. Charts were reviewed for age,
biological sex, referring specialty, patch testing results, joint, revision status, and outcome
measures. Biostatistical analysis and descriptive statistics were performed to determine patch
testing performance and functional outcome trends among this patient cohort.

Results: The sensitivity and specificity of patch testing, in general, is limited when evaluating
patients with metallic joint replacements. However, the predictive value of testing appeared to
improve with strongly positive patch testing results. Functional outcomes in patients when
positive results were used to guide revision prosthesis demonstrated clinical improvement.

Conclusion: The attribution of metal allergy or hypersensitivity as a cause of failure in metal
prosthetic joint replacement remains unproven. Some patients with positive histories and patch
testing that were used to modify the implanted prosthesis had improved functional outcomes.
These results suggest patch testing may be useful in patients with prior history of metal
sensitivity and prosthetic failure.
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Introduction

Hip and knee replacement with metallic implantesssmated to occur in

approximately 1.5 million patients in the Unitectes in 2020. Additionally, hip

and knee replacements are anticipated to increa284% and 401%, respectively,

by 2040 Allergic reactions to metals such as nickel, cplaald chromium are
common conditions affecting between 3% of males &t of female$.Over the
last several years a growing body of evidence thggested that metal allergy may
be a cause of prosthetic failure in patients wittatiic joint implants’ Commonly
these metals were utilized in first generationaepments as metal-on-metal

prosthetic implants for total joint replaceméfthe primary mechanism of metal

sensitization is hypothesized to involve the phigsiiw reaction of metal ions

produced by small metal wear particles found withim joints of those with

evidence of prosthetic failureThere is likely systemic absorption of the ionsakih
activate dendritic cells, resulting in significgrgrivascular T cell activation and
infiltration within and around the synovial capsBi€his is similar to the
pathophysiology of contact dermatitis to metalse Tise of metal-on-plastic
prosthetics and ultimately the development of neeoad generation alloys proved
to be more durable and resulted in less metalselaad resulting sensitizatién.

However, there have been some reports of sengitizit modern, titanium based

products® Approximately five percent of total knee arthragsiawill require revision
in 10 years, and previous research has suggesteeviluation for metal allergy

should be part of the diagnostic algorithm for @ait$ experiencing signs of



24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

premature joint prosthetic failure. Metal allerggting should be done after more
common causes of failure have been exclid8e previous survey of professionals
performing patch testing sought to determine peioep of criteria for diagnosis of

metal allergy. This study revealed that the preseichronic dermatitis beginning

weeks to months after metallic implantation, ragértying the metal implant,

positive patch test to a metal salt of the compobnéthe implant, and complete

clearing after removal of the potentially allergeimplant could each be major

determinants of the diagnosis of metal sensitimafidey also suggested that minor

determinants could b&ystemic allergic dermatitis reaction, therapysisit
dermatitis, morphology consistent with dermatiistology consistent with allergic
contact dermatitis, and a positive in vitro testrtetals:* Despite the relative paucity
of research into the validity of patch testing ieetal allergy, the use of patch testing
to metals and other components of joint replacensethie standard method of
evaluating metal allergy in these patients. Thacpce has been adopted based on
the presence of metal sensitization discovereaimpts that have had past joint
prosthetic failuré?*3 Additionally, patch testing can have a significesie in

helping guide the choice of implant. One such senbluated the utility of patch
testing patients with known metal allergy whichulésd in placement of non-
allergenic materials resulting in improved outcorfieshese patient$. A major
critique of patch testing involves the anatomicreggtion of the synovial
compartment suggesting that dermatologic testing mo&truly reflect synovial
compartment reactions. Given the concerns that aetoygic testing may not truly

represent the synovial manifestations of allerglyepassays such as the lymphocyte
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transformation test in which metal salts are in¢cetdavith the patients lymphocytes
are promising, however, have not been validatesidely incorporated into the

standard of car®. Given the scarcity of research regarding patdinigs

performance in these patients, we sought out tyghe testing performance of

patch testing in patients who were candidates femltic implants and evaluate its

effect on postoperative outcomes with the goaldip lyuide decisions on the utility

of patch testing in these patients in the future.

M ethods

A retrospective review of electronic medical remod patients encountered
between 01/01/2016 — 04/15/2020 was completedatuate patch testing results in
patients with previous metallic implants. Most wezéerred by their orthopedic
surgeon in preparation for a knee implant or revisElectronic health records were
identified with the help of Health Data Compasblraversity of Colorado affiliated

data acquisition service. An associated diagndsisi@ant contact dermatitis to

metals (ICD-10: L24.81) was used because sevesatance companies required

this diagnosis for reimbursement, and to isolatividuals who were specifically

evaluated for metal allergy. It should be noted thi& diagnosis was not pulled

from a patient’s past medical history, but from #ssociated visit diagnosis.

Additional criteria for patient record selectiorclimded an encounter by the

Department of Allergy and Clinical Immunology anaving an associated

procedure code for patch testing (72326). Thessrdsavhere then reviewed for
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patient age, biologic sex, referring specialtyyvpras history of reaction to metals,

symptom of joint failure, type of metallic implamatch testing results, revision

status, and surgical outcomes for hip and kneeanigdatients. The identification of

an individual’s history of reactions to metals, &gpie from the diagnostic code

utilized in the initial data acquisition, was ugeddentify patients who would

represent true positive, and conversely true negatgisults by the presence or

absence of historical reactions to metals. Patmwiitsisolated symptoms of joint

failure without dermatitis, and no previous reagcti®o metals were considered to

have no history of previous reactions to metaldifihally, it is the practice

standard of referring surgeons to evaluate foothier etiologies of premature joint

prosthetic failure prior to metal allerqy evaluatio

For patients who had hip or knee implants, validatiejective preoperative and
postoperative outcome measures were obtained asfastandard internal
registry. Chart review was then used to colleatltesiocumented in the health

record for the timed up and go, thirty secondesi&tand, and 4-meter walk

testst®"8Symptom scores for hip and knee revision patiert® obtained in a
similar fashion with collection of data from validgd HOOS JR and KOOS JR
surveys:>2?% Descriptive statistics were performed on the fiomal outcome
measures to determine confidence intervals totaggls statistical significance
determination. Biostatistical analysis of patchiteggwas performed in regard to

patients reporting previous history of reactionsigtals to aid in determination of
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testing performance, as this was thought to be sioslar to patients in which

previous validation of patch testing was performed.

Satistical Methods

Biostatistical analysis was completed on patchrtgsesults using standard methods

of comparing frequency true positive and negatesalits with false positive and

negative results to generate testing sensitivity specificity._Positive likelihood

ratios were generated from values of sensitivity specificity of metal patch testing
performance. True positive results were definethase having a history of previous
reactions to metals, and positive metal patchrigsesults. True negatives were
defined as those without history of previous reaxito metals and negative patch
testing. False negatives were assigned to tho$epnatvious reactions to metals and
negative positive patch testing. False positiverevassigned to those without

previous reactions to metals and positive patdmigesGiven that the patch testing

system utilized in this study contained metals tiatepidemiologically associated

with a greater frequency of reactions, it was tledit those with history of previous

reactions to metals would more uniformly reacti® patch test panel allowing for

more accurate statistical analysis. Subgroups téqa who underwent hip and
knee replacement were additionally analyzed fosisieity and specificity
calculations. Additionally, using the data amonthopedic patients with previous

reactions to metals; we stratified the testingqenince calculating a true positive
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rate and false positive rate to generate a receperating curve to better understand

the testing performance of metal patch testing.

Descriptive statistics were performed using théstgesce of statistical analysis tools
embedded in Microsoft Exc&lAnalysis was completed on preoperative data in
patients compared to three months follow up datee ¢@ar follow up data was
incomplete among patients enrolled within the stadg excluded from analysis.
Statistical analysis outputs resulted in valuesdfda with minimums, maximums,
medians, and mean values. Standard deviation bfdstaset relating to each
outcome measures were obtained and used to cal@38% confidence intervals to

assist with determining statistical significance.

Results

A total of 111 individual patients were returnedrr our initial query. A total of 94

patients within the initial query were identified Baving undergone metal testing

related to metallic implants and were the primaguk of this investigation. There

were 43% (n=41) patients that had positive patstirtg results. (Table 1, Figure 1)
Most patients were planning to undergo replaceraergvision to their previous
implant. A female predisposition was found with@&8 of 72 females (48%) and
were correlated with 85% of all positive resuli&alfle 2) History of previous
reactions to metals, rash, and pain were moreylikebe associated with positive

patch testing results with 53% (n=19), 45% (n=BY 87% (n=13) positive patch
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tests, respectively. (Table 3). The majority ofigratis (n=55) were referred for
evaluation of their hip or knee prosthesis. Patsh data revealed 47% (n=26) and
53% (n=29) of patients with hip or knee prosthésid positive and negative results,
respectively. Additionally, patients with hip ord@replacements with positive
patch testing 80% (n=21) were more likely to undesgrgical revision as compared
to those with negative patch results 55% (n=16pld@4). Nickel, cobalt, and
potassium dichromate were most associated witlipegiatch tests. (Table 5) Post-
operative outcome measures for patients with hinee revision were complete for

10 patients with positive patch results and 9 padievith negative patch test results.

Biostatistical analysis (in section: statisticalthoels) on all implant patients with
“previous reactions to metals” indicated a senijtiof patch testing of 53% and
specificity of 62%. Isolating patients who had tiged either hip or knee
replacement the sensitivity increased to 62% aediBpity increased to 66%.

Interestingly, testing performance improved amoatignts with intermediate (++)

and strong (+++) patch testing results when compgdriue positive and false

positive rates. (Figure 2) Metal patch testinggémeral, revealed a positive

likelihood ratio of approximately 2. When stratifig testing performance by the

magnitude of reaction, we found that weak posifiMereactions share a similar

positive likelihood ratio, however, more stronq itiws reactions (++,+++) had a

higher likelihood ratio of approximately 4. Desdivie statistics (in section:

statistical methods.) were performed on functiandatome measures for

orthopedics patients with hip or knee implants thant on to have their joints
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revised. In the non-allergic revised group (n=@ré&were slight, but not statistically
significant improvements in the objective outcomeasures timed 4-meter walk, 30
second sit to stand count, or timed up and gchémtetal allergic revised group
(n=10) there is a statistically significant difface in the 30 second sit to stand
measure with a mean increase in repetitions by®&% CI 1.62:5.57). There were
improvements that were not statistically significemthe metal allergic patients for

the timed up and go or timed 4-meter walk testgitahally, patients within the

allergic group had statistically significant impeyent as compared to the non-

allergic groups by a mean reduction of 8.4 poif&¥ Cl -12.68:-4.11) versus 4

points (95% CI -7.04:-0.92). (Figure 3) It is thegtice of our orthopedics

department that all patients with positive patdtitg results receive a prosthesis

avoiding the metals involved in positive patchitest

Discussion:

Many patients have garnered the increased qudlltfe@associated with having a
damaged joint replaced with a metallic joint presith However, these devices are
not without rare complications such as septic @rshperiprosthetic fracture,
malalignment, and mechanical failure. With the klality of modern alternative
prostheses, the development of validated diagreogiibetter tailor revision

strategies is needed. Previous studies suggesbthbknee arthroplasty can result

in upwards of 20% sensitization to implanted metath stable joints and upwards

of 60% with unstable joints This study also concluded that patch testing caotd
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delineate between stable and loose joints in symatic patients suggesting that

patch testing may have limited testing performangaatients with symptoms of

metallic joint failure. Our study additionally suggjs that metal patch testing has

limited sensitivity and specificity in diagnosingetal allergy when evaluating those
with metallic implants and previous reactions tdate Testing positive predictive

value did improve with intermediate and strong pesireactions and highlights the

challenges of interpreting patch testing resultdidagnose metal hypersensitivity.

Previous literature has suggested that patch testin have a diagnostic specificity

and sensitivity of approximately 70%-80%, howevwenariable depending on the

material in guestigii However, despite the limitations in testing, patisewith patch

testing suggestive of metal allergy, were obsetedthve improved outcomes after

revision with a prosthesis avoiding the implicateetals as compared to those with

negative patch testing.

Although patch testing is relatively inexpensive amon-invasive it has several

limitations. These include provider interpretatlmas, and limited testing

performance. Additionally, there is controversyaeting whether cutaneous
reactions are equivalent or are diagnostic of siglegactions. These concerns have
been discussed by Schalock and Thyssen who adraechétal patch testing
indicative of metal hypersensitivity is not adequit make a diagnosis of metal
allergy, but other features such as dermatitisetating with implantation would be
sufficient to make a diagnosis in conjunction witktal patch testintf. Novel

diagnostics have been investigated and include liyroyte transformation assays,
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cytokine assays, and cellular microscopic techrsgh®wever, neither of these

assays have been validated, often are discordémipaich testing, nor have

predictive values associated with their performafi¢&revious studies have sought

to understand whether patch testing preoperatmepostoperatively after
development of symptoms of joint failure is preéelr The literature suggests that
testing prior to implantation, especially thosehahiistory suggestive of metal
hypersensitivity, will lead to selection of altetive implants and will reduce

complications related to metal allergfy.

Limitations of our study include retrospective ayséd of data within the patient

record. There likely exists a spectrum of pati@vithin our group of patients with

previous reactions to metals, ranging from irritag#ctions to true metal allerqy, and

likely contributes to diminished testing performanbespite a small cohort of

patients with complete functional outcome datayweee able to demonstrate
clinical improvement in patients with patch testswuggestive of metal allergy with
subsequent use of a revision prosthesis avoidegplicated metals. It would be
interesting to observe with a larger cohort if thiectional gains are observed long
term. Looking forward, it would be prudent to sifiapatient’s previous reactions to
metals, to evaluate testing performance in thosienga with more severe reactions
to metals. Should patients develop worsening symgtafter revision, it would be
interesting to evaluate if any changes in metattp&tsting are observed despite
having had an alternative implant avoiding metailplicated in patch testing placed.

Future investigations involving synovial tissuegdsg or synovial fluid cellular
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analysis could be utilized to evaluate for evideotthypersensitivity in these

patients. Additionally, it would be interestingittvolve comparisons to lymphocyte

transformation assays or cytokine assays to dratlvducorrelations between

diagnostics, joint pathology, and metal hyperseéisit

Ultimately, the decision to pursue referral fortiteg and eventual revision is

between the surgeon and the patient. Typicallyepts with concern for

complications after total joint arthroplasty anesfievaluated via standardized

algorithms with laboratory testing, imaging, anohi@aspiration to exclude the more

common complications of joint implant failuf&?®?"?4eTable 1) Should this

evaluation be unrevealing, the question of metat@y as a cause of symptoms can

arise. The existing literature and our study suptieg previous reactions to metals

or history of dermatitis to metals are key featuwwrbEmetal allergy and testing could

be considered in these patients. Our study wousldl iadicate that symptoms such as

pain or poor healing are less likely to result &igh testing indicative of metal

allergy. Based on our current data and interp@tadf available literature, it would

be reasonable to pursue metal patch testing ta@eapatients for potential allergy

to a metallic implant should other, more commoinletiies of prosthetic failure be

excluded prior to metal allergy evaluation. Shaihlel patient’s history and
evaluation be suggestive of hypersensitivity, revisvith an alternative implant
avoiding implicated metals could be pursued withekpectation of clinical

improvement.
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Table 1: All patch test results

Patch Count Percent
Result of
Total
Negative 53 57%
1+ 19 20%
2+ 19 19%

3+ 3 3%



Table 2: Patch test results correlated with biological sex

Biological Sex Count Average Age  Percent Positive Percent Negative
Male 22 59.5 27% 73%
Female 72 60.2 48% 52%



Table 3: Patch test result correlated with presenting complaint

Complaint

Pain

Swelling

Rash

Impaired healing
Previous reaction
to metals

Total

35
22
11
4
36

Patch Per cent
Positive Positive
13 37%

4 18%

5 45%

0 0%

19

53%

Per cent
Negative
63%
82%
55%
100%

47%



Table 4: Hip and knee patch testing results and revision status.

Hip/Knee Revision Count Per cent Patients Per cent
Data Revised
Positive Patch Results 26 47% 21 81%

Negative Patch Results 29 53% 16 55%



Table 5: Metals Associated with Positive Patch Tests

Metal Count  Percent
of
Positive
ammonium 1 1%
tetrachloroplatinate
niobium 1 1%
Zirconium 1 1%
copper 2 3%
vanadium 2 3%
titanium 2 3%
tantalum 2 3%
manganese 2 3%
tungstein 2 3%
platinum 4 6%
gold 4 6%
zinc 5 7%
palladium 5 7%
potassium 6 9%
dichromate
cobalt 7 10%

nickel 22 32%
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Figure 1. Example Results

1A: Strong reaction to aluminum, silver nitrate, intermediate reaction to cobalt, gold

1B: Strong reaction to nickel, intermediate reaction to palladium, weak reaction to vanadium
and zinc.

1C: Strong reaction to cobalt, nickel, intermediate reaction to copper, weak reaction to
wolfram, iridium, tantal, tin, manganese.

Figure 2: Receiver Operating Curve
False positive rate compared to true positive rate of metal patch testing results for patients
with hip and/or knee arthroplasty.

Figure 3: Outcome Measure Graphs

Difference in preoperative and three-month postoperative outcome measures of patients with
positive patch testing (Allergic) compared to patients with negative patch testing (Non
Allergic).
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eTable 1: Common Causes of Prosthetic Joint Failure

Causeof Failure
Intra-articular
Infection
Aseptic loosening
I nstability
Malalignment
Wear/M echanism Failure
Peri-articular
Fracture
BursitisgTendonitis
Extra-articular
Distal/Proximal Joint Pathology
Vascular Claudication
Complex Regional Pain Syndrome

Approximate Frequency
40-50%
1-3%
10%
1-2%
1-2%
20%-30%
20%-30%
0-1%
19%
20%-30%
25%
0-1%
0-1%



Reviewer 1: 1/ A table of the common causes oftj@iture would be useful to the reader

Response: See included eTablel, additional refese?i¢/28 included for additional
frequency data.

Table 6: Common Causes of Prosthetic Joint Failure

2/Did patients with a combination of rash, paind arprior reaction to metals have a higher positive
predictive rate than each individually

Response: No. Analysis of that data as aggregdtedlisignificantly change the analysis.
This was related that the majority of patients vathvious history of reactions to metals were
presenting with symptoms of rash, pain more fretjy¢han those without.

3/ Line 111 Reviewing... The sentence needs t@Wwetten

Response: Line 12vtotal of 94 patients within the initial query veeidentified as having
undergone metal testing related to metallic im@amtd were the primary focus of this
investigation

4/ Line 147 Regarding... The sentence needs tewsatten

Response: (Line 16Bdditionally, patients within the allergic groupdatatistically
significant improvement as compared to the nonrgitegroups by a mean reduction of 8.4
points (95% CI -12.68:-4.11) versus 4 points (95P6104:-0.92).

5/ Line 162 prostheses

Response: adopted revision (Line 180)

6/ What % of patients also had lymphocyte transédrom testing?

Response: No patients underwent lymphocyte tramsftoon testing within our cohortOther
researchers have addressed this (ref 15) anwvthitdd be an interesting aspect to evaluate
prospectively.

7/ It would be interesting if combined use of patesting combined with lymphocyte transformation
testing (either blood or synovial fluid or both) wd help sensitivity and specificity

Response: We agree and are looking into protocagds to incorporate this.

Reviewer 2: Line 18- replace proved to me with fgto be"

Response: adopted revision (Line 18)

Line 88- could the authors clarify why they assurpatients who had no "reactions” to metals and
negative patch testing to be true negatives. Asdgmaribe true negatives were defined as those
without history of previous reactions to metals aedative patch testing, however was this
population not picked from "patients seen by the&tment of Allergy and Clinical Immunology,



having an associated diagnosis of irritant condacinatitis to metals"? Meaning that all the patent
you reviewed had been deemed, by a physician, lmashaitory, to have suspicion of joint
replacement failure due to metal hypersensiti8ty.if their patch testing was negative, what made
the authors assume, that they were a true negatimsijdering the mere fact of being evaluated with
the above codes, meant they had been deemed tajhememetal allergies. Is it perhaps patients
who only had pain and premature joint failure, vehether causes were ruled out? If so can you
clarify this. The authors even say, earlier indhticle, that there are "concerns that dermatologic
testing may not truly represent the synovial mati#gons of allergy"”, so how can they go on to
confidently describe the above patients as truatnegs. | understand these are limitations to the
study, but I think it would be important to addrésis, and how this affects the outcomes of the
study. Also how do the sensitivity and specifi@fithis study compared to sensitivity and spedifici
of patch testing to other common allergens?

Response: Line 6An associated diagnosis of irritant contact deitisab metals
(ICD-10: L24.81) was used because several insuremmganies required this
diagnosis for reimbursement, and to isolate indiald who were specifically
evaluated for metal allergy. It should be noted this diagnosis was not pulled
from a patient’s past medical history, but from #ssociated visit diagnosis.
Additional criteria for patient record selectiortimded an encounter by the
Department of Allergy and Clinical Immunology anaving an associated
procedure code for patch testing (72326). Thesaerdsovhere then reviewed for
patient age, biologic sex, referring specialtyvjppas history of reaction to metals,
symptom of joint failure, type of metallic implamatch testing results, revision
status, and surgical outcomes for hip and kneeamgdatients. The identification of
an individual’s history of reactions to metals, @egte from the diagnostic code
utilized in the initial data acquisition, was ugeddentify patients who would
represent true positive, and conversely true negagéisults by the presence or
absence of historical reactions to metals. Patisittsisolated symptoms of joint
failure without dermatitis, and no previous reacti®to metals were considered to
have no history of previous reactions to metaldifdahally, it is the practice
standard of referring surgeons to evaluate foothlker etiologies of premature joint
prosthetic failure prior to metal allergy evaluatio

Response Line 105: Given that the patch testisteay utilized in this study contained
metals that are epidemiologically associated wigineamter frequency of reactions, it was felt that
those with history of previous reactions to mevedsild more uniformly react to the patch test
panel allowing for more accurate statistical analys

Response Line 191: Previous literature has sugdésée patch testing can have a
diagnostic specificity and sensitivity of approxiels 70%-80%, however, is variable depending
on the material in question.



Linel14- remove where, should read "81% of patiémt35) were referred by orthopedics with the
remaining 7% (n=7) and 12% (n=12) referred by nsurgery"

Response: removed senten8&% of patients (n=75) were referred by orthopedits
the remaining 7% (n=7) and 12% (n=12) were refelngdeurosurgery or “other” (dental,
cardiology) respectively.

Line 119- The study creates a nice profile of pasi¢o consider for patch testing to metals, in
prosthesis failure. The authors state that "histdngrevious reactions to metals, rash, and paiewe
more likely to be associated with positive patdtibtg results” Perhaps it would be prudent to
mention positive likelihood ratios of patch testinghis population to predict post test odds?
Something to consider if you feel this is an appiaip analysis tool.

Response: The positive likelihood ratios are LRA6Iwhen looking at all individuals patch
tested. When breaking down patch test results arttengip and knee cohort, isolating weak positive
(1+) reactions to stronger positive reactions (2xtBe positive likelihood ratio is 2 and 4
respectively. See text:

Line 98:Positive likelihood ratios were generated from ealof sensitivity and
specificity of metal patch testing performance.

Line: 151: Metal patch testing, in general, revdaeositive likelihood ratio of
approximately 2. When stratifying testing perforroay the magnitude of reaction, we found
that weak positive (+) reactions share a similaitpee likelihood ratio, however, more strong
positive reactions (++,+++) had a higher likelihaatio of approximately 4.

Line 137- please define what is meant by "morengfiyopositive patch testing results”. You also
later mention that there is "lack of correlatiorsgmptoms despite weak or strong patch test résults
so what clinical utility does this have?

Sentence now reads: Line 13@terestingly, it appeared that the testing perfomoe
improved among patients with intermediate (++) aimdng (+++) patch testing results when
comparing true positive and false positive rates.

Revision line 178: Goal of previous sentence wdsdblight previous literature
discussing poor predictive value of patch testdteamine symptomatic joints. Now reads:

Line 200: Although patch testing is relatively ipexsive and non-invasive it has several
limitations including bias related to the providaterpreting the patch testing results, limited
testing performance of cutaneous patch testingeireral, and that metal sensitization has been
observed more frequently in patients with unstgdilgs, however, is unable to accurately
predict unstable joints in symptomatic patiefits:

Line 188 - sentence too long, would recommend lingaik up for clarity. Suggest. "Other modalities
of aiding the diagnosis include; lymphocyte transfation assays, cytokine assays, and cellular



microscopic techniques. However, none of theseyadsave been validated, are often discordant
with patch testing and do not have predictive valagsociated with their performance”

Response: adopted revision (Line 211)

Other modalities of aiding the diagnosis includaphocyte transformation assays,
cytokine assays, and cellular microscopic techrsgb@wever, neither of these assays have
been validated, often are discordant with patctirtgsnor have predictive values associated
with their performancé.

194-comma after hypersensitivity

Response: adopted revision (Line 218)




