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P~esident Zimmer Reconstructive 

This document Hsts observations made by the FDA representative(s) during the inspection of your facility. They are inspectional 
observations, and do not represent a final Agency determination regarding your compliance. !fyou have an objection regarding rut 
observation, or have implemented~ or plan to implement. corrective action in response to an observation, you may discuss the objection or 
action with the FDA representative($) during the inspection or submit this inforrnatlon to FDA at the address above. Tfyou have any 
questions, please contact FDA at the phone number and address above. 

The observations noted in this Form FDA-483 are not an e.""Khaustive listing of objectionable conditions. Under the lmv, your 
finn is responsible for conducting internal self-audits to identifY and correct any and all violations of the quality system 
requirements. 

DURING AN INSPECTION OF YOUR FIRM WE OBSERVED: 
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OBSERVATION 1 

Procedures for corrective and preventive action have not been established. 

Specifically, your finn has not fillly implemented "Corrective and Preventive Action System," Doc.# SOP Iilia Revs. 0, 
1, and 2, dated 04/2811999, 10/28/2002, and 01/12/2004, respectively, "Corrective and Preventive Action Process," Doc.# 
SOP 111111 Revs. 3 through 9, dated 04/08/2011, respectively, and "Zimmer Global Corrective and 
Pn:veinti•'e Action Procedure," Doc.# . 0, dated 11102/2009. In Doc.# ZOP~ev. 0, 

Revs. 0 through 9, your firm · SOP 
req[u.ires the identification of 

Although your finn documents in the most recent twelve (12) o~ total ZMR Hip System Instructions For Use 
that tbese implantable femoral prostheses are contraindicated for patients with poor bone stock, 5 I O(k) notifications for the 
ZMR Revision Taper Hip Prosthesis (K992667, dated 10/27/1999) and the ZMR Porous Revision Hip Prosthesis (K994286, 
dated 03/l 0/2000) document that these devices are "intended for cement less revision hip arthroplasty in patients whose bone 
stock is of poor quality or· for other reconstruction techniques as indicated by deficiencies of the femoral head, 
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fractme of these devices nearly always undergo a minimum of three (3} hip atthroplasty surgical operations; atrd fractme of 
these devices following implantation always requires a revision surgery to implant a new femoral prosthesis into the affected 
patient 

The 510(k) notifications, K992667 and K994286, document that these implantable femoral devices consist ofthTee (3) 
components- a proximal segment or 11body, 11 a distal stern, and a compression nut- that are intraoperatively assembled to 
construct the device< According to your firm's current ZMR Hip System marketing literature, the modularity of ZMR 
Revision Taper and ZMR Porous Revision prostheses enables all three (3) proxhnal body options- Cone Body, Calcar Body, 
and Spout Body- to be used. witl1 any of the distal stem choices- Taper Stem, Porous and Porous Slotted Stems, and Spline 
Stem. Prior to 12/13/2002, your firm manufactured, distributed, and sold an additional fourth proximal. body style for the 
ZMR Hip System, the taper proximal body. 

On 12/13/2002, your finn wrote to the German. authorities at the Fedemllnstitute for Drugs and Medical Devices following 
yom firm's receipt of twenty (20) reports of ZMR Hip System prosthesis fuilures. Your firm documents in this letter that 
"analysis of these failures indicates the predominant failme mode is inadequate proximal bone suppmt of the prostlresis 
leading to fatigue failure of the stem at the proximal end." Notably, yom firm documents in this letter concern "that 
continued fuilure to foiJow the warnings, contraindications, and surgical technique provided for the product may lead to 
additional failures. Accordingly, Zimmer is halting the distribution and sale of those portions of the ZMR system that have 
been most frequently involved with the failures, the proxhnal taper body fumily of products. This action should be 
completed, on a worldwide basis, by the end ofthis month." However. your finn did not identify ?11 of the action! neccssmy 
to correct and prevent the recurr~nce of frActures in ZMR Revision Taper .@d ZMR Porous Revision fcrnoral.Qrostheses. 

12 1 According to '.'Plan for' ' dated 07/l4/2008, your !inn documents that following the market withdrawal of 
the ZMR Taper Proximal Body in December 2002, your finn received numerous complaints reporting fracture of ZMR 
Revision Taper and ZMR Porous Revision femoral prostheses, in all combinations of proxhnal body and distal stem. For 
exanrple, out of one hundred thirty-four (134) complaints received by your finn between 03/01/2003 and 01/27/2009 
regarding ZMR Revision Taper and ZMR Porous Revision femoral prosthetic devices) your fmn received one hlli1dred one 
(I 01) complaints, approximately 73%, alleging fractures in these devices following implantation into patients. Your finn 
subsequently confu·med that t.'lese one hundred one ( lO 1) complaints are one hundred one (I 0 1) instances of ZMR Revision 
Taper and ZMR Porous Revision femoral prostheses that fractured following implantation, atrd which therefore required a 
revision surgery to implant a new femoral prosthetic device into the affected patient. Exam pies of these one hundred one 
( 101) instances include: 

(A) Complaint# REC-000734, dated 03127/2007, which reports, "Fractured hip stem. Patient died shortly after revision." 
This complaint includes a letter to your finn from an orthopedic surgeon who wrotej '1 As discussed on the phone I 
enclose the Zimmer with a :liactured stem. Tllis was initially implanted 

I wonder if you can 
component. in this complaint that 

Hip System components involved in this device ftacture include a ZMR Taper Distal Stem (20nllll x l85mm) 
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and a ZMR Spout A Proximal Body (46mm x 45mm, Extended Offset). 

(B) Complaint# RBASE-C6!2147, dated 12/1912006, which reports that "approx. 4_5 yr_ post-op stem broke at cone body 
junction/revision requked.11 

(C) Complaint# RBASE-040061, dated 0613012004, which reports that "approx. 4 yr. post-op porous stem broke at calcar 
body junction/revision required." 

(D) Complaint# RBASE-356575, dated 09129/2003, which reports that "approx- 20 mo. post-op taper stem broke at taper 
body junctionirevision required." 

On 06123/2008, your finn initiated CAP A # WHJP-062308-001 to address fractures in ZMR Revision Taper and ZMR 
Porous Revision femoral prostl1eses following implantation- Notably, your fum closed CAPA # WHIP-062308-DOl on 
01/27/2009, documenting, uNo corrective actions are planned at this time based on the residual risk benefit decision. 
Therefore no verification plan is warranted. 11 Howeyer; your firm did not identift ail of the actions necessruJ: to correct anc1 
~vent the recurrence o_f fractures in ZMR Revision Taper and Z:MR PQfOUS Revision femor.a.Lm:ostheses. For example, out 
of fifty-seven (57) complaints received by your firm between 0210112009 and 07/1412011 regarding these davices, your firm 
received thirty-eight (38) complaints, approximately 67%, alleging fractures in ZMR Revision Taper and ZMR Porous 
Revision femoral prosthes·es fOllowing implantation into patients, Your fmn subsequently confirnmd that these thirty~eight 
(38) complaints are thirty-eight (38) instances ofZMR Revision Taper and ZMR Porous Revision femoral prostheses that 
·fractured following implantation, and which therefore required a revision surgery to implant a new femoral prosthetic device 
into the affected patient. Examples of these thirty-eight (38) instances include: 

(D) Complaint II CPTl10003648, dated 04129/20 11,_ which repmts that "the ZMR stem fractured jnst below the proximal 
body," and that "tl1e product was in vivo approximately 18 months at the time of revision_" Your firm documents in this 
complaint that the ZMR Hip System components involved in thi<; device fracture include a ZMR Porous Distal Stem 
(18mm x 170mm, Straight) and a ZMR ConeD Proximal Body (46rum x 35mm, Extended Offset). 

(E) Complaint# CPTl00005730, dated 10/2812010, which states, "It is reported by patient's counsel that patient underwent 
total hip arthroplasty onW" Postoperatively on an unknown date, the stem fractured and patient was revised on 
W'? ~ Your finn documents in this complaint that tbese 11 implants were in-vivo approxilllately 5 years 9 months," 
and that the ZMR Hip System components involved in this device fracture include a ZMR Porous Distal Stem (!6.5mm 
x 170nmJ, Bowed) and a ZMR Cone C Proximal Body (40mm x 35mm, Standard OffSet). 

(F) Complaint# REC-010766, dated J 11 '- ,oo9, reports) '1It is reported by patient's counsel that patient underwent 
total left hip revision on or about 14 months post-op, on~nt was moving 
from a treatment table to an X-ray table a sudden and sharp increase of pain i ip. X-rays taken 
immediately thereafter revealed a fracture proximal stem of the femoral prosthesis." Your finn documents in this 
complaint that the ZMR Hip System components involved in this device fracture include a ZMR Taper Distal Stem 
(l8mm x 135mm) and a ZMR Cone B Proximal Body (40mmx35mm, Standard Offset). 
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According to your firm's management on 071211201!, the totality of actions identified and taken by your frrm to conect and 
prevent the recmrence of fractures in 7MR Revision Taper and ZMR Porous Revision femoral prostheses following 
implantation into patients is: 

• Market withdrawal on 12!13/2002 ofZMR Taper Proximal Body; 
• CAPA # WI-!IP-062308-001, initiated on 0612312008 and closed 0!12712009, with no corrective actions planned and 

no verification plan warranted; and 
• CAPA # CP00000090, initiated on 0712012011 "to detonnine the continued safety and efficacy" of the ZMR system. 

DESIGN CONTROLS 
~~~~~~~-----------------------------------------------------; 

OBSERVATION 2 

Design validation did not ensure the device conforms to defined user needs and intended uses. 

Specifically, your finn bas not fully hnplemented "Design Verification, Design Validation," Procedure # .. Revs. l, 2, 
and 3, dated 0 l/02/1998, 02/01/1999, and 04107/2000, Your fum documents that this procedure defines and 

prc>ce;;ses and documentation of · to 

The 51 O(k) notifications for the ZMR Revision Taper Hip Prosthesis (K992667, dated 1 0/271!999) and the ZMR Porous 
Revision Hip Prosthesis (K994286, dated 03/10/2000) document that these implantable femoral devices consist of three (3) 
components- a proximal segment or "body," a distal stem, and a compression nut- that are intraoperatively assembled to 
constmct the device. According to your fmn's current ZMR Hip System marketing-literature, the modulari1y of ZMR 
Revision Taper prostheses and ZMR Porous Revision prostheses enables all three (3) proximal body options- Cone Body, 
Calcar Body, and Spout Body- to be used with any of tbe distal stem choices-Tap~is and Porous Slotted Stems, 
and Spline Stem- Although your fizm documents m the most recent twelve (12) ot._ total ZMR Hzp System 
Instructions For Use that these implantable femoral prostheses are contraindicated for patients with poor bone stock, 510(k) 
notifications, K992667 and K994286, document that they are "intended for cementless revision hip arthroplasty in patients 
whose bone stock is of poor quality or inadequate for other reconstruction techniques as indicated by defi.ciencies oftlle 
femoral head, neck, or portions of the proximal femur." 

Your tirm identifies additional user needs and intended uses for ZMR Hip System implantable femoral prosthetic devices in 
the product labeling wamings on pages 27 and 28 of the most recent "ZlvfR Porous Revision Hip Prosthesis Surgical 
Technique.~' These warnings state~ "Stem fracture, particularly in heavy, physically active patients, is most likely to occur in 
a prosthesis that is not supported proximally.'~ Notably, your firmjs management agreed that "heavy/' "physically active," 
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and "supported proximally" are subjective tenus used by your fum. However. for ZMR Revision Tauer and ZMR Porous 
Revision femoral prostheses, Y_9llJ firm has not peJformeQ __ design validation for all bodv-.§tem cpmbinations and/or the wors~ 
case scenario body_:§!em combination, to establish. through objective measurable data: the patient weight(sl that will result in 
stem Jiac_\!J,@;_the patient activity level(s) that will result in stem fracture: the amount lllld quality of proximal suppmt in the 
patient that will result in stem fi'acture~JJJld the.combination of patient weightCs)._patient activity level(s). and amount and 
>(Uality ofJlroximal suJ2l2Qlj in the patient tl1at Fill result in stem fracture. 

Out of two hundred seventeen (217) complaints received by your frrm between 05/07/2001 and 07/14/20 ll regarding ZMR 
Revision Taper and ZMR Porous Revision femoral prosthetic devices, your fkm received one hundred fifty-nine (159) 
complaints, approximately 73%, alleging fractures in these devices fOllowing implantation into patients. Your fum 
subsequently confirmed that these one hundred fifty-nine (!59) complaints are one hundred fifty-nine (159) instances of 
ZMR Revision Taper and ZMR Porous Revision femoral prosthetic devices that fractured following implantation, and which 
therefore required a revision surgery to implant a new femoral prosthesis into the affected patient Examples of these one 
hundred fifty-nine (159) instances include: 

(A) Complaint# REC-011681, dated 09/28/2009, which reports, "During 3 weeks increasing pain 
-Edt a breaking sensation in ·. , hos:nital 

documents that this "'patlent is · 
- X-rays were returned for .. 

indicate rheumatoid arthritis with poor bone stock. No devices were returned and they were in situ for 6 years and 8 
months.'' Your firn1 documents in ihis complaint that the ZMR Hip System components involved in this device fractw·e 
include a ZMR Taper Distal Stem (l8mmx l85mm) and aZMR Taper Proximal Body. 

(B) Complaint# REC-000734, dated 03/27/2007, which reports, "Fractured hip stem. Patient died shortly after revision." 
This complaint includes a Jetter to your finn from an mihopedic surgeon who wrote, '1As discussed on the phone I 
enclose the Zimmer implant with a fractured stem. This was initially implanted 

I wonder if you can 
component. Your firm doewnents in this complaint that 

the ZMR Hip System components involved in this device fracture include a ZMR Taper Distal Stem (20mm x 185mm) 
and a ZMR Spout A Proximal Body (46mm x 45mm, E~tended Offset). 

(C) Complaint# RBASE-040140, dated 1 1!!1!2004, which reports that "approx. 43 days post-op stem broke at body 
junctioiL!revision re uired.'1 

OBSERVATION 3 

Procedures for design output have not been established. 

Specifically, your firm has not fully implemented "Design and Design Specif:ications," Procedure#- Revs. 1 and 2, 
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dated 01/02/1998 and 02/01/1999, respectively, and ffl@iS~~ Specifications (Outputs)," Procedure Rev. 3, dated 
04/07/2000. Your finn documents that Procedure# ' efines and controls the processes and docum~
and design · for new Your . in this procedure as "­

!iowever, your .. fl"tm.!Las not ensured thnt design 

1flW 
 

The 51 O(k) notifications for tlte ZMR Revision Taper Hip Prosthesis (K992667, dated !0/2711999) and the ZMR Porous 
Revision Hip Prosill.esis (K994286, dated 03/l 0/2000) document that these implantable femoral devices consist oftbree (3) 
components- a proximal segment or ";body," a distal stem) and a compression nut- that are intraoperatively assembled to 
constroct the device. According to your firm's cunent ZMR Hip System marketing literature, the modularity of ZMR 
Revision Taper prostheses and ZMR Porous Revision proslheses enables aU tl1ree (3) proximal body options- Cone Body, 
Calcar Body, and Spout Body- to be used with. any of the distal stem choices-Taper~ and Porous Slotted Stems, 
1md Spline Stem. Although your fmn documents in the most recent twelve (12) of~tal ZMR Hip System 
Instructions For Use that illese implantable femoral prostheses are contraindicated for patients wiill. poor bone stock, 51 O(k) 
notifications, K992667 and K994286, document that they are "intended. for cementless revision hip artlrroplasty in patients 
whose hone stock is of poor quality or inadequate for other reconstmction techniques as indicated by deficiencies of the 
femoral head, neck, or pmtions of the proximal femur." 

Your flDil identifies additional user needs and intended uses for ZMR Hip System implantable femoral prosthetic devices in 
the product labeling warnings on pages 27 and 28 of the most recent "'ZMR Porous Revision Hip Prosthesis Surgical 
Techllique." These warnings state, "Stem fracture~ particularly iJJ heavy, physicaliy active patients, is most likely to occur in 
a prosthesis that is not supported proximaHy." Notably, your finn's management agreed that "heavy," "physicalJy active,'1 

and "supported proximally" are subjective terms used by your fmn. However. fQr ZMR Revision Taper and ZMR Porous 
Revision femoral prostheses. your fmn has not defi.n.ed. or documented d~<.:ign specitications (Olli.Q."!J.ts) that for all bQ.Qy-stem 
combinations and/or the worst case scenario bodv-st_~ID- combination. rela,t~_ the foUowing variables. through obiective 
measurable data .. !Q minimizing stem fracture: patient weight Mtient actiyjty level; a@)Ufit and quality of proximal support;. 
jn the patient: andJL£.mnbination of patient weight. patient activity level. and amount and gualitv of woximal support in the 

OBSERVATION 4 

Procedures for design input have not been established. 

Specifically, your finn has not fully implemented "Design Inputs and Approvals," Procedure #liB Revs. l, 2, and 3, 
dated OJ/0211998, 0210!11999, and 04/0712000, Your firm documents that this "defines and controls 
tbe for establishing and the 
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The 510(k) notifications for the ZMR Revision Taper Hip Prosthesis (K992667, dated 10/2711999) and tlJe ZMR Porous 
Revision Hip Prosthesis (K994286, dated03/l0/2000) document that these implantable femoral devices consist of three (3) 
componentsM a proxima] segment or ;~body," a distal stern, and a compression nut~ that are intraoperatively assembled to 
construct the device. According to your finn's current ZMR Hip System marketing literatme, the modularity ofZMR 
Revision Taper prostheses and ZMR Porous Revision prostheses enables allli1ree (3) proximal body options- Cone Body, 
Calcar. Body, and Spout Body- to be used with any of the distal stem choices-Tap~ and Porous Slotted Stems, 
and. Spline Stem. Although your fin.'l documents in the most recent twelve (12) o~total ZMR Hip System 
Instructions For Use that these implantable femoral prostheses are contraindicated for patients with poor bone stock, 51 O(k) 
notifications, K992667 and K994286, document that they are "intended for cementless revision hip mthroplasty in patients 
whose bon.e stock is of poor quality or inadequate for other reconstruction techniques as indicated by deficiencies of the 
femoral head, neck, or portions of the proximal femur.1

' 

Your finn identifies additional user needs and intended uses for ZMR Hip System implantable femoral prosthetic devices in 
the product labeling waminp;s on pages 27 and 28 of the most recent "ZMRPorous Revision Hip Prosthesis Surgical 
Technique." These warnings state, "Stem fractme, particularly in heavy, physically active patients, is most likely to occur in 
a prost.~esis that is not suppOited proximally." Notably, your firm's management agreed that "heavy," "physically active," 
and '(supported proximally" are subjective terms used by your firm. Hgyvever. for ZMR Revision Taper and ZMR. P.QLQ\11 
Reyj~on femoral pro_§_lJ1§2_es. your firm has not d.Qfum~nte{LQI clearly idctntified desigp inputs that. for ~11 body-stem 
combinations anq/or the wo_rst case scenario boGy-stern combination. r§l(!te the followingyar.ia'[)les to minimizing stem 
fracture;JLaJjent weight; patient f;iCtivity level: ampunt and qualitv ofnroxlmal supoort in the_ patient; ~pd fl~combimttion of 
patient w~t, oatient activity levf:l,.J!Wtamount and qualin:_ofproximal support i,.n t.l-te patient. 

OBSERVATION 5 

A process whose results cannot be fully verified by subsequent inspection and test has not been validated accordb1g to 
established procedures. 

Specifically) 

Validation/Qualification Protocol Development 
I alii u - • • ..... 

(1>){4) 

(b)(4) 

Your firm operates a process 
and Tivanium) by placing 
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ProduCts processed by diffusion bonding in your firm' s~M manufacturing cell include: 
• TMModularCup 
G Contbtuum Cup (also known as the-
• Trilogy Fiber Meta/IT (where "IT" denotes "integrated taper") 

Products processed by diffusion bonding in your fum's T/>1 Diffusion Bonding and Fiber Metal Hip Stem manufacturing cells 
include: 

• NexGen TM Tibia Plate 
o NexGen Fiber Metal Tibia Plate 
• TM Humeral Stem 
o TA1 Reverse Stem 
• TM-Reverse Baseplates 
f.! TM Primmy Hip Stem 
• Epoch Fiber Metal Hip Stems (sizes 11, 12, and 13) 
• VerS}ts Fiber Metal Hip Stems 
• MayoHip 

The Continuum Cup is the hip cup component of your firm's Continuum Acetabular SYstem. Your firm)s indications for use 
state that: 

& The system is indicated for primary or revision surgery in skeletally mature individuals for rehabilitating hips 
damaged as a result of noninflammatory degenerative joint disea."e (NJDJD) or its composite diagnoses 

!lt TI1e system is intended for use either with or without bone cement in total hip arthroplasty 

1be Continuum hip cup is made up primarily of two components, which are married via the diffusion bonding process: 
0 A Trabecular Metal '"shelP' (porous tantalum that is proximal to the patient's acetabulum when implanted) 
• A Tivanium "substrate" (titanium alloy that is distal to the patient's acetabulum when implanted) 

Your fum's Final Validation/Qualification Report for Titanium/Trabecular Metal Cup Diffusion Bonding (Project~ 
Revision 0) was approved on 1/19/2009. The report states that "The Trabecular Metal Cup Diffusion Bonding Process [for 
the Continuum Cup and TM A1odular Cup] has been validated with a high degree of assurance". However, your validation 
results do FtOt provide objective evidence that the diffusion hmuliug process is capable of eortSistefltlJI producing products 
that meet specified requirements. For example: 

A. As part of your firm 1s process validation of Titanium/Trabecular Metal Cup Diffusion Bonding, iJ,Cinduc~ed the 
operational qualification titled Challeng~t Critical ProceM Parameter Control Limits ' . evi.sion 0, 
executed and reviewed on 12/10/2008). -tates, as part of the Procedure Steps for Bond Srrength Worst Case 
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Challenge Test, that the "Ultimate soak conditions)' are for each 
cycle. The operational qualification protocol calls for a 

trend charts for each oftheUyc!es dated 9/26/2008 and 9/29/2008, 
soak temperature axis is labeled in gee increments, and the soak 

time trending chart is not adequate for its intended. use of providing soak 
temperature readouts within ±5°C and soak time readouts within +0/-2.5 minutes. Additionally, your furnace trending 
charts are not adequate to detennine the actual {i.e., quantified) soak time and soak temperature tb 

(4) 
~er or not these parameters fell your predetennined acceptance criteria of 

. . . 
( 

within -
to 

B. -tates, as part of the Proc~ Worst Case Challenge Test, that the "Ultimate soak 
conditions'' include a soak time of'-' for each cycle. 

The soak times for each oftbe.ycles were documented in a Furnace Master Heat Log. In each case, the soak time 
was outside of the predetermined acceptance criterion ~inutes): 

Your finnt s Final Validation/Qualification Report for Titanium/Trabecular Metal Cup Diffusion Bonding (Project 
~Revision 0), which was approved on 1/19i2009, lists protocol deviations under Section 5.1. Your documented 
~imes were not identified as deviations from your validation protocol. 

C. The functions of the diffusion bonding furnaces used by your fmn are controlled using-software. Various 
"recipes" (i.e., programs) may be loaded into the software, depending on the needs of the process (e.g .. heating rate). 
Your finn purportedly provided us with the printable output for the program used during your diffusion bonding 
process validation. The document does not indicate that the program was indeed used during your diffusion bonding 
validation, and your fu·m was unable to verifv whe-ther or not this was the case. Your finn could not provide adequate 
objective evidence documenting which-sof;tware furnace program was used during your process 
validation. 

D. 

Your frrm 1S Final Validation/Qualification Report for Titanium/Trabecular }.Jetal Cup D(ffusion Bonding (Project 
tlliiBIJRev~ch was a&ed on !119/2009 states, under Summary, 
g 

that "In summary., the OQ sample parts, 
SO nun-parts an : 78 mm TM Modular~ts, passed the tensile strength requirement". Your 

finn's process validation protocol calls for a sample size ofi!ltitanimn alloy/Trabecular Metal hip cups, but onlyf!!lll 
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F. Procedure Steps for Bond Strength Worst Case Challenge Test, (b) (4) to' 

Zimmer \Vork Instruction (ZWI)IIfll titled. Vacuum Furnace Systems Operation 
effective 3/l l/2011) is the current w~ for loading the diffusion bonding furnace. 
Furnace Load Specifications within-he "Maximum quantity of product allowed" is " 

hip cups were used during the operational qualification phase of your process validation. 

E. 

Although your finn's operational qualification protocol identified pressure as one oftlrree worst-case conditions, your 
finn's management stated that pressure was not a chai.lenged parameter during worst~case testing when executing the 
operational qualification phase of your process validation. 

As part of your fll1U's process validation of Titanium/Trabecular Metal Cup DiffUsion Bonding, 
pe>fonnance qualification titled Process Capability Analysis (Perfonnance Qualification 

(b)(4 
• • • edure states to 

titled Furnace Operations for Diffusion Bonding "'"''""""' 
states that Step 8 of the "Build Load" phase is to 

defined in the validation." Management stated 

Despite that a production load may and that your flrm' s operational 
qualifi.cation protocol specified to , there exists no evidence that your 
tirm)s process validation acklressed cor>fig;ur,ttion as a process parameter when executing your 
process validation. 

G. OQ lliilillstates, as part of Required Equipment, that the ··urnace" with asset number was to be used 
during worst-case scenario testing (i.e,) operational qualification). 

Your firm )s Qualification/Validation Plan for Titanium/Trabecular Aleta! Cup D[lfusion Bonding (Project :tfli@J 
Validation Plan Revision #1) was approved on 12/5/2008 and included .on ding furnaces.~ include thellfl 
furnace, as well a~tl1er funwces, which were manufactured by a different manufacturer ilill 
During operational qualifiM-) your fum performed worst -case scenario te~:lenge your predetennined 
processing limits using theiiJIIfurnace. There ls no documentation that the~naces, which were included 
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in your Qual!fication/Valtdation Plan fur Titaniuml1l·-ar Metal Cup Dijfi1sion Bonding, were considered during 
worst-case scenario testing. Processing limits forth ·umaces were not challenged. 

H. Your frrm's Qualification/Validation Plan for Titaniumffrabecu!ar Metal Cll[J Dijfosion Bonding (Project­
Validation Plan Revision #1) wa' approved on 12/5/200& aiJ.d included-onding furnaces. According to 
management, fue installation qualification (IQ) completion dates for each furnace are: 

Your fum's management stated that (1) the model numbers vruybecause the furnaces were purchased at different 
times, and (2) that they represent different versions of the diffirsion bonding furnaces. 

As part of your firm's process validation of Titanium/Trabecular Metal Cup Dijfosion Bonding, Jiiducted the 
performance qualification titled Process Capability Analysis (Perfonnance Qualification Project ' Revision 0, 
executed and reviewed on 12/1 0/2008). The performance qualificatio that the only fbmaces 
used during performance qualification were those with gt numbers During perfonnance 
qualification, no hip cup Jots were processed by 3 of thetiflnnaces included in your firm's Qualification/Validation. 
Plan for Titanium/Trabecular Metal Cup Diffusion Bonding. Thus, there exists no objective evidence that the three 
omitted furnaces are capable of consistently producing products that meet your acceptance criteria. 

!. As part of your firm's process validation of Titanium/Trabecular Metal Cup Dif/u..."'ion Bonding, you conducted the 
performance qualification titled Process Capability Analysi.' (Performance Qualification ProjectmPRevision 0, 
executed and reviewed on 12/10/2008). The performance qualification Procedure documents that the last load 
processed during perfonnance qualification occurred on 11/412008. 

with asset numbe~as installed on 11/24/2008. Your frrm's Qualification/Validation Pla
for Titanium/Trabecular Metal Cup Diffusion Bonding, which was approved on 12/10/2008, does not document why 
another bonding furnace was ad~a.Udation, nor does it rationalize why the process was not validated for the 

.furnace with asset numbe~ 

J. Zimmer Engineering Specification-titled . for 
Trvanium (Ti-6Al-4V), states that the maximum load size is '. Based on yom 
me mora.. dated 7/13/20 II and titled Su~nmmy Table for _ Load Size Used for Process Quali/Jription 
Project '{The mm1mum number ofp1eces m a furnace load m the performa~uahficatron wm8preces. The 
maximum number of pieces in a furnace load in the performance qualification was .pieces." 

n 
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Zimmer Worl< Instruction (ZWI)IIiJa titled Vacuum Furnace Systems Operation in- (Revision 4, 
effective 3/ll/2011), is the current work instruction for loading the diffusion bonding furnace. According to the 
Furnace Load Specifications~ the "Maximum quantity of product allowed" is ··pcs.'1 

Z\Vl- permits furnace loads to range fromJJ~ces; however, your diffusion bonding process is only 
performance qualified for furnace loads between-pieces. 

ililllll 

PART .B: IJTANIUM ALLOy/T\!ABECULAR MET~ HIP C:JJP REWORK PROCEDURE 

The Purpose of 
de11iv<'"ahl<os required to assure that systems and processes are 

validated~'. 

Your firm~ s Zimmer Work Instruction Mi>dular Cup Post Bond Machining (Revision 
3, effective 4/22/20 10) describes the procedure for ma.chinin.g cup (also known as the Continuum hip cup, 
which is described in Part A) after undergoing the diffusion bor1di1Jg described in Part A. 

Per zwrlllll employees are permitted to perfomt mechanical rework on a Continuum hip cup in the event that the device 
fails the defmed design specitication for circularity. Specifically, if the hip cup is measured fur circularity and found to be 
unacceptably "out of round," it is placed into a vice and mechanical force (i.e., compression) is applied, which physically 
deforms the hip cup into an acceptably round shape that meets the circularity specification. After this rework step, the device 
is checked to ensure that all other dimensions meet their respective design specifications. The number of hip cups your flm1 
reworks during each production order is documented in the production order's respective Device History Record (DHR). 
However, specificaHy which individual hip cups are reworked is not documented and cannot be determined by reviewing 
your tlrm's DHll.s. Your finn's management estimated that approximately 6% of all Continuum hip cups manufactured 
undergo the rework process. 

According to discussion with manageme~l3/20 11, the rework process was validated according to 
Zimmer Research Report (ZRR) number--titled Effects ofBending~ontinuum Shells on the 
Substrate and the Porous Coating Bonding fnteiface, which was approved on l/2912010. Your finn manufactures 
Continuum hip cups with varying diameters to accommodate a variety of physician and patient needs. Additionally, your 
tinn manufactures Continuum hip cups in three unique screw hole configurations so that the physician may fix the hip cup to 
the patienes acetabulum as securely as possible: 

• Uni-Hole (i.e., one screw hole) 
• Cluster-Hole (i.e., three asymmetrically oriented screw holes) 
• Multi-Hole (i.e., three symmetrically oriented screw holes) 
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The scope o-cluded Continuum hip cups with diameters ranging from 48 mm to 78 mm (in increments 
- • • . . 

(b)(4) 

l(b)(4) 

(b) (4) 

Titanium Alloy/Trabecular Metal rework process is capable of consistently producing products that meet specified 
requirements. For example: 

. 

A. Five identical. 48 mm-diameter cluster-hole Continuum cups were tested. Of these, zero had failed to meet the defined 
circularity specification ptior to testing. The experimental setup for your process validation did not accurately simulate 
the scenario intended to be validated. 

B. Only one dimneter and screw hole configuration (48 mm, Cluster-Hole) was tested during validation. Subsequently, 
these test results were compared against a Finite Element (FE) Model in an attempt to positively test the model's 
validity. More data points are necessary to definitively validate that the FE Model may be used to accurately predict 
the mechanical and material characteristics of reworked devices with diameters and screw hole configurations other 
than that which was physically tested. 

C. TM Modular Cup Post Bond Machining (Revision 3, 
as compression axis remains constant for each cycle and 

not given consideration and not a chal.lenged parameter 

D. Other pertinent parameters are not given consideration and are not challenged during your process vail dation, 
including: 

a. Compression axis with respect to screw hole orientation and location 
b. Heating rate during the diffhsion bonding process} which may vary according to your firm's diffusion bonding 

rocedures 

OBSERVATION 6 

Certain inspection, measuring, cmd test equipment is not suitable for its intended purposes. 

Specifically, 

The Purpose of your finn's most recent revision of Standard Operating .Procedure titled A1anvfa.c1w"ing 
Process inspection System (Revision 15. effective 6130/2010), is to "Describe the to perform quality inspections 
during the manu:G1ctUJing process.~' Additionally, at least one Measurement Instruction Sheet (f\..fJS) is associated with each 
product lot manufactured by your firm. The MIS sheet details each dimensional measuremerrt that must be checked by your 
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employees to determine whether or not design speci.fications are met. SOP-delineates how your employees are to 
complete MIS sheets in order to perform in-process acceptance activities for products manufactured by your fmn. 

MIS sheets call far the use of a caliper, micrometer, and/or height gage to routinely perfonn dimensional measurements for 
many products manufactmed by your tiro1, including the Continuum hip cup, 

The Continuum bip cup is one component of your frrm's Continuum Acetabular System. Your fmn's jndications for use state 
that: 

• The system is indicated for primary or revision surgery in skeletally matme individuals for rehabilitating hips 
damaged as a result of noninflammatory degenerative joint disease (NIDJD) or its composite diagnoses 

• The system is intended for use either with or without bone cement in total hip arthroplasty 

The Continuum hip cup is made up primarily of two components, which are married via the difihsion bonding process (see 
Observation 5): 

• A Trabecular Metal "shell" (porous tantalum that is proximal to the patient's acetabulum when implanted) 
• A Tivanium "substrate" (titanium alloy that is distal to the patient's acetabulum when hnplanted) 

Your flrm performs in-process acceptance activities after each of these phases. The Continuum hip cup dimensions measured 
using a caliper, micrometer, or height gage during such in-process activities are as follows: 
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As shown above, the measurement precision of your flrm's calipers, micrometers, and height gages is limited by the 
respective calibration specification. The precision limitations of your measurement instruments do not allow your firm to 
defmitivefy ensure that design specifications are being fulfilled in 11 aj 11 Device History Records reviewed. For example: 

1. After ma-bstrate~ your firm uses a caliper to verifY that the flange height dh-nension is 
between-According to your firm's management, your calipers read out to I/10,000 of an 
inch (Le_, four decimal places). Suppose the measurement reads 0.2550 inches, and so it is deemed to be within 
your design specification. However, due to the precision limit of your firm's caliper, the actual flange height may in 
fact be 02560 inches. Your firm's most recent revision ofStandm:d Operating Procedure (SOP)~titled 
Nonconformance/Deviation Report (Revision 13, effective 4/1/2011), defines a nonconfOrmance as "the failure of a 
product, process or Device History documentation to meet specified requirements.') ln this situation, your frnn 
would, iucorrectly allow the Tivanium substrat~mponent to "pass" this particular check, as opposed to deeming 

Op f(Wt 
tl1e part to be a nonconformance per S 

2. ~anium substrate, your finn uses a micrometer to verifY that the boss diameter is between 
- According to your firm's management~ your micrometers read out to 1/10,000 of an inch 
(i.e_, four decimal places). Snpp~.1easurement reads OA934 inches_ According to the most recent revision of 
Zimmer \Vork Iustmction (ZWI)-titledNumerical Rounding of Dimensional Measurement Results (Revision 
4, effective 1123/2006), employees are to "Round the measurement to the same level of significance (same number 
of digits to the right of the decimal point) a.'i the conesponding specification". In this case 1 the measurement would 
be rounded to OA93 inches, and so it is deemed to be within your desigu specification. However, due to the 
precision limit of your firnfs micrometer, the actual boss diameter may in fact be 0.4935 inches, which would 
subsequently be rounded to 0.494 inches_ In this situation, your fum would incorrectly aliow the Tivanium ..- . · -
component to "pass" this particular check, as opposed to deeming the part to be a nonconfonnance per SOP ' ' 

3_ After machining the final CIMntimmm hi cup post-diffusion bonding, your finn uses a height gage to v.:~rifY that the 
overdll cup height is at leas ' According to your fmn's management, youf height gages read out to 
1110,000 of an inch (1. e_, four ecrmal places). Suppose the measurement reads 0.8360 inches, and so it is deemed to
be within your design specification. However. due to the precision limit of your firm's height gage, the actual 
overall cup height may in fact be 0.8350 inches_ In this situation, your frrm would incorrectly allow the fmal 

hip cup to "pass" this particular check, as opposed to deeming tbe part to be a nonconformance per SOP 
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OBSERVATION 7 

The device history record does not demonstrate that the device was manufactured in accordance with the device master 
record. 

Specifically, 

The Purpose ofyom firm's most recent revision of Standard Operating Procedme (SOP)-titled Manufacturing 
Process Inspection System (Revision 15, effective 6/30/20 !0), is to "Describe the procedure to perform quality inspections 
during the manufacturing process," Additionally, at least one Measurement Instruction Sheet (MIS) is associated with each 
product lot manufactured by your firm, The M1S sheet details each dimens~easurement that must be checked by your 
employees to determine whether or not design specifications are met. SOP-delineates how your employees are to 
complete MIS sheets in order to perform in-process acceptance activities for products manufactured by your firm, including 
the Continuum hip cup. 

The Continuum hlp cup is one component of your firm:s Continuum Acetabular System. Your finn's indications for use state 
that: 

e The system is indicated for primary or revision surgery in skeletally mature individuals for rehabilitating hips 
damaged as a result of noninflammatory degenerative joint disease (NIDJD) or its composite diagnoses 

e The system is intended for use either with or without bone cement in total hip arthroplasty 

The Continuum hip cup i_s made up primarily of two components, which are married via the diffusion bonding process (see 
Observation 5.): 

• A Trabecular Metal "sbell'' (porous tantalum that is proximal to the patient's acetabulum when implanted) 
• A Tivanium "substrate" (titanium alloy that is distal to the patient's acetabulum when implanted) 

Your finn performs in-process acceptance activities after each of these phases. The Continuum hip cup dimensions that are 
measured quantitatively (i.e., as opposed to dimensions that are ve1ified by a go/no go check) include: 
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In 11 of 11 Device ll[ftory Records revi.ewed~ your firm failed to document the actual dimensional measurements 
described above as evidence tfrat your device was manufactured in accordance with tlte Device Alaster Record. 

Additionally, your finn perfunns "VERIFY PART: PRODUCT IDENTIFIERS" during inspection of the Continuum hip cup 
after diffusion bonding. This step involves a number of check' as defined by the part drawings and SOP-Although 
yom· MIS sheet requires tills step to be perfmmed visually, one ofthese checks is a dimensional measurement ofthe device 
diameter, which your flnn f-ailed to document in 11 of 11 Device History Records reviewed as evidence that your device was 
manufactured in accordance with the Device Master Record. 

Finally, upon machining the. Tivanium substrate for the Continuum hip cup, your MIS calls for visual c1wcks of the 
flange/spherical radiusjnuction and the boss/spherical radius junction, each of which have a tolerance of +1-llllll/anchcs. 
Such precision is impossible to achieve with the naked eye (i.e., the dimension must be measured quantitatively). In 11 of 1 I 
Device History Records reviewed, actual dimensional measurements for these design features were not documented as 
e.vidence that device was manufactured in accordance 'vith the Device Master Record. 

ACCI!;PTANCE ACTIVITIES 
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OBSERVATION 8 

Procedures for acceptance ofincoming product have not been established. 

Specifically, 

Your finn's most recent revision of Zimmer Work Instru.ction titled Receiving Inspection Procedure (Revision 
14, effective 5/26/20 10), has not been fully implemented. The Purpose procedure is to "to provide an assessment 
system for dispositioning the quality of incoming finished devices and component materials that are used in a finished 
device", Additionally, your frrm uses Inspection Instruction Sheets (l!Ss) to perform incoming product inspection, The liS 
sheet details each feature that must be che!liiiployees to detennine whether or not the incoming product is 
suitable for use in a finished device. ZW1 • · es how vour employees arc to complete liS sheets in order to 
perfonn incoming product inspections. Fo ' ' "GAGE/DATA COLLECTION SID<:ET" is used to document the 
inspection results. Per the Z\VIIJIIIGuidefines, "All orders where variable data can be collected requires the inspector to 
gw ecord the data on the Gage/Data Collection She-etF .. For attribute data tb.e inspector can record one 
Pass All for all samples,'' ln 2 of2 Gage/Data Collection sheets reviewed, your firm failed In docummt all incoming 
product acceptance activities as evident.~e that such incom;ng product fulfills predetermined acceptance criteria for use in 
fmisfted products, 

For example, step one of the IIS used for the inspection ofincoming raw titanium. alloy bar stock with description "2.75 DIA 
BAR TI6AL 4V ELl" is termed "VERIFY PRODUCT IDENTIFIER" with description ''VERJFY MAGNETIC CHilCK". 
Dmin.g this step, the inspector is required to use a magnet to test the magnetism of the bar stock. The respective Gage/Data 
Collection Sheet does not provide evidence tbat the required mag,"etic check was perfo.r raw titanium alloy bar stock. 
Your !Inn's management estimated that titanium aHoy bar stock is used in approxirnatel of finished products 
manufactured by your finn. 

OBSERVATION 9 

Procedures for the acceptance of in-process product have not been established. 

Specifically, 

Your firmrs most recent revision of Standard Operating Procedure (SOP)- titled lvfanufacturing Process Inr;pection 
System (Revision 15, effective 6/30/20 I 0), has not been fully implemented, The purpose of SOP .. is to "Describe the 
procedure to perfonn quality inspections during the manufacturing process_" Additionally, at least one Measurement 
Instruction Sheet (MIS) is associated with each product lot manufactured by your flnn. The MIS sheet detaiis each 
dimensional measurement that must be checked by your employees to detennine whether or not design specifications are 
met. SOP .. delineates how your employees are to complete MIS sheets in order to perfonn in-process acceptance 
activities for products manufactured by your firm, 
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Some machines used by your firm during manufacturing, such as mills and lathes, use cutting tools that wear down over time. 
Due to tool wear, these machines may no longer be able to adequately cut parts to meet your firm's design specifications. In 
cases of e1.'treme wear, the cutting tool may break. In the event that your employees must replace the tool due to wear or 
breakage, you firm's management stated that the employee must perform in-process acceptmtce activities on the ~art 
manufactured to ensure that design specifications are met. According to your finn's management, approxi.matel~ 
machines used by your firm during manufacturing utilize disposable cutting tools. 

The sampling plan for some dimensional measurements taken during in·process product inspection is "I STILAST'', as 
defined by the associated MIS sheet An exarnpl.e such a dimensional measurement appears in the MIS for the Continuum 
hip cup. 

The Continuum hip cup is one component of your firm 1s Continuum Acetabular 8'ystem. Your firmrs indications for use state 
that: 

• The system is indicated for primary or revision surgery in skeletally mature individuals for rehabilitating hips 
damaged as a result ofnoninilammatory degenerative joint disease (NIDJD) or its composite diagnoses 

• The system is intended for use either with or without bone cement in total hip arthroplasty 

The Continuum hlp cup is made up primarily of two components, which are married via the diffusion bonding process (see 
Observation 5): 

• A Ti·abecular Metal "shell" (porous tantalUJ!l that is proximal to the patient's acetabulum when implanted) 
• A Tivanium "substrate" (titaniwn alloy that is distal to the patient's acetabulum when in1planted) 

The MIS sheet delin-' rr • • easurements that must be checked after fmal machining of the Continuum !1ip cup 
includes a check of' ' ' which utilizes the "1ST/LAST" sampling plan. For this particular check, the IvllS 
instructs the employee to eck part after a tool change". In II of II Device History Records reviewed, your firm failed to 
document that in-process accepta11ce activities are performed after a tool change to ensure tlwt de.;,'ign specifications are 
bei11g fuljd/ed. 

MANAGEMENT CONTROLS 
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OBSERVATION 10 

Management with executive responsibility has not ensured tl1at the quality policy is understood, implemented and maintained 
at all levels of the organization. 

Specifically, as detailed in the preceding observations~ management with executive responsibility has not ensured that as of 
the current inspection, tlte foil owing components of the quality system have been fully implemented and maintained at all 
levels of your firm: 

• Corrective and Preventive Actions (CAPA); 

• Design Controls; 

• Production and Process Controls (P&PC); 

• Records; and 

• Acceptance Activities . 
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Observation Annotations 

Obst,Tia:tion 1: Under consideration. Observation 2: Under consideration. 
Observation 3: Under consideration. Observatio-n 4: Under consideration. 
Obsetvation 5: Promised to correct. Observation 6: Promised to con·ect. 
Observation 7: Promised to correct. Observation 8: Reported con·ected, not verified. 
Observation 9: Promised to correct. Observation 10: Promised to correct. 
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