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[bookmark: _Toc40349723]Problem Statement
At Zimmer Biomet our products are packed utilising a double-barrier and them sterilised using gamma. Taperloc (hips) product packaging consists of a polyamide/polyethylene composite pre-formed pouch which is vacuum sealed and then placed into an outer pre-formed blister. The sealed inner pouch containing the device is placed into the blister cavity together with protective Alveolite foam pads to provide protection against shock and prevent the inner pouch moving within the blister. A Tyvek lid is then heat-sealed to the blister to provide a second sterile barrier. The sealed blister is placed within a substantial outer carton (with labels and instructions) consisting of an inner box designed to accept the sealed blister and prevent movement, and an outer sleeve. The carton is shrink wrapped with transparent shrink film to protect from dust. Finished cartons are then sent for sterilisation.
Figure 1 & 2 - Product sealed in pouch and placed into blister with foams
[image: ][image: ]

Figure 3 & 4 - Product placed into carton with labels and instructions
[image: ][image: ]
Figure 5 – Product packed in carton and shrink wrapped
[image: ]
In 2018 I was given 13 complaints to review as part of an issue evaluation due to an increase of complaints from customers where potential debris / foreign particles were found in the primary and/or secondary packaging. These complaints were for Taperloc product and a Corrective Action Preventive Action (CAPA) was raised and I was asked to investigate.
[bookmark: _Toc40349724]Data Collection
I completed a full review of the 13 complaint reports and whilst the general complaint category was grouped under “Debris in Package” it is clear from the photographs supplied with the complaints that they could be further classified according to the type of particle. This opinion was canvassed amongst Operations, Quality and Engineering and we agreed the following descriptors: -
Table 1 – Complaints Category
	Complaint
	Complaint ID
	Quantity
	Packaging Operator
	Descriptor

	1
	CMP-0405188
	1
	Operator 1
	Foam

	2
	CMP-0263124
	1
	Operator 2
	Metal Particulate

	3
	CMP-0311183
	1
	Operator 3
	Hair

	4
	CMP-0398840
	1
	Operator4
	Fibre

	5
	CMP-0407954
	1
	Operator 5
	Hair

	6
	CMP-0409383
	6
	Operator 5
	Foam

	
	
	
	Operator 5
	Foam

	
	
	
	Operator 6
	Fibre

	
	
	
	Operator 7
	Foam

	
	
	
	Operator 8
	Fibre

	
	
	
	Operator 5
	Foam

	7
	CMP-0410782
	1
	Operator 9
	Foam

	8
	CMP-0409283
	1
	Operator 10
	Hair

	9
	CMP-0404034
	1
	Operator 14
	Foam

	10
	CMP-0410774
	2
	Operator 11
	Hair

	
	
	
	Operator 12
	Fibre

	11
	CMP-0409338
	1
	Operator 9
	Fibre

	12
	CMP-0407939
	1
	Operator 3
	Foam

	13
	CMP-0410736
	2
	Operator 13
	Hair

	
	CMP-0410736
	
	Operator 9
	Fibre













Examples of each of the defect types are shown in photographs below: -
Figure 6 – Foam					Figure 7 – Hair
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Figure 8 – Fibre					Figure 9 – Metal
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I then widened the scope and reviewed complaints and manufactured parts for Taperloc product. The number of complaints received was determined using a search of ‘Debris in package’, ‘Taperloc Family’ with a date range of 2013-2018. The number of pieces manufactured was determined using a search criteria of all pieces manufactured for the ‘Taperloc Family’ from 2013-2018 
[bookmark: _Toc40349725]Data Analysis
As detailed in our Process Failure Modes Analysis for sterile packaging PFMEA00025, Sterile Pack, Revision C (Appendix A) the score for occurrence rate is 3 (occasional – occurring 1 in 100 - 1000).
Number of complaints received for Taperloc products for foreign debris in packaging from 2013 – 2018 is 112 and number of Taperloc products manufactured from 2013 – 2018 is 3,808,787. The current ratio of complaints received and parts sold is 1 in 34,007. This is below the occurrence rate accepted on the PFMEA of 3 (1 in 100-1000). 
Even though this was within acceptable limits with the PFMEA there was a substantial increase in complaints for debris / foreign particle issues see Graph 1 – Number of Parts Manufacture Vs Number of Complaints for "Debris in Packaging" During 2013 – 2018. 


Packaging for Terminally Sterilized Medical Devices ISO11607-1:2017 – Part 1: Requirements for materials, sterile barrier systems and packaging systems and ISO11607-2:2017 – Part 2: Validation requirements for forming, sealing and assembly processes (BSI, BS EN ISO 11607-1:2017, 2018) have been reviewed and determined that as a minimum, cleanliness is to be considered pertaining to materials and pre-formed sterile barrier systems. From the complaints received, it is evident that whilst some contaminants are outside the polyamide/polyethylene composite pre-formed pouch (but contained within the blister pack), the example of “metal” above is inside the pouch itself. 
Additionally, ISO13485:2016 Section 7.5.2 (BSI, BS EN ISO 13485:2016, 2016) - Cleanliness of Product states: -
“The organization shall document requirements for cleanliness of product or contamination control of product if product is cleaned by the organization prior to sterilization or its use.” 
(BSI, BS EN ISO 13485:2016, 2016)
and Section 6.4.1 Work Environment (BSI, BS EN ISO 13485:2016, 2016) states: -
“If the conditions for the work environment can have an adverse effect on product quality, the organization shall document the requirements for the work environment and the procedures to monitor and control the work environment. The organization shall:
-document requirements for health, cleanliness and clothing of personnel if contact between such personnel and the product or work environment could affect medical device safety or performance.”
(BSI, BS EN ISO 13485:2016, 2016)
The Taperloc part is a critical device as it comes into contact with blood so it is important to physically remove undesirable surface material. Devices containing significant particulate and/or fibre contamination that come into contact with blood have the potential to cause blockages, thromboses or other adverse reactions. Therefore, it is important that criteria be defined from a cleanliness perspective for the inspection of the packaging materials system and throughout the manufacturing process itself. 







Graph 1 – Number of Parts Manufacture Vs Number of Complaints for "Debris in Packaging" During 2013 – 2018

When reviewing the packaging operator responsible, against the types of debris observed, it is not obvious that there is any correlation between the two.

When plotted as a Bar Chart it can be seen that 4 categories are evident in Graph 2 – “Debris in Packaging” Vs Complaint Lot Count.
Graph 2 – “Debris in Packaging” Vs Complaint Lot Count


[bookmark: _Toc40349726]Root Cause Analysis

[bookmark: _Toc40349727]Investigation Plan
The following investigation plan was put in place:
Review the supplier non-conformance reports (SNR) raised against packaging suppliers to identify any root cause or corrections that have been made to raw material packaging materials. 

Conduct a root cause investigation utilising Ishikawa & 5 Why methodology to determine true root cause of why the debris is present in final packaged units through a process review including associated documents work instruction, Standard operating procedures, form and logs. 

Review supplier inspection process, cleanroom material transfers and in-process inspection procedure and operation for factors that may contribute.

Review external gowning supply process, gowning procedure and operation.

Review cleanroom cleaning schedule, procedure and operation.

[bookmark: _Toc40349728]Investigation Results
 The following investigation results were found: 
1. As previously identified complaint volume is low but an increase in rate can be seen in Graph 1 - Complaints for "Debris in Packaging" During 2013 – 2018 on page 6). Three main failure modes have been determined from the sum of complaints based on photographic evidence provided; foam, hair and fibre.

1. A review of the supplier non-conformance register identified an additional two SNRs that had been raised against our foam supplier. The procedure covering supplier notification reports was reviewed, this review identified that on raising 3 SNRs in a 3-month period a SCAR (Supplier Corrective Action report) should be considered.  This issue was discussed within the Zimmer Biomet Quality Team, the actions that were implemented at the supplier in SNRs:

a. Caution point raised to highlight the issue to operators.
b. Implement in process checking and cleaning operation.

It was noted that there were no further actions that could be undertaken by the supplier and as such, there would be no benefit in raising a SCAR against them. 

A 5 why's exercise was conducted in order to determine root cause(s) for the failure modes (Appendix B).  This identified that the main contributing factor to debris within the packaging has been attributed to supplier issues. This exercise identified that the most probable root causes could be attributed to incoming packing materials, e.g. Foam: Stringing, Marks, Loose, Fibre and Hair.

The review of supplier inspection process, cleanroom material transfers and in-process inspection procedure and operation identified that:

a. Supplier inspection process, whilst improvements could be made as identified within the individual SNRs, these improvements could only expect a minimal improvement due to the environmental conditions present within the manufacturing facility i.e. supplier does not manufacture in a clean room environment.  The supply of foam may be contaminated prior to receipt.

b. Cleanroom material transfer, comprises of materials supplied double bagged, with the inner bag removed from the outer bag, being wiped with IPA spray prior to placing into the transfer hatch and as such should not contribute to the contamination issue, the cleanroom material transfer is deemed acceptable.

c. A review of the In-process inspection has determined that it is not adequately defined and could potentially contribute to the root causes identified.  It was identified that there had been little consideration given to the in process controls and limits.  The packaging work instruction was reviewed which identified that there is little or no specification applied to the defects listed within.

The review of external gowning supply process, internal gowning procedure and operation determined that the external gowning supply process, gowning procedure and operation is robust.

Cleanroom cleaning procedure, operation and adherence to schedule is in line with the requirements within the standard operating procedure, it is unlikely that the internal processes attributed to the issues identified.

The conclusion of the investigation has therefore determined the most probable root causes.
[bookmark: _Toc40349729]Root Cause
Based on the findings of the root cause investigation it is determined that the most likely root causes for each of the failure modes are as follows:

1. Foam – Stringing as a direct result of supplier process
As all foam cutting activities take place at the supplier it is determined that foam stringing is caused as a direct result of supplier processing.
Foam – Red Mark/ Black Mark as a result of the supplier process. 
Based on the method of manufacture (non-cleanroom) and identification of debris/marks on incoming material under SNR (Supplier Notification Report), it is determined that the red and black marks are created as a result of the supplier process.

Foam – Loose
As part of the supplier process, created when the Taperloc part has been sealed in the pouch, where movement causes a scratching effect between the pouch corner and the foam. It has been determined that the identification of small particulates of foam can be created in the following ways: 

· They can be created as part of the supplier process.
· They can be created when the Taperloc part has been sealed in the pouch, and in combination with a packaging configuration that allows movement within the blister pack, causes a scratching effect between the pouch corner and the foam.

Fibre - hypothesised to be present on incoming foam material.
It can be hypothesised based on the investigation that the fibres are present on incoming foam material. 

Hair - hypothesised to be present on incoming foam material.
The presence of hair has been detected between the blister and the foam (i.e. not inside the pouch itself). It is determined that the most likely source of this contaminant is attached to the foam when incoming from the supplier.
[bookmark: _Toc40349730]Action Plan
The most probable root causes identified have been attributed to the packaging supplier processes, these have been listed within 3 individual SNRs.
All packaging components used within the cleanroom are inspected as per Work instruction “Inspect packaging for inclusions, hair, contaminants and fibres”.  The associated risks are deemed low.

[bookmark: _Toc40349731]Implementation Plan
The following implementation plan was put in place:
1. Determine course of action for foam supplier in order to provide acceptable supply to Zimmer-Biomet. 

2. Review Japan Inspection requirements alongside the requirements stated within local procedures.  Following this review assess if either, both or a new procedure is required outlining the in process inspection requirements.

3. Review and update Sterile Pack PFMEA00025, if necessary following review of the procedures.
[bookmark: _Toc40349732]Implementation Results
 The following implementation results were found: 

1. The foam supplier was issued 2 supplier corrective action reports (SCAR's) and 3 Supplier non-conformance reports (SNAR's) related to the substandard supply of material. A decision to introduce a new supplier has been agreed to align with other Zimmer Biomet sites and qualification activities are currently taking place to transfer over to the new company. The supplier will remain our current supplier in the short term, with the packaging department continuing to identify the supplier issues following a newly created visual operating aid (VOA) and updated work instruction, as stated in point 2, below. 

2. Japanese inspection Document has been reviewed to assess the customer requirements.  This review has identified that the current controls within our work instructions are inadequate in that the relevant sections within these documents do not provide guidance for the packing team. 

A new inspection criteria has been implemented under the VOA Packing Inspection Criteria, and referenced in work instructions.

3. PFMEA00025 was reviewed and no updates were required.

[bookmark: _Toc40349733]Verification of Effectiveness Plan
 
Verification of the VOA packaging Inspection Criteria

Batches will be reviewed against the new acceptance criteria, the issue has been identified as a Low risk therefore based on the sampling plan procedure (Attribute Data), for a 90% Confidence / 90% Reliability, 24 samples will be taken at random with acceptance based on Zero defects, this will be checked across all 4 shifts.

Instructions for VOE task owner.

1. Batches will be processed as normal through sterile packing.

2. Review batches against VOA Packaging Inspection Criteria.

3. Document evidence of findings e.g. Record the batch numbers and reference the specific steps where operators have identified the defects stated with the VOA and relevant quarantine hold tickets if required. 

The above actions will satisfy the requirement to identify defects currently produced by our current supplier.

[bookmark: _Toc40349734]Verification of Effectiveness Results
24 batches (6 per shift) were inspected across the 4 by 3 experienced QA Technicians trained against the VOA. 

These batches were initially checked against the acceptance criteria by a packing operator within the Box and pack room and was conducted in line with the work instruction and VOA.  This was followed with an inspection by the QA Technician and any contamination found was confirmed against the specifications listed within the VOA, where debris / inclusions were identified these were checked against a Tappi chart. 

This inspection process identified that debris / inclusions were present, however, this was identified by the packing operators and were confirmed to be within specification by the QA Technicians.
[bookmark: _Toc40349735]Conclusion

From the results, it can be seen that the packing operators are identifying the debris within the blister when present and checking against the new specifications.

Therefore, clarification and rollout of these specifications within the Box and Packing area can be deemed effective with no adverse effects anticipated and the CAPA can be considered closed.
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Number of Parts Manufactured vs Number of Complaints for "Debris in Packaging" 2013 - 2018
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"Debris in Packaging" Classification vs Complaint Lot Count

Lot Count	Foam	Fibre	Hair	Metal Particulate	8	6	5	1	Failure Mode Category


Quantity
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CAPA- 04759 "5 Why" Exercise

Problem 

Statement  Types of Debris Why 1 Why 2 Why 3 Why 4 Why 5

Root Cause

Recurrence 

Prevention

Flaws in manufacturing 

process/ Operator 

error

Gowning/ Cleaning 

Procedure(s) 

Inadequate/ Operator 

error

Review gowning/ 

cleaning and cleanroom 

process for adequecy/ 

retraining. 

Raw material not 

inspected adequately 

prior to entry into the 

cleanroom/ final 

inspection

Raw material not 

inspected through 

incoming sample 

inspection

Purchasing 

specifcation 

inadequate

Inadequate Design 

Verification

Incoming inspection 

not in place

Create sample 

inspection for incoming 

raw materials/ review in-

process inspection

Packaging system 

components not 

suitable

Remediation Project 

(CAPA-03419)

Transportation studies 

not sufficient

Remediation Project 

(CAPA-03419)

Raw material not 

inspected adequately 

prior to entry into the 

cleanroom/ final 

inspection

Raw material not 

inspected through 

incoming sample 

inspection

Purchasing 

specifcation 

inadequate

Inadequate Design 

Verification

Incoming inspection 

not in place

Create sample 

inspection for incoming 

raw materials/ review in-

process inspection

Foam debris created 

during the 

manufacturing 

process

Foam not inspected 

adequately prior to entry 

into the cleanroom/ final 

inspection

Foam not inspected 

through incoming 

sample inspection

Purchasing 

specifcation 

inadequate

Inadequate drawings

Pouch moves during 

transportation 

rubbing on foam

Inadequate 

packaging

Inadequate Design 

Verification

Fibre is present on 

incoming raw 

material (Foam or 

Pouch only)

Fibre is released 

from manufacturing 

personnel

Incorrect Gowning/ 

Cleaning

Gowning/ Cleaning 

Procedure(s) 

Incorrect/ not being 

followed

Foam debris 

incoming from 

Supplier

Inadequate Design 

Verification

Remediation Project 

(CAPA-03419)

Packaging System 

components not 

suitable

Hair (in Blister)

Hair is present on 

incoming raw 

material (Foam or 

Pouch only)

Hair is released from 

manufacturing 

personnel

Incorrect Gowning/ 

Cleaning

Gowning/ Cleaning 

Procedure(s) 

Incorrect/ not being 

followed

Gowning/ Cleaning 

Procedure(s) 

Inadequate/ Operator 

error

Review gowning/ 

cleaning and cleanroom 

process for adequecy/ 

retraining. 

Review manufacturing 

process, brush test 

Q000057 and inspection

Inadequate 

packaging

Part has pierced 

pouch

Inadequate Linishing/ 

Polishing

Inadequate Design 

Verification

Pouch not suitable 

for transit

The part in the pouch 

is moving in the 

blister pack

The part is moving in 

the pouch itself

Metal (in Pouch)

Porous Coating has 

become detached 

from the Taperloc 

part

Poor porous coating 

in Manufacturing

Fibre (in Blister)

Foam (in Blister)

A number of 

complaints have 

been received for 

"Debris in 

Packaging"
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