
Table of Contents
1. Scope: 1
2. Reason for Re-Issue: 1
3. Introduction: 1
4. Applicable Documents: 2
5. Definitions: 2
6. Setup: 2
7. Equipment Record: 3
8. Test Cases: 4
9. Attachment








1. Scope
This document describes the test plan for verifying the design of the Humeral Rod Fixation Device. It provides the necessary procedures for the validation of the device.
2. Reason for Re-Issue
	ISSUE
	
	Reason for Re-Issue

	1
	MR #HRFD.01
	This is the first time the plan has been issued


3. Introduction
3.1. Description: The tests that will be performed on the Humeral Rod Fixation device are specified in the following table: 
Date Issued: 2/23/2024							HRFD.01 - Draft 2
HUMERAL ROD FIXATION DEVICE TESTING PLAN


Avo Elebyjian, Hans Elijah Hugo, Colton Prentzel, Emad Sawaged



	Test Case
	Direct Requirement
	Test

	Functional Requirements 

	010

	REQ 010
	Tolerance Test: Taking measurements of rod critical dimensions

	
	REQ 020
	Tolerance Test: Taking measurements of the holes in the rod

	
	REQ 030
	Tolerance Test: Taking measurements of of the suture tab critical dimensions

	
	REQ 030
	Tolerance Test: Taking measurements of the suture holes of the suture tab

	
	REQ 051
	Tolerance Test: Taking measurements of the locking bolt

	
	REQ 053
	Tolerance Test: Taking measurements of the cortical screws

	
	REQ 070
	Tolerance Test: Taking measurements of reamer

	
	REQ 081
	Tolerance Test: Taking measurements of awl

	
	REQ 050
	Tolerance Test: Taking measurements of drill guide critical dimensions

	
	REQ 160
	Tolerance Test: Taking measurements of guide tubes 

	Testing Requirements 

	020
	REQ 120
	Pull out test for the nail

	030
	REQ 120
	Stability test for nail and suture tab

	Use Requirements 

	040
	REQ 170
	Simulated use of awl, reamer, locking bolt, nail, and suture tab


3.2. Strategy: All of the specified tests will be conducted because the Humeral Rod Fixation Device is a new product.
4. Applicable Documents
This test plan refers to the requirements specified in the “Humeral Rod Fixation Device Functional Requirements” document.
5. Definitions
5.1. Fixation: The process by which tissue is physically reconnected, often with the use of implants to ensure correct healing.
5.2 Hard Tissue: Four different types of tissue occurring in the body. In the case of the Humeral Rod Fixation Device, the hard tissue that will be fixated is bone, namely, the humerus.
5.2.1. Humerus: The bone at the upper arm that forms joints with the shoulder and elbow.
5.2 Soft Tissue: All tissues in the body that are not hard tissue. In the case of the Humeral Rod Fixation device, the soft tissue that will be fixated are muscles and tendons known as the rotator cuff.
5.2.2. Rotator Cuff: A group of muscles and tendons that surround the shoulder and keep the humerus firmly in the shoulder joint.
5.3 Humeral Rod: An implantable device that will fixate the humerus bone with the use of cortical screws. The top is thicker and shorter with holes for the screws and will be referred to as “rod” in this document. The bottom is thinner and longer and will be referred to as “shaft” in this document
6. Setup
This test plan requires the Humeral Rod Fixation Device system as well as a caliper for completion. It will also require a force sensor.





7. Equipment Record
The following test equipment, or equivalent, is needed to execute the tests in this plan:

	Item
	Model Number(s)
	Calibration Required?

	Medical Device/Test Subject

	Suture tab
	N/A
	No

	Humeral rod
	N/A
	No

	Locking bolt
	N/A
	No

	Reamer
	N/A
	No

	Awl
	N/A
	No

	Equipment used for Testing

	Digital caliper
	Jivarry Digital Caliper Measuring Tool B08Y8M54M9
	Yes

	Force sensor
	PASPort, PASCO PS-2104
	Yes

	Force sensor interface
	PASCO 850 UNIVERSAL INTERFACE
	No

	Capstone software
	N/A
	No

	Computer 
	N/A
	No

	Synthetic bone
	ORTHObones 1016670
	No

	Clamp-on vise grip
	Bessey BV-CO30
	No

	String
	Twisted mason line, poly x poly blends and rot resistant easy to knot
	No

	#14 Wood Screw
	
	No

	Drill 
	Black&Decker Hand drill 
	No

	Drill Bit #1
	Carbide Hammer Drill bit 5/32”x4”x6”
	No 

	Drill Bit #2
	DeWalt drill bit 13/64”
	No




8. Test Cases
8.1. Test Case 010:
Purpose: Verify all measurements for the humeral rod fixation device
Specification: REQ 010, 030, 050, 051, 053, 070, 081, 160
Testing Architecture: 

	Figure 1: Acquiring the dimensions of the system

	Figure 1A: Demonstration on how to use the caliper to measure each component
[image: ]


Insert component to be measured between external jaws


	Figure 1B: Example of measuring the locking mechanism of the Rod (OD) (0.275 inches +.002 inches) 
  
[image: ]
	Figure 1C: Example of measuring the locking mechanism diameter thread of the Rod (ID) (0.157 inches +.002 inches)

[image: ]

	Figure 1D:Example of measuring the diameter of the Rod (0.354 inches +.002 inches)
 [image: ]
	Figure 1E:Example of measuring the shaft diameter of the Rod (0.275 inches +.002 inches)

[image: ]

	Figure 1F:Example of measuring the diameter of the cross locking screw holes  (0.275 inches +.002 inches)

[image: ]
	Figure 1G:Example of measuring the locking mechanism male part (0.177 inches +.002 inches)
[image: ]

	Figure 1H: Example of measuring the length of the rod. (1.96 inches +.02 inches)
[image: ]
	Figure 1I: Example of measuring the length of the shaft.(7.09 inches +.02 inches)
[image: ]




	Figure 1J: Example of measuring the length of the suture tab[image: ]

	Figure 1K: Example of measuring the width of the suture tab[image: ]





	Figure 1L: Example of measuring the inner diameter of the hole for the locking bolt
[image: ]
	Figure 1M: Example of measuring the inner diameter of the locking mechanism
[image: ]




	Figure 1N: Example of measuring the diameter of the suture holes. This is to be done for each suture hole.
[image: ]
	Figure 1O: Example of measuring the thickness of the suture[image: ]




	Figure 1P: Example of measuring the LOCKING BOLT

[image: ]
Note: Red circles denoted the placement of the upper and lower jaws of the caliper. Measure the diameter of the bolt.

	



	Figure 1Q: Example of measuring the outer diameter of the cortical screw

[image: ]

Note: Red circles denoted the placement of the upper and lower jaws of the caliper. Measure the diameter of the screw.

	Figure 1R: Example of measuring the length of the cortical screw
[image: ]
Note: Red circles denoted the placement of the upper and lower jaws of the caliper. Measure the length of the screw.



	Figure 1S: Example of measuring the length of the reamer
[image: ]
Note: Red circles denoted the placement of the upper and lower jaws of the caliper. Measure the length of the reamer.
	Figure 1T: Example of measuring the diameter of the reamer
[image: ]
Note: Red circles denoted the placement of the upper and lower jaws of the caliper. Measure the diameter of the reamer.




	Figure 1U: Example of measuring the length of the awl
[image: ]
Note: Red circles denoted the placement of the upper and lower jaws of the caliper. Measure the length of the awl, from tip to base.
	Figure 1V: Example of measuring the diameter of the awl
[image: ]
Note: Red circles denoted the placement of the upper and lower jaws of the caliper. Measure the width of the awl, from side to side.







	Figure 1W: Example of measuring the DRILL GUIDE
[image: ]
Note: Red circles denote the placement of the upper and lower jaws of the caliper. Measure the length between these two points.
	Figure 1X: Example of measuring the DRILL GUIDE
[image: ]
Note: Red circles denote the placement of the upper and lower jaws of the caliper. Measure the distance across the thickness of this plate.



	Figure 1Y: Example of measuring the DRILL GUIDE
[image: ]
Note: Red circles denote the placement of the upper and lower jaws of the caliper. Measure the distance across the thickness of this plate.
	Figure 1Z: Example of measuring the DRILL GUIDE
[image: ]
Note: Red circles denote the placement of the upper and lower jaws of the caliper. Measure the diameter of this rod.





	Figure 1AA: Example of measuring the shaft length of the GUIDE TUBE
[image: ]
	Figure 1AB: Example of measuring the inner diameter of the collar length of the GUIDE TUBE
[image: ]




	Figure 1AC: Example of measuring the inner diameter of the GUIDE TUBE
[image: ]
	Figure 1AD: Example of measuring the outer diameter of the collar of the GUIDE TUBE
[image: ]






	Figure 1AE: Example of measuring the outer diameter of the shaft of the guide tube.
[image: ]




Equipment: 
1. Digital caliper
2. Rod
3. Suture tab
4. Locking bolt
5. Awl
6. Reamer
7. Drill guide
8. Guide tubes
		Procedure: 
1. Calibrate the digital caliper
a. Turn on the caliper using the POWER ON/OFF button.
b. With the external jaws touching, click on the ZERO button to calibrate the device.
c. Set the measurement metric to inches
2. Measure the dimensions of the rod
a. Place the external jaws of the caliper on each end of the component.
i. Follow figures 1B through 1I to acquire each critical dimension of the rod.
b. Record the values in Table 1.
3. Measure the dimensions of the suture tab.
a. Place the external jaws of the caliper on each end of the component.
i. Follow figures 1J through 1N to acquire each critical dimension of the suture tab.
b. Record the values in Table 2
4. Measure the dimensions of the locking bolt.
a. Place the external jaws of the caliper on each end of the component.
i. Follow Figure 1P to acquire each critical dimension of the locking bolt.
b. Record the values in Table 3.
5. Measure the dimensions of the cortical screws.
a. Place the external jaws of the caliper on each end of the component.
i. Follow figures 1Q through 1R to acquire each critical dimension of the cortical screws.
b. Record the values in Table 4.
6. Measure the dimensions of the reamer.
a. Place the external jaws of the caliper on each end of the component.
i. Follow figures 1S through 1T to acquire each critical dimension of the reamer.
b. Record the values in Table 5.
7. Measure the dimensions of the awl.
a. Place the external jaws of the caliper on each end of the component.
i. Follow figures 1U through 1V to acquire each critical dimension of the awl.
b. Record the values in Table 6.
8. Measure the dimensions of the drill guide.
a. Place the external jaws of the caliper on each end of the component.
i. Follow figures 1W through 1Z to acquire each critical dimension of the drill guide.
b. Record the values in Table 7.
9. Measure the dimensions of the guide tubes.
a. Place the external jaws of the caliper on each end of the component.
i. Follow figures 1AA through 1AD to acquire each critical dimension of the guide tubes.
b. Record the values in Table 8

Expected Results: The test passes if the following criterion is met:
1. Each component of the system should have identical, or nearly identical measurements to the dimensions specified in the requirements document.


Test Results:

	Table 1: Critical Dimensions of the Rod

	Item
	Expected Results and Tolerance
	Measurement Results
	Pass/Fail

	Locking Mechanism OD
	0.275” ± 0.002”
	0.276”

	Pass

	Locking Mechanism ID
	0.157” ± 0.002”
	0.160”

	Fail

	Rod Diameter
	0.354” ± 0.002”
	0.355”

	Pass

	Shaft Diameter
	0.275” ± 0.002”
	0.275”

	Pass

	Screw Holes
	0.275” ± 0.002”
	0.276”
	Pass

	Male Locking Mechanism
	0.177” ± 0.002”
	0.172”
	Fail

	Rod Length
	 1.96” ± 0.02”
	0.195”
	Pass

	Shaft Length
	7.09’’ ± 0.02’’
	7.10”
	Pass

	Locking Mechanism OD
	0.275” ± 0.002”
	0.275”

	Pass



	Table 2: Critical Dimensions of the Suture Tab

	Item
	Expected Results and Tolerance
	Measurement Results
	Pass/Fail

	Width of Tab
	1.08” ± 0.002”
 
	1.09”

	Pass

	Length of Tab
	0.956” ± 0.002”
	0.957”
	Pass

	Female Locking Mechanism
	0.250” ± 0.001”
	0.256”
	Fail

	Hole 1
	0.04” ± 0.001”
	.039”
	Fail

	Hole 2
	0.04” ± 0.001”
	.040”
	Pass

	Hole 3
	0.04” ± 0.001”
	.040”
	Pass

	Hole 4
	0.04” ± 0.001”
	.040”
	Pass

	Hole 5
	0.04” ± 0.001”
	.038”
	Fail

	Hole 6
	0.04” ± 0.001”
	.039”
	Fail

	Hole 7
	0.04” ± 0.001”
	.040”
	Pass

	Hole 8
	0.04” ± 0.001”
	0.043”
	Fail



	Table 3: Critical Dimensions of the Locking Bolt

	Item
	Expected Results and Tolerance
	Measurement Result
	Pass/Fail

	Length of bolt
	0.500” ±.002”
	0.502”
	Pass

	Outer diameter
	0.157” ±.009”
	0.164”
	Pass

	Inner diameter
	0.110” ±.009”
	0.115”
	Pass

	Head diameter
	0.374” ±.009”
	0.375”
	Pass

	Driver size
	0.118” ±0.010”
	0.119”
	Pass




	Table 4: Critical Dimensions of the Cortical Screw

	Item
	Expected Results and Tolerance
	Measurement Result
	Pass/Fail

	Length of cortical screw
	1.625” ± 0.002”
 
	1.626”
	Pass

	Outer diameter
	0.157” ± 0.001”
	0.158”
	Pass

	Inner diameter
	0.098” ± 0.001”
	0.098”
	Pass

	Head diameter
	1.37” ± 0.001”
	.250”
	Pass

	Drive Length
	0.118” ± 0.001”
	0.117”
	Pass



	Table 5: Critical Measurements of the Reamer

	Item
	Expected Results and Tolerance
	Measurement Results
	Pass/Fail

	Length
	13.75” ± 0.02”
	13.75”
	Pass

	Diameter
	0.236” ± 0.002”
	0.237”
	Pass



	Table 6: Critical Measurements of the Awl

	Item
	Expected Results and Tolerance
	Measurement Results
	Pass/Fail

	Length of awl
	4.5” ± 0.1”
	4.5”
	Pass

	Diameter
	0.35” ± 0.002”
	.35”
	Pass





	Table 7: Critical Dimensions of the Drill Guide

	Item
	Expected Results and Tolerance
	Measurement Results
	Pass/Fail

	Width
	0.375”± 0.02”
	0.375”
	Pass

	Thickness
	0.375” ± 0.001”
	0.375”
	Pass

	Hole Diameter
	0.250” ± 0.001”
	0.251”
	Pass

	Rod Thickness
	0.200” ± 0.002”
	0.201”
	Pass



	Table 8: Critical Dimensions of the Guide Tubes

	Item
	Expected Results and Tolerance
	Measurement Results
	Pass/Fail

	Outer Dia.
	0.236” ±  0.001”
	.236”
	Pass

	Inner Dia.
	0.138” ±  0.001”
	.139”
	Fail

	Head Dia.
	0.472”  ±  0.005”
	0.473”
	Pass

	Drive length
	2.047”  ± 0.010”
	2.047”
	Pass

	Head length
	0.504”  ± 0.010”
	0.508”
	Pass



8.2. Test Case 020:
Purpose: Ensure that the threads of the cortical screws will hold in the bone.
Specification: REQ 120
Test Architecture:

	Figure 2: Ensuring the threads hold in the bone

	Figure 2A: Use the drill with drill bit #1 to create a 0.156” diameter and 0 .75” length pilot hole through the center of the synthetic bone.

[image: ][image: ]

Do this 6 times spread out evenly down the middle of the synthetic bone, as seen as below.

[image: ]




	Figure 2B: Place the screw into the drill as shown below.
[image: ][image: ]
	Figure 2C: Drill the nail straight into the synthetic bone until the threads are fully embedded and  place the synthetic bone into the table gripper.
[image: ]

	Figure 2D: Loop the string around the screw head, as seen below.
[image: ]
	Figure 2E:Without pulling the force sensor, click the zero button. 
[image: ]





	Figure 2F: Click Record/Monitor
[image: ]

	Figure 2G: Attach the force gauge to the string and pull until the screw pulls out. [image: ]




Equipment: 1. Synthetic bone
          2. Cortical screws
          3. Force sensor
          4. Force sensor interface
          5. PASCO Capstone software
          6. Computer
          7. Drill
          8. Drill Bit #1
          9. #14 Wood screw
          10. Cortical screw
		Procedure:
1. Use the drill with drill bit #1 to create the pilot hole of 0.156” diameter and 0 .75” length pathway through the center of the synthetic bone.
a. See Figure 2A.
2.  Push and turn the drill through the synthetic bone.
a.  See Figure 2A.
3. Using the drill, drill the cortical screw into the synthetic bone. Screw until the threads are fully embedded into the synthetic bone.
a. See Figure 2D.
4. Attach the synthetic bone into the gripper
a. See Figure 2C.
5. Attach the string to the nail head.
a. See Figure 2D.
6. Attach the force gauge to the string.
a. See Figure 2E.
7. Click the zero button on the force sensor.
a. See Figure 2E.
8. Click Record/Monitor on the computer to start recording.
a. See Figure 2F.
9.  Pull the force gauge until the nail pulls out of the synthetic bone completely.
a. See Figure 2G.
b.  Be sure to pull at a straight out or 180 degree angle, this will ensure that you are testing the nail specifically.
10. Repeat this procedure 3 times.
11. Record the values in Table 9.

Expected Results: The test passes if the following criterion is met:
1. The average force required to remove the cortical screw from the bone is greater or equal to that of the wood screw.
		Test Results:
Test passes if all of the following occurs:
1. The force reading is equal to or greater than 370775.38N
*The PASCO force sensor has a max strength of 60N therefore any reading equal to or above 60N will be considered inconclusive while <60N will be considered fail.

	Table 9: Pull-out Test Results

	Item
	Force Reading 1
	Force Reading 2
	Force Reading 3
	Pass/Fail

	Cortical Screw
	>60N
	>60N
	>60N
	Inconclusive


[image: ]
Figure 2H: Force Reading 1
[image: ]
Figure 2I: Force Reading 2
[image: ]
Figure 2J: Force Reading 3
8.9. Test Case 030:

	Figure 3: Ensures the connection between the nail and tab is strong and prevents rotation both axially and vertically.

	Figure 3A: Connect the suture tab and humeral nail together using the press fit locking mechanism
[image: ]Rod
Suture Tab





	Figure 3B: Secure the suture tab and locking bolt in place by tightening the locking bolt in place at the top of the Rod
[image: ]

	Figure 3C: Secure the components in place by tightening (rotate clockwise) the locking bolt at the top of the suture tab
[image: ]

	Figure 3D: Attach a 10 pound weight to the suture tab. 
[image: ]


	Figure 3E: Grab the rod and allow the weight attached to the suture to hang down
[image: ]



Purpose: Ensures the connection between the nail and tab is strong and prevents rotation both axially and vertically.
Specification: REQ 0120
Equipment: 1. Suture tab
          2. Humeral Nail
          3. Locking bolt         
          4. Drill
          5. 2.5 mm allen wrench
		Procedure:
1. Connect the suture tab and humeral nail together using the press-fit locking mechanism 
a. See Figure 3A
2. Secure the suture tab and locking bolt in place by tightening the locking bolt in place at the top of the Rod
a. See Figures 3B and 3C
3. Attach a 10 pound weight to the suture tab. 
a. See Figure 3D
4. Conduct a manual rotation test to assess the stability of the connection. Apply controlled axial and vertical forces to evaluate resistance to rotation. 
a. Grab the rod and allow the weight attached to the suture to hang down.  See Figure 3E
b. Using one hand to hold the humeral Rod, and the other to hold the suture tab, try to rotate the tab clockwise and counterclockwise with minimal force.
c. 
5. Repeat steps a and b 3 times.
6. Record the results in Table 10
Expected Results: The test passes if the following criteria are met:
1. The suture tab remains stationary throughout the duration of the manual rotation test.
2. The suture tab remains stationary throughout the duration of the vertical force test.

	Table 10: Axial and Vertical Stability

	Item
	Expected Results 
	Trial 1
Pass/Fail
	Trial 2
Pass/Fail
	Trial 3
Pass/Fail
	Trial 4
Pass/Fail
	Freq. of Test

	Suture Tab
	Remains stationary vertically
 
	Fail
	Fail
	Fail
	Fail
	4

	Suture Tab
	Remains stationary horizontally
	Fail
	Fail
	Fail
	Fail
	4



Locking bolt failed to attach the suture tab to the humeral rod due to poor precision and mechanical properties of 3D printed parts.
8.10. Test Case 040:
Purpose: Ensures that the Humeral Rod Fixation Device is stronger than predicate devices
Specification: REQ 170
Equipment: 1. Suture tab
          2. Humeral nail
          3. Locking bolt
          4. Force sensor
          5. Force sensor interface
          6. Capstone Software
          7. Computer
		Procedure:
1. Use the drill with drill bit #1 to create the pilot hole of 0.156” diameter and 0 .75” length pathway through the center of the synthetic bone.
a. See figure 2A 
b.  Make sure to keep the drill straight at 180 degrees. This will ensure that the path for the nail is straight
2. Using the drill, drill the nail into the synthetic bone. 
3. Attach the synthetic bone to the gripper
4. Attach the suture tab to the humeral nail using the press fit locking mechanism
5. Secure the system in place by tightening the locking bolt in place at the top of the system
6. Attach sutures to the holes of the suture tab 
7. Attach the force sensor to the bottom of a suture
8. Click the zero button on the force sensor
9. Click Record/Monitor on the computer
10. Pull the force sensor directly upward until the suture tab breaks or the force reads at or above 300N
11. Repeat steps 1-11 three times

Expected Results: The test passes if the following criteria are met:
1. The force required to break the suture tab is above 300N
	Item
	Expected Results and Tolerance
	Measurement 1
	Measurement 2
	Measurement 3
	Measurement 4
	Avg.
	Freq. of Test

	Force Reading
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	0


** This test was not conducted because it would yield inconclusive results due to the properties of our 3D printed prototypes (poor precision and different mechanical properties) **


9. Attachments
Cover Sheet for QUALITY RECORDS
	Test Plan Name
	

	Test Engineer
	Avo Elebyjian, Hans Elijah Hugo, Colton Prentzel, Emad Sawaqed

	Test Date
	

	Version
	(HW)                    (SW)

	System Name
	Humeral Rod Fixation Device

	Tests covered
	

	MRs written?
	Yes      or     No    [see next page]

	Data Attached?
	Yes      or     No

	Old Results appended?
	Yes      or     No

	Record Type
	System Test Results

	Date Filed
	

	Storage Location (Room #)
	

	Approval Signature(s)
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