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Abstract
Purpose
The OPTY-LINE extendable nail is a magnetically-controlled, intra-medullary realignment
device that is specifically designed for open-wedge high tibial osteotomy (HTO). The aim of
this study was to perform a comprehensive retrieval analysis of OPTY-LINE nails and assess
them for any signs of damage, corrosion and wear.
Patients and Methods
Two routinely explanted OPTY-LINE nails were initially radiographed and force tested
before mechanical section and disassembly. Macroscopic and microscopic inspection was
performed and specific areas of the nails were identified for profilometry and scanning
electron microscopy.
Results
Radiographs did not show any evidence of implant failure. Force testing resulted in no force
output from one nail, while the second nail generated a maximum force of 706 N.
Macroscopic inspection revealed wear patterns consistent with off-axis loading. Energy
Dispersive X-Ray Spectrometry did not identify physiologic fluid ingress, however, O-Ring
seal wear and moisture within the mechanism was concerning. Black debris was embedded
within the O-Ring grooves of both nails.
Conclusion
This retrieval study is the first to evaluate the performance of the OPTY-LINE nail. Signs of
off-axis wear and corrosion were identified and we support current recommendations for
routine implant removal within one year. This study will inform and guide further retrieval
analyses of the OPTY-LINE nail.
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List of Abbreviations

DLO

Double Level Osteotomy

EDX

Energy-Dispersive X-Ray

ERC

External Remote Control

HTO

High Tibial Osteotomy

MAGEC

MAGnetic Expansion Control

MCGR

Magnetically Controlled Growth Rods

MPTA

Medial Proximal Tibial Angle

PTFE

Polytetrafluoroethylene

SEM

Scanning Electron Microscopy

SLO

Single Level Osteotomy

1. Introduction
High tibial osteotomy (HTO) is a common treatment for unicompartmental osteoarthritis with
varus deformity in young, active patients1. It is a realignment procedure that aims to shift the
weight-bearing axis, thereby unloading articular cartilage and re-distributing mechanical
forces over the relatively intact lateral compartment. Numerous studies have shown that
accuracy of correction relative to pre-operative planning is the most important predictor of
success2, yet in spite of this, alignment correction in HTO is highly variable3.
The technique of distraction osteogenesis is therefore attractive and several authors advocate
the use of dynamic external fixation, especially for large corrections or those with a
significant intra-articular deformity4, 5. Bone graft is not required and alignment correction
can be fine-tuned in the post-operative setting. Distraction osteogenesis is well-established in
the field of limb-lengthening, where intra-medullary magnetic nails have eliminated many of
the drawbacks of traditional external fixators, such as pin-site infections, tethering of skin and
muscles as well as the daily burden of frame-wear6.
With internal lengthening options, the most commonly implanted device worldwide is the
PRECICE nail (NuVasive Specialized Orthopedics, San Diego, California, USA) with over
10,000 implantations to date (company data, August 2019)7. The device consists of two
telescoping titanium tubes housing a rare earth magnetic metal spindle used to drive a 3stage, 1:64 reduction planetary gearbox. The drive-pin rotates a leadscrew, with the overall
effect of extending or contracting the telescopic component. With a stroke capacity ranging
from 5 cm to 8 cm, internal mechanism torque is achieved through the use of an External
Remote Control (ERC). The ERC contains two large magnets that produce a controllable
rotating flux experienced by the internal magnet (Figure 1)6.

Since its initial FDA approval in 2011, the PRECICE nail has undergone a number of design
iterations8. P1 describes the initial nail design and an early modification to casing size. With
P2, the original modular system of outer shell welds was exchanged for a monobloc design
due to evidence of fracturing. This also allowed for a larger extending bar diameter and
coincided with a corrugated anti-rotation female aperture design. P2.1 represents the most
recent version where the anti-rotation ‘crown’ was internalized in response to failure reports
at the tip of the nail6. A labelled radiograph is shown in Figure 2.
The OPTY-LINE system is a novel version of this device designed specifically for medialopen wedge HTO9. The nail is inserted into the proximal tibia after a standard osteotomy is
performed and following a latent period of several days, the osteotomy is gradually opened in
increments of 0.5mm to 1 mm per day. Once the desired correction is achieved (which may
include reversal in direction if there has been a small over-correction), the distraction is
concluded (Figure 3). NuVasive recommends elective removal of all its lengthening nails
approximately one year post-operatively, provided solid union has occurred.
The aim of this study was to perform the first comprehensive retrieval and sectioning analysis
of explanted OPTY-LINE nails, examining characteristics such as device wear, corrosion,
residual functionality and loading limits. As this is the first-of-a-kind study, inspiration for
device sectioning and internal component analyses was drawn from retrieval studies of
alternative, and often similar, orthopaedic devices.

2. Materials and Methods
2.1 Patient and Nail Details
Retrieval analysis was undertaken on two OPTY-LINE nails from two patients. The nails
were assigned unique identifiers of N001 and N002. Details of the patients and the retrieved
nails are shown in Table 1. Each patient underwent a medial open-wedge HTO using the
OPTY-LINE nail. In one case, this was a single-level osteotomy. In the second, a doublelevel osteotomy was performed and the patient underwent concomitant lateral closing-wedge
distal femoral osteotomy with a TomoFix plate (DePuy Synthes, Zuchwil, Switzerland). Each
patient achieved their planned alignment correction with no implant failures. Solid union was
achieved in both knees and there were no complications.
2.2 Plain Radiographs
Each device was radiographed for signs of internal mechanism failure. Subcomponent
identification was facilitated by an in-depth review of patents surrounding the device. This
was performed using Google Patents database search function and returned three patents with
detailed engineering drawings (Appendix A).
2.3 Force Testing
As force testing of this device has not previously been described, two of the authors (RJJ and
TJ) designed a novel testing protocol involving a force-testing rig provided by NuVasive
(Figure 4). The rig consisted of a digital linear force gauge (DFE II Series, Ametek®, New
York, USA) fixed to a spring-piston setup. A bespoke locating block (Appendix B) was
manufactured to secure the nail in place and provide a location for the ERC. Each nail was
secured to the rig with a 5N pre-load and the ERC placed on top of the locating block. The
nail was then allowed to distract to its maximum length or until an indication was given that
maximum load was reached.

2.4 Mechanical Sectioning and Disassembly
Mechanical sectioning and subsequent disassembly of each device was performed using a
high-speed, cutting tool (Dremel, Racine, Wisconsin, USA). Guided by the radiographic
images, incomplete circumferential cuts were made to the shell until the casing was thin
enough to snap, thereby minimizing internal contamination with titanium debris. Extracted
subcomponents were stored separately to avoid cross-contamination.
2.5 Macroscopic Inspection
Following decontamination with soap and water using non-abrasive sponging, each nail was
visually inspected for any signs of damage or obvious surface wear. All findings were
photographed and areas of interest noted for further inspection. Much of this inspection took
place during the initial force testing and disassembly phase.
2.6 Microscopic Inspection
Areas previously identified during macroscopic inspection were fully dimensioned using
either digital calipers (Mitutoyo, Huddersfield, UK) or a CNC Quick Scope Vision
Measuring System (Mitutoyo, Huddersfield, UK).
2.7 Scanning Electron Microscopy (SEM)
SEM was performed using an ATM3030 Tabletop Scanning Electron Microscope (Hitachi,
Tokyo, Japan) to further characterize and assess any surface wear. Using the energydispersive X-Ray (EDX) capabilities of this microscope, identification and quantification of
elements from targeted sample areas was performed to assess for fluid ingress and corrosion.
All samples were stored using individual sample tubes for SEM stubs (Agar Scientific, Essex,
UK).

2.8 Wear
Characterization and measurement of surfaces was performed using an optical profilometer
(InfiniteFocusSL, Alicona, Austria). The surface damage present on the extending bar
component was quantified by two methods. Firstly, the technique outlined by Foong et al.8
was used to gain a relative value for wear using the following measure:

Wear =

Area of Valleys of a trace from visibly worn region
Area of Valleys of a trace from visibly unworn region

The ‘Area of Valleys’ is also known as the ‘Oil Retention Volume’, which is calculated from
the bearing area of a curved surface as follows:

Area of Valleys = 0.5 ∗ Rvk ∗ (1 − Rmr2)

Where, Rvk is the reduced valley height parameter and Rmr2 is the peak material ratio
parameter. Therefore, our final equation for wear was as follows:

Wear =

0.5 ∗ Rvk ∗ (1 − Rmr2) of the worn surface
0.5 ∗ Rvk ∗ (1 − Rmr2) of the unworn surface

Secondly, an estimate of the minimum wear volume was made using the volume
measurement module of MeasureSuite (Alicona, Austria). A scan of the main wear scar was
obtained, which then had its form converted from a cylindrical to a planar dataset. With the
volume measurement mode set to Cutting Plane, the height of the plane was adjusted until
only the wear scar was measured, giving the core volume of the wear scar (Figure 5).

3. Results
3.1 Plain Radiographs
Plain radiographs revealed that both nails had an intact internal mechanism with no evidence
of drive-pin fracture.
3.2 Force Testing
Field application to N001 with an ERC was attempted for a total of 5 minutes but failed to
produce distraction. Attempts to manually apply a field with a ring magnet were
unsuccessful, so force testing on N001 was discontinued at this point.
Field application to N002 with an ERC resulted in an immediate increase in force, with a
gradual increase to a maximum of 706N. At this point, there was an audible ‘click’ and the
force gauge readout simultaneously decreased to 665N.
3.3 Mechanical Sectioning and Disassembly
The mechanical sectioning and disassembly process is detailed in Appendix C.
3.4 Macroscopic Inspection
Proximal to distal macroscopic inspection, sequenced as in Figure 2, is displayed in Table 1
and Figure 6.
3.5 Microscopic Inspection
Dimensioning and standard microscopy of each component was performed. The principal
finding was that the closest matching commercial designation for the axial bearing was the
BA 3 (thrust ball bearings, single direction) manufactured by SKF (Svenska
Kullagerfabriken, Gothenburg, Sweden) with a basic static load rating of 720N10.

3.6 Scanning Electron Microscopy
SEM of the O-Rings revealed minimal signs of surface damage (Figure 7A) as well as the
presence of metallic particles embedded in the surface (Figure 7B), consistent with the gross
metallic contamination noted at macroscopic inspection.
EDX testing for fluid ingress beyond the O-Rings did not reveal sodium, potassium or
calcium peaks as would be expected to be seen with ingress of physiologic fluids beyond the
O-Ring gaskets. A high fluorine detection peak was noted.
3.7 Wear
The longitudinal damage running the full length of each extending bar was identified as
fretting corrosion, a wear process occurring at the contact area between two materials under
load and subject to slight relative movement11 (Figure 8).
Extending bar surface damage near the O-Ring groove was also identified as fretting
corrosion (Figure 9) and was found to have a higher surface roughness on both nails (N001,
Ra 1.4 µm; N002, Ra 0.7 µm) compared to the visibly un-worn side of the same bar (Ra 0.4
µm). Unit-less wear quantification of this scar, according to Foong et al.’s8 method, was
1.029 and 2.527 for N001 and N002, respectively. Wear volume according to our second
method was 0.00038mm3 and 0.00900mm3 for N001 and N002, respectively.

4. Discussion
PRECICE nails have been shown in numerous studies to be an effective method of distraction
osteogenesis, making limb lengthening easier and more comfortable for patients with limb
length discrepancy12, 13. Performance reports of the OPTY-LINE system have also provided
early promising results. In comparison studies with a conventional HTO group, surgical
accuracy was higher and gap healing appeared faster in patients managed with the OPTYLINE nail9, 14.
Similar technology has been used in magnetically controlled growth rods (MCGR) to treat
early onset scoliosis and the MAGEC system of MCGRs shares the same manufacturer
(NuVasive Specialized Orthopedics, San Diego, California, USA), as well as a similar
mechanism, as the PRECICE nail. Concern has been raised, however, regarding the use of
MAGEC rods due to the risk of implant failure15, 16. High rates of failure and significant
tissue metallosis have been associated with locking pin fracture, O-Ring seal failure and
metal wear debris, leading to the issue of a Field Safety Notice (FSN) for the MAGEC
system by NuVasive in 201917. Off-axis loading has been identified as a fundamental
mechanism of failure and the consequent metallosis – both local and potentially systemic - is
a major cause for concern18. Subsequent to this, NuVasive issued a FSN in January 2021, this
time for the PRECICE family of devices while they address (i) the unknown long-term
biological safety profile and (ii) the use of these devices in children19.
To the best of our knowledge, this is the first comprehensive retrieval analysis of the OPTYLINE nail and is the first study to force test explanted PRECICE nail devices.
The peak force obtained by nail N002 was found to be 706N. This force is transmitted
through the drive-pin and modelling the pin as a simple beam in a three-point bend test

reveals that the force required to break the pin could be as low as 660N. This is concerning as
if early union occurs, the nail could potentially exert enough force to damage or fracture the
pin. However, the legitimacy of this model is questionable and further studies are required to
understand the force vector orientations. The force applied by the ERC in our study is a
tensile force, whereas in-vivo forces are likely compressive. Although the peak force
obtained is less than the force generated in single-legged stance by a 73.4 kg patient (720N),
this is not representative of how distraction is clinically performed.
An optimal disassembly protocol was not established in this study and many of the internal
components were not accessible without damaging and potentially contaminating the
components. Ideally, two longitudinal cuts without internal contamination would allow for
complete in-situ analysis of all components. Future cut recommendations are shown in
Appendix D.
The measured material volume loss in our study was infinitesimally small, measuring only
0.00038mm3 and 0.00900mm3 for nail N001 and N002, respectively. Extending bar
longitudinal wear, identified as fretting corrosion, was seen in an identical fashion to previous
PRECICE nail retrieval studies8, 20 and an additional main wear scar, identified as fretting
corrosion, was also present on each bar. The wear marks did not lie in the same longitudinal
line, but were separated by approximately 20° of the bar’s circumference. The cause of this
separation is unknown, but the presence of damage on only one side of the bar is indicative of
off-axis loading. Off-axis loading occurs when the mechanical axis of the limb (in any plane)
differs to the longitudinal axis of the implant, in particular the extending bar axis. This is
evidenced by the ‘coup’ actuator-on-bar wear at the female aperture in combination with the
180°, proximal, internal ‘contrecoup’ actuator-on-bar wear identified at the level of the ORings (Figure 10). In a large multi-centre study by Joyce et al.21, off-axis loading was also
identified as a cause of wear, corrosion, metallosis and failure in the MAGEC system of

MCGRs. However, unlike the MAGEC system, the cause of off-axis loading in this instance
is likely due to the design of the nail itself, rather than the force regime it is subjected to. The
distal bend of the nail alone is enough to cause off-axis loading.
EDX analysis for physiologic fluid ingress beyond the O-Ring gaskets was reassuringly
negative. However, given the eccentric wear of the O-Rings, the presence of metal debris in
the O-Ring grooves and the SEM results, together with the presence of moisture beyond the
O-Rings, concern remains for potential internal corrosion and subsequent egress of metal
ions. The most interesting peak that was detected in all EDX samples was fluorine. This
occurred with mass percentages as high as 57% and is thought to relate to a fluorinated
lubricant such as polytetrafluoroethylene (PTFE).
Three other retrieval studies of the PRECICE system have been performed. Foong et al.8
examined eleven consecutively explanted PRECICE nails used for femoral distraction (five
P1, three P2 and three P2.1 designs) while Panagiotopoulou et el.20 describe a retrieval
analysis of twelve PRECICE femoral nails and three PRECICE tibial nails (six P1, four P2
and five P2.1 designs). In both studies, all nails demonstrated design-specific surface damage
to the telescopic component. Macroscopic inspection revealed regularly-spaced notches along
the extending bar, likely reflecting the regularity in the frequency and degree of lengthening.
This is consistent with the off-axis loading and actuator-on-bar wear seen in our study.
Moreover, as the bending moment increased with implant distraction, the marks on the
extending bar closer to the actuator became deeper and broader. No hardware complications
were found in the nails examined by Foong et al., but Panagiotopoulou et el. noted two
actuator pin fractures, both in P1 nail designs. In both studies, wear and internal corrosion
were observed to decrease as the designs were changed, suggesting that the design
modifications have had an effect in improving overall implant performance. However,

following sectioning, Panagiotopoulou et el. noted black debris in all implants and there was
evidence of physiologic substances within the latest design nails.
Eltayeby et el.7 introduced the concept of the “Sleeper” nail, describing a theoretical off-label
lengthening process whereby dormant PRECICE nails remain in-situ and kinetically inactive
for one year between osteotomy and lengthening stages. With “functional” defined as the
ability to lengthen 5 mm short of the nail’s full stroke capacity and retract back to 35 mm,
they found that 84% of explanted nails performed successfully. Almost 50% of the fully
deployed nails in the study failed the test, leading the authors to conclude that in some cases,
fully deploying the nail may cause internal mechanism damage. Analysis of wear, corrosion
or mechanical sectioning was not performed in this study.
This study was limited to two explanted devices and force testing was successfully completed
on only one nail. Retrieval analysis of many more devices is required before firm conclusions
can be drawn. Nonetheless, the OPTY-LINE system is a novel device for high tibial
osteotomy and warrants early and robust analysis.
5. Conclusion
The PRECICE OPTY-LINE nail appears to be a well-performing device but caution is urged
when it comes to the mechanical design considering the force testing results in this study.
Off-axis loading is proposed to be the main mechanism of damage to the extending bar. This
is the first report of evaluation of the OPTY-LINE nail and we feel our study provides good
evidence to support and guide further retrieval analyses.
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Figure Captions
Figure 1.
A. Photograph of an external remote control (ERC) device
B. Illustration of how rotation of the two external remote control magnets (big circles) cause
the nail magnet (small circle) to rotate through their magnetic fields.

Courtesy of Paley D. PRECICE intramedullary limb lengthening systems. Expert Rev Med
Devices. May 2015; 12(3):231-49

Figure 2. Lateral radiograph of explanted OPTY-LINE nail

1. Titanium Alloy (Ti6Al4V) Case (‘Female Component’)
2. Radial Bearing
3. Rare Earth Magnet
4. 3-Stage Planetary Gear System
5. Axial Bearing
6. Drive Pin
7. Split Washer
8. Double O-Ring Seals
9. Leadscrew
10. Anti-Rotation Device
11. Extending Bar

Figure 3.
A. Fluoroscopy showing the osteotomy immediately after the procedure
B. Radiograph at ten weeks following distraction

Figure 4. Customized force testing rig with OPTY-LINE nail and bespoke locating block

Figure 5.
A. Scan of main wear scar on the extending bar of nail N002
B. Diagram of cutting plane above wear scar scan showing area for volume measurement

Figure 6.
A. Radial bearing on magnet shaft
B. Axial bearing race, fractured into three pieces, showing discolored raceway
C. Drive-pin next to a 0.5 mm scale, showing fractured corners and marked surfaces
D. O-Rings with debris inside the grooves
E. Leadscrew plan view showing moisture
F. Anti-rotation grooves of extending bar showing black debris and signs of moisture
G. Extending bar showing debris and longitudinal surface damage

Figure 7. SEM Images of N001 O-Ring sample.
A. Sectioned end view. The red ellipses mark two areas where some material has been
removed on either side of the ring
B. Side view. The red arrow indicates light metallic particles embedded in the surface. The
yellow arrow shows some tissue lint

Figure 8. Alicona image of extending bar longitudinal damage. Both fretting and pitting
corrosion are present on this view.

Figure 9. Extending Bar Pitting Corrosion
A. Alicona image of extending bar reference surface
B. Alicona image of extending bar pitting corrosion

Figure 10. Schematic diagram of the proposed mechanism by which surface damage was
caused to the extending bar. A and B represent reaction forces.

Tables
Table 1. Demographics of implants and patients
Nail Details
Study Nail Reference

N001

N002

PRECICE OPTY-LINE

PRECICE OPTY-LINE

(P2.1)

(P2.1)

HTO10.7-20A155

HTO10.7-20A155

69

89

16.5

13.1

Age (years)

63

31

BMI (kg/m2)

28.9

29.8

Female

Male

Genu Varum

Idiopathic

SLO or DLO

DLO

SLO

Pre-Operative MPTA (°)

80.9

85.3

†

91.8

93.6

Device (Design)

Model Number
Correction Time (days)
Implantation Time (months)
Patient Details

Gender
Indication for Osteotomy

Post-Operative MPTA (°)

SLO, Single Level Osteotomy; DLO, Double Level Osteotomy; MPTA, Medial Proximal
Tibial angle
†

At 12-month follow-up

Table 2. Macroscopic Inspection Summary
No.

Component

1

Casing

2
3

Radial Bearing
Magnet

4

Gearing System

5

Axial Bearing

N001
Signs of retrieval damage
Deposits found around radial bearing seat
Intact and smooth running
Intact with small deformation on gear
Seized. Internal gears would not separate
from sun gear
Lower race fractured

N002
Signs of retrieval damage

Not assessed
Intact on radiograph

Figure

6A

Intact on radiograph
Intact on radiograph

6B

6C

Internal race discoloration
Black debris observed
6

Drive Pin

Corner fracturing with visible material loss

Intact on radiograph

7

Split Washer

Support area surface damage
Intact
Gaskets intact

Intact on radiograph
Gaskets intact

8

O-Rings

Debris embedded in both grooves, internal
and external to the rings
No surface damage

Debris embedded in both grooves, , internal
and external to the rings
No surface damage

9

Leadscrew

Moisture present

Moisture present

6E

10

Anti-Rotation Device

Smooth meshing action with extending bar
Loaded with black metallic debris
Surface damage in two locations

Smooth meshing action with extending bar
Loaded with black metallic debris
Surface damage in two locations

6F

11

Extending Bar

One side was polished near the O-rings

One side was polished near the O-rings

6G

Longitudinal damage along entire bar length

Longitudinal damage along entire bar length

6D

Appendices & Appendix Captions
Appendix A. Example of patent cross-sectional diagram (NuVasive, 2015)
Appendix B. Engineering drawing of bespoke locating block for force testing rig. The
External Remote Control is placed on top of the locating block
Appendix C. Mechanical Sectioning and Disassembly
C.1. Nail N001 Summary
Figure C1 shows the cut locations used to open N001 during the sectioning process. Without
any published sectioning protocols to follow, cuts were made to avoid any internal
components. Cut 1 was made to disable the effects of the anti-rotation device and allow the
extending bar to be unscrewed from the leadscrew. Cut 2 was made to provide access to the
gearing system but was unsuccessful, so two further cuts were made directly above internal
components. Following all four cuts, access was gained to the internal mechanism assembly
(Figure C2). The gearing system seized which prevented any further disassembly. The outer
casing was cut away (Figure C3) to expose the drive-pin and separate the leadscrew. Overall,
access was gained to every component, excluding the gears.
C.2. Nail N002 Summary
Based on findings from nail N001, nail N002 was only cut in one location (Figure C4). This
was believed to be the optimal cutting location as the axial bearing, drive-pin and first
planetary gear stage are linked together as one sub-assembly. Patent information suggested
that this sub-assembly was interference-fitted (NuVasive 2015) into the casing, so it was
thought that cutting here would weaken the fit and allow all components to slide out. This
single cut had the same effect as cut 1 on nail N001 and enabled the extending bar to be
unscrewed from the remaining device (Figure C5). However, despite attempts at extraction

with a bespoke slide-hammer, the components proximal to the cut remained firmly inside the
casing.
Appendix C Figures
Figure C1. Dimensioned nail radiograph demonstrating the locations of the cuts made
to nail N001
Figure C2. Component sub-assembly from nail N001
Figure C3. Component sub-assembly from nail N001 post-cutting
Figure C4. Dimensioned nail radiograph demonstrating the location of the cut made
to nail N002
Figure C5. Final disassembly of nail N002

Appendix D. Side-by-side comparison of a radiograph to nail N002 in its final study
condition. The red line shows the recommended next cut location for nail N002 and the
yellow line indicates an additional cut to make if the device is new
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