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�� GeneRAL ORTHOpAediCS

Focal osteolysis and corrosion at the 
junction of Precice Stryde intramedullary 
lengthening device

pReliminaRy CliniCal, RaDiologiCal, anD metalluRgiC analysis 
of 57 lengtheneD segments

Aims
This study aims to enhance understanding of clinical and radiological consequences and 
involved mechanisms that led to corrosion of the Precice Stryde (Stryde) intramedullary 
lengthening nail in the post market surveillance era of the device. Between 2018 and 2021 
more than 2,000 Stryde nails have been implanted worldwide. However, the outcome of 
treatment with the Stryde system is insufficiently reported.

Methods
This is a retrospective single- centre study analyzing outcome of 57 consecutive lengthen-
ing procedures performed with the Stryde nail at the authors’ institution from February 
2019 until November 2020. Macro- and microscopic metallographic analysis of four re-
trieved nails was conducted. To investigate observed corrosion at telescoping junction, 
scanning electron microscopy (SEM) and energy dispersive x- ray spectroscopy (EDX) were 
performed.

Results
Adjacent to the nail’s telescoping junction, osteolytic changes were observed in bi- planar 
radiographs of 20/57 segments (35%) after a mean of 9.5 months (95% confidence in-
terval 7.2 to 11.9) after surgery. A total of 8/20 patients with osseous alterations (40%) 
reported rest and ambulation pain of the lengthened segment during consolidation.
So far, 24 Stryde nails were retrieved and in 20 (83%) macroscopic corrosion was observed at 
the nail’s telescoping junction. Before implant removal 11/20 radiographs (55%) of length-
ened segments with these 20 nails revealed osteolysis. Implant retrieval analysis by means 
of SEM showed pitting and crevice corrosion. EDX detected chromium as the main metallic 
element of corrosion.

Conclusion
Patients are exposed to the risk of implant- related osteolysis of unclear short- and long- 
term clinical consequences. The authors advocate in favour of an early implant removal 
after osseous consolidation.

Cite this article: Bone Joint Res 2021;10(7):425–436.

Keywords: stryde, osteolysis, intramedullary lengthening nail

Article focus
�� preliminary clinical, radiological, and 

metallurgic analysis of 57 segments 
lengthened with the precice stryde 
(stryde) system.

�� investigation of implant- related osteol-
ysis and corrosion of the stryde nail.
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Key messages
�� to date, 24/57 stryde nails (42%) have been removed 

and macroscopic signs of corrosion were identified in 
20/24 implants (83%).
�� implant- specific osteolysis was found in 20/50 

patients (40%); 8/20 patients with osteolysis (40%) 
complained about persistence or new onset of rest 
and ambulation pain during the consolidation period.
�� patients are exposed to the risk of implant- related 

osteolysis of unclear short- and long- term clinical 
consequences.

Strengths and limitations
�� first single- centre study that provides clinical and 

radiological findings as well as metallurgic implant 
retrieval analysis after 57 consecutive lengthenings 
with the stryde nail.
�� at the time of submission, not all stryde nails were 

explanted and only a small number of implants had 
undergone metallographic analysis.
�� the exact mechanisms involved in the corrosion 

process remain to be identified.

introduction
intramedullary lengthening nails (ilns) for bone 
lengthening have undergone a striking development 
in recent years and have become an established alter-
native to external fixators.1,2 While primary ilns relied 
on mechanical distraction mechanisms,3,4 motorized 
drive systems have been developed.5-7 in particular, 
magnetically driven ilns have become increasingly 
popular over the last decade.8-13 the precice stryde 
(stryde) nail (nuVasive specialized orthopedics, 
usa) was approved by the usa food and Drug 
administration in april 2018 and received european 
Ce certification in february 2019. the major differ-
ence in comparison to precedent implants such as 
the second- generation precice iln (p2) (nuVasive 
specialized orthopedics),14 the intramedullary skel-
etal kinetic distractor (orthofix, usa),4 or the fitbone 
nail5 (orthofix) lies in the change of implant design 
and material. the stryde nail is composed of Biodur 
stainless steel (fort Wayne metals Research products 
Corp, usa) and designed with a modified distrac-
tion mechanism to enable full weightbearing during 
lengthening.15 however, there is a lack of studies 
which have analyzed treatment with the stryde nail in 
large patient cohorts. in January 2021, the manufac-
turer took the stryde system off market and released a 
field safety notice since issues of biocompatibility and 
implant- related complications were observed. safety 
concerns were raised by medicine and healthcare 
product regulatory agencies in europe and the uK.16,17

Corrosion of the stryde nail and implant- related 
osteolysis have recently been reported.18,19

to further investigate these observations, this study 
provides clinical and radiological information about treat-
ment with the stryde nail supported by metallographic 
analysis. potential causes of corrosion were analyzed 
by means of scanning electron microscopy (sem) and 
energy dispersive x- ray analysis (eDX).

Methods
patients and indications. all patients treated with the 
stryde nail from april 2019 until november 2020 at 
the authors’ institution were retrospectively analyzed. 
a total of 50 patients (19 female) with a median age at 
time of surgery of 16.5 years (range 10.1 to 49.8) were 
identified. there were 57 stryde nails (38 femoral, 19 
tibial) implanted (table  i) of which 43 operations (30 
femoral, 13 tibial) were conducted for correction of leg 
length discrepancy (llD). in seven patients with dis-
proportionate short stature (Dss), bilateral treatments 
(four femoral, three tibial) were performed (table ii). to 
date 24/57 nails (42%) have been explanted. the medi-
an follow- up period was 12.2 months (range 3 to 22). 
no patient was lost to follow- up.
Clinical and radiological evaluation. Clinical information 
was acquired from the hospital records. all treatment- 
related radiographs were analyzed. this included bi- 
planar radiographs taken every second week under dis-
traction and anteroposterior long standing radiographs 
obtained preoperatively and after consolidation. Besides 
the type and frequency of oral analgesics pain was as-
sessed on the numeric rating scale (nRs) (0 = no pain, 10 
= worst pain). the following limb lengthening parame-
ters were determined as previously described: llD, dis-
traction index, consolidation index, reliability, accuracy, 
and precision.6,10,12 all measurements were conducted 
on calibrated radiographs with the picture archiving and 
communication system (paCs) system (ge healthcare, 
usa).
Surgical technique. the surgical technique is described in 
the supplementary file of this manuscript. Details about 
implant features are listed in table iii.
implant analysis. in 20/24 retrieved stryde nails (83%), 
macroscopic corrosion was observed mainly at the nail’s 
telescoping junction but also at the bolts and corre-
sponding locking holes (figures 1 to 3, table iV). to fur-
ther investigate these findings, the following analysis of 
the retrieved implants was conducted.
Macroscopic classification of corrosion at the Stryde nail’s 
telescoping junction. all explanted implants were intra-
operatively analyzed by the first and senior authors (af 
and BV), and changes at the stryde nail’s junction were 
subclassified as depicted in figure 1.
Microscopic analysis. in three implants with (patients no. 
3, 12, and 39) and in one nail without macroscopic evi-
dence of corrosion (patient no. 47), a sony α58 camera 
(sony ag, Japan) was used for standardized documen-
tation and microscopic analysis was performed using a 
KeyenCe VhX-600 digital microscope (Keyence, Japan) 
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Table ii. aetiologies of the study cohort.

Aetiology data (n = 50)

LLd, n 43

idiopathic, n (%) 11 (26)

Congenital, n (%) 12 (28)

acquired, n (%) 20 (47)

dSS, n 7

idiopathic, n (%) 5 (71)

Congenital, n (%) 2 (29)

Dss, disproportionate short stature; llD, leg length discrepancy.

Table iii. implant information.

Femur LLd dSS Total Tibia LLd dSS Total

ps10.0- 50D235 13 0 13 ps10.0- 50sJ235 6 4 10

ps10.0- 65D250 2 0 2 ps10.0- 80sJ265 2 0 2

ps10.0- 80D265 3 6 9 ps11.5- 50sJ235 3 0 3

ps10.0- 80D280 1 0 1 ps11.5- 80sJ265 1 2 3

ps10.0- 80D305 1 0 1 ps11.5- 80sJ280 1 0 1

ps11.5- 50D235 5 0 5   

ps11.5- 80D335 0 2 2

ps13.0- 50D235 5 0 5

total 30 8 38 total 13 6 19

Dss, disproportionate short stature; llD, leg length discrepancy.

Fig. 1

this classification system aims to standardize reporting of corrosion at the 
junction of the stryde nail and can be employed immediately after implant 
removal. it is based on obvious macroscopic features.

Fig. 2

images of the corrosive attack at the nail’s telescopic junction taken with 
digital microscope at 20× (left column) and 50× magnification (right 
column). the retrieved implants from: a) and b) patient no. 12; c) and d) 
no. 47; and e) and f) no. 39 are depicted. all analyzed implants revealed a 
corrosive attack at the telescopic junction of the nail.

up to a magnification of 50× and an eVo ma10 scanning 
electron microscope (Carl Zeiss microscopy, germany) 
up to a magnification of 4000×.

additional sem analysis was conducted in one device 
with macroscopic evidence of corrosion (patient no. 
3) with an accelerating voltage of 20 kV and a working 
distance (distance from the final pole piece of the lens to 
the sample when the image is in focus) of 12.5 mm, 12.0 
mm, or 9.5 mm.

first, analysis of the explanted stryde nails was 
performed without destructive preparation. in a second 
step, the region of interest at the telescopic junction was 
cut open, while meticulous caution was given to avoid 
changes of microstructure due to heat generation. analysis 
was performed with a safe margin to the cutting surfaces 
to guarantee results without preparational influence. in 
a third step, the cross- section of the area with corrosive 
attack was metallographically mounted, ground, and 
polished prior to further microscopic analysis.
energy dispersive x-ray analysis. the elemental composi-
tion of the corrosion product at the stryde nail’s telescop-
ing junction was assessed via eDX using a Xflash 6|10 
detector (Bruker, usa).
Statistical analysis. all statistical tests were conducted 
using spss v27 (iBm, usa). normal distribution of the 

measurements was verified by the shapiro- Wilk test. 
Descriptive statistics were performed using mean and 
95% confidence interval (Ci) for normally distributed 
and median and range (minimum/maximum) for non- 
normally distributed continuous variables. numbers and 
percentages are presented for binary variables.

Results
Lengthening parameters. at the time of manuscript 
submission, distraction was completed in all treated 
segments (57/57, 100%). the lengthening procedure 
was finished with the stryde nail remaining in situ until 
the end of distraction in 54/57 segments, showing a re-
liability of 95%. the median llD reduced from 37 mm 
(range 20 to 94) before surgery to 0 mm (range -22 to 
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Fig. 3

Corrosion of the a) distal locking holes and b) corresponding bolts of 
patient no. 39. osteolysis was observed in bi- planar radiographs six months 
after surgery. the patient reported rest and ambulation pain during the 
consolidation period.

Fig. 4

a) anteroposterior (ap) and b) lateral radiographs of the left tibia of patient 
no. 3 (female 16 years, postoperative at 11 months), who presented with 
pain and new lytic- hypertrophic osteolysis adjacent to the telescopic 
junction of the stryde nail nine months after the end of distraction. c) 
Close- up of the geographical osteolysis on an ap radiograph with calibrated 
measurement of 30 mm × 17 mm and thickening of the cortical bone. d) and 
e) ap radiographs of different cortical reactions: d) lytic only (patient no. 20, 
male, 16 years, postoperative at 18 months) and e) periosteal reaction and 
thickening distally level with the locking bolts (patient no. 6, male, 18 years, 
postoperative at nine months).

46) after surgery. in Dss patients, the median gain in leg 
length measured 55 mm (range 47 to 65). the median 
achieved distraction distance was 46 mm (range 20 to 
67). accuracy and precision of distraction were calculat-
ed at 96% and 93%, respectively. the mean distraction 
index was 0.74 mm/day (95% Ci 0.69 to 0.78). osseous 
consolidation has been documented in 49/57 segments 
(86%). the median consolidation index was 30.4 days/
cm (range 16.2 to 59.0) (table  i). a total of 6/57 nails 
(11%) were prematurely explanted due to osteomyelitis 
(n = 2) and nail dislocation (n = 1) during distraction, 
and due to nonunion (n = 3) during consolidation. to 
date, 18/57 nails (32%) were routinely removed accord-
ing to the treatment plan after complete consolidation.
Clinical and radiological outcome. a total of 19/50 pa-
tients (38%) completed the course of treatment with-
out clinical or radiological peculiarities. they reported 
no or moderate pain (nRs 0 to 3) of the lengthened 
segment which was relieved by oral non- steroidal anti- 
inflammatory drugs (nsaiDs) taken once or twice per 
week during distraction. symptoms fully regressed after 
osseous consolidation (table V).

newly occurring and persistent limitation of range of 
motion of the knee or ankle joint after distraction was 
observed in 4/50 patients (8%). While range of motion 
was restored by conservative treatment in two patients, 
the two other patients required retraction of the nail or 
premature abruption of distraction, respectively.

Revision surgery was necessary in 10/57 lengthened 
segments (18%) (table Vi). in 2/50 patients (4%) implant 

removal, application of external fixators, and antibiotic 
treatment were required due to osteomyelitis. the desired 
amount of lengthening was achieved in both patients 
via external fixator. in three patients with nonunion, the 
lengthening nail was exchanged to a trauma nail. to date, 
complete osseous consolidation has been documented 
in both segments with previous infection and in 2/3 
segments (67%) with previous nonunion.
pain. During distraction, 16/50 patients (32%) reported 
pain of the lengthened segment which was not relieved 
by oral nsaiDs taken up to four times a day (nRs 1 to 3: 
n = 9; nRs 4 to 7: n = 5; nRs 8 to 10: n = 2). out of this 
subgroup 2/16 patients (13%) presented for consulta-
tion out of the planned routine (reported pain 5 and 8 
on nRs) and bi- planar radiographs revealed osteolytic 
changes adjacent to the nail’s telescoping junction dur-
ing distraction (table iV).

During consolidation, 14/50 patients (28%) were 
found with persistent (8/14, 57%) or newly occurring 
(6/14, 43%) rest and ambulation pain of the length-
ened segment (nRs 1 to 3: n = 6; nRs 4 to 7: n = 6; nRs 
8 to 10: n = 2). this led to presentation in the outpatient 
department and additional unplanned radiographs. in 
8/14 patients (57%), osteolytic alterations of the bone 
were detected in bi- planar radiographs next to the 
stryde nail’s telescopic junction (nRs 1 to 3: n = 2; nRs 
4 to 7: n = 4; nRs 8 to 10: n = 2). a total of 5/16 patients 
(31%) with suspected osteomyelitis due to detected 
osteolysis at the telescopic junction were treated with 
oral antibiotics, which did not help to relieve symp-
toms. finally, implant removal led to immediate pain 
relief in all affected patients.
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Table V. Clinical, radiological, and implant- related outcomes.

Outcome parameter
Osteolysis, n (%) (n 

= 20)
Osteomyelitis, n (%) 

(n = 2)
no osseous alteration, n (%) (n 

= 35)
Total, n (%) (n 

= 57)

pain during distraction 6 (30) 2 (100) 8 (23) 16 (28)

pain during consolidation 8 (40) 0 (0) 6 (17) 14 (25)

full weightbearing during distraction 11 (55) 1 (50) 14 (40) 26 (46)

full weightbearing during consolidation 16 (80) 2 (100) 21 (60) 39 (68)

additional analgetic medication 6 (30) 2 (100) 3 (9) 11 (19)

additional antibiotic medication 4 (20) 2 (100) 1 (3) 7 (12)

additional radiological imaging 7 (35) 2 (100) 4 (11) 13 (23)

hardware failure 6 (30) 0 (0) 2 (6) 7 (12)

Table Vi. Reasons for revision surgery per lengthened segment.

Type of complication data (n = 57)

Dislocation of proximal tibiofibular screw 2 (4)

Dislocation of the nail 1 (2)

Delayed consolidation/nonunion (exchange to trauma 
nail)

3 (5)

premature consolidation 2 (4)

osteomyelitis 2 (4)

Fig. 5

a) explanted stryde nail (patient no. 3). the red box indicates the area 
affected by corrosive changes at the telescopic junction. b) Disassembled 
stryde nail with cut sections at the telescopic junction. the red box indicates 
the region of interest for further microscopical analysis. the red arrow points 
at the corrosive material loss, which is shown in figures 6 to 8 in higher 
magnification (b). images taken with a sony α58 camera (sony ag, Japan).

Fig. 6

images of the corrosive attack at the nail’s telescopic part taken with digital 
microscope at a) 20× and b) 50× magnification, respectively (patient no. 
3, female, 16 years). the red arrow indicates the position of the telescopic 
junction prior to lengthening. absence of corrosion in the area not 
connected to the crown. the nail was removed after osseous consolidation 
12 months postoperatively.

Osseous alterations in bi-planar radiographs. newly oc-
curring osteolytic changes level with the stryde nail’s tel-
escoping junction were found in 20/57 lengthened seg-
ments (35%) (figure 4 ).

the incidence and different types of osteolytic changes 
(lytic only, lytic- hypertrophic) are depicted in tables  iV 
and Vii. these osseous alterations were seen postopera-
tively after a mean of 9.5 months (95% Ci 7.2 to 11.9) and 
a mean of 7.1 months (95% Ci 4.9 to 9.4) after the end of 
distraction (tables iV and Vii).
inflammatory blood parameters. under distraction CRp 
and white blood cell count were available in 15/50 pa-
tients (30%). they were elevated in the two patients with 
osteomyelitis but found within physiological ranges in 
the other 13/15 patients (87%) (table iV). in 9/13 patients 
(69%) osteolytic changes were observed (table iV).

implant retrieval analysis. at the time of manuscript sub-
mission, 24/57 stryde nails (42%) had been removed. 
macroscopic signs of corrosion were observed in 20/24 
explanted stryde nails (83%), especially at the nail’s tele-
scopic junction, the distal locking holes, and correspond-
ing bolts (figures 1 to 3). Before implant removal, 11/20 
radiographs (55%) of lengthened segments with these 20 
nails revealed implant- related osteolysis.
digital macro- and microscopy, scanning electron micros-
copy, and energy dispersive x-ray analysis. so far, four 
stryde nails were analyzed (patients no. 3, 12, 39, and 
47). figures 2, 5 and 6 illustrate that all analyzed implants 
are subjected to a comparable corrosive attack even if the 
extent might vary.

three nails showed macro- and microscopic signs 
of corrosion at the telescopic junction and partially 
corrosive- like material loss at the piston distal or close to 
the junction (figures 2 and 6). in one nail corrosion was 
only detectable by microscopic examination (figures 2e 
and 2f). the implant of patient no. 3 was chosen for 
further metallographic analysis. a higher magnification 
illustrated that the area is subject to a corrosive attack 
with typical trough- shaped loss of material (figures 6 to 
8). the cross- section depicts that this loss of material is 
caused by the corrosive attack since the corrosion product 
was detected on the Biodur 108 surface (figure 9). eDX 
analysis detected chromium as the main metallic element 
of the corrosion deposits. no intercrystalline corrosive 
attack took place along the grain boundaries.



Bone & Joint ReseaRCh 

A. FROMMER, R. ROEDL, G. GOSHEGER, J. HASSELMANN, C. FUEST, G. TOPOROWSKI, A. LAUFER, H. TRETOW, M. SCHULZE, B. VOGT432

Table Vii. osteolytic changes adjacent to the stryde nail’s telescopic junction observed in biplanar radiographs.

Variable LLd dSS LLd + dSS

Femur Tibia Total Femur Tibia Total Femur Tibia Total

osteolysis, 
n (%)

12 (40) 5 (38) 17 (40) 2 (25) 1 (17) 3 (21) 14 (37) 6 (32) 20 (35)

mean time 
period from 
surgery to 
osteolysis, 
mths (95% 
Ci)

11.1 (7.8 to 
14.4)

7.4 (4.2 to 
10.5)

10.0 (7.4 to 
12.6)

4.5 (-1.8 to 
10.7)

11.3 6.8 (1.0 to 
12.5)

10.2 (7.0 to 
13.3)

8.0 (5.1 to 
10.9)

9.5 (7.2 to 
11.9)

mean time 
period 
from end of 
distraction 
to osteolysis, 
mths (95% 
Ci)

9.6 (6.3 to 
12.8)

4.8 (1.5 to 
8.2)

8.2 (5.5 to 10.8) 2.0 (-1.6 to 5.5) 8.5 4.2 (0.6 to 
7.7)

7.7 (4.6 to 10.7) 5.9 (3.2 to 8.5) 7.1 (4.9 to 9.4)

Ci, confidence interval; Dss, disproportionate short stature; llD, leg length discrepancy; n/a, not applicable.

Fig. 7

Corrosive attack at the nail’s telescopic part (see figure 6). images taken 
by scanning electron microscopy (sem). a) 46× magnification with marked 
area that is shown at 500× magnification in image b). the marked areas of 
image b) are shown at 1000× magnification in images c) and d). the effect of 
corrosion can be observed in the trough- shaped loss of material at the nail’s 
telescopic part. image a) was taken at a working distance of 12.5 mm and 
b- d) at a working distance of 12.0 mm. 

Fig. 8

Corrosive attack at the nail’s telescopic part with visible trough- shaped 
loss of material and corrosion product. images taken by scanning electron 
microscopy (sem). image a) was taken at a 46× magnification (working 
distance 12.0 mm) and the area marked with the red box is shown in image 
b) at a 100× magnification (working distance 12.5 mm). c) the area of the 
precedent image b) at a 300× magnification (working distance 12.5 mm). 
the dashed red line in image a) indicates the position of the cross- section 
and the arrow indicates the orientation, as shown in figure 9.

Serum analysis of metal ions and histology report. serum 
analysis of metal ions (cobalt, chromium, and manga-
nese) and histological analysis of intramedullary tissue 
samples obtained by reaming after stryde nail explana-
tion were available from six patients with (patient no. 
12, 16, 20, 27, 28, and 39) and two patients (patient no. 
10 and 34) without detected osteolytic changes next to 
the nail’s junction. in all eight patients serum concen-
trations were found unobtrusive, and histology reports 
revealed synovial- like interface membranes type 1 ac-
cording to the Krenn consensus classification (figure 10, 
table iV).20 in the six patients with osteolysis, the stryde 

nail remained in the bone for a mean 16.2 months (95% 
Ci 12.3 to 20.0). the other two patients were treated for 
post- traumatic llD with pre- existing pseudarthrosis and 
Dss, respectively. they required exchange nailing with 
premature stryde nail removal due to nonunion ten and 
21 months postoperatively, and no osseous alteration 
level with the telescoping junction was detected before 
removal.

discussion
since its introduction in 2011, the precice limb length-
ening system has become the most frequently applied 
iln for treatment of llD and Dss.21 since crown breakage 
remained an issue of the first generation precice devices 
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Fig. 9

images taken by scanning electron microscopy (sem). a) metallographically 
prepared cross- section of the position marked in figure 8a at 100× 
magnification. b) to d) illustrate the areas marked by the red box of the 
respective precedent image at a higher magnification ((b) = 500×, (c) = 
2000×, (d) = 4000×). the elliptical and wide shallow pits were formed as a 
result of corrosive attack. the corrosion product can be seen at the edges of 
the pit. no intercrystalline corrosion was detectable. all images were taken at 
a working distance of 9.5 mm.

Fig. 10

haematoxylin and eosin stains of intramedullary tissue samples obtained by 
reaming after removal of a stryde nail with macroscopic signs of corrosion at 
the junction and osteolysis of the treated segment (patient no. 39). infiltrate 
of macrophages and multinuclear giant cells (*) indicate acute and chronic 
inflammation (type 1 synovial- like interface membrane according to the 
Krenn consensus classification).20 macrophages containing brown metallic 
particles were detected (**). images were taken at a 100× magnification.

such as the p1, p2, p2.1 nails the implant design was 
modified.14 in 2015, the p2.2 nail made of titanium alloy 
was released and has been successfully employed as an 
established alternative to external fixators with lower 
complication rates.1,2,22 several previous studies have 
found limb lengthening with magnetically driven motor-
ized ilns to be safe and reliable.10,12,13,23

During lengthening with the p2.2 nail only partial 
weightbearing is possible due to the implant design. the 
stryde nail made of Biodur 108 alloy stainless steel was 
developed to enable full weightbearing during distrac-
tion. the main components include manganese (21% to 
24%) and chromium (19% to 23%).15

in february 2021 nuVasive specialized orthopedics 
issued a field safety notice due to the observation of 
osteolysis and corrosion associated with the stryde nail, 
and since then the nail is not allowed for use in a clin-
ical setting.16 however, according to the manufacturer 
about 2,400 stryde nails have been implanted worldwide 
ever since its introduction in 2018. more than 50% of the 
implants were used in 2020 and 2021.24 the exact amount 
of implants which still remain in the patients is unclear. 
most likely a very notable proportion of all the 2,400 
implanted stryde nails is still in patients, since removal 
is usually scheduled one to two years after consolidation.

to date, outcome of treatment with the stryde nail 
is insufficiently reported in research journals. a review 
of pubmed- listed articles revealed that the few studies 

reporting treatment with stryde nail only included small 
numbers of patients.18,19,25-27

in accordance with our findings, Rölfing et al19 (n = 
27 patients) and iliadis et al27 (n = 9 patients) recently 
reported osteolysis detected by radiological analysis in 
63% and 69% of lengthened segments, respectively. 
they also observed pain associated with implant related 
osteolysis in 30% and 56% of patients, respectively.19,27 
Contrary to these observations, Robbins and paley15 
reported their first results of lengthening with the stryde 
nail in a non- pubmed- listed journal and found a similar 
outcome compared to treatment with the p2 nail. the 
authors concluded that “there have been no issues of 
biological incompatibility with the Biodur 108 alloy stain-
less steel", “there was no corrosion seen in the few nails 
that were removed”, and that “immediate full weight- 
bearing with the stryde nail is safe during limb length-
ening”. the mean follow- up, the number of removed 
implants, and serum or histological analysis were not 
provided.15

in may 2021, galal et al28 reported a retrospective 
comparison of treatment with stryde and precice nails 
without mention of implant- related osteolysis. it is 
unclear if this was not a primary outcome parameter or 
if the authors really did not encounter osteolysis adjacent 
to the telescopic junction.

previous studies have analyzed serum metal concentra-
tions in patients treated with growing rods for early- onset 
scoliosis. elevated serum levels of metal ions were found 
and are possibly explained by the long treatment period 
over several years with implants remaining in situ.29,30 in 
contrast to growing rods for early- onset scoliosis, ilns 
for limb lengthening remain in the patient for a shorter 
time as they are usually removed after osseous consoli-
dation.21 this might explain why serum levels of cobalt, 
chromium, and manganese were not elevated in the 
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studied cohort. however, more investigation is required 
since serum analysis of metal ions was only available from 
eight patients in this study at the time of submission.

in more than 80% of the explanted stryde nails macro-
scopic signs of corrosion were found in this study. macro-
scopic patterns of corrosion were comparable even if the 
extent varied. the crown at the nail’s telescopic junction 
and the distal locking holes were particularly susceptible 
to corrosion. similar observations were recently published 
by Rölfing et al,19 iliadis et al,27 Johnson et al,18 and Jellesen 
et al31 with signs of corrosion at the telescoping junction.

Based on microscopic analysis, a corrosive attack can be 
inferred from the visible troughs at the telescopic part of all 
analyzed implants. the reason for corrosion cannot conclu-
sively be determined due to the current lack of information 
on all materials involved in the corrosion system. however, 
one can preclude that corrosive attack took place as an inter-
crystalline type of corrosion. interestingly, corrosive attacks 
at the nail’s junction were only evident on sections of the 
male part that were localized inside the female part of the nail 
before distraction. the ambient medium might have entered 
the small gap between the crown and the male part of the 
implant and may have led to a corrosive attack, presum-
ably crevice corrosion caused by resulting differences in the 
concentration of the electrolyte. this hypothesis is supported 
by previously published implant retrieval analysis of the first 
and second generation titanium alloy precice nails, which 
revealed corrosion after treatment and fluid as well as biolog-
ical ingress within the nails.32 the corrosive process might 
have been enhanced by friction during extension of the nail 
and micromovement during weightbearing, which poten-
tially leads to fretting at the telescoping junction and the 
screw nail- hole interface. this mechanism might also explain 
the corrosion observed on the bolts and corresponding nail- 
holes. it might have been accelerated by micromovement 
and friction during full weightbearing under distraction.

another alarming finding of this study is the observed 
osteolysis adjacent to the nail’s telescoping junction, which 
might have led to onset of rest and ambulation pain after a 
previously uncomplicated course of treatment. this has not 
yet been reported in treatment with any precedent type of 
motorized iln.5,8,9,14,21 interestingly, from a radiological point 
of view, almost identical focal osteolysis has been described 
previously after treatment with a stainless modular trauma 
nail. Just like in this study, the authors identified chromium 
as a corrosion product.33 Chromium corrosion is known for 
its capacity to induce osteolysis via macrophages and metal 
debris, which can stimulate osteoclast activity leading to 
bone resorption.33–36

osteolysis adjacent to the nail’s telescoping junction 
observed in this study was generally detected after several 
months (average nine months after surgery and seven 
months after end of distraction). the actual rate of oste-
olysis might be higher than the calculated rate of 32%, 
as only 62% of the patients to date reached a follow- up, 
which is longer than the mean time from surgery to the 
occurrence of osteolysis.

in accordance with Rölfing et al,19 this study reveals that 
bony alterations level with the nail’s telescoping junction 
were mainly (18/20, 90%) observed during the consolidation 
period. the authors hypothesize that this might be caused 
by the static position of the junction during consolidation, 
possibly leading to a locally increased concentration of the 
corrosion product, which could be causative of the observed 
osteolysis.

in accordance with recent investigations by Rölfing et 
al19 and Jellesen et al,31 this study suggests that mechanically 
assisted crevice corrosion level with the telescopic junction 
can lead to osteolysis and new onset of rest and ambulation 
pain in patients treated with the stryde nail.

further investigations are needed for reliable conclu-
sions about the cause and nature of the corrosive attack 
of the stryde nail. these should include detailed analyses 
of the corrosion system, all involved materials, and the 
ambient conditions.

this study has several limitations and the authors acknowl-
edge that most explanations for the observed osseous alter-
ations at the nail’s telescoping junction are hypothetical at 
the moment. another major limitation of the study is that 
to date not all ilns have been explanted yet. Due to limita-
tion of time and resources so far only a limited number of 
implants have been analyzed by sem or eDX. Bias might 
also be sustained by the heterogeneous study population 
in terms of the operative approach and underlying condi-
tions. the patients and compared groups were not random-
ized and exclusively retrospective clinical and radiological 
analysis was conducted. this study does not provide any 
comparison to treatments with other types of ilns. matched 
pair study designs and more clinical investigation (i.e. blood 
sampling during treatment and after implant removal, tissue 
sampling, and analysis during implant removal) are needed. 
the available samples for histological analysis were obtained 
from reaming of the entire medullary canal and the tissue is 
not only representative for the localization of the osteolysis. 
specific transcortical sampling at the level of the osteolysis 
would be helpful to further investigate this matter. however, 
one should be aware of the reduction of stability caused by 
transcortical sampling. Despite the mentioned limitations, 
we believe that it is crucial to report potential implant- related 
adverse effects as soon as possible to increase patient safety 
and alert orthopaedic surgeons to this specific observation, 
since more than 2,000 stryde nails have been implanted 
worldwide.

in conclusion, this is the first single- centre study 
that provides clinical and radiological findings as well 
as metallurgic implant retrieval analysis after treatment 
with the 57 consecutive lengthenings with the stryde 
nail. the results are preliminary and more clinical inves-
tigation as well as in vitro implant testing are required 
to identify the exact mechanism leading to corrosion 
and osteolysis.

patients in whom the nail has not been removed yet are 
exposed to the risk of new onset of pain and implant- related 
osteolysis with unclear short- and long- term clinical conse-
quences. therefore, the authors advocate in favour of an 
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early implant removal after osseous consolidation to possibly 
prevent harm caused by implant corrosion. in patients with 
osteolysis- related pain, before full consolidation premature 
implant removal and conversion to a standard trauma nail 
should be considered.

more than 2,000 stryde nails have been implanted world-
wide and implant retrieval rates are unclear. therefore, we 
urgently encourage surgeons who have applied the stryde 
lengthening system to report their experiences. We hope that 
the introduced macroscopic classification of corrosion at the 
junction can help to standardize terminology in upcoming 
investigations.

Supplementary material
  Details about the surgical technique and postop-

erative protocol.

References
 1. Black SR, Kwon MS, Cherkashin AM, Samchukov ML, Birch JG, Jo C- H. 

Lengthening in congenital femoral deficiency: A comparison of circular external fixation 
and a motorized intramedullary nail. J Bone Joint Surg Am. 2015;97- A(17):1432–1440. 

 2. Laubscher M, Mitchell C, Timms A, Goodier D, Calder P. Outcomes 
following femoral lengthening: An initial comparison of the Precice intramedullary 
lengthening nail and the LRS external fixator monorail system. Bone Joint J. 
2016;98- B(10):1382–1388. 

 3. Guichet JM, Casar RS. Mechanical characterization of a totally intramedullary 
gradual elongation nail. Clin Orthop Relat Res. 1997;337:281–290. 

 4. Cole JD, Justin D, Kasparis T, DeVlught D, Knobloch C. The intramedullary 
skeletal kinetic distractor (ISKD): first clinical results of a new intramedullary nail for 
lengthening of the femur and tibia. Injury. 2001;32(Suppl 4):SD129-39. 

 5. Baumgart R, Betz A, Schweiberer L. A fully implantable motorized intramedullary 
nail for limb lengthening and bone transport. Clin Orthop Relat Res. 1997;343:135–143. 

 6. Schiedel FM, Vogt B, Tretow HL, Schuhknecht B, Gosheger G, Horter MJ. 
How precise is the PRECICE compared to the ISKD in intramedullary limb lengthening? 
Reliability and safety in 26 procedures. Acta Orthop. 2014;85(3):293–298. 

 7. Paley D, Harris M, Debiparshad K, Prince D. Limb lengthening by implantable 
limb lengthening devices. Techniques in Orthopaedics. 2014;29(2):72–85. 

 8. Calder PR, McKay JE, Timms AJ, et al. Femoral lengthening using the Precice 
intramedullary limb- lengthening system: outcome comparison following antegrade 
and retrograde nails. Bone Joint J. 2019;101- B(9):1168–1176.

 9. Horn J, Hvid I, Huhnstock S, Breen AB, Steen H. Limb lengthening and deformity 
correction with externally controlled motorized intramedullary nails: evaluation of 50 
consecutive lengthenings. Acta Orthop. 2019;90(1):81–87. 

 10. Kirane YM, Fragomen AT, Rozbruch SR. Precision of the PRECICE internal bone 
lengthening nail. Clin Orthop Relat Res. 2014;472(12):3869–3878. 

 11. Szymczuk VL, Hammouda AI, Gesheff MG, Standard SC, Herzenberg 
JE. Lengthening with monolateral external fixation versus magnetically 
motorized intramedullary nail in congenital femoral deficiency. J Pediatr Orthop. 
2019;39(9):458–465. 

 12. Wagner P, Burghardt RD, Green SA, Specht SC, Standard SC, Herzenberg 
JE. PRECICE(®) magnetically- driven, telescopic, intramedullary lengthening nail: pre- 
clinical testing and first 30 patients. SICOT J. 2017;3:19. 

 13. Vogt B, Roedl R, Gosheger G, Toporowski G, Laufer A, Theil C. Tibial lengthening 
using a retrograde magnetically driven intramedullary lengthening device in 10 
patients with preexisting ankle and hindfoot fusion. Acta Orthop. 2020;91(6):761–769. 

 14. Paley D. PRECICE intramedullary limb lengthening system. Expert Rev Med Devices. 
2015;12(3):231–249. 

 15. Robbins C, Paley D. Stryde weight- bearing internal lengthening nail. Techniques in 
Orthopaedics. 2020;35(3):201–208. 

 16. Bundesinstitut für Arzneimittel und Medizinprodukte. Dringende 
Sicherheitsinformation zu PRECICE system von NuVasive specialized orthopedics, Inc., 
a division of NuVasive, Inc. 2021. https://www. bfarm. de/ SharedDocs/ Kundeninfos/ 
DE/ 11/ 2021/ 01857- 21_ kundeninfo_ de. html (date last accessed 30 June 2021).

 17. Medicines and Healthcare products Regulatory Agency. Device recall 
and supply suspended to the UK: All PRECICE Systems by Nuvasive Specialized 

Orthopedics Inc. 2021. https://www. boa. ac. uk/ uploads/ assets/ 552dea10- c795- 4c9f- 
b1a08177bf9151c1/ NuVasive- MHRA- notice. pdf (date last accessed 30 June 2021).

 18. Johnson MA, Karkenny AJ, Arkader A, Davidson RS. Dissociation of a Femoral 
Intramedullary Magnetic Lengthening Nail During Routine Hardware Removal: A Case 
Report. JBJS Case Connect. 2021;11(1).

 19. Rölfing JD, Kold S, Nygaard T, et al. Pain, osteolysis, and periosteal reaction are 
associated with the STRYDE limb lengthening nail: A nationwide cross- sectional 
study. Acta Orthop. 2021:1–6. 

 20. Krenn V, Morawietz L, Perino G, Kienapfel H, Ascherl R, Hassenpflug GJ. 
Revised histopathological consensus classification of joint implant related pathology. 
Pathol Res Pract. 2014;210(12):779–786. 

 21. Frost MW, Rahbek O, Traerup J, Ceccotti AA, Kold S. Systematic review of 
complications with externally controlled motorized intramedullary bone lengthening 
nails (FITBONE and PRECICE) in 983 segments. Acta Orthop. 2021;92(1):120–127.

 22. Mahboubian S, Seah M, Fragomen AT, Rozbruch SR. Femoral lengthening with 
lengthening over a nail has fewer complications than intramedullary skeletal kinetic 
distraction. Clin Orthop Relat Res. 2012;470(4):1221–1231. 

 23. Vogt B, Gosheger G, Wirth T, Horn J, Rodl R. Treatment indications and strategies. 
Dtsch Arztebl Int. 2020;117(24):405–411.

 24. Personal E- Mail Correspondence with Rob Martin, General Manager of NuVasive 
Specialized Orthopedics, 10 June 2021.

 25. Schiedel F. Extracorporal noninvasive acute retraction of STRYDE(®) for continued 
lengthening in cases with limited nail stroke: a technical less invasive solution to 
reload the STRYDE(®). Arch Orthop Trauma Surg. 2020;141(6):899–905. 

 26. Iliadis AD, Palloni V, Wright J, Goodier D, Calder P. Pediatric lower limb 
lengthening using the precice nail: Our experience with 50 cases. J Pediatr Orthop. 
2021;41(1):e44–e49. 

 27. Iliadis AD, Wright J, Stoddart MT, Goodier WD, CalderP. Early Results from a 
Single Centre’s Experience with the STRYDE Nail: A Cause for Concern? Bone Joint J. 
2021;103- B(6):1168–1172.

 28. Galal S, Shin J, Principe P, Khabyeh- Hasbani N, Mehta R, Hamilton A. 
STRYDE versus PRECICE magnetic internal lengthening nail for femur lengthening. 
Arch Orthop Trauma Surg. 2021; Epub ahead of print. 

 29. Li Y, Graham CK, Robbins C, Caird MS, Farley FA. Elevated serum titanium levels 
in children with early onset scoliosis treated with growth- friendly instrumentation. J 
Pediatr Orthop. 2020;40(6):e420–e423. 

 30. Yilgor C, Efendiyev A, Akbiyik F, et al. Metal ion release during growth- friendly 
instrumentation for early- onset scoliosis: A preliminary study. Spine Deform. 
2018;6(1):48–53. 

 31. Jellesen MS, Lomholt TN, Hansen RQ, Mathiesen T, Gundlach C, Kold S. 
The STRYDE limb lengthening nail is susceptible to mechanically assisted crevice 
corrosion: an analysis of 23 retrieved implants. Acta Orthop. 2021:1–7. 

 32. Panagiotopoulou VC, Davda K, Hothi HS, Henckel J, Cerquiglini A, Goodier 
WD. A retrieval analysis of the Precice intramedullary limb lengthening system. Bone 
Joint Res. 2018;7(7):476–484. 

 33. Jones DM, Marsh JL, Nepola JV, Jacobs JJ, Skipor AK, Urban RM. Focal 
osteolysis at the junctions of a modular stainless- steel femoral intramedullary nail. J 
Bone Joint Surg Am. 2001;83- A(4):537–548. 

 34. Lehtovirta L, Reito A, Parkkinen J, Hothi H, Henckel J, Hart A. Analysis of bearing 
wear, whole blood and synovial fluid metal ion concentrations and histopathological 
findings in patients with failed ASR hip resurfacings. BMC Musculoskelet Disord. 
2017;18(1):523. 

 35. Willert HG, Brobäck LG, Buchhorn GH, Jensen PH, Köster G, Lang I. Crevice 
corrosion of cemented titanium alloy stems in total hip replacements. Clin Orthop 
Relat Res. 1996;333:51–75. 

 36. Langton DJ, Natu S, Harrington CF, Bowsher JG, Nargol AVF. Is the synovial 
fluid cobalt- to- chromium ratio related to the serum partitioning of metal debris 
following metal- on- metal hip arthroplasty? Bone Joint Res. 2019;8(3):146–155. 

Author information:
 � a. frommer, mD, specialist Registrar
 � R. Roedl, mD, professor of pediatric orthopedic surgery
 � g. toporowski, mD, specialist Registrar
 � a. laufer, mD, specialist Registrar
 � h. tretow, mD, orthopedic surgeon, Consultant
 � B. Vogt, mD, orthopedic surgeon, Consultant
pediatric orthopedics, Deformity Reconstruction and foot surgery, university 
hospital of muenster, muenster, germany.

 � g. gosheger, mD, professor of orthopedic surgery and head of Department
 � m. schulze, mD, specialist Registrar
general orthopedics and tumor orthopedics, university hospital of muenster, 
muenster, germany.

 � J. hasselmann, msc, Research associate

https://www.bfarm.de/SharedDocs/Kundeninfos/DE/11/2021/01857-21_kundeninfo_de.html
https://www.bfarm.de/SharedDocs/Kundeninfos/DE/11/2021/01857-21_kundeninfo_de.html
https://www.boa.ac.uk/uploads/assets/552dea10-c795-4c9f-b1a08177bf9151c1/NuVasive-MHRA-notice.pdf
https://www.boa.ac.uk/uploads/assets/552dea10-c795-4c9f-b1a08177bf9151c1/NuVasive-MHRA-notice.pdf


Bone & Joint ReseaRCh 

A. FROMMER, R. ROEDL, G. GOSHEGER, J. HASSELMANN, C. FUEST, G. TOPOROWSKI, A. LAUFER, H. TRETOW, M. SCHULZE, B. VOGT436

 � C. fuest, Dipl.-ing., Research associate
materials technology laboratory at the Department of mechanical engineering, 
muenster university of applied sciences, muenster, germany.

Author contributions:
 � a frommer: Conceptualization, Writing – original draft, Data curation, investigation, 
Validation 

 � R Rödl: supervision, Validation, project administration. 
 � g gosheger: Resources, methodology 
 � J hasselmann: Data curation, Resources, Visualization, investigation, methodology, 
Writing – original draft 

 � C fuest: investigation, methodology, Resources 
 � g toporowski: formal analysis, Visualization, Validation 
 � a laufer: Data curation, Visualization, Writing – review & editing 
 � h tretow: investigation, Validation 
 � m schulze: Data curation, Resources, Visualization, investigation, methodology, 
Writing – original draft

 � B Vogt: Conceptualization, Data curation, investigation, project administration, Vali-
dation, Writing – review & editing

Funding statement:
 � We acknowledge support from the open access publication fund of the university 
of muenster. no benefits in any form have been received or will be received from a 
commercial party related directly or indirectly to the subject of this article.

ICMJE COI statement:
 � B. Vogt and R. Rödl report personal fees from nuVasive, not related to this study.

Acknowledgements:
 �We thank lilian Vogt and Julia frommer for their support when writing this article. 
We also thank Jan Duedal Rölfing for numerous expert discussions regarding the 
topic of the study.

Ethical review statement:
 � the study was approved by the Research ethics Committee of the Chamber of phy-
sicians of Westfalen- lippe of the university of münster and conducted according to 
the principles of the World medical association Declaration of helsinki from 1964.

© 2021 Author(s) et al. this is an open- access article distributed under the terms of 
the Creative Commons attribution non- Commercial no Derivatives (CC By- nC- nD 4.0) 
licence, which permits the copying and redistribution of the work only, and provided 
the original author and source are credited. see https:// creativecommons. org/ licenses/ 
by-  nc-  nd/ 4. 0/


	Focal osteolysis and corrosion at the junction of Precice Stryde intramedullary lengthening device
	Article focus
	Key messages
	Strengths and limitations
	Introduction
	Methods
	Results
	Discussion
	Supplementary material
	References
	Funding statement:
	Acknowledgements:


