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ABSTRACT

Background: Interspinous process devices (IPDs) introduce a new class of complications to surgical decompression
without fusion: hardware-related complications. The purpose of this study was to describe the adverse events associated with
IPDs.

Study Design: This was a retrospective review of the Food and Drug Administration Manufacturer and User Facility
Device Experience database.

Methods: The database was queried from its inception to November 2022 for reports associated with “Prosthesis, Spinous
Process Spacer/Plate.” Entries were categorized by event type, patient impact, and interventions.

Results: A total of 943 surgery-related adverse events were identified. The most common intraoperative events were
implant malfunctions (39.7%, n = 374) and fractures (2.2%, n = 21). The most common postoperative events were persistent
pain (26.6%, n = 251), implant migration (19.1%, n = 180), and fracture (6.8%, n = 64). The most common resultant outcome of
an adverse event was the need for revision surgery (48.8%, n = 460). The need for revision surgery was common in patients who
experienced fracture (47.1%), implant migration (84.5%), infection (76.7%), and neurological complications (76.9%). Implant
migration, fracture, and implant malfunction, 3 complications that are unique to decompression with an IPD as compared with
traditional laminectomy, accounted for 45.9% of revisions (211/460), and revision was required in 33.0% of cases where 1 of
these complications was reported (211/640). Implant malfunction made up 21.2% of Coflex complications, 47.3% of Superion

complications, and 5.2% of X-Stop complications.
Conclusions:

The most common adverse events were implant malfunction, inadequate efficacy, implant migration, and

fracture. Concerningly, these complications require revision surgery in one-third of cases when they occur. Implant-specific
assessments demonstrate a high prevalence of implant malfunctions for the Coflex and Superion implants.

Clinical Relevance:

Interspinous process devices introduce a new class of complications to isolated spinal decompression

surgery: implant-related complications. These complications occur both intraoperatively and postoperatively, and they frequently

necessitate revision surgery.
Level of Evidence: 4.

Lumbar Spine

Keywords: interspinous process device, adverse events, MAUDE, implant malfunction, migration, fracture

INTRODUCTION

Degenerative lumbar spinal stenosis (LSS) is a
common condition that affects roughly 20,000 people
in the United States.! LSS can cause neurogenic claudi-
cation, which is associated with significant impairment
and diminished quality of life, making LSS the most
common reason for spine surgery in the elderly popu-
lation." Traditionally, surgical management has focused
on direct central decompression at the affected level,
most commonly through an open or minimally invasive

(MIS) laminectomy. In an effort to minimize surgical
trauma and improve recovery time, however, alternative
MIS techniques have been introduced in recent years.
One alternative MIS technique that has gained recent
attention is the interspinous process device (IPD). IPDs
are implants that are placed between the spinous pro-
cesses at the level of pathology to relieve central ste-
nosis.” The reported benefits of an interspinous implant
are indirect decompression of central stenosis in a
manner that causes less tissue trauma and allows for
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shorter operative times and faster recoveries than tra-
ditional decompression techniques.” These potential
advantages, however, come with many potential pit-
falls, including concerns regarding safety and efficacy.

When comparing complication rates of IPDs to
traditional direct decompression techniques, such as
open and MIS laminectomies, Zhao et al, Wu et al, and
Welton et al have shown higher reoperation rates asso-
ciated with IPDs.* Multiple complications have been
reported with IPDs, such as implant loosening, new or
persistent pain, spinous process fractures, and implant
migration, many of which require further treatment or
surgical intervention.” These complications are often
caused by improper patient selection, inappropriate
device size, and incorrect positioning.3’7’8 Furthermore,
by introducing hardware in a procedure intended for
decompression alone, IPDs introduce an entirely new
class of complications to the realm of surgical decom-
pression without fusion: implant-related complications.
These implant-related complications can be so perva-
sive that they require a product recall, as was the case
with the temporary Class II product recall associated
with the X-STOP (Medtronic) device from September
2008 to July 2009.°

With the growing utilization of this technology, there
is a need for continued vigilance to assess its safety and
efficacy. The Food and Drug Administration (FDA)
Manufacturer and User Facility Device Experience
(MAUDE) database, a publicly available repository of
adverse events reports, is a particularly useful tool for
assessing adverse events associated with an implant.
This database provides a near real-time summary of
adverse events associated with new implants and tech-
nologies and allows for monitoring of their safety and
efficacy. The objective of this study, therefore, was to
use the MAUDE database to summarize the adverse
event reports associated with interspinous implants in
hopes of uncovering any concerning trends in the safety
or efficacy of these devices. We hypothesized that the
most common adverse event types associated with these
implants would be inadequate efficacy, implant migra-
tion, and spinous process fractures.

MATERIALS AND METHODS

Institutional Review Board approval was attained
prior to the completion of this study (IRB 2023-1876).
The FDA MAUDE database is a publicly available repos-
itory of adverse events reports voluntarily submitted by
health care professionals, manufacturers, and patients,
providing a comprehensive overview of adverse events
associated with medical devices. The database contains

voluntary adverse events reports dating from June 1993,
user facility reports since 1991, distributor reports since
1993, and manufacturer reports since August 1996 for
medical devices, including IPDs. Mandatory reporting
to the FDA is required by manufacturers, importers, and
device user facilities. Additionally, voluntary reporting
is accepted by health care professionals, patients, and
consumers.

We retrospectively reviewed adverse events reports
in the MAUDE database regarding IPDs for the treat-
ment of LSS. In order to gather adverse events reports,
we selected “Prosthesis, Spinous Process Spacer/Plate”
as the product class. All available reports from the cre-
ation of the database to November 2022 were queried
and included in our analysis. For each complication,
we collected the following data: type of adverse event,
patient impact, and necessary interventions associ-
ated with the adverse event. Narrative reports of each
adverse event were used to accurately categorize events
for analysis. FDA reports relating to the Coflex (XTant
Medical, Belgrade, Montana; FDA approval 10/2012),
Superior (Boston Scientific, Malrborough, Massachu-
setts; FDA approval 5/2015), and X-Stop (Medtronic,
Minneapolis, Minnesota; FDA approval 11/2005) were
included in our report.

Complications were categorized into 2 groups: (1)
unrelated anesthesia or medical events and (2) surgery
or implant-related events. Unrelated anesthesia or
medical events were eliminated from our analysis in
order to focus specifically on implant-related surgical
adverse events. Adverse events were further categorized
as intraoperative or postoperative to allow for differenti-
ation of events that were associated with complications
during implantation vs complications that occurred as
postoperative sequelae.

Adverse events were analyzed both in aggregate
(across implants), as well as for individual implant
manufacturers (within implants). This allowed us to
determine what proportion of each adverse event type
was attributable to each implant, as well as to determine
the relative representation of each adverse event for a
given implant. No tests for statistical significance were
performed, but counts of adverse events were summed,
and proportions were calculated using SPSS statistical
software (IBM Corp., Armonk, NY).

RESULTS
Overall Results

Our search yielded a total of 1027 adverse events
reports. Thirty-nine of these reports were generated
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Figure 1. Summary of reports generated from the Manufacturer and User Facility Device Experience database for “Prosthesis, Spinous Process Spacer/Plate.”

from published abstracts or manuscripts and were elim-
inated due to the high likelihood that these could repre-
sent duplications of previously submitted reports. Five
were technical errors (wrong-level surgery) and were
also eliminated. This yielded 983 reports for analy-
sis. Forty of these events were unrelated anesthesia or
medical events, while the remaining 943 were surgery
related (Figure 1).

Of the 943 surgery-related adverse events, 42.8%
(404) were detected intraoperatively and 57.2% (539)

postoperative events were persistent pain (26.6%, n =
251), implant migration (19.1%, n = 180), and fracture
(6.8%, n = 64; Table 1). The 2 most common types of
implant malfunctions, which were unique to the Supe-
rion implant, were spindle cap malfunction during
deployment (52.1%, n = 195) and implant breakage off
of the insertor/connector (35.8%, n = 134; Table 2).
The resultant outcome of each adverse event is sum-
marized in Table 3. While a large number of adverse
events had no clinical impact on the patient (aside from

unmeasured impacts, such as increased operative time
and cost; 34.8%, n = 328), the most common resultant
outcome of an adverse event was the need for revision

were postoperative sequelae. The most common intra-
operative events were implant malfunctions (39.7%, n
=374) and fractures (2.2%, n = 21). The most common

Table 1. Intraoperative and postoperative adverse events related to interspinous process devices.

Across Implants® Within Implants®
Complications Coflex Superion X-Stop Overall, % (n) Coflex Superion X-Stop
Intraoperative 2.0% 97.0% 1.0% 42.8% (404) 21.1% 47.3% 5.2%
Implant malfunction 2.1% 97.6% 0.3% 39.7% (374) 21.1% 44.1% 1.3%
Fracture 0.0% 85.7% 14.3% 2.2% (21) 0.0% 2.2% 3.9%
Dural tear 0.0% 100.0% 0.0% 0.6% (6) 0.0% 0.7% 0.0%
Hemorrhage 0.0% 100.0% 0.0% 0.2% (2) 0.0% 0.2% 0.0%
Implant migration 0.0% 100.0% 0.0% 0.1% (1) 0.0% 0.1% 0.0%
Postoperative 5.6% 80.9% 13.5% 57.2% (539) 78.9% 52.7% 94.8%
Inadequate efficacy 4.4% 78.9% 16.7% 26.6% (251) 28.9% 23.9% 54.5%
Implant migration 2.8% 89.4% 7.8% 19.1% (180) 13.2% 19.4% 18.2%
Fracture 7.8% 78.1% 14.1% 6.8% (64) 13.2% 6.0% 11.7%
Infection or wound healing 26.7% 60.0% 13.3% 3.2% (30) 21.1% 2.2% 5.2%
Neurological complication 7.7% 61.5% 30.8% 1.4% (13) 2.6% 1.0% 5.2%
Epidural hematoma 0.0% 100.0% 0.0% 0.1% (1) 0.0% 0.1% 0.0%
*Across group analysis demonstrates that the proportion of total adverse events for a given adverse event type is attributed to each implant manufacturer.
"Within groups analysis demonstrates the contribution of each adverse event to the total adverse events pool for a given manufacturer/implant.
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Table 2. Malfunctions of interspinous process devices.

Across Implants® Within Implants®
Implant Malfunctions Coflex Superion X-Stop  Overall, % (n) Coflex Superion X-Stop
Spindle cap malfunction during deployment 0.0% 100.0% 0.0% 52.1% (195) 0.0% 53.4% 0.0%
Broke on deployment or broke off of inserter/connector 0.0% 100.0% 0.0% 35.8% (134) 0.0% 36.7% 0.0%
Fragmentation/bending 24.2% 75.8% 0.0% 8.8% (33) 100.0% 6.8% 0.0%
Not specified 0.0% 91.7% 8.3% 3.2% (12) 0.0% 3.0% 100.0%

*Across group analysis demonstrates that the proportion of total implant malfunctions for a given malfunction type is attributed to each implant manufacturer.
°Within groups analysis demonstrates the contribution of malfunction type to the total pool of implant malfunctions for a given manufacturer/implant.

surgery (48.8%, n = 460). The following most common
outcomes were persistent pain (13.0%, n = 123) and
the need to abort the index procedure (34.8%, n = 328).
The need for revision surgery was common in patients
who experienced fracture (47.1%), implant migration
(84.5%), infection (76.7%), and neurological compli-
cations (76.9%; Table 3). Trends in resultant outcomes

over time are presented graphically in Figure 2 and
demonstrate increasing numbers of adverse events,
especially for implant malfunction, implant migration,
and inadequate efficacy.

Among the patients who required revision surgery,
inadequate efficacy (46.7%, n =215), implant migration
(33.3%, n = 153), and fracture (8.7%, n = 40) were the

Table 3. Resultant outcome as a function of adverse event type related to interspinous process devices.

Within Implants, as Percentage of Each

Across Implants® Within Implants® Complication®
Complications Coflex Superion X-Stop Overall Coflex  Superion  X-Stop Coflex  Superion X-Stop Overall
Implant malfunction 2.1% 97.6% 0.3% 39.7% 21.1% 44.1% 1.3% - - - -
No clinical signs, 0.0% 100.0% 0.0% 33.8% 0.0% 38.5% 0.0% 0.0% 87.4% 0.0% 85.3%
symptoms, or
conditions
Persistent pain 2.9% 97.1% 0.0% 3.6% 2.6% 4.0% 0.0% 12.5% 9.0% 0.0% 9.1%
Revision 38.9% 55.6% 5.6% 1.9% 18.4% 1.2% 1.3% 87.5% 2.7% 100.0% 4.8%
Procedure aborted 0.0% 100.0% 0.0% 0.3% 0.0% 0.4% 0.0% 0.0% 0.8% 0.0% 0.8%
Inadequate efficacy 4.4% 78.9% 16.7% 26.6% 28.9% 23.9% 54.5% - - - -
Revision 4.2% 87.4% 8.4% 22.8% 23.7% 22.7% 23.4% 81.8% 94.9% 42.9% 85.7%
Persistent pain 5.6% 27.8% 66.7% 3.8% 5.3% 1.2% 31.2% 18.2% 5.1% 57.1% 14.3%
Implant migration 2.8% 89.5% 7.7% 19.2% 13.2% 19.6% 18.2% - - - -
Revision 2.0% 91.5% 6.5% 16.2% 7.9% 16.9% 13.0% 60.0% 86.4% 71.4% 84.5%
Persistent pain 7.7% 84.6% 7.7% 2.8% 5.3% 2.7% 2.6% 40.0% 13.6% 14.3% 14.4%
No clinical signs, 0.0% 0.0% 100.0% 0.2% 0.0% 0.0% 2.6% 0.0% 0.0% 14.3% 1.1%
symptoms, or
conditions
Fracture 5.9% 80.0% 14.1% 9.0% 13.2% 8.2% 15.6% - - - -
Revision 10.0% 67.5% 22.5% 4.2% 10.5% 3.3% 11.7% 80.0% 39.7% 75.0% 47.1%
Persistent pain 3.8% 96.2% 0.0% 2.8% 2.6% 3.0% 0.0% 20.0% 36.8% 0.0% 30.6%
Procedure aborted 0.0% 91.7% 8.3% 1.3% 0.0% 1.3% 1.3% 0.0% 16.2% 8.3% 14.1%
No clinical signs, 0.0% 71.4% 28.6% 0.7% 0.0% 0.6% 2.6% 0.0% 7.4% 16.7% 8.2%
symptoms, or
conditions
Infection or wound 26.7% 60.0% 13.3% 3.2% 21.1% 2.2% 5.2% - - - -
healing
Revision 30.4% 52.2% 17.4% 2.4% 18.4% 1.4% 5.2% 87.5% 66.7% 100.0%  76.7%
Antibiotics 14.3% 85.7% 0.0% 0.7% 2.6% 0.7% 0.0% 12.5% 33.3% 0.0% 23.3%
Neurological 7.7% 61.5% 30.8% 1.4% 2.6% 1.0% 5.2% - - - -
complication
Revision 10.0% 50.0% 40.0% 1.1% 2.6% 0.6% 5.2% 100.0% 62.5% 100.0%  76.9%
Neurological issue 0.0% 100.0% 0.0% 0.3% 0.0% 0.4% 0.0% 0.0% 37.5% 0.0% 23.1%
Dural tear 0.0% 100.0% 0.0% 0.6% 0.0% 0.7% 0.0% - - - -
Dura blood patch 0.0% 100.0% 0.0% 0.3% 0.0% 0.4% 0.0% - 50.0% - 50.0%
Procedure aborted 0.0% 100.0% 0.0% 0.2% 0.0% 0.2% 0.0% - 33.3% - 33.3%
Persistent pain 0.0% 100.0% 0.0% 0.1% 0.0% 0.1% 0.0% - 16.7% - 16.7%
Hemorrhage 0.0% 100.0% 0.0% 0.2% 0.0% 0.2% 0.0% - - - -
Procedure aborted 0.0% 100.0% 0.0% 0.2% 0.0% 0.2% 0.0% - 100.0% - 100.0%
Epidural hematoma 0.0% 100.0% 0.0% 0.1% 0.0% 0.1% 0.0% - - - -
Revision 0.0% 100.0% 0.0% 0.1% 0.0% 0.1% 0.0% - 100.0% - 100.0%

“Across group analysis demonstrates that the proportion of total adverse events for a given adverse event type is attributed to each implant manufacturer.
"Within groups analysis demonstrates the contribution of each adverse event to the total adverse events pool for a given manufacturer/implant.
“Within groups analysis as a percentage of each complication indicates the percentage of each outcome for each implant within a specific adverse event type.
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Figure 2. Number of adverse events of each type per year.

most common indications (Table 4). Implant migration,  IPD (22.3%, n = 84), and explant with decompression
fracture, and implant malfunction, 3 complications that with or without fusion (14.3%, n = 54; Table 5).

are unique to decompression with an IPD as compared

with traditional laminectomy, accounted for 45.9% of Implant-Specific Events

revisions (211/460), and revision was required in 33.0% Coflex

of cases where 1 of these complications was reported
(211/640). There were 38 adverse events reports associated

Among patients who had the index procedure  with the Coflex device, accounting for 4.0% of all
aborted, fracture (61.1%, n = 11), implant malfunction = adverse events reports. A total of 21.1% were intra-
(16.7%, n = 3), and dural tears (11.1%, n = 2) were the  operative, while 78.9% were postoperative (Table 1).
most common reasons. The most common revision pro-  The most common complications were inadequate
cedures were simple explant (59.9%, n = 226), revision  efficacy (28.9%, n = 11), implant malfunction (21.1%,

Table 4. Reasons for revision after placement of interspinous process devices.

Across Implants® Within Implants®
Revision (n = 460) Coflex Superion X-Stop Overall, % (n) Coflex Superion X-Stop
Inadequate efficacy 4.2% 87.4% 8.4% 46.7% (215) 29.0% 49.1% 39.1%
Implant migration 2.0% 91.5% 6.5% 33.3% (153) 9.7% 36.6% 21.7%
Fracture 10.0% 67.5% 22.5% 8.7% (40) 12.9% 7.0% 19.6%
Infection or wound healing 30.4% 52.2% 17.4% 5.0% (23) 22.6% 3.1% 8.7%
Implant malfunction 38.9% 55.6% 5.6% 3.9% (18) 22.6% 2.6% 2.2%
Neurological complication 10.0% 50.0% 40.0% 2.2% (10) 3.2% 1.3% 8.7%
Epidural hematoma 0.0% 100.0% 0.0% 0.2% (1) 0.0% 0.3% 0.0%
IPD-specific complication 6.6% 83.9% 9.5% 45.9% (211) 45.2% 46.2% 43.5%

Abbreviation: IPD, interspinous process device.
“The percentage of revisions attributed to each implant brand is shown for each revision indication.
°The percentage of overall revisions indicates the percentage of overall revisions attributed to each adverse event type. IPD-specific complications include implant migration,

fracture, and implant malfunction.
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Table 5. Type of revision after interspinous process device placement.

Across Implants Within Implants
Type of Revision Coflex Superion X-Stop Overall, % (n) Coflex Superion X-Stop
Explant 5.3% 88.5% 6.2% 59.9% (226) 40.0% 67.1% 28.6%
Revision interspinous implant 7.1% 88.1% 4.8% 22.3% (84 20.0% 24.8% 8.2%
Explant, decompression + fusion 16.7% 31.5% 51.9% 14.3% (54 0.0% 0.3% 0.0%
Irrigation and debridement 33.3% 66.7% 0.0% 1.6% (6) 6.7% 1.3% 0.0%
Unknown 20.0% 20.0% 60.0% 1.3% (5) 3.3% 0.3% 6.1%
Implanted level above 0.0% 100.0% 0.0% 0.3% (1) 0.0% 0.3% 0.0%
Microdiscectomy 0.0% 100.0% 0.0% 0.3% (1) 30.0% 5.7% 57.1%

n = 8), and infection or wound healing complications
(21.1%, n = 8; Table 3). There were 8 reports of implant
malfunction, all of which were due to fragmentation/
bending (Table 2).

The most common resultant outcomes were revision
(81.6%, n = 31) and persistent pain (15.8%, n = 6). The
need for revision surgery was common in patients who
experienced implant malfunction (87.5%), fracture
(80.0%), implant migration (60.0%), infection (87.5%),
and neurological complications (100.0%; Table 3).
Implant migration, fracture, and implant malfunction
accounted for 45.2% of Coflex revisions (Table 4).
Among the patients who required revision, the most
common revision types were simple explant (40%, n =
12), explant with decompression with or without fusion
(30%, n =9), and revision interspinous implants (20%,
n = 6; Table 5).

Superion

There were 828 adverse events reports associated
with the Superion device, accounting for 87.8% of all
adverse events reports. A total of 47.3% were intraop-
erative, while 52.7% were postoperative (Table 1). The
most common complications were implant malfunc-
tion (44.1%, n = 365), inadequate efficacy (23.9%, n =
198), and implant migration (19.6%, n = 162; Table 3).
Of the 365 reports of implant malfunction, the most
common were spindle cap malfunction during deploy-
ment (53.4%, n = 195), implant breaking on deploy-
ment or breaking off of the connector/insertor (36.7%,
n = 134), and implant fragmentation/bending (6.8%, n
= 25; Table 2). The most common parts of the implant
involved in malfunction were the spindle cap (53.7%,
n = 196), an unspecified part of the spacer (40.0%, n =
146), and the insertor/connector (4.9%, n = 18).

The most common resultant outcomes were revision
(46.3%, n =383), no clinical signs or symptoms (39.1%,
n = 324), and persistent pain (11.0%, n = 91). The need
for revision surgery was common in patients who expe-
rienced implant migration (86.4%), fracture (39.7%),
infection (66.7%), and neurological complications

(62.5%; Table 3). Implant migration, fracture, and
implant malfunction accounted for 46.2% of Superion
revisions. Unlike with the Coflex, the risk of revision
associated with implant malfunction was low (2.6%),
but migration, fracture, and implant malfunction
accounted for 46.2% of Superion revisions (Table 4).
Among the patients who required revision, the most
common revision types were simple explant (67.1%, n
= 200), revision interspinous implants (24.8%, n = 74),
and explant with decompression with or without fusion
(5.7%, n = 17; Table 5).

X-Stop

There were 77 adverse events reports associ-
ated with the X-Stop device, accounting for 8.2%
of all adverse events reports. A total of 5.2% were
intraoperative, while 94.8% were postoperative
(Table 1). The most common complications were
inadequate efficacy (54.5%, n = 42), implant migra-
tion (18.2%, n = 14), and fracture (15.6%, n = 12;
Table 3). There was 1 report of implant malfunc-
tion, the cause of which was not specified.

The most common resultant outcomes were
revision (59.7%, n = 46), persistent pain (33.8%,
n = 26), and no clinical signs or symptoms (5.2%,
n =4). The need for revision surgery was common
in patients who experienced fracture (75.0%),
implant malfunction (100.0%), implant migra-
tion (71.4%), infection (100.0%), and neurologi-
cal complications (100.0%; Table 3). Unlike with
the Coflex, the risk of revision associated with
implant malfunction was low (2.2%), but migra-
tion, fracture, and implant malfunction accounted
for 43.5% of X-Stop revisions (Table 4). Among
the patients who required revision, the most
common revision types were explant with decom-
pression + fusion (57.1%, n = 54), explant (28.6%,
n = 14), and revision interspinous implants (8.2%,
n = 4; Table 5).
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DISCUSSION

IPDs have emerged as a popular treatment option for
patients with degenerative LSS, providing a less inva-
sive alternative to traditional surgical interventions.”
However, the safety and efficacy of these implants
have been a topic of debate within the orthopedic com-
munity. In the current study, we assessed 943 adverse
events that were reported to the FDA and detailed in
the MAUDE database. Implant malfunctions (39.7%),
inadequate efficacy (26.6%), implant migration
(19.2%), and fracture (9.0% %) were the most common
postoperative adverse events. Among the most common
adverse events, revision surgery was often required for
definitive treatment (fracture 47.1%, implant migration
84.5%, and inadequate efficacy 85.7%).

There were implant-specific differences in the rep-
resentation of various adverse events. While fracture,
implant migration, and inadequate efficacy represented
a large proportion of the adverse events in each group,
there were large differences in the proportion of certain
adverse events. Implant malfunction, for example, rep-
resented a large proportion of the adverse events for the
Superion (44.1%) and Coflex (21.1%) but only a small
proportion for the X-Stop (1.3%). The high proportion
of implant-related malfunctions in the Superion group
may reflect a systematic issue with the intraoperative
placement or deployment of these devices. Given the
high proportion of reports indicating malfunctions
related to the spindle cap and the spacer implant itself,
it is likely that 1 or both of these components have
mechanical or technical shortcomings that have con-
tributed to the high proportion of mechanical failures
for this implant. Interestingly, while the X-Stop implant
underwent a temporary Class II recall in 2009° due to
“potential to cause damage to and/or breakage of the...
device’s universal wing assembly,” there have been no
such recalls for the Superion despite the high number of
the implant malfunctions identified in the current study.
While implant malfunctions only required revision in
2.7% of the Superion cases, they required revision in
87.5% of Coflex reports.

Another implant-specific difference is that a far
higher proportion of the adverse events reports for the
X-Stop relate to inadequate efficacy (54.5%) in com-
parison to the Coflex (28.9%) and Superion (23.9%).
Such disparities may highlight important shortcom-
ings related to the degree of relief provided by these
implants.

One of the most important findings in the current
study is the high likelihood of revision surgery for com-
plications that specifically can be attributed to the IPD.
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Because spinous process fractures, implant migration,
and implant malfunction are implant specific, these rep-
resent a fairly unique adverse event class compared with
traditional uninstrumented laminectomy for decom-
pression. Implant migration, implant malfunction, and
fracture accounted for roughly 45% of revisions, and
one-third of cases where these adverse events were
present required a revision surgery.

The results of the current study corroborate the find-
ings of multiple clinical trials reporting adverse events
associated with IPDs. In a 2-year study assessing clini-
cal outcomes of the X-Stop device, Hartjen et al' iden-
tified a 3.6% risk of persistent pain, 1.8% risk of device
migration, and a 1.8% risk of spinous process fracture.
Nearly 10% of these patients required explant with or
without further decompression within the study period
due to adverse events or inadequate efficacy. Similarly,
Verhoof et al'! found a 58% revision rate within 2 years
following insertion of the X-Stop spacer. In a clinical
study assessing the Superion device, a total of 44.4%
of patients experienced device-related complications,
including device migration (11.1%) and spinous process
fractures (21.1%). A total of 20.1% of patients required
device explantation, and 24.3% required same-site revi-
sion surgery.6 Taken together, the results of this analysis
and prior studies demonstrate a concerning number of
adverse events associated specifically with the efficacy
and safety of IPDs that should lead treating physicians
to question the use of these devices over standard unin-
strumented decompression techniques.

We believe that while the current study cannot make
definitive conclusions regarding the safety and efficacy
of these implants, it does alert surgeons to the potential
adverse events associated with IPDs. This is especially
useful in the setting of implant-related complications,
which were common. Surgeons should be aware that
implants often malfunction on deployment or cause
spinous process fractures on deployment. Specific tech-
nical pearls can also be derived from these data. For
example, surgeons should be aware that Coflex implants
are subject to intraoperative fragmentation and bending,
while Superion implants are more prone to spine cap
malfunction, implant breakage on deployment, and
implant breakage off the insertor/connector. These find-
ings may help surgeons determine whether they would
like to perform IPDs, which implants they might prefer,
and which technical aspects of the surgical procedure
require additional caution or vigilance.

This study had many limitations. First, because
the MAUDE database lacks data on the number of
implants placed over the period under analysis, it
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is difficult to ascertain a prevalence or incidence.
Therefore, it is difficult to compare the number
of adverse events reports between implants in any
meaningful way, as a high number of adverse events
reports may simply be a reflection of a higher uti-
lization of a given implant. This makes it impos-
sible to comment directly on the comparative
safety and efficacy of these implants. Second, the
MAUDE database relies on voluntary reporting,
which may lead to underrepresentation of certain
adverse events. Third, this database lacks patient-
and surgery-specific details that may contribute to
the occurrence of an adverse event, such as bone
quality, anatomical abnormalities, or other con-
ditions. Finally, because these implants are often
placed by nonsurgeon physicians, it is possible
that technical errors surrounding proper implant
placement techniques may be partially responsible
for many of the adverse events seen in this report,
including implant malfunction, fractures, and
implant migration.

CONCLUSIONS

Per review of the FDA MAUDE database for
adverse events, there are a large number of adverse
events reports associated with IPDs. The most
common reports are for implant malfunction, inad-
equate efficacy, implant migration, and fracture.
While inadequate efficacy and continued pain
are possible with traditional decompression tech-
niques, the use of IPDs introduces hardware-related
complications to the realm of surgical decompres-
sion without fusion (implant malfunction, implant
migration, and fracture). Concerningly, these com-
plications require revision surgery in one-third of
cases. Furthermore, implant-specific assessments
demonstrate a high prevalence of implant malfunc-
tions for the Coflex and Superion implants. While
these rarely led to revision surgery in the Superion,
nearly 90% of Coflex implant malfunctions led to
revision surgery.
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