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Abstract
Purpose This review provides an overview of the patent literature on posteriorly placed intrapedicular bone anchors. Conven-
tional pedicle screws are the gold standard to create a fixation in the vertebra for spinal fusion surgery but may lack fixation 
strength, especially in osteoporotic bone. The ageing population demands new bone anchors that have an increased fixation 
strength, that can be placed safely, and, if necessary, can be removed without damaging the surrounding tissue.
Methods The patent search was conducted using a classification search in the Espacenet patent database. Only patents with a 
Cooperative Patent Classification of A61B17/70 or A61B17/7001 concerning spinal positioners and stabilizers were eligible 
for inclusion. The search query resulted in the identification of 731 patents. Based on preset inclusion criteria, a total of 56 
unique patents on different anchoring methods were included, reviewed and categorized in this study.
Results Five unique fixation methods were identified; (1) anchors that use threading, (2) anchors that utilize a curved path 
through the vertebra, (3) anchors that (partly) expand, (4) anchors that use cement and (5) anchors that are designed to 
initiate bone ingrowth. Of the anchor designs included in this study, eight had a corresponding commercial product, six of 
which were evaluated in clinical trials.
Conclusion This review provides insights into worldwide patented intrapedicular bone anchors that aim to increase the fixa-
tion strength compared to the conventional pedicle screw. The identified anchoring methods and their working principles can 
be used for clinical decision-making and as a source of inspiration when designing novel bone anchors.

Keywords Bone anchor · Mechanical design · Orthopaedic surgery · Pedicle screw · Spine surgery · Fusion

Introduction

Background of spinal fusion surgery

Spinal fusion surgery is performed to stabilize the spine in 
cases of spine degeneration, deformity, fractures, interver-
tebral disc disease, or after tumour removal [1]. Data from 

2018 show that the most frequently performed spinal fusion 
procedure is interbody fusion with more than 350.000 proce-
dures performed annually in the USA alone [2]. The number 
of performed spinal fusion surgeries is expected to grow. 
This growing trend is thought to be the result of an ageing 
population with increasing degenerative disorders and the 
ongoing advances in medical technology such as improved 
imaging technologies and anaesthesia, which allow more 
patients to be considered for spinal fusion surgery [3–6]. In 
line with this, the number of performed fusion surgeries in 
patients aged 65 and older in the USA increased by 239% 
between 1998 and 2008 [7]. Factors such as new fixation 
devices, new bone grafting materials and the increased avail-
ability of minimally invasive surgery, are thought to play a 
role in this rapid increase.

During spinal fusion surgery, two or more adjacent ver-
tebrae are interlocked or fixed to each other to prevent all 
motion between them. Fixation induces subsequent bony 
overgrowth and fusion, which will ensure the mechanical 
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stability in the long term. In posterior approaches for spi-
nal fusion surgery, the vertebrae are fixed to each other 
using screws and rods. Pedicle screws are placed bilater-
ally through the pedicles of each vertebra included in the 
construct. The screws are connected to each other by using 
rods (Fig. 1a). The effectiveness of the spinal fixation, before 
bony fusion has occurred, depends on the anchoring strength 
of the pedicle screw [8].

The vertebrae consist of a cortical shell that is very dense 
and encloses the porous cancellous bone. Due to its porosity, 
the cancellous bone is more elastic and has a lower com-
pressive strength than the cortical bone. Placing the screw 
through the small tubular shaped pedicle increases the con-
tact between the screw and the cortical bone resulting in 
greatly improved fixation strength.

History of the pedicle screw

The discovery of X-rays, by Roentgen in 1885 gave a bet-
ter understanding of the anatomy and biomechanics of the 
spine and allowed for the development of surgical spine 
interventions. The first procedure in which a spine was 
partly fused in order to regain stability was described by 
Hibbs in 1912 [9]. This spinal fusion was achieved by 
partly fracturing the spinal processes in order to gener-
ate contact between the bones of adjacent vertebrae. This 
approach required long-term immobilisation of the patient 
as even minor motion at the bony interface could prevent 
fusion. To achieve immediate fixation, the use of screws 
through adjacent facet joints were proposed by King in 
1944 [10]. As an alternative solution, Boucher (1959) pre-
sented the use of screws through the pedicles [11], while 
Harrington (1962) presented the use of rods connected 
with hooks around the bone (lamina) to achieve scoliosis 
correction [12]. In 1976 Roy Camille described the use of 
pedicle screws in combination with plates allowing fixa-
tion to multiple pedicle screws, which distributes the force 

acting on the screw [13]. Currently, the pedicle screw in 
the gold standard for fixation of the spine and can be used 
to form a construct with plates, rods and wires.

Challenges when using pedicle screws

The current pedicle screws are placed via a posterior 
approach through the pedicle into the vertebral body. In 
open surgery a large incision is made along the midline of 
the spine over the spinous processes. The muscles are then 
detached from the bone and pushed aside with retractors to 
expose the posterior aspects of the vertebrae: the spinous 
processes, lamina, facet joints and transverse processes 
(Fig. 1b). Minimally invasive procedures aim to reduce 
the soft tissue damage by performing the surgery through 
small incisions in line with the entry points for the pedicle 
screws, at the drawback of the surgeon having less direct 
visual feedback to position the screws safely. Incorrectly 
placed screws may damage vascular and nervous tissue 
or result in poor fixation strength of the construct [14, 
15]. To achieve safe placement of pedicle screws, image 
guidance, either via 2D fluoroscopy or 3D navigation, has 
become an essential part of spinal fusion surgery [16]. 
However, fluoroscopy has the drawbacks of exposing the 
patient and staff in the operating room to radiation while 
only providing 2D-imaging in one plane at a time. In con-
trast, intraoperative computed tomography (CT)-based 
3D navigation uses intraoperative references to track and 
match the patient position as to provide highly accurate 
positional feedback based on the patient’s own 3D imaging 
information [16].

During fixation, especially when deformities are cor-
rected, large axial and lateral forces are exerted on the pedi-
cle screw. The resistance to axial pull-out is mainly deter-
mined by the holding strength of the screw in the cortical 
bone of the pedicle [17]. Larger screws may increase the 
fixation strength but are also more challenging to place with-
out breaching the cortical bone [18]. The lateral forces are 
mainly absorbed by the cancellous bone [8, 19]. In order to 
achieve successful fusion, the screw must prevent motion 
between the adjacent vertebrae even when large forces are 
applied.

Inadequate screw fixation can cause complications such 
as screw loosening or breaking of the screw. In a study by 
Wu et al. [20], 4.7% of 658 placed screws had loosened and 
0.46% had broken within three and a half years after place-
ment. A lower bone density is correlated with decreased fix-
ation strength of a screw, which may result in screw loosen-
ing and pull-out [21]. This is especially a problem in elderly 
as they often suffer from osteoporosis [8]. With an ageing 
population and an increasing need for spinal fusion surgery, 

Fig. 1  a Schematic representation of a fixation of the adjacent verte-
brae with help of pedicle screws and rods. Illustration adapted from 
Servier Medical Art. b Schematic representation of the anatomy of a 
lumbar vertebra. Illustration adapted from Servier Medical Art
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improvements in the current concept of pedicle screw fixa-
tion are in demand.

Goal

Pedicle screws have several advantages over other means 
of fixation in the spine, but the design of the screw has vir-
tually not changed since its introduction. Insufficient fixa-
tion strength remains an issue, especially in the osteoporo-
tic bone of elderly patients. The goal of this review is to 
provide a systematic overview of patented intrapedicular 
bone anchors. The included bone anchor designs are com-
pared based on the design, placement, fixation and pull-out 
strength as well as the removal strategy. This review could 
provide insights into the future direction of spine fixation 
and could be a source of inspiration for the design of new 
anchors and aid clinical decision-making.

Materials and methods

Patent search method

The patent search was conducted using the Espacenet patent 
database, which contains a large number of patents and sup-
ports extensive search queries. A classification search was 
conducted in which only patents with a Cooperative Patent 
Classification (CPC) of A61B17/70 or A61B17/7001 were 
included. Class A61B17/70 includes spinal positioners and 
stabilizers. Subcategories were not included as the patents 
in these subcategories focus on spinal positioners such as 
plates or the tools used to place these spinal positioners, 
which falls outside the scope of this review. As an excep-
tion, subclass A61B17/7001 was included, as this subclass 
includes screws or hooks combined with longitudinal ele-
ments which do not contact the vertebrae. This is the class 
in which the regular pedicle screw is listed. Subclasses were 
again not considered, as these focus on other devices used 
during spinal fusion surgery, such as the connection rods 
used between the screws and the longitudinal elements. 
The search query was enriched by a title search using key 
words, ensuring that only patents focused on anchoring were 
included. This resulted in the following final search query: 
(cpc = "A61B17/70" OR cpc = "A61B17/7001") AND (ti any 
"fix*" OR ti any "anchor*" OR ti any "screw*" OR ti any 
"fast*"). As a last constraint, only patents written in the Eng-
lish language were included.

Eligibility criteria

The scope of this study is to provide an overview of bone 
anchors that are placed through the pedicle, intending to 
replace the use of conventional pedicle screws. The identi-
fied bone anchors should allow for the connection by rods 
to achieve bone fusion between multiple vertebrae. Patents 
focusing only on the screw head or tools used during the 
placement of pedicle screws were not included in this review.

General results

The listed search query resulted in the identification of 731 
patents (February 2022). These patents were included or 
excluded based on the set eligibility criteria. The titles, 
abstracts and drawings of the patents were screened to 
determine if the eligiility criteria were met. When there was 
uncertainty as to whether a patent should be included, the 
description was read. Patents with the same inventors and 
describing the same anchoring method were indicated as 
duplicates although these patents might not be duplicates 
in the legal sense. In these cases, only the most recent pat-
ent was included in this review. This resulted in 56 unique 
patents that were included in this review.

Results

Overview

The patents were categorised based on the anchoring method 
used to ensure a good fixation between the screw and the 
surrounding bone. Five unique fixation methods were 

Fig. 2  Schematic representation of the five identified methods to 
increase the fixation of bone anchors: (1) anchors that use thread-
ing, (2) anchors that utilize a curved path through the vertebra, (3) 
anchors that (partly) expand, (4) anchors that use cement and (5) 
anchors that are designed to initiate bone ingrowth. 
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identified: (1) anchors that use threading, (2) anchors that 
utilize a curved path through the vertebra, (3) anchors that 
(partly) expand, (4) anchors that use cement and (5) anchors 
that are designed to initiate bone ingrowth. The five fixation 
methods are schematically represented in Fig. 2.

Threaded anchors

Threaded anchors were found in fifteen patents [22–36], 
which all describe methods to ensure fixation of the bone 
anchor by using one or multiple threaded sections. The fixa-
tion strength of a threaded anchor depends on the shape, 
material and surface properties of the threaded section in 
contact with the surrounding bone. Screws designed for fixa-
tion in cortical bone are often characterised by threads with 
a small pitch, in order to increase the number of threads in 
contact with the thin layer of cortical bone. Screws that are 
designed for fixation within cancellous bone are character-
ised by a larger pitch and larger thread depth to increase the 
contact area with the cancellous bone.

The anchors described are intended for placement via a 
posterior approach. After placement, the distal section of 
the anchor is located in the vertebral body surrounded by 
cancellous bone, while the proximal section of the anchor is 
located in the pedicle and will have contact with the cortical 
bone. The bone anchor described by Crook et al. [22] uses 
a triple lead screw that allows for a quick insertion while 
increasing the fixation in the cortical bone due to the smaller 
pitch. Yoon and Lee [23] described an anchor with a quad-
ruple threads in the proximal section of which two threads 
continue in the distal section while the other two threads are 
carved out of the distal section. This results in a distal sec-
tion with a pitch that is twice as large as the proximal section 
as well as a larger thread depth (Fig. 3a).

Threaded anchors in which the threads differs over the 
length of the anchor to optimise it for fixation within the 
surrounding type of bone were found in eight other patents 
[24–31]. The threads can be optimized by using a multi-
threaded proximal section or by decreasing the minor 
diameter of the screw while keeping the major diameter 
constant to make the thread depth deeper in the distal sec-
tion. The anchor described by Cole [32] does the opposite 
and consists of a single-threaded proximal section with a 
constant cross section and a tapered distal tip, which is 
double threaded.

Jung et al. [33] described an anchor that has a shaft in 
which three sections can be identified (Fig. 3b). The proxi-
mal portion is intended for fixation within the cortical bone 
layer and has a constant diameter that is threaded with a 
small pitch. The middle section has the same diameter as 
the proximal portion will be located in the cancellous bone 
and is equipped with threads with a larger pitch. The third, 
and most distal section, is shaped like a corkscrew, and the 

cancellous bone is retained inside this screw section. Alon 
[34] described an anchor with interrupted threaded sections 
that only compresses the cancellous bone without chipping 
the bone and thus weakening the fixation (Fig. 3c).

The anchor described by Casutt [35] employs a different 
way of improving fixation strength. The described anchor 
has a flexible zone between the more rigid upper and lower 
shaft regions allowing the anchor to bend along with the 
bone (Fig. 3d). High strains on the surrounding bone and 
high stresses in the shaft of the anchor are thus avoided. 
The placement and the design of the flexible zone can be 
matched with the vertebra characteristics. Biedermann 
et al. [36] described an anchor with incorporated flexibility 
as well, but in this case the screw threads and the core are 
connected by a ridge that allows small motions between the 
two (Fig. 3e).

Curved anchors

This group includes anchors that improve the fixation 
strength of the anchors by placing them along a curved path 
to employ a shape lock principle. Seven of the included pat-
ents [37–43] belong in this category. The included anchors 
may be pre curved, or include one or more flexible sections 
that allow for bending of the anchor.

Ben-Arye et  al. [37] and Matityahu et  al. [38] both 
described anchors that are pre curved. The curve is thought 
to increase the fixation as the anchor cannot be pulled out 

Fig. 3  Anchors relying on thread (blue) in order to create a fixation 
with the surrounding bone. a Anchor with a smaller pitched thread 
at the proximal end of the anchor. Figure adapted from Yoon and 
Lee [23]. b Anchor with a changing pith and thread depth along the 
length of the anchor. Figure adapted from Jung et al. [33]. c Anchor 
with an interrupted threaded section to increase the fixation in the 
cancellous bone. Figure adapted from Alon [34]. d Anchor with a 
threaded section as well as a flexible section. Figure adapted from 
Casutt [35]. e Anchor with a flexible connection between the screw 
thread and the screw. Figure adapted from Biedermann et al. [36]
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with an axial pull force. To further improve the fixation, the 
distal tips of the anchors that meet within the vertebral body 
can be connected by tightening a cable that runs through 
both anchors as described by Ben-Arye et al. [37] (Fig. 4a). 
When the anchor must be removed, for instance to treat an 
infection, the cable can be untightened and, subsequently, 
the individual anchors can be pulled out.

Gonzalez-Blohm et al. [39], Glerum et al. [43] and Meek 
et al. [41] described anchors that can be introduced into a 
vertebra via the pedicle after which the anchor bends supe-
rior and can enter the adjacent vertebra via the vertebral 
endplate. Gonzalez-Blohm et al. [39] and Glerum et al. 
[43] described a bendable section that is created by inter-
connected (compliant) segments (Fig. 4b). Meek et al. [41] 
describes an anchor that has a flexible section made out of a 
tube that has a helical shape with interlocking teeth similar 
to the flexible section in the anchor described by Errico et al. 
[40] (Fig. 4c). The interlocking teeth allow for flexibility 
while being able to transfer longitudinal rotation. Saidha and 
White [42] described a flexible anchor that has a bendable 
corkscrew structure, which allows placing the anchor in a 
curved pathway.

Expandable anchors

Expandable anchors were found in sixteen patents [44–59]. 
All of them describe bone anchors with one or more struc-
tures that can be expanded after placement in order to 
increase the fixation strength of the anchor. A proposed use 
of expansion is a secondary structure that acts similar to a 
wall plug [44–47]. In these anchors, the plug is first inserted 
into a premade cavity, after which a screw is placed leading 
to radial expansion of the plug. The plug shapes to the cavity 
increasing the pull-out strength and preventing micro-motion 
of the anchor.

Other patents also describe anchors that use radial expan-
sion in order to improve the fixation, but without the use 
of a secondary structure [48–50]. Gooch [48] described an 
anchor that expands partly in the pedicle, Hawkins et al. [49] 
and Maestretti et al. [50] described anchors in which the 
expansion will take place inside the vertebral body, resulting 
in the anchor expanding inside the cancellous bone. Hawk-
ins et al. [49] described a bone anchor consisting of two 
curved blades each having a barbed side at the inside of the 
curve meant for bone engagement (Fig. 5a). Both blades are 
introduced into the premade cavity where the bone engag-
ing sides of the blades oppose each other and are in contact 
with the cavity’s surface. The two blades can be connected 
at the proximal side resulting in an expansion of the distal 
tips. This ensures the fixation of the anchor within the sur-
rounding bone.

The anchors described by Biedermann et al. [51], and 
Wang et al. [52] expand a fixating structure, such as a thread 
or a series of barbs, into the bone cavity wall. The expansion 
can be achieved by introducing a pin that results in expan-
sion of the structure or by using smart materials that result in 
the desired expansion by heating the anchor once it is placed.

Six patents have an expandable section at the distal end of 
the anchor to enhance the fixation within the vertebral body 

Fig. 4  Anchors implanted in a curved path (green) to create an 
improved fixation. a Pre curved bone anchor consisting of two parts 
that are connected at the distal tip by a flexible wire rope that runs 
through the anchor. Figure adapted from Ben-Arye et al. [37]. b Bone 
anchors with a joint that allows bending of the anchor. Figure adapted 
from Gonzalez-Blohm et  al. [39]. c Partly threaded anchor with a 
flexible section. Figure adapted from Errico et al. [40]

Fig. 5  Anchors that have an expanding structure (yellow) to achieve 
a fixation with the surrounding bone. a Anchor consisting out of 
two pre curved parts that engage in the bone. Figure adapted from 
Hawkins et al. [49]. b Anchor with to laterally expanding blades. Fig-
ure adapted from Feng et  al. [53]. c Anchor with multiple laterally 
expanding blades Mcdonald and Thornes [56]. d Anchor with root-
like shaped struts. Figure adapted from Gregory and Ghobial [58]. e 
Anchor with a part that expands in a predrilled cavity by filling the 
expanding section with bone cement. Figure adapted from Froehlich 
[59]
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[53–59]. Feng et al. [53] proposed to obtain the expansion 
by advancing two flexible strips through designated curved 
channels that run through the anchor. The strips extend later-
ally into the bone as they are advanced through the channels 
(Fig. 5b). Kim [54] proposed to use similar lateral expand-
ing structures to increase the fixation strength. Nijenbanning 
[55], Mcdonald and Thornes [56] and Chan [57] described 
anchors that have a similar shape in their expanded form, 
resembling the expansion of an umbrella (Fig. 5c). Conse-
quently, the strips do not cut through the bone but merely 
push it aside. The anchor described in Georgy and Ghobial 
[58] comprises of a number of pre-shaped struts that form 
a root-like structure in their expanded state (Fig. 5d). The 
anchor can be placed through a hollow screw after which the 
root-like structure can expand. The fixation can be further 
enhanced by using bone cement or other filler material. The 
anchor described by Froehlich [59] is able to expand in a 
predrilled cavity with the use of filler material (Fig. 5e). The 
anchor comprises a section with a flexible wall. Once the 
filler material is introduced in the anchor, the flexible wall 
will expand to assume the shape of the premade cavity. After 
hardening of the filler, the anchor is fixed within the bone.

Cement augmented anchors

Five anchors that use cement to increase the fixation strength 
of the anchor were included [31, 60–63]. In all the identified 
anchors in this group, a hollow section is present, to allow 
a fluid to run through it [31, 60–63]. These anchors can be 
used in combination with bone cement, for example Poly-
Methyl MethAcrylate (PMMA). The bone cement is pushed 
through the central channel and exits through one of the side 
channels and is pressed into the pores of the cancellous bone 
(Fig. 6a). As the cement hardens, a rigid construct between 
the screw and the porous bone is achieved. Thus, the screw 
is thought to have a higher pull-out force. Kohm and Ferdi-
nand [63] propose to use such a hollow screw and place it 
in premade linked cavities, which are filled with cement in 
order to increase the fixation strength (Fig. 6b).

Bone ingrowth anchors

The group bone ingrowth supporting anchors includes fif-
teen patents [60, 64–77]. Bone integration in the anchors can 
be achieved by a smart design of the shape of the anchor, 
as described by Huwais [64] and Juszczyk [65]. The two 
(partly) threaded anchors described in these patents have 
a noncircular cross section. Huwais [64] described an 
anchor with ridges that stress the bone upon implementa-
tion (Fig. 6c). The applied stresses on the bone should be 
between the yield point and the ultimate tensile strength, 
and aims to induce bone growth. Juszczyk [65] described 

an anchor with an elliptical cross section that has a similar 
working principle.

Kohketsu and Ojima and Andersson et al. described the 
use of artificial bone in order to obtain a firm fixation of a 
bone anchor [66, 67]. A plug made of artificial bone such as 
hardened calcium phosphate can be used. Introduction of a 
screw into the plug breaks it, however, the chips of the plug 
material ensure the fixation of the screw as they are absorbed 
by the bone to promote bone growth (Fig. 6d) [66].

A number of anchors increase their fixation strength 
by enhancing the outer surface of the anchor with a bone 
ingrowth-promoting layer. One option is to roughen the 
outer surface of the bone anchor as to create a bone-implant 
interface [68]. Additionally, a porous structure that allows 
bone ingrowth can be used to increase the fixation strength 
of a bone anchor. In the device described by Arnin [68], 
for instance, the proximal section of the bone anchor is 
coated with a porous hydroxyl apatite layer to promote bone 
ingrowth [69]. Another option is to use a porous threaded 
section (Fig. 6e) [70]. Li et al. [60] proposed a porous distal 
section that does not only allow for bone ingrowth, but also 
lowers the local stress to the distal tip due to the increased 
flexibility of this section. This anchor can also be enhanced 

Fig. 6  Anchors that use cement (orange), or aim to initiate bone 
ingrowth (red). [59]. a A threaded anchor with a channel through 
which the bone cement can be fed. Figure adapted from Zhou [62]. 
b Anchor fixed in the bone by utilizing two interlinked cavities filled 
with cement. Figure adapted from Kohm and Ferdinand [63]. c The 
ridges on the anchor surface cause elastic deformation of the sur-
rounding bone during introduction, resulting in bone growth. Fig-
ure adapted from Huwais [64]. d The use of a plug that breaks upon 
introduction of the screw. The plug chips encourage bone ingrowth. 
Figure adapted from Kohketsu and Ojima [66]. e A porous structure 
on the threaded bone anchor that allows for bone ingrowth. Figure 
adapted from Liu and Yang [70]. f A threaded bone anchor with holes 
that allow for bone ingrowth. Figure adapted from Kyle and Patel [71]
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by a channel for the application of bone cement. Finally, 
another option is to increase the pore diameter to allow and 
stimulate bone ingrowth (Fig. 6f) [71–74]. These holes can 
also be used for drug delivery and the application of fillers. 
In addition, non-threaded anchor sections can be enhanced 
with holes and materials that promote bone growth [75, 76]. 
Mehl and Mesiwala [77], for example, proposed an anchor 
that during insertion, accumulates bone chips in the holes 
and ridges that run along the anchor in order to achieve fast 
bone ingrowth.

From patent to commercialisation

To get more insight in the commercialisation of the designs 
presented in the included patents, a list of commercial prod-
uct corresponding to the designs included in this study was 
made. These products were identified through a review of 
the products of the companies to which the patents were 
assigned and compering the resemblance between the pat-
ents and the products. This was done for each paten filed by 
a company. Approximately 74% of the patents included in 
this study are filed by a company, 10% by an academic insti-
tution and 16% by independent inventors. From this, it can 
be deduced that this field of research is primarily industry-
driven. A list of commercial products corresponding to the 
bone anchors included in this study is presented in Table 1.

Most of the identified products focus on bone ingrowth, 
but are not (yet) used as bone anchors for application in 
spinal fusion surgery. Some are in the trial phase for use as 
a medical product, while others are clinically used but not 
as a substitute for pedicle screws but for hip fractures or 
sacroiliac (SI)-joint fusion.

Discussion

Comparative analysis

Of the patents included in this study, 27% are in the cat-
egory of ‘expandable anchors’. This is remarkable since this 
method is not used to increase the fixation strength in com-
mercially available intrapedicular bone anchors. Expandable 
structures inside the vertebral body are, however, used in 
vertebroplasty. During this type of surgery, a collapsed ver-
tebra is reinforced using an expandable structure in combi-
nation with bone cement. A possible explanation for the high 
number of expandable anchors may be the versatile design 
of such anchors. There are many ways to achieve expansion, 
and each can be patented individually. The category ‘cement 
augmented anchors’ only account for 6% of the included 
patents, and the designs described in these patents are much 

Table 1  Overview of the commercial availability of the bone anchors described by the included patents

Commercial product Company Reference (Clinical) studies Method/Group Patent reference

Quattro™ Mantiz Logitech Inc., Republic of 
Korea

[92] [93] Threaded [23]

VertLift Intended for vertebroplasty SpineAlign Medical, Inc., USA [94] [95] Expandable [57]
X-Bolt® X-Bolt Orthopaedics, Ireland [96] [97–107] Expandable [56]
Fiber Anchor™ Theracell Inc., USA [108] [109] Bone ingrowth [67]
ProMIS™ Premia Spine USA, USA [110] [111] Bone ingrowth [68]
SIros™ Intended for SI-joint fusion Genesyspine® United States [112] – Bone ingrowth [73]
iFuse Intended for SI-joint fusion SI-BONE, inc., USA [113] [114–136] Bone ingrowth [76]
SImpact®Intended for SI-joint fusion Life Spine, USA [137] – Bone ingrowth [77]

Fig. 7  Temporal distribution of relevant patents categories based 
on the fixation method (threaded, curved, expandable, cement aug-
mented, or bone ingrowth) until February 2022
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more straightforward as they all contain a central channel 
through which the cement is transported. The other catego-
ries ‘threaded anchors’, ‘curved anchors’ and ‘bone ingrowth 
anchors’ account for 26%, 14% and 27%, respectively. Fig-
ure 7 shows the temporal distribution of the included patents 
classified per fixation method. There is an overall increase in 
the number of patents published over time especially when 
taking into account that only patents published till Febru-
ary 2022 are included in this review. There is no clear trend 
towards one of the five identified fixation methods but in the 
last six years, there has been a clear increase in patents that 
describe anchors that initiate bone ingrowth.

Comparison anchor placement

Safe anchor placement is an important issue when designing 
spinal bone anchors to avoid damage to the vertebra itself 
and the surrounding anatomical structures such as nerve 
roots, blood vessels and the spinal cord during anchor place-
ment. When using threaded anchors, the aim is to achieve 
maximal cortical bone purchase during the placement. The 
highest fixation strength is achieved by anchors that have 
a maximum outer diameter and length that can be placed 
without the occurrence of cortical breach [78]. The trade-off 
between maximal bone purchase and avoiding damage has 
led to the recommendation to use a screw diameter that is 
80% of the pedicle width [79]. This results in a placement 
accuracy that ranges from 60 to 97.5% in the lumbar spine, 
and from 27.6 to 96.5% in the thoracic spine using conven-
tional pedicle screws with the free-hand method [80].

Bone anchors that are cement augmented or that have a 
coating to induce bone ingrowth have a similar placement 
strategy as the conventional pedicle screw. Although no lit-
erature could be found on the placement accuracy with such 
anchors, it is likely that their placement accuracy is similar 
to conventional pedicle screws. Additional risks that arise 
during placement of cement augmented bone anchors are 
thermal and chemical bone necrosis due to the polymerisa-
tion of the bone cement [81] and cement leakage out of the 
vertebral body via veins or cortical defects [82]. Although 
cement leakage can result in serious complications such as 
pulmonary embolisms, the risks of clinically relevant com-
plications are slim: in a study of 98 patients with 474 cement 
augmented pedicle screws, leakage occurred in 93.6% of the 
patients but all cases were asymptomatic [83].

For curved or expandable bone anchors, placement is 
more critical as the placement of these anchors is more diffi-
cult to predict and to could potentially cause more harm. We 
think that real-time feedback of the anchor location within 
the vertebra is a necessity to prevent injury to surrounding 
structures when using curved or expandable anchors. 3D 
navigation or other systems such as electrical conductivity 

or diffuse reflectance spectroscopy (DRS) should be used to 
reliably detect cortical breaches [84].

Comparison anchor fixation

The fixation strength of bone anchors is often measured 
by the pull-out force; the force required to axially pull the 
anchor out of the vertebra. In this section we will give an 
indication for the fixation strength for each of the five iden-
tified fixation methods. These findings should be taken as 
a rough estimate for the fixation strength as differences in 
design, while using the same anchoring method, could result 
in significant differences in fixations strength.

The use of double threaded screws significantly increases 
the pull-out strength with 20% as compared to conventional 
single-threaded screws [85]. To our knowledge there is no 
data available on the fixation strength of curved anchors. 
Yet, placing the screw along a well-selected curved path 
as compared to the straight path of a conventional pedicle 
screw is likely to increase the fixation strength. Bi-cortical 
fixation, where the distal tip of a straight screw engages in 
the opposite cortex improves the pull-out force to 120% 
compared to conventional screw placement [8]. Similar 
effects might be reached when using curved intrapedicular 
bone anchors. Anchors with a hydroxyapatite-coating that 
promotes bone ingrowth can increase the pull-out strength 
1.5 times as compared to the pull-out strength of conven-
tional screws [86]. It takes, however, days to weeks for the 
bone to grow and increase the fixation strength. Cement aug-
mented anchors improve the fixation even more, as the load 
is transferred to the vertebral body via the cement [87]. The 
pull-out strength of cement augmented screws can almost 
double the pull-out strength compared to the conventional 
pedicle screws that are not cement augmented [8]. Lastly, 
expandable bone anchors can also improve the pull-out 
strength compared to conventional pedicle screws [88]. The 
study of Wu et al. [89] shows that the used anchors became 
loose in 4.1% of the cases while with conventional pedicle 
screws, loosening occurred in 12.9% of the cases, showing 
clearly the advantage of the expandable anchors in terms of 
loosening. However, the same study showed that 0.4% of the 
expandable anchors broke while none of the conventional 
pedicle screws broke, which is a clear drawback of expand-
able anchors. A possible explanation is that expandable bone 
anchors consist of multiple moving parts that makes them 
more fragile.

Comparison anchor removal

Causes for implant removal are pain, discomfort or deep 
infection, which makes removal of bone anchors a necessity. 
However, the screws must be fixated well such that fusion 
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of the vertebrae can take place. It was found that 15% of the 
pedicle screws are not functional anymore within one year, 
for instance, due to loosening [90]. In the study of Sandén 
et al. [91] it was found that threaded anchors were already 
loose after 10–22 months or could be removed by a maxi-
mum torque of only 25 Ncm. It must be noted that the fusion 
of the vertebra is expected to take place within the first six 
months after surgery. During these six months, good fixation 
of the screws is a necessity to allow for the desired fusion, 
as even minor motions between the vertebrae can prevent 
fusion, but afterwards, the screws are redundant. Removal 
of expandable anchors can be challenging depending on the 
design, as bone ingrowth can occur within the open spaces 
of the expanded anchor. This could prevent folding of the 
anchor into the original state and subsequently damage the 
pedicle during the removal of the anchor [89]. The removal 
of cement augmented anchors with a screw thread is also a 
challenge as the cement creates a firm fixation by flowing 
into the pores of the cancellous bone. The anchor can be 
removed similarly to a threaded anchor by rotating it out, 
but the removal of the remaining cement may cause damage 
to the vertebral body or the pedicle [8]. Removal of anchors 
with a hydroxyapatite-coating is also challenging. The study 
of Sandén et al. showed that the required torque to remove a 
hydroxyapatite-coated anchor could exceed 600 Ncm [91].

Limitations and future research

This review provides an overview of the bone anchors found 
in patent literature. Even though patents merely describe 
novel ideas without giving many details about suitability 
for surgical practice, we have included this information in 
this review to the best of our knowledge. The patent search 
was carried out within two patent classes: A61B17/70 and 
A61B17/7001, which both focus on anchors for spinal sta-
bilisation. It would be interesting to expand this study with 
a patent review on bone anchors for other anatomical sites 
as these may also be applicable in the spine. Furthermore, 
only patent literature was included in this review to provide 
insights into the development of future intrapedicular bone 
anchors. Including anchor designs presented in scientific lit-
erature could also be interesting for future research.

This study provides an overview of the currently patented 
means to improve the fixation strength of intrapedicular bone 
anchors. The overview can provide insights into the future 
direction of technologies for spine fixation and could serve 
as a source of inspiration for the design of new anchors that 
allow for safe placement and removal while increasing the 
fixation strength of the anchor in the vertebra.

Conclusion

Due to ageing of the population, an increase in spinal fusion 
surgeries will be performed in osteoporotic bone. To achieve 
reliable fixation in this weaker bone, alternatives to the con-
ventional pedicle screw, which is now the gold standard 
for spine fixation, are desirable. A patent search has been 
performed to map what lies beyond the pedicle screw. Five 
means to increase the fixation of a bone anchor have been 
identified: (1) anchors that use threading, (2) anchors that 
utilize a curved path through the vertebra, (3) anchors that 
(partly) expand, (4) anchors that use cement and (5) anchors 
that are designed to initiate bone ingrowth. This overview 
provides insights into worldwide patented creative ideas 
by which the fixation strength of bone anchors that run 
through the pedicle can be improved, which may also serve 
to improve fixation strength of bone anchors in general.
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