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SUMMARY
Background. Dislocation of hip endoprosthesis remains a common and serious compli-
cation of arthroplastic interventions. One of the ways to prevent endoprosthesis dislo-
cation is to integrate a ligamentum teres analog into its design.
Purpose. Reviewing international experience in the design, development and insertion 
of hip endoprosthesis with the native ligamentum teres or its analog.
Materials and methods. A systematic patent and non-patent search and analysis 
of publications on hip endoprostheses with native ligamentum teres or its artificial 
analog. The search was done on relevant online platforms and in available libraries.
Results. To date, there are 20 identified patents on endoprosthesis designs with the 
native ligamentum teres or its analog. Ligamentum teres analogs are proposed to be 
created using auto-, allo- or xenografts, synthetic materials and metals. We have found 
two subtotal endoprosthesis with ligamentum teres analogs that are used in clini-
cal practice. The long-term outcomes of such surgeries are not known. There are no 
commercially available endoprostheses with ligamentum teres analogs.
Conclusions. A ligamentum teres analog integrated into a hip endoprosthesis can help 
prevent dislocation in the post-operative period. Further theoretical, experimental, 
biomechanical and clinical studies are needed to develop such endoprostheses for a 
wider use.
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INTRODUCTION
Hip arthroplasty has been widely used since the mid-1940s- 
early 1950s (1-5). Soon after the start of a wide use of 
both cups and the more familiar endoprostheses, howev-
er, surgeons began to report cases of their dislocation and 
subluxation (6-13). Dislocation after hip replacement is a 
serious and devastating complication of such surgical inter-
ventions (14, 15). According to literature data, the inci-
dence of dislocation reached 15% in the 1970s-1980s (16). 
These days, dislocation after primary arthroplasty occurs in 
0.2-10% of the cases, more often for prostheses implanted 

after femoral neck fracture (17-22). The incidence of dislo-
cation after revision surgeries can reach 25-31% (20, 22, 23). 
The risk of dislocation increases with time, regardless the 
type of surgery and in spite of adequate restoration of soft 
tissues (24, 25). At the same time, no relationship has been 
noted between the dislocation rate, on the one hand, and 
the patients’ sex, age, diagnosis, and the type of endopros-
thesis, on the other (26). Surgery for dislocation increases 
the treatment costs and health risks for the patient (15). This 
problem has important clinical and social implications and 
has no clear solution so far.
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A technical solution that can apparently prevent dislocation 
of endoprosthesis head is to make a non-detachable ball-
and-socket joint. In 1952, H. G. Van Steenbrugghe was 
among the first to propose a total endoprosthesis of such a 
design, with the femoral component fixed by neck (27). In 
order to – among other things – reduce the risk of displace-
ment for the acetabulum component, J. Charnley has begun 
implanting prostheses with a smaller head since 1960, but 
he still reports a dislocation rate of 1.5% in the early post-
operative period (28, 29). Dislocation is currently prevented 
by using non-detachable systems. While solving the main 
problem, however, their use is associated with excessive 
wear of the friction pair, degradation of the bone-cement 
and cement-metal bonds, leading to aseptic loosening and 
a catastrophic failure of the acetabulum component (14). 
Even at the early stages of implant arthroplasty, one of the 
ways for solving the problem of hip implant dislocation was 
by completing the implant design with an analog of the liga-
mentum teres (LT). The first hip endoprosthesis of this type 
was proposed by Leon L. Pellet in 1954 (30).
The use of native LT or its analog as a binding element in the 
endoprosthesis design has not been fully developed yet. The 
purpose of this paper was to review relevant international 
experience, from the concept formation to the development 
and practical use of hip prostheses with native LT or its 
analogs, and to understand the prospects for their use and 
improvement. Currently, there are no systematic reviews 
on design of hip endoprostheses with the LT or its analogs, 
registered as projects in PROSPERO and COCHRANE.

MATERIALS AND METHODS
This systematic review was done in accordance with the 
PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-analyses) Guidelines (31). The Protocol 
of Systematic Review of the topic in question was prepared 
and discussed by the team of authors. The Protocol are 
available upon request from the corresponding author. The 
basis of our review of international experience in creation 
and use of hip endoprostheses with native LT or its analog 
was the study of patent literature from the following elec-
tronic databases: Google Patents, Mountain View, CA, 
USA (https://patents.google.com), European Patent Orga-
nization (EPO), Rijswijk, Netherlands (https://worldwide.
espacenet.com); World Intellectual Property Organization 
(WIPO), New York, NY, USA (https://www.wipo.int); 
Federal Institute of Industrial Property (FIPS), Moscow, 
Russian Federation (https://new.fips.ru). Since the litera-
ture on the subject is quite scanty, we did not limit the 
search by language or publication status. When exam-
ining the identified documents, the authors gave prefer-

ence to publications in Russian and English, the languages 
they knew.
The initial patent search was performed in the Google Patents 
electronic database for the period January 1940-December 
2019, inclusive. The eligibility criteria were as follows: a full-text 
patent describing the design of any hip prosthesis with native 
LT or its structural analog, or an element similar to native LT in 
its position and function, located inside the natural hip joint or 
endoprosthesis and connecting the implant head or the natural 
femoral head with the acetabulum of the pelvis or the acetab-
ulum part of the endoprosthesis. The search was performed 
by keywords divided into three groups and connected by 
the Boolean operators AND and OR as follows: (“ligament” 
OR “ligamentum” OR “ligamentum teres” OR “cord” OR 
“band” OR “tape”) AND (“hip” OR “hip joint” OR “acetab-
ulum”) AND (“endoprosthesis” OR “prosthesis” OR “arthro-
plasty”). The search was complicated by the lack of a special 
alphanumeric code for endoprosthesis with native LT or its 
analog in the International Patent Classification (IPC). The 
closest IPC codes - A61F2002/3233, A61F2002/30688 and 
A61F2220/0075 ‒ failed to identify the searched documents 
definitely. The lack of common terminology also contributed to 
search inaccuracies: e.g., “endoprosthesis” (or “prosthesis” for 
short) was also termed as “implant”, “device”, “socket” and 
“artificial joint”. The same was observed for the LT, with its 
over three dozen synonyms used in the scientific and patent 
literature: “ligamentum capitis femoris”, “ligamentum teres 
femoris”, “ligament of head of femur”, etc. 
During the preliminary screening, links to patent docu-
ments displayed by the search service were manually evalu-
ated based on the eligibility criteria for the title, the content 
of a brief excerpt from the text, and the accompanying 
graphic material. Next, each patent document ‒ an abstract 
or a full text ‒ that supposedly met the eligibility criteria was 
formally examined by reading the text and viewing the illus-
trative material. If the document met the eligibility crite-
ria, the related documents were evaluated for compliance 
with these criteria: patent and non-patent publications cited 
therein, patent documents that cited this document, as well 
as similar documents from the lists available on the viewed 
Internet page (Patent Citations, Non-Patent Citations, Cited 
By, Similar Documents). Where the initial search failed to 
find the full-text view of a document, the search switched 
to the electronic platforms EPO, WIPO and FIPS. These 
databases were also used to ascertain the dates of the earliest 
publications of eligible patent documents. The search for 
eligible non-patent scientific publications mentioned in the 
related documents cited in patents was done on the Google 
Scholar electronic platforms (https://scholar.google.com/), 
PubMed (https://www.ncbi.nlm.nih.gov/pubmed/), and in 
available libraries.
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As the result of our search on these resources, we obtained 
a cohort of publications that passed the final screening. Of 
these, we excluded patent abstracts and abstracts of scientif-
ic reports. Then, from the number full-text publications, we 
excluded the descriptions of applications for invention. Next, 
we identified and excluded duplicates among the remain-
ing patent descriptions evaluated as eligible and non-patent 
publications discussing the installation of the devices. Thus, 
we obtained a list of publications for the final analysis.
All the identified sources of patent information are listed in 
table I, in the order of their earliest priority. The nationality 
of patent authors was derived from the two-letter codes of 
countries, administrative divisions and intergovernmental 
organizations (WIPO ST.3). The risk of bias regarding the 
applicability and the rational technical essence of the iden-
tified hip prosthesis designs with native LT or its analog was 
ranked according to the following criteria: 1) commercial 
devices used in clinical practice; 2) small-batch devices used 
in clinical practice; 3) individually produced devices used in 
clinical practice; 4) concepts presented as a text description 
of the device design and installation method, with explan-

atory graphic material, never used in clinical practice. The 
maximum risk of bias rating was assigned to endoprosthe-
ses that fell under criterion 4, the minimum, to those under 
criterion 1. The risk-of-bias assessment took into account 
the short-term outcomes of arthroplasty described in both 
patent and non-patent documents. All the identified designs 
were grouped by the type of endoprosthesis and by the type 
of friction pair. Where the materials of friction pairs were 
either not specified, or specified too broadly or not quite 
clearly, the friction pair was assigned to the most likely type 
based on the description of the technical essence of design. 
Next, we analyzed the options for using native LT or its 
analogs in the hip endoprosthesis design, as well as analogs 
of the external ligaments of the hip, if available. This system-
atic review had no external source of funding.

RESULTS
The systematic search among 9178 patent publications iden-
tified 130 patents and applications for inventions dedicated 
to hip endoprostheses with native LT or its analog. Of these, 

Table I. Sources of patent information. 

No. Earliest priority Earliest 
publication

Inventor/s Patent number

1 1954-08-02 1956 Pellet LL (30) US2765787A

2 1975-06-26 1976 David T (34) US4092741A

3 1986-10-29 1990 Dudko GE (35) SU1551366А1

4 1987-07-06 1990 Perepichka V.D. (36) SU1572603А1

5 1990-05-03 1992 Neverov VA, Shilnikov VA (37) SU1743595А1

6 1996-01-22 1997 McCandliss R (38) US5702474A

7 1996-07-01 1998 Dennis DA, Komistek RD (39) US5951605A

8 1998-04-30 2000 Shah MK (40) US6010535A

9 1999-12-17 2001 Pedersen WB, Steenstrup FR, Olsen OI, Jakobsen LD, 
Vraa E, Lauritzen JB, Bechgaard K (41)

US7993566B2

10 2007-01-19 2008 Stinnette A (42) US7909882B2

11 2007-07-31 2009 Lozier AL, Parrott RM, Rich DB (43) US8979935B2

12 2007-09-17 2010 Linares MA (44) US8211182B2

13 2007-09-17 2009 Linares MA (45) US7887586B2

14 2009-02-24 2010 Frederick P, Belew K, Jasper L, Gatewood J, Gibson L, 
Masonis J, Cooper M, Kelman DC (46)

US8900320B2

15 2009-07-10 2011 Forsell P (47) US9138320B2

16 2011-02-24 2012 Komistek RD (48) US9023112B2

17 2011-07-08 2013 Castro FF, Fisher JMO, Moskovitz AP $ (49) US9060862B2

18 2015-03-13 2016 Birmingham P (50) US10064730B2

19 2015-08-07 2015 Haining Z (51) CN105105873B

20 2015-09-09 2015 Boroumand S, Halwai I (52) DE202015006363U1
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26 abstracts, 28 applications for inventions and 56 duplicate 
patent descriptions were excluded at the stages of final screen-
ing and eligibility assessment. Finally, 20 patent documents 
were included in the systematic review. From the 55 initial-
ly identified non-patent sources discussing various aspects of 
hip arthroplasty with an LT analog, including those describing 
short-term outcomes of the surgery, we selected two publica-
tions in Russian meeting the eligibility criteria (32, 33).
The flowchart for selecting information sources (figure 1) 
follows the recommendations of Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) (31). 

Eligible patent documents selected for the systematic review 
are presented in table I. 
Of the 20 patents selected for the systematic review, 15 were 
in English, 3 in Russian, 1 in German and 1 in Chinese.
The selected patents on hip endoprostheses with native LT 
or its analogs were grouped by the earliest priority date and 
presented in figure 2. The main numbers of patents coming 
from 90th years to current time. Therefore, it is possible to 
conclude that interest to type of hip endoprostheses with 
native LT has been grow up from 90th and still remain at 
this level.

Figure 1. Flowchart of literature search according to PRISMA guidelines (31).
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We identified 40 authors of patents for invention of hip endo-
prostheses with native LT or its analog, their nationalities are 
shown in figure 3. The dominated activity ‒ 60% of patents 
was registered at the US, the second place is 17.5 ‒ Denmark, 
third (10%) Soviet Union. All the others are less than 3%.
The risk of bias regarding the applicability and the ratio-
nal technical essence of identified hip prosthesis designs 

with native LT or its analogs is ranked in table II. It is no 
commercial endoprostheses with LT in this time. A few 
construction were applied at clinics, however, results are 
not clear.
The identified designs of endoprostheses with native LT or 
its analogs were grouped by type and presented in table III 
(see also figures 4-6). 

Figure 2. Patent distribution by earliest priority date

Figure 3. Nationalities of authors of inventions.
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Figure 4. Unipolar partial hip endoprosthesis with an artificial 
LT, which is indicated by the number 36 (30).

Figure 5. Total hip endoprosthesis with an artificial LT, which 
is indicated by the sing TL (52).

Table II. Risk of bias regarding endoprosthesis applicability. 

Bias assessment criteria Patent document Non-patent document Risk of bias
(1 – min;
 4 – max)

Commercial production and use in 
clinical practice

Not found Not found 1

Small-batch production and use in 
clinical practice

[35] [32] 2

Individual production 
and use in clinical practice

[37] [33] 3

Design description without use in 
clinical practice

[30, 34, 36, 38–52] Not found 4

Table III. Distribution of endoprostheses by the type of design.

Type Description of design Description of practical use
Spacer prosthesis [46] Not found

Surface replacement arthroplasty [41, 43, 45, 50] Not found

Partial endoprosthesis [41, 46] Not found

Unipolar partial hip endoprosthesis [30, 34-37] [32, 33, 35, 37]

Bipolar partial hip endoprosthesis Not found Not found

Total hip endoprosthesis [38-40, 42, 44, 45, 47-49, 51, 52] Not found

Revision endoprosthesis Not found Not found

Tumor endoprosthesis Not found Not found
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Figure 6. Surface replacement arthroplasty with the native LT, 
which is indicated by the number 56 (43).

The friction pair characteristics and combination of mate-
rials are of great importance for the endoprosthesis func-
tioning. The designs of the reviewed hip prostheses with 
native LT or its analog were grouped by friction pair mate-
rials and presented in table IV.

DISCUSSION
Most of the hip endoprosthesis designs with native LT or its 
analog that passed the final screening date back to the first 
decade of the 21st century. That was the period of extensive 
introduction of methods for hip arthroscopy and a growing 
use of magnetic resonance and computed tomography, and 
the number of publications mentioning the LT increased 
significantly. Another possible explanation for the fact is 
that the growing number of hip replacements was asso-
ciated with the growing number of implant dislocations. 
This, again, stimulated the efforts to improve anti-luxation 
prostheses.
Based on the risk of bias regarding the applicability crite-
rion, most of the proposed devices have the maximum risk 
rating of 4. We have failed to identify any commercially 
available endoprostheses with native LT or its analog, and 

hence any devices with the minimum risk rating of 1. Only 
two subtotal hip endoprostheses with an LT analog are 
known to have been used in clinical practice. The first one 
‒ a subtotal endoprosthesis designed by G.E. Dudko ‒ has 
been implanted since 1984, and its risk-of-bias can be rated 
as 2 (35). The second one ‒ proposed by V.A. Neverov and 
V.A. Shilnikov ‒ has been used since 1990 and is assigned 
a risk-of-bias rating of 3 (37). The short-term outcomes 
of their medical use were assessed as satisfactory (32, 33, 
35, 37). We have not succeeded in finding any long-term 
outcomes of these surgical interventions in the literature.
Scanty publications about the practical use of hip endo-
prostheses with an LT analog do not allow any firm conclu-
sions about their benefits and drawbacks. Of all known 
endoprosthesis designs that propose the use of native LT 
or its analog, 18 have never been implanted and there are 
no available reports on their laboratory and clinical trials.
The endoprostheses with native LT and its analog included 
in the review fall under the existing classification of implants 
for hip arthroplasty. However, the specific nature of patent 
documentation allowed the authors to claim their proposed 
technical solution as belonging to several types and, in some 
cases, not to specify the type of design at all. We classified 
11 of the identified endoprostheses as total hip endopros-
theses (table III), 5 as unipolar partial hip endoprostheses 
(subtotal endoprosthesis, subtotal hip prosthesis system), 4 
as surface replacement arthroplasty (mould arthroplasty), 
2 as partial endoprostheses, and 1 as a spacer prosthesis. 
We failed to identify any bipolar partial hip endoprosthe-
sis, revision endoprosthesis or tumor endoprosthesis (e.g., 
pelvis tumor-prosthesis) with an LT analog.
Some of the identified devices (table III) for surface 
replacement arthroplasty, partial acetabular rim arthroplas-
ty and spacer endoprosthesis are claimed as intended for 
retainment of the LT (41, 43, 46, 50). These endoprosthe-
ses repeat the form of a part of the femoral head articular 
surface or the lunate surface of the acetabulum and, gener-
ally, have a horseshoe shape. However, there are some simi-
lar devices, of a similar shape (C-shaped, U-shaped, lunate), 
whose description has no mentioning of the LT. The tech-
nical idea behind the C-shape is to help preserve the fat 
pad in the acetabular fossa, preserve its blood supply, and 
ensure normal functioning and natural lubrication of the 
joint (53, 54).
Most of the proposed hip endoprostheses with native LT 
or its analog are supposed to use a metal head, less often, 
a polymer one, and quite rarely, a ceramic one (table IV). 
Some authors propose various embodiments of friction pair, 
which do not exclude the use of native cartilage for one of 
the components (45, 46, 50). Although some inventions do 
not specify the type of friction pair, it can be assumed from 
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the context that their proposed endoprosthesis has a metal 
head (30, 36, 38, 39, 49, 51, 52). Yet other designs do not 
clearly state it either, but one can surmise that the endo-
prosthesis head or the acetabular liner is made of a polymer 
material (35, 48, 52). We have found design embodiments 
with a non-detachable articulating system in the form of 
an industrially manufactured monobloc (42, 47, 49). In 
some endoprostheses, the articulation system is supposed 
to be enclosed by an analog of the joint capsule: a cuff or 
a cover made of a synthetic material (38). In rare cases, it 
is proposed to use a lubricant in the friction pair (43, 47).
Some endoprostheses use native LT, others, a modified one, 
and still others replace it by a specially designed analog. It 
is proposed that healthy native LT should be retained in 
surface replacement arthroplasty, spacer prosthetics and in 
total hip arthroplasty (41, 43, 46, 48, 50). If the native LT 
is not healthy, it can be reinforced with an artificial struc-
ture (48). As noted in the device descriptions, an LT can be 
reconstructed using biological tissues (auto-, allo- or xeno-
grafts), polymer materials, and combination thereof (35-37, 
39, 42, 44, 45). There are known proposals to make LT 
analogs of metal, in the form of rods, chains or cords (30, 
34, 38). Some designs provide LT analogs with a protec-
tive coating (45, 47), others, with a coating that carries a 
drug, e.g., an antibiotic (52). It has also been proposed to 
make an external deformable coating for LT analog and put 
antibiotics inside (45). Assuming that an LT analog can be 
damaged during its use, various methods for its repair are 
discussed (47).
Some endoprostheses are proposed to be supplemented 
with artificial analogs of external ligaments (39, 44, 48). 
Here, we should note that there is a method for creating 
artificial external ligaments to prevent post-arthroplasty 
dislocation. The method was tested in practice and proved 
useful (55-60). The above-said supports the feasibility of 
supplementing hip prosthesis with native LT or its analog, 
analogs of external ligaments, and retaining them whenever 

possible during arthroplasty. The most trickly and highly 
specialized aspect of creating endoprosthesis with an LT 
analog is to provide conditions for the element function-
ing, proper positioning of its attachment areas, its geomet-
ric and mechanical properties. The lack of fundamental 
experimental and clinical studies of these issues makes it 
impossible to evaluate properly all data presented in the 
reviewed sources.

CONCLUSIONS
Among patents for inventions, we have identified 20 
descriptions of various hip endoprosthesis systems which 
include native LT or its analog. At the same time, there is 
an apparent new trend in arthroplasty – creation of endo-
prostheses that are structurally similar to the natural joint 
and include the ligamentous apparatus as their structural 
component. There is need for further studies of mechanical 
impacts on an LT analog and its attachment area, the nature 
of its connection with the other parts of the endoprosthesis. 
These issues are among the least developed in this field.
Prevention of post-operative dislocations requires develop-
ing new surgical approaches and methods for placing an 
endoprosthesis while retaining or adequately reconstruct-
ing the natural ligamentous apparatus. The variety of the 
already available designs demonstrates multiple potential 
solutions to the pressing problems of arthroplasty, on the 
one hand, and the scarcity of basic data, on the other.
Creating such endoprostheses seems quite realistic. Howev-
er, it requires extensive preliminary research and develop-
ment efforts. These devices can likely make a line of implants 
for staged arthroplasty, from simple and small ones, requiring 
minimal removal of native tissues, to complex and massive 
reconstructive and oncologic endoprostheses. The common 
distinguishing feature of the new-generation endoprosthe-
ses should be the ideology of retaining or reconstructing the 
ligamentous apparatus of the hip joint.

Table IV. Distribution of endoprosthesis designs by the type of friction pair. 

Material of 
acetabular component
(native acetabulum/
acetabular 
component or liner)

Material of femoral component 
(native femoral head/head of the femoral component of endoprosthesis)

Cartilage Polymer Metal Ceramic

Cartilage [40, 41, 46, 50] [34, 35, 37, 41, 45, 46, 50] [30, 36, 46, 50] [46, 50]

Polymer [45, 46, 50] [42–45, 47, 50] [38, 39, 42–44, 47, 
48, 50–52]

[42, 43, 47, 48, 50] 

Metal [46, 50] [43, 44, 47, 50] [39, 42–44, 47, 49–51] [43, 47, 50]

Ceramic [46, 50] [43, 47, 50] [43, 47, 50, 51] [43, 47, 50]
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