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DARF, founded in 2005 by Dr. Thomas K. Donald-
son, has a focus on outcome studies and basic science 
with major emphasis on implant retrievals. His ongoing 
collaboration with Ian Clarke, PhD provides a syner-
gy between the laboratory and clinical surgical science. 
Both men are Board Members of JISRF and have a sig-
nificant working relationship with its Executive Director 
Timothy McTighe Dr. HS (hc).

JISRF, founded in 1971, has had significant experi-
ence with continuing medical education, product devel-
opment, and clinical surgical evaluation of total joint 
implant devices.

The long term relationships JISRF has with to-
tal joint surgeons world wide and the experience of its 
Co-Directors and research evaluation equipment of the 
DARF Retrieval Center make for a strong long-term re-
lationship.

Together both groups will provide unprecedented 
analysis of your Retrievals.

www.jisrf.org      •      www.darfcenter.org

Strategic Alliance

Joint Implant Surgery & Research Foundation

is Pleased to Continue a Strategic Alliance with the

Donaldson Arthritis Research Foundation

Ian Clarke, PhD  &  Thomas K. Donaldson, MD

Metal on metal retrieval

http://www.reconstructivereview.org
http://jisrf.org
http://www.jisrf.org
http://www.darfcenter.org
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The Reconstructive Review (ISSN 2331-2262 print, 
ISSN 2331-2270 online) will be published four times a 
year by the Joint Implant Surgery & Research Foundation, 
46 Chagrin Plaza #117, Chagrin Falls, Ohio 44023. 

Editorial Correspondence
Please direct any requests for inclusion, editorial com-

ments or questions to Timothy McTighe, Dr. HS (hc), Ex-
ecutive Director, JISRF, 46 Chagrin Plaza #117, Chagrin 
Falls, Ohio 44023, tmct@jisrf.org.

Correspondence
Direct any questions regarding the submission process, 

or requests for reprints to David Faroo, Director of Com-
munications, JISRF, 46 Chagrin Plaza #117, Chagrin Falls, 
Ohio 44023, dfaroo@jisrf.org.

There is no subscription charge for receipt of this pub-
lication. This is done as a service keeping with the overall 
mission of JISRF.

For information on how to submit articles to the Re-
constructive Review please review the following or visit 
https://www.reconstructivereview.org. 

Submit Articles to the Reconstructive Review
Please visit ReconstructiveReview.org to submit an ar-

ticle for review and publication in the Reconstructive Re-
view. All material to be considered for publication should 
be submitted via this online submission system.

Before submitting an article to Reconstructive Review, 
please follow the instructions below.

Article types
Reconstructive Review accepts the following catego-

ries of articles:
• Original Articles
• Basic Science
• Case Reports
• Clinical/Surgical
• Commentary
• Controversial Issues (i.e. modularity, tapers, MoM)
• Healthcare Policy/Economics 
• Reviews
• Letters to the Editor
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The emphasis for these subjects is to address real life 

orthopaedics in a timely fashion and to encourage the par-
ticipation from a broad range of professionals in the ortho-
paedic health care field.

We will strive to be responsible and reactive to the needs 
expressed to our editors and all members of JISRF. We an-
ticipate our format will evolve as we move forward and 
gain more experience with this activity. Your opinion is a 
critical step to our motivation and overall success, please 
do not hesitate to communicate with us.

instructions for submitting Articles
Please read the following information carefully to en-

sure that the review and publication of your paper is as effi-
cient and quick as possible. The editorial team reserves the 
right to return manuscripts that have not been submitted in 
accordance with these instructions.

File Formats
• All articles must be submitted as Word files (.doc/.

docx) with lines of text numbered. PDF’s are not ac-
ceptable for submission.

• Figures, images, and photographs should be high 
quality .JPG images (at least 150 dpi, 300 dpi if pos-
sible). All illustrations and line art should be at least 
1200 dpi.

Article Preparation
Articles submitted will need to be divided into separate 
files including cover page and manuscript. Figures, im-
ages, and photographs should be submitted separately.
• Cover Page - includes article title, lists all authors 

that have contributed to the submission and pro-
vides all authors information including their title, full 
name, their association with the paper, their full post-
al address and email. Please list all authors in the or-
der that you want them to appear.

• Manuscript - EXCLUDES ALL AUTHOR INFOR-
MATION. The manuscript is used in creating the file 
for peer review – a double blind process. Your sub-
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mission should follow this structure:
- Title
- Structured Abstract (Introduction, Materials & 

Methods, Results, Discussion, and Conclusion)
- Introduction
- Materials & Methods
- Results
- Discussion
- Conclusion
- References (for styles please refer to the website 

http://www.nlm.nih.gov/bsd/uniform_require-
ments.html)

• Figures, Images and Photographs - Please do not 
embed figures, images, and photographs in the main 
manuscript. They should be uploaded as individual 
files.

Once you have prepared your manuscript according 
to the information provided above, please go to our web-
site ReconstructiveReview.org and click on the Register 
link. Once you have registered you will click on the Sub-
mit New Manuscript link. Detailed instructions on how 
to submit your manuscript can be found at Reconstructi-
veReview.org.

informed consent
Any manuscript dealing with human subjects must in-

clude a statement that proper disclosure was given and pa-
tient consent was received.

copyright Agreement
Authors retain copyright and grant the journal right of 

first publication with the work. Reconstructive Review 
follows the Creative Commons Attribution-NonCommer-
cial CC BY-NC. This license allows anyone to download 
works, build upon the material, and share them with others 
for non-commercial purposes as long as they credit the se-
nior author, Reconstructive Review, and the Joint Implant 
Surgery & Research Foundation (JISRF). An example 
credit would be: “Courtesy of (senior author’s name), Re-
constructive Review, JISRF, Chagrin Falls, Ohio”. While 
works can be downloaded and shared they cannot be used 
commercially.

disclosure stAtement
As part of the online submission process, correspond-

ing authors are required to confirm whether they or their 
co-authors have any disclosures to declare, and to provide 
details of these. If the Corresponding author is unable to 
confirm this information on behalf of all co-authors, the 
authors in question will then be required to submit a com-
pleted Disclosure Statement form to the Editorial Office 

(editors@reconstructivereview.org). It is the Correspond-
ing author’s responsibility to ensure that all authors adhere 
to this policy.

There are three statements to choose from on the Dis-
closure Statement form, they are:

1 No benefits or funds were received in direct or indi-
rect support of this article.

2 Benefits or funds were received in support of this ar-
ticle either directly or indirectly.

3 Either family, institution I am associated with, or I 
have received benefits or funds either directly or indi-
rectly regarding this article. (Examples include: Roy-
alties, Consulting Fees, Stock Options, Equity, Insti-
tutional Funds)

Reconstructive Review Production 
Specifications

The Reconstructive Review is currently constructed 
using InDesign running on a Mac. The document is pub-
lished on the web, available for download as a PDF, and 
printed in limited quantities.

• Trim Size: 8.5” x 11”
• Live Area: 7.25” x 9.25”
• No Bleeds
Ad Specification
• Full color or black and white - available sizes:
• Full Page, 7.25” x 9.25”
• Half Page Horizontal, 7.25” x 4.25”
• Half Page Vertical, 3.25” x 9.25”
Any questions regarding these specifications should be 

directed to media@jisrf.org.

General Statement
The ideas, opinions and statements expressed in the Re-

constructive Review do not necessarily reflect those of the 
publisher and or editor of this publication. Publication of 
advertisement does not indicate an endorsement of prod-
uct or service by the publisher or editor of JISRF. The pub-
lisher and editor assume no responsibility for any injury or 
damage resulting out of any publication of material within 
the Reconstructive Review. The reader is advised to review 
and regard with balance any information published within 
this publication with regard to any medical claim, surgical 
technique, product features or indications and contraindi-
cations. It is the responsibility of the professional treating 
medical physician to review any and all information be-
fore undertaking any change of treatment for their patients.
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T+353 1 691 5293F+353 1 691 5010

Signature Orthopaedics Australia
7 Sirius Rd Lane Cove West NSW Australia

T+61 2 9428 5181 F+61 2 8456 6065
info@signatureortho.com.au
www.signatureortho.com.au

Signature Orthopaedics is a design, development and manufacturing 
company for orthopaedic implants and instruments. 
The head office located in Sydney Australia, with offices in Europe
and North America. 
We have years of experience in taking concepts right through 
design and development and into certification, whether it be the FDA, 
BSI or the TGA.

We are routinely supplying parts for the Hip, Knee, foot and ankle, 
spine, shoulder, both to the locally and international markets.
With the added capability of making custom implants for specific
cases, using the latest software to guarantee the perfect fit.

We are happy to design and develop both instruments and 
prosthesis for your needs, or we can supply one of our many 
FDA approved solutions as an OEM vendor.
Our product, your box!

Call or email to discuss which solution is right for you!

Design Develop Manufacture CertificationPrototype
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Unger Anterior Total Hip Instruments Designed by Anthony Unger, MD

Universal instrument system specifically designed for Direct Anterior approach THR

Wide Hohmann—Single Prong1

Wide Hohmann—Double Prong2

Narrow Hohmann3

Narrow Cobra4

Femoral Neck Elevator9

Offset Narrow Hohmann—Right & Left11 12

2

11

12
1

3

4

2

3 6

9 10

Wixson Anterior 
Suspension Hook System
Designed by Richard L. Wixson, MD

PRODUCT NO:

6245-00 [Complete Unit]

Designed for use with a 
standard operating room table

Helps to facilitate elevation of the 
proximal femur during direct anterior 
approach THR, after the acetabular 
component has been implanted

FOR DIRECT 
ANTERIOR APPROACH 
TOTAL HIP REPLACEMENT

Set-up and use guide available

Soft Tissue Protector10

Femoral Neck Elevator–Long Prong13

PRODUCT NO’S:

 3001 [Unger Wide Hohmann–Single Prong]
 3008 [Unger Wide Hohmann–Double Prong]
 3002 [Unger Narrow Hohmann]
 3003 [Unger Blunt Narrow Cobra]
 3004 [Unger Canal Finder Rasp–Straight]
 3004-01 [Unger Canal Finder Rasp–Curved]
 3004-02 [Unger Canal Finder Rasp– 
     Curved with Smooth Proximal]
 3005-R [Unger Box Osteotome–Right]
 3005-L [Unger Box Osteotome–Left]
 3006  [Unger Femoral Neck Elevator]
 3007  [Unger Soft Tissue Protector]
 3009-R [Unger Offset Narrow Hohmann–Right]
 3009-L [Unger Offset Narrow Hohmann–Left]
 Optional Instruments:

 3006-01  [Femoral Neck Elevator–Long Prong]

1

2

3

4

5

6

6s

7

8

9

10

11

12

13

Canal Finder Rasp—Straight5

6s Canal Finder Rasp—Curved 
with Smooth Proximal

Canal Finder Rasp—Curved6

FREE TRIAL ON MOST INSTRUMENTS

1.800.548.2362103 Estus Drive, Savannah, GA 31404
www.innomed.net info@innomed.net

912.236.0000 Phone 
912.236.7766 Fax

Innomed-Europe Tel. +41 41 740 67 74
 Fax +41 41 740 67 71© 2018 Innomed, Inc.

Scan to 
Launch Our

WebsiteISO 9001:2008 • ISO 13485:2003

Box Osteotome7 8
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Popliteal Artery Complications of Total Knee 
Replacement – Our Experience In Large 
Volume Centre and Review of Literature

Nithin S 1, Reddy A 1, Muralidhar S 1

Abstract

We present a case report and review of literature on in-
jury to the popliteal vessel during total knee replacement. 
This is rare but would be limb-threatening with devastat-
ing consequences for the patient. Because of poor collater-
al circulation, severe ischemia may give rise to irreversible 
tissue damage necessitating amputation if not adequately 
recognized and treated. Incidence, prognosis, treatment, 
potential risk factors and measures to prevent injury are 
discussed here. Safe and careful surgical technique will be 
the most effective preventative measure. 

Background

Total Knee replacement is one of the successful oper-
ations performed for arthritis of knee joint. Popliteal ar-
tery occlusion after total knee arthroplasty occurs at a very 
low incidence (0.03–0.17%) [1]. We here describe the inci-
dence of popliteal artery complications in one of the large 
volume centre in Asia. Our case had complete occlusion of 
the popliteal artery at the 1st post-operative day. Our re-
ported case of post-TKR popliteal artery thrombosis was 
without known risk factors. Reason for concern is because 
of poor collateral circulation, severe ischemia may give 
rise to irreversible tissue damage necessitating amputation 
if we do not recognize early and treat them. We reviewed 
cases from the literature in terms of incidence, prognosis, 

treatment, potential risk factors and measures to prevent 
injury.

Case Report

A 67 year old gentleman presented to the orthopaedic 
out-patient department with bilateral grade -4 osteoarthri-
tis. On examination the patient had restriction of move-
ments, joint line tenderness present, crepitus, no flexion 
deformity and bilateral varus angulation of knee of 10 de-
gree. The patient was counselled and operated for right 
TKR since right knee was more symptomatic. Genesis II 
Posterior Stablilized by Smith & Nephew Oxinium im-
plant was used. Immediately in the post-operative period 
distal pulses were palpable. Patient was started on LMWH, 
but surprisingly in the post-operative day 1, ankle dorsi-
flexion and plantar flexion were absent. Toes were cool-
er and sensation was absent with the presence of femoral 
pulse and absence of dorsalis pedis and post-tibial pulse.

Vascular surgeon opinion was taken and a Doppler was 
done which showed acute arterial thrombosis in the dis-
tal 2/3 rd of the right popliteal artery with no phasic flow 
in the posterior and anterior tibial artery. CT angiogram 

Keywords: total knee arthroplasty, popiliteal artery thrombosis, 
angiography
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showed acute thrombosis and complete occlusion of the 
right popliteal artery. The patient was posted for percuta-
neous transluminal balloon angioplasty and thrombectomy 
was done. Check angiogram showed good distal flow.

Now the patient is at one month follow up with intact 
distal pulses. Knee range of movements showed 0-90 de-
gree with no scar issues.

Discussion

Arterial vascular injury is a rare complication of total 
knee arthroplasty. Although this complication being rare, 
it deserves attention as consequences are devastating and 
involves amputation of the limb. Common causes being 
direct sharp trauma causing laceration and haemorrhage. 
Atherosclerotic occlusion and thrombosis may occur due 
to pre-existing atherosclerosis, joint manipulation or tour-
niquet causing intimal damage leading to atherosclerosis. 
Pre-operative risk factors include history of claudication 
pain, rest pain, absence of distal pulses, arterial ulcers, 
popliteal aneurysm, previous arterial reconstruction and 
calcification of arteries on plain radiographs.

In a review of 9022 Total Knee Arthroplasty (TKA) pa-
tients at the Mayo Clinic, only 3 were diagnosed postop-
eratively with arterial sequelae [1]. In another review of 
4097 patients conducted at Pennsylvania Hospital, only 7 
patients (0.17%) were found to suffer acute ischemia after 
the procedure [2]. Although infrequent, the arterial compli-
cations after TKA are heterogeneous; the most frequently 
reported are arterial thrombosis, arterial transection, arte-
riovenous fistula, and aneurysm formation [3]. Of these, 
popliteal artery thrombosis is the most frequent, account-
ing for 65.9% of all arterial problems [4]. In another study, 
31 cases of acute popliteal artery occlusion after TKA, 11 
cases (35.5%) reportedly required amputation [5].

Patients of acute limb occlusion with severe symptom 
such as sensory loss of more than toe, rest pain, and mod-
erate motor deficit require emergent surgical revascular-
ization [6]. Emergency thrombectomy would be the ini-
tial step, and if thrombus removal is not possible, surgical 
bypass will be the next choice. In our case, the patient 
presented foot coldness, decreased sensation, and pares-
thesias, so the thrombectomy with a Fogarty catheter for 
revascularization of acute arterial occlusion was immedi-
ately attempted. 

In another study of 1182 patients who underwent TKA, 
25% (6/24) of the patients with preexisting vascular dis-
ease suffered vascular injuries, whereas no patients with-
out preexisting arterial disease had vascular injuries [7]. 
However, several patients without known risk factors have 

developed arterial ischemic complications after TKA. The 
assumption that post-TKA arterial complications are, for 
the most part, limited to patients with a previous history of 
arterial disease [7] now appears incomplete.

Surgical procedure is of vital importance in preventing 
vascular injury. During TKA operation, insertion of the re-
tractor into the posterolateral corner of the tibia should be 
avoided because it is the most vulnerable area of the pop-
liteal artery [8,9]. The popliteal artery, vein, and posterior 
tibial nerve usually run through the posteromedial to the 
lateral corner of tibia, and more than one centimetre inser-
tion of the retractor on this site poses a great risk of direct 
injury to the popliteal artery [10].

There are 4 moments of TKA surgical procedure during 
which vessels, especially popliteal artery can be damaged: 
1) at the tibial cut, 2) at the posterior cut of the femoral 
condyles, 3) during the application of retractor for anteri-
or dislocation of the tibia, and 4) during placement of the 
knee in hyperextension after the cuts and before the appli-
cation of the hardware [8,11].

Revision surgery is associated with an approximately 
doubled risk of vascular injury, [12] which may reflect fix-
ation of the artery closer to the knee joint in scar tissue [10] 
making it more susceptible to indirect and direct trauma. 
Presence of some of these risk factors may be an indica-
tion for pre-operative referral to vascular surgery with an 
appropriate threshold to avoid overwhelming vascular sur-
gical services.

Conclusion

We want to conclude that from our cases, the need of 
pre-operative vascular Doppler in patients undergoing 
knee replacement arthroplasty. Prompt diagnosis depends 
on 2 things: clinical assessment of complications and care-
ful Doppler assessment. Clinical assessment includes as-
sessment for signs of vascular insufficiency such as pallor, 
poor capillary refill and disturbed neurological status. High 
index of suspicion in patients suffering from atherosclerot-
ic conditions and co-morbid conditions. Complete assess-
ment of risk factors for post operative arterial complication 
and if necessary pre-operative Doppler assessment to pre-
vent this devastating complication.
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Conversion Knee Arthroplasty Using a 
Rotating Hinge as a Salvage Prosthesis 

Following Periprosthetic Joint Infection and 
Ligamentous Insufficiency: A Case Report

Minter J 1

Abstract

background: In the event of a complex revision TKA 
in which there is extensor mechanism involvement and lig-
amentous instability or insufficiency, non-linked levels of 
constraint may not be adequate for achieving restoration of 
patient function. Total knee arthroplasty devices that incor-
porate a linked level of constraint are successful alterna-
tives to unlinked devices (PS and PS-Constrained) in this 
clinical context. 

case presentation: We present the case of a 62 year-
old male patient that required a non-articulating knee fu-
sion and multiple total knee arthroplasty revisions in con-
junction with a ruptured and repaired extensor mechanism, 
ligamentous instability, bone loss and periprosthetic joint 
infection. (Revision knee prosthesis that includes a in-
creasing degree of nodularity and physical constraint). The 
subsequent risk factors associated with the loss of bone 
and ligamentous insufficiency required performing con-
version arthroplasty with a knee prosthesis that includes 
an increasing degree of modularity and physical constraint 
not commonly used in revision total knee arthroplasty.

discussion: The authors report on a patient who un-
derwent multiple operative procedures, we outline the step 
wise decision making progression that lead to the success-
ful eradication of the PJI and reimplant device strategy 
based on the confounding factors presented. We assess the 
use of revision TKA systems that offer extreme degrees of 

constraint which should be considered in complex revision 
knee revision procedures. 

Background

The goals of primary total knee arthroplasty (TKA) in-
clude relief of pain, restoration of function and establish-
ment of durable long term prosthesis to patient composite. 
Various factors that contribute to the long-term success of 
primary TKA include patient co-morbidities, patient com-
pliance, surgical technique and arthroplasty implant de-
sign. [1-5] In the event of failure, it is important there is as-
sessment and understanding of the factors resulting in the 
failure, these include patient co-morbidities, implant loos-
ening, bone loss, knee ligament laxity and periprosthetic 
joint infection (PJI) [6-9] 

For aseptical loose TKA requiring revision, without lig-
amentous involvement or significant bone loss, there are 
many non-linked device options. [10] In revision TKA in 
which there is ligamentous instability or insufficiency, loss 
of extensor mechanism or bone loss non-linked levels of 

Keywords: Complex Revision TKA, Rotating Hinge TKA, Non-
Articulating Fusion, Salvage TKA
level of evidence: AAOS Therapeutic Level IV
Educational Value & Significance: JISRF Level C
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constraint may not be adequate for achieving restoration 
of function. [7,8] Total knee arthroplasty devices that in-
corporate a linked level of constraint are successful alter-
natives to unlinked devices (PS and PS-Constrained). [7,8] 
We describe a case in which a patient underwent revision 
reconstruction with a rotating hinged TKA system to man-
age ligamentous and extensor mechanism deficiency. 

Case Presentation

Prior to this case presentation all patient information 
was de-identified or removed as per the Health Insurance 
Portability and Accountability Act (HIPAA, 1996) provi-
sions for safeguarding medical information. In 2007, a 62 
year-old male patient underwent a right posterior-stabilized 
(PS) primary TKA for the management of primary osteoar-
thritis. The patient reported pain relief and improved func-
tion for the first 8 post-operative years . In 2015, the patient 
reported increased pain and right knee instability during 
start-up, standing and walking without a history of spe-
cific injury. X-rays and bone scan revealed tibial compo-
nent varus malalignment and radiolucency consistent with 
tibial component loosening. Physical exam revealed knee 
range of motion (ROM) was 5-120 degrees, there was sig-
nificant AP laxity (drawer test) but the knee was stable un-
der varus valgus stress. PJI was ruled out by laboratory in-
vestigations. 

The patient underwent right knee revision TKA, 3 
weeks post revision the knee “buckled” whilst the patient 
was transferring to bed and the patient suffered a fall. The 
patient experienced pain and loss of extension. X-rays re-
vealed  a “high-riding” patella (Figures 1A & 1B). An MRI 
was ordered but was inconclusive due to metal artifact. Ul-
trasound and MRI were inconclusive. Operative explora-
tion revealed an extensor mechanism tear which was re-
paired and the patient was managed partial weight bearing 
in a locked knee brace in full extension for 4 weeks. Post 
operative radiographs revealed a well placed posterior sta-
bilized (PS) revision right knee without evidence of pa-
tella alta. 

Seven weeks post revision the patient was weaning out 
of the knee brace with 10-90 ROM. The patient presented 
to a local Emergency Room (ER) with severe back pain. 
The patient had a prior history of severe lumbar degenera-
tive disc disease (DDD) with prior posterior instrumented 
interbody fusion that resulted in an early post spine sur-
gery right foot-drop. Following the acute ER presentation 
the patient was commenced on steroids, muscle relaxing 
medication, NSAID and was referred to spinal physician. 
A subsequent MRI revealed evidence of lumbar osteomy-

elitis and discitis. The patient was hospitalised for treat-
ment and during admission a diagnosis of septic arthritis 
of the right knee was confirmed after right knee aspiration 
grew staph-epidermidis. The patient was treated with a full 
course of vancomycin and rifampicin. 

Two months post septic arthritis the patient presented 
to the lead author’s office for a second opinion. Physical 
exam revealed active ROM 40-120 degrees, passive ROM 
0-120 degrees. There was  Grade II instability through 
ROM, and there was a palpable defect of the patella ten-
don. Laboratory results showed elevated CRP at 9.41 (0.5 
high normal) and an ESR of 99 (20 high normal). Syno-
vasure® (Zimmer Biomet, Warsaw, IN) testing of the knee 
aspiration was positive for infection with associated count 
of 5,391 total nucleated cells and 89.2 neutrophils with no 
bacterial growth noted at 7-days. Two stage revision sur-
gery was scheduled with complete hardware removal and 
temporary placement of antibiotic impregnated spacer with 
planned temporary arthrodesis. The arthrodesis procedure 
was performed utilizing a double set-up technique and the 
patient exhibited pan-articular grade IV osteomyelitis of 
the knee. [11] The surgical procedure included a total syn-
ovectomy, radical resection of the distal femur and prox-
imal tibia, and the patellar tendon was debrided back to 
a healthy tissue border. A LINK® Endo-Model® Knee Fu-
sion Nail (Waldemar-LINK GmbH & Co. KG, Hamburg, 
Germany) was implanted with antibiotic impregnated ce-

Figures 1A & 1B. AP and Lateral radiographs following revision 
TKA and fall resulting in possible quadriceps rupture and subsequent 
radiographic evidence of patella alta (arrow).

1A 1b
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ment and antibiotic beads within the intramedullary canals 
(Osteoboost™, Osteoremedies, Inc., Memphis, TN) (Fig-
ures 2A & 2B). Post-operative intravenous (IV) antibiotic 
which included Vancomycin and Rifampicin treatment that 
was co-ordinated with Infectious Disease Service. 

Two months following the first stage operation the pa-
tient completed a full course of antibiotic therapy and two, 
staged aspirations of the knee were performed to rule out 
infection (1-month following completion of IV antibiotics, 
and prior to removal of the arthrodesis nail and revision 
TKA re-implantation). Both staged Synovasure® aspira-
tion results were negative for infection and the patient was 
scheduled for revision/reimplantation surgery in Novem-
ber 2016. 

At second stage a limb salvage procedure utilizing 
the LINK® Megasystem-C® rotating-hinge, segmental re-
placement knee system (Waldemar-LINK GmbH & Co. 
KG, Hamburg, Germany) was performed (Figures 3A& 
3B). A Triathlon® TS Cone (Stryker, Kalamazoo, MI) 
was incorporated into the reconstruction due to signifi-
cant tibial bone loss. Extensor mechanism repair utilized 
a Marlex® graft (C.R. Bard, Warwick, RI) (Brown-Hansen 
technique), with an associated medial gastrocnemius and 
split thickness skin graft flap closure as per the plastic sur-
gery consult. Post-operatively, the patient was placed in 

a long leg cast for 2 months and allowed only toe-touch 
weight-bearing. Three months post reimplantation (Feb-
ruary 2017), long leg cast was removed,  the patient re-
ported minimal pain, physical exam showed no effusion 
and the patient was able to straight leg raise without ex-
tensor lag. A long leg hinged brace initially set at 0-10 de-
grees flexion was applied with instructions for the patient 
to remain in brace 24 hours a day and to increase flexion 

Figures 2A & 2B. AP & Lateral radiographs following fusion 
utilizing the LINK Endo-Model® Knee Fusion Nail, implanted 
with antibiotic impregnated cement and antibiotic beads within the 
intramedullary canals.

2A 2b

Figures 3A & 3B. Early post-operative AP and Lateral radiographs 
following conversion TKA from the antibiotic spacer to the LINK® 
Megasystem-C rotating-hinge, segmental replacement knee system. 
Images including the titanium tibial cone to correct for significant 
bone loss.

3A

3b
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by 10 degrees per week. This was performed with no for-
mal physical therapy scheduled. Within six-weeks (March 
2017), the patient returned to clinic with only occasional 
discomfort at the extremes of flexion, however the patient 
required narcotic pain relief for chronic lumbar pain. Phys-
ical exam revealed 0-75 ROM and the patient was advised 
to transfer to a shorter hinged knee brace upon returning 
to work. A home exercise program which included quadri-
ceps strengthening and range of motion exercises was en-
couraged. At most recent follow up the patient’s ROM was 
0-100 degrees with ambulation up to one mile and stair 
climbing with alternating gait.

Discussion

Multiple factors contribute to the overall success or fail-
ure of primary and revision TKA. In revision TKA implant 
options include implant modularity and level of constraint 
which can assist in addressing various degrees of bone 
loss, ligamentous insufficiency or instability and extensor 
mechanism derangement. With the case the authors pres-
ent revision was required for a combination of factors in-
cluding component composite failure (aseptic loosening), 
patient compliance (fall and quadriceps rupture) and pa-
tient co-morbidities (infection and previous spine surgery). 

This patient experienced knee “buckling” following re-
vision surgery for aseptic loosening. The authors anticipate 
the patient suffered a patella tendon rupture due to the ra-
diographic evidence of patella alta and PJI was confirmed 
using the Synovasure PJI test panel. Synovasure was de-
veloped to detect infection using local synovial fluid and 
includes a battery of tests including alpha defensin, CRP 
and hemoglobin in synovial fluid. [14,15] The current stan-
dard of care for deep infection is considered to be two-
stage revision arthroplasty and the use of antibiotic-im-
pregnated bone-cement spacers. [16,17] However, in this 
case the authors took the extra measure to assess on two 
occasions for any evidence of infection following discon-
tinuation of the IV antibiotics, prior to conversion of the 
arthrodesis to TKA.

In periprosthetic joint infections with minimal bone 
loss or soft-tissue insufficiency the patients can be suc-
cessfully treated utilizing static or mobile antibiotic im-
pregnated spacers and a two-stage TKA re-implantation. 
[16,17] However, cases involving significant bone loss or 
soft-tissue insufficiency, an arthrodesis nail with antibiot-
ic impregnated cement is preferred to allow the limb to be 
brought out to length to avoid soft-tissue contraction and 
for later placement of the limb salvage TKA system. [18-
20] In the authors’ case the finding of no serviceable ex-

tensor mechanism made the use of the fusion nail neces-
sary. The argument for the use of a non-articulating spacer 
was discussed at the recent International Consensus Con-
ference on PJI (2013), and it was agreed upon that only the 
technical feasibility of the procedure to be the contraindi-
cation for the selection of non-articulating versus articu-
lating spacers. [21] Furthermore, it was the opinion of the 
consensus group that “patients with massive bone loss and/
or lack of integrity of soft-tissues or ligamentous restraint, 
strong consideration should be given to the use of non-ar-
ticulating spacers.”[21]

In patients with ligamentous deficiency, combined with 
extensor mechanism disruption the pathology taxes the use 
of non-linked, lower constrained implants leading to over-
all knee instability and failure. [7,8,22] In the case the au-
thors report there was significant ligament instability, ex-
tensor mechanism insufficiency, bone loss and PJI.  The 
LINK Megasystem-C rotating hinge knee system offers 
a physically “linked” constraint which is appropriate to 
manage these deficiencies. Following revision TKA using 
the LINK Megasystem-C rotating hinge, the patient post-
operatively presented with significant improvement in the 
reduction of pain and restoration of function. Sanguineti, et 
al reported 93.3% survival following complex primary and 
revision cases using the LINK Endo-Model rotating hinge 
in 45 patients at an average follow-up of 42.2 months. [22] 
Despite the high degree of constraint, the incidence of 
aseptic loosening is reported to be minimal, reflecting the 
manufacturer’s claim of force dampening across the rotat-
ing hinge mechanism. [7,8,22,23]

In conclusion, in a complex knee arthroplasty revision 
scenario careful assessment of the reasons for the adverse 
outcome must be undertaken. Treatment of PJI prior to re-
vision and confirmation of infection resolution are neces-
sary to avoid further chronic sepsis. The use of revision 
TKA systems that offer high degrees of constraint should 
be considered to address issues of multiple ligament in-
sufficiency, extensor mechanism disruption and bone loss. 

The authors acknowledge the limitation of case reports 
of complex procedures which represent a small number of 
overall arthroplasty cases in the community. Our intent is 
to report on the sequential degradation on patient’s knee 
that underwent multiple procedures and outline the step-
wise progression of treatment that led to successful erad-
ication of PJI and successful re-implantation of a highly 
constrained linked knee arthroplasty device appropriate for 
limb salvage procedures. 
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Decreased Incidence of Periprosthetic Joint 
Infection in Total Hip Arthroplasty with Use 

of Topical Vancomycin
Crawford D 1, Berend K 1, Adams J 3, Lombardi A 2

Abstract

background: Periprosthetic joint infections following 
total hip arthroplasty (THA) can cause significant patient 
morbidity and carry with them a substantial cost burden to 
the healthcare system.  The purpose of this study was to as-
sess whether the addition of topical vancomycin decreased 
the incidence of superficial and deep infections after pri-
mary total hip arthroplasty?   

methods: We performed a retrospective analysis of pa-
tients who underwent primary THA with (1070 hips) and 
without (815 hips) the use of topical vancomycin.  Records 
were reviewed to determine incidence of PJI. Infections 
were categorized as deep or superficial. Medical comor-
bidity data was evaluated for known risk factors includ-
ing diabetes, rheumatoid arthritis, and BMI. Records were 
further reviewed to determine surgical approach used and 
bacterial cause of PJI.   

results: The overall incidence of infection in the con-
trol group was 1.47% (12 hips) and significantly decreased 
to 0.47% (5 hips) with the addition of topical vancomy-
cin (p=0.022). Deep infections also decreased from 0.86% 
(7 hips) in the control group to 0.09% (1 hip) in the van-
comycin group (p=0.011). There was no difference in 
BMI or percent of patients with diabetes between groups.       
In all patients, regardless of vancomycin use, the inci-
dence of infection in the direct lateral approach was high-
er (2.04%, 9 hips) than the anterior approach (0.055%, 8 
hips)  (p=0.004).

conclusions:  We found a lower incidence of peripros-
thetic joint infection after THA with the addition of topi-
cal vancomycin. We also found a decreased incidence of 
infection in patients who had surgery through an anterior 
approach compared with those who had a direct lateral ap-
proach. 

Background

Periprosthetic joint infections (PJI) remain one of the 
most devastating complications following total hip arthro-
plasty. Prevention of deep infection is paramount for re-
ducing patient morbidity and health care cost associated 
with management of PJI as multiple surgeries, hospitaliza-
tions and outpatient antibiotics are often required to eradi-
cate a deep infection. It is estimated that the incidence of 
PJI will be 40,000 to 80,000 per year in the United States 
by 2030 and have a cost burden of $2 to 4 billion annually 
[1]. Management of a single PJI costs on average $50,000 
and can increase up to $100,000 in cases with resistant or-
ganisms [2,3]. 

Efforts to reduce infection begin preoperatively in opti-
mizing patient factors. Obesity, malnutrition and poor dia-

Keywords: total hip, infection, vancomycin, antibiotic, 
arthroplasty
level of evidence: AAOS Therapeutic Level IV
Educational Value & Significance: JISRF Level A
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betic control are all modifiable risk factors have all been 
shown to increase risk of infection [4-6]. Perioperative 
techniques to reduce risk of infection include proper surgi-
cal site prepping, perioperative antibiotics, use of laminar 
flow, decreasing surgical time and blood loss [5,7,8]. 

Local surgical site techniques to reduce risk of infection 
have also been employed. Some have advocated for copi-
ous irrigation with either antibiotic loaded solution or di-
lute betadine [9,10]. Topical antibiotics have been shown 
throughout the spine literature to significantly reduce sur-
gical site infection [11-17].  Animal models have shown 
that the combination of local and systemic antibiotics sig-
nificantly decrease the rate of wound infection compared 
to either modality alone [18].

Gram-positive bacteria are most commonly associated 
with PJI including staphylococcus aureus and staphylo-
coccus epidermidis [19,20]. These bacteria adhere to im-
plants and form a biofilm, which makes them difficult to 
treat [21].  Approximately 10% to 20% of infections are 
from gram-negative organisms and 20% of infections are 
polymicrobial [22,23].

The purpose of this study was to assess whether the ad-
dition of topical vancomycin decreased the incidence of 
superficial and deep infections after primary total hip ar-
throplasty. Secondarily, we evaluated whether there was a 
difference in the incidence of infection between the direct 
lateral approach and the anterior supine intermuscular ap-
proach (ASI).

Methods

We performed a retrospective comparative cohort anal-
ysis of patients who underwent primary THA with and 
without the use of topical vancomycin. All patients signed 
a general research consent approved and monitored by our 
independent institutional review board (Western IRB; Puy-
allup, Washington) allowing retrospective research review. 
We separated patients by year in which they had surgery. 
In 2011, topical vancomycin was not used and this group 
served as the control. In 2015 all patients undergoing THA 
had 1g of sterile vancomycin hydrochloride sprinkled in 
the wound after component implantation and prior to clo-
sure. The 2011 control group consisted of 746 patients (815 
hips) while the 2015 intervention group had 987 patients 
(1070 hips).  All surgeries in both groups were performed 
by one of three fellowship trained adult reconstruction sur-
geons using cementless femoral and acetabular compo-
nents with polyethylene liners. Both groups of patients 
cleaned their surgical site preoperatively with chlorhexi-
dine antiseptic skin cleanser, and DuraPrep™ Surgical So-

lution (3M, St. Paul, Minnesota) was used intraoperatively 
for surgical preparation in both groups. 

In 2011, patients had surgery performed at either an or-
thopaedic specialty hospital (639) or full service general 
hospital (176). In 2015, surgeries were performed at an 
orthopaedic specialty hospital (589), full service hospital 
(10) or outpatient surgery center (471). 

Records were reviewed to determine incidence of PJI. 
Infections were categorized as deep or superficial based 
on a hip fluid cell count, culture and need for radical de-
bridement. Medical comorbidity data was evaluated for 
known risk factors including diabetes, rheumatoid arthri-
tis, and BMI. Records were further reviewed to determine 
surgical approach used and bacterial cause of PJI. Surgi-
cal approaches included a minimally invasive direct lateral 
approach and anterior supine intermuscular (ASI) or “an-
terior” approach. 

statistical Analysis
Chi-squared analysis was used to compare the inci-

dence of infection with and without intrawound vancomy-
cin as well as incidence of infection by approach. T-test 
was used to compare patients’ height, weight and BMI be-
tween groups. 

Results

Patient demographic information between the groups is 
listed on Table 1. Tables 2a and 2b show differences in de-
mographics and surgical data between approaches and year 
groups. In combining demographics between groups, the 
mean BMI in patients who had a direct lateral was 33 kg/
m2 (range, 17.4 to 58.4), which was significantly higher 
than patients who had an ASI approach, BMI 30.46 (range, 
12.2 to 62.02) p<0.001. Operative time was significantly 
less in the 2015 vancomycin group both in patients who 
had an ASI approach (p<0.001) and direct lateral approach 
(p=0.02). 

The overall incidence of infection in the control group 
was 1.47% (12 hips) and significantly decreased to 0.47% 
(5 hips) with the addition of topical vancomycin (p=0.022). 
Deep infections also decreased from 0.86% (7 hips) in the 
control group to 0.09% (1 hip) in the vancomycin group 
(p=0.011). Details of the infections that occurred are listed 
in Table 3a and 3b. The mean BMI of patients who devel-
oped an infection was 39.1 kg/m2 (range, 26.6 to 58.2 kg/
m2). Five patients (42%) in the control group who devel-
oped infections had diabetes mellitus, while three patients 
(60%) in the vancomycin group who developed infections 
had rheumatoid arthritis. 
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In comparing surgical approach, the 2011 control pa-
tients had their surgeries performed with a direct lateral 
in 314 hips (39%) and ASI approach in 501 hips (61%).  
There were 7 total infections (2.23%) in the direct later-
al group compared to 5 total infections (1.0%) in the ASI 
group (p=0.155). There were 5 deep infections (1.59%) 
in the direct lateral group compared to 2 deep infections 
(0.4%) in the ASI group (p=0.072). Surgical approach 
in the 2015 vancomycin cohort was direct lateral in 126 
hips (12%) and ASI in 944 hips (88%).  There were 2 to-
tal infections (1.59%) in the direct lateral group compared 
to 3 total infections (0.32%) in the ASI group (p=0.049). 
There was 1 deep infection (0.79%) in the direct lateral 
group compared to 0 deep infections (0%) in the ASI group 
(p=0.004).

Comparing the 2011 to 2015 direct lateral patients, the 
overall infection rates decreased from 2.23% to 1.59% 
with the addition of vancomycin but this was not statis-
tically significant (p=0.667). The deep infection rate also 
decreased from 1.59% in the control group to 0.79% in 
the vancomycin group but was not significant (p=0.513). 
Comparing the 2011 to 2015 ASI patients, the overall in-
fection incidence decreased from 1% to 0.32% but was not 
significant (p=0.097). The deep infection rate decreased 
from 0.4% to 0% (p=0.024), which was significant.

In all patients, regardless of vancomycin use, the in-
cidence of any infection in the direct lateral patients was 
2.04% (9 hips) compared to 0.055% (8 hips) in the ASI ap-
proach (p=0.004). The incidence of deep infection in all di-
rect lateral patients was 1.4% (6 hips) compared to 0.01% 
(1 hip) in the ASI approach (p<0.001).

In 2011, five infections occurred in patients who had 
surgery at the general hospital and seven infections oc-
curred in patients who had surgery at the specialty hos-
pital.  In 2015, four of the infections occurred in patients 
who had surgery at the specialty hospital and one infection 
occurred in a patient who had surgery at the outpatient sur-
gery center. Each of the three surgeons performed surgery 
on at least four of the patients who developed infections in 
both groups combined. 

Discussion

With the addition of topical vancomycin powder, we 
observed a significant reduction in overall and deep infec-
tions with only one deep infection in 1070 hips for inci-
dence of 0.09%.  We further found that regardless of an-
tibiotic use, the ASI surgical approach has a significantly 
lower frequency of any and deep infections than the direct 
lateral approach. 

Table 1. Patient demographics compared between 2011 control group 
and 2015 vancomycin group
Characteristic 2011 2015 P Value
Gender (male:female) 48%:52% 49%:51% 0.621
Age (years) 63.3 (±11.9) 64.8 (±10.2) 0.004
Height (inches) 67.0 (±4.3) 67.5 (±4.3) 0.035
Weight (pounds) 199.8 (±51.9) 201.6 (±52.0) 0.472
BMI (kg/m2) 31.1 (±7.3) 31.0 (±7.0) 0.828
Diabetes 15.9% 13.5% 0.15
Rheumatoid arthritis 2.6% 6.3% <0.001

Table 2a. Patient demographics and operative differences compared 
between 2011 and 2015 THA performed with the anterior supine 
intermuscular (ASI) approach 
Characteristic 2011 ASI 2015 ASI P Value
Gender (male:female) 47%:53% 48%:52% 0.724
Age (years) 62.7 (±11.9) 64.7 (±10.2) 0.001
Height (inches) 67.1 (±4.1) 67.5 (±4.2) 0.115
Weight (pounds) 195.4 (±50.3) 198.1 (±48.9) 0.346
BMI (kg/m2) 30.4 (±6.9) 30.5 (±6.6) 0.808
Operative time 
(minutes)

76.1 (±37.7) 64.5 (±23.3) <0.001

Estimated blood loss 
(mL)

185.5 (±171) 197.9(±116) 0.070

Table 2b. Patient demographics and operative differences compared 
between 2011 and 2015 THA performed via the direct lateral 
approach
Characteristic 2011 Lateral 2015 Lateral P Value
Gender (males:female) 49%:51% 56%:44% 0.166
Age (years) 64.1 (±11.9) 64.9 (±10.8) 0.512
Height (inches) 67.0 (±4.7) 67.7 (±5.0) 0.163
Weight (pounds) 206.8 (±53.9) 227.8 (±65.7) 0.001
BMI (kg/m2) 32.2 (±7.9) 34.9 (±9.1) 0.003
Operative time 
(minutes)

72 (±29.4) 64.3 (±23.3) 0.020

Estimated blood loss 
(mL)

182 (±145) 158 (±116) 0.200

Buchholz et al first described the use of local antibi-
otics in 1970 [24] and since then the local application of 
antibiotic has been investigated in orthopedics, cardiotho-
racic, vascular, and spine surgeries [25-28]. Topical vanco-
mycin use in spine surgery has shown a greater than 50% 
decrease in surgical site infections in spine surgery [29]. 
Johnson et al studied the local and serum vancomycin con-
centration levels after topical administration of vancomy-
cin [30]. They evaluated 34 patients in whom 1G of vanco-
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Table 3a. Demographic and infection characteristics of 2011 control group patients who developed an infection. 
Gender Age 

(years)
BMI 
(kg/m2)

Diagnosis, Risk Factors Approach Infection Organism(s)

female 40 37.2 osteoarthritis, Larsen syndrome anterior deep cultures negative
female 92 27.4 osteoarthritis anterior deep enterobacter cloacae, staphylococcus epidermidis
female 60 34.8 osteoarthritis anterior superficial staphylococcus coagulase negative, 

staphylococcus lugdenensis
female 80 36.1 osteoarthritis, diabetes mellitus anterior superficial gram negative rods, enterobacter cloacae
female 73 31.4 osteoarthritis anterior superficial staphylococcus epidermidis (resistant), 

propionibacterium acnes
male 57 45.4 osteoarthritis, diabetes mellitus lateral deep klebsiella pneumoniae, enterobacter cloacae
female 60 58.2 osteoarthritis lateral deep staphylococcus aureus (methicillin resistant), rare 

pseudomonas
female 66 46.2 osteoarthritis, diabetes mellitus lateral deep staphylococcus epidermidis, escherichia coli, 

staphylococcus warneri, acinetobacter
female 59 26.6 developmental dysplasia lateral deep group B beta streptococcus
female 71 42.6 osteoarthritis, history of 

infection
lateral deep proteus mirabilis, escherichia coli, pseudomonas

male 60 37.6 osteoarthritis, diabetes mellitus lateral superficial staphylococcus aureus coagulase positive
female 42 56.6 osteoarthritis, diabetes mellitus lateral superficial gram negative rods, escherichia coli

Table 3b. Demographic and infection characteristics of 2015 vancomycin group patients who developed an infection. 
Gender Age 

(years)
BMI 
(kg/m2)

Diagnosis, Risk Factors Approach Infection Organism(s)

female 62 27.5 rheumatoid arthritis anterior superficial staphylococcus aureus (methicillin resistant)
female 65 41.6 rheumatoid arthritis, history of 

infection
anterior superficial pseudomonas aeruginosa

female 68 36.1 osteoarthritis, coronary artery 
disease

anterior superficial pseudomonas aeruginosa

female 67 30.1 rheumatoid arthritis, coumadin 
therapy

lateral deep coagulase negative staphylococcus

female 69 48.5 osteoarthritis lateral superficial escherichia coli, proteus mirabilis, 
peptostreptococcus anaerobius

mycin was mixed with 2G of tranexamic acid and injected 
into the drain tube after capsule closure. One gram of van-
comycin was also sprinkled in the subcutaneous tissue. In-
trawound and serum levels were measured at multiple time 
points up to 24 hours. They found the serum vancomy-
cin levels remained on average below 5 µg/mL which is 
well below the normal serum therapeutic level of 10 to 20 
µg/mL. Meanwhile, the wound concentration of vancomy-
cin peaked on average at 922 µg/mL. These findings sup-
port that topical vancomycin provides a highly therapeutic 
intrawound concentration, with low systemic absorption. 
Whiteside has described his technique of intra-operative 
irrigation of normal saline with vancomycin and polymyx-
in [17]. The wound is irrigated throughout the case with 
this solution as well as in the medullary canals prior to fi-

nal implantation. In his reported series of 2293 arthroplas-
ties, there were no cases of primary infection. There was 
one case of a deep infection that was attributed to an unrec-
ognized hematoma that became infected. 

There has been some concern about the potential for 
third body wear with the application of topical vancomy-
cin. Qadir et al. performed a wear simulation study with 6 
articulation stations, 3 of which had topical vancomycin 
and 3 without [31]. After 10 million cycles they found no 
difference in wear mark length, width or gravimetric wear 
between groups.

The direct anterior approach for total hip arthroplasty 
has gained popularity over the past decade with purported 
benefits of the muscle sparing nature, faster early recovery 
and ability to use fluoroscopic assistance for component 
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placement and leg length assessment. While infection con-
cern was not a driving factor behind our practice’s transi-
tion to the anterior approach, we did find in this study a 
decreased incidence of overall and deep infections using 
the anterior approach compared to the direct lateral. In sur-
geons who perform both approaches, there may be some 
selection bias as the direct lateral (or alternate approach) 
may be chosen for patients who are more obese.  This was 
shown in our current study in which the average BMI was 
significantly higher in patients who had their surgery done 
through a direct lateral approach. We also showed that 
as more THA were done through an anterior approach in 
2015, the BMI of patients who had surgery via a direct 
lateral approach was significantly higher than patients in 
2011 who had a direct lateral approach. Other studies have 
not shown a difference in risk of infection between ante-
rior and other approaches. Ilchmann et al found no signifi-
cant difference in the risk of infection in patients undergo-
ing primary THA from either a direct anterior (2.3%) or 
lateral transgluteal approach (1.7%) [32]. Likewise, Malek 
et al did not find a significant difference in infection risk 
between the anterior or posterior approach [33]. With the 
differences in patient BMI between the two surgical ap-
proaches in our study, BMI itself may be more of a factor 
for risk of infection than the surgical approach. 

This study has several limitations. The main limita-
tion is the many variables that contribute to development 
of periprosthetic joint infections including medical comor-
bidities, obesity, nutritional status, surgical preparation, 
operative time, anemia, blood loss, and hospital arthro-
plasty volume [2,5]. We did find that the operative time 
was significantly less with either approach in the 2015 van-
comycin group compared to the 2011 group. We did not 
however find a significant difference in blood loss between 
groups. We did not have data on preoperative hemoglo-
bin/hematocrit or postoperative transfusion rates. Preoper-
ative and intraoperative surgical preparation was the same 
in both groups and thus should not be a confounding fac-
tor.  All 3 locations where the surgeries were performed in 
both groups were high volume facilities. The surgical lo-
cation did change somewhat between groups with the ad-
dition of an ambulatory surgery center in the 2015 group. 
Only one patient who had surgery at the ambulatory sur-
gery center developed a superficial infection and no pa-
tients developed a deep infection. There is likely some 
selection bias on surgical location as patients with signifi-
cant medical comorbidites were likely taken to the hospi-
tal for surgery. We did not assess patient nutritional sta-
tus, which has been shown as risk factor for infection and 
is a limitation in our findings [34]. The BMI between the 
groups was pretty well matched and not significantly dif-

ferent. Furthermore we did not find a difference in the inci-
dence of diabetes between groups. The vancomycin group 
did have a significantly higher incidence of patients with 
rheumatoid arthritis and 60% of the patients who devel-
oped an infection in this group had rheumatoid arthritis. 
Even with the higher incidence of rheumatoid arthritis in 
the group, the incidence of overall and deep infections was 
lower.  Other medical comorbidities, smoking status, and 
ASA class were not assessed, which limited our analysis of 
patient-related risk factors. Lastly was the limitation of the 
confounding finding of differences in the infection rates 
between the direct lateral approach and ASI approach as 
well as the increased usage of the ASI approach in the van-
comycin group. We found significantly lower incidence of 
overall and deep infections in the ASI group regardless of 
vancomycin usage. The use of the ASI approach increased 
from 61% in 2011 to 88% in 2015.  This increased use 
of the ASI approach which we found had a lower infec-
tion rate is likely contributing to our findings of lower in-
cidence of infection with addition of vancomycin in this 
group. We did however find that with the addition of van-
comycin there was a significant decrease in the incidence 
of infection in patients who had their hip replacement from 
the ASI approach, but we did not find a difference in the 
direct lateral approach.  

While this study does have several limitations in con-
trolling for confounding variables, we did find a lower in-
cidence of periprosthetic joint infection after THA with the 
addition of topical vancomycin. We also found a decreased 
incidence of infection in patients who had surgery through 
an ASI approach compared with those who had a direct lat-
eral approach. 
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Correction of Femoral Acetabular 
Impingement at the Time of Primary THA

McPherson E 1, Sherif S 1, Chowdhry M 1, Dipane M 1

Abstract

background: Primary total hip arthroplasty (THA) is 
considered one of the most cost-effective and function-
ally beneficial procedures to treat end-stage coxarthrosis 
worldwide. However, there is a small percentage of pa-
tients who are plagued by residual anterior hip pain and 
limited hip flexion. One explanation for this problem is 
bone and soft tissue impingement in the anterior hip re-
gion. In the native hip, the problem is described as femoral 
acetabular impingement (FAI). FAI is a form of develop-
mental dysplasia of the hip (DDH). Not infrequently, these 
dysplastic acetabula are also retroverted. In primary THA, 
a retroverted boney acetabulum adversely affects prosthet-
ic hip function. Specifically, when the acetabular cup is in-
serted in an anteverted position and the native acetabulum 
is retroverted, the proximal femur will impinge upon the 
retroverted acetabular bone with flexion and internal rota-
tion. This causes mechanical dysfunction, prosthetic sub-
luxation, and pain. We aptly name this condition prosthetic 
femoral acetabular impingement (PFAI).

methods: In this study we address PFAI with an ante-
rior acetabular bone wall reduction (AABWR). In a con-
secutive series of 426 primary THA’s, we prospectively re-
moved all impinging anterior retroverted bone during the 
THA procedure. Specifically, after final socket preparation 
and insertion, an AABWR was performed when acetabu-
lar bone extended more than 5 mm beyond the prosthetic 
acetabular cup. All acetabular cups were placed between 
25-35 degrees of anteversion. Retroverted acetabular bone 
extending beyond the acetabular cup was removed along 
with impinging capsular tissues. All femoral stems were 

positioned between 15-20 degrees. We hypothesize that 
with an AABWR, groin pain and hip flexion will be com-
mensurate with that of patients who did not require an 
AABWR (i.e., non-retroverted acetabulum).

results: The study group consisted of 426 primary 
THA’s. Three hundred patients (70%) had an AABWR 
and 126 patients did not require an AABWR. There were 
140 females (47%) and 160 males (53%) in the AABWR 
group and 88 females (70%) and 38 males (30%) in the 
non-AABWR group. The average amount of bone resected 
in the AABWR group was 1.32 cm (0.3 cm to 3.4 cm). For 
females, the average bone resection measured 1.1 cm (0.3 
to 2.0 cm). For males, the average bone resection measured 
1.53 cm (0.3 cm to 3.4 cm). Harris Hip Scores (HHS) at 
minimum of 1 year follow-up (range 1 to 11.5 years) av-
eraged 91 (64 to 100) for the entire study. In the AABWR 
group, HHS averaged 92 (71 to 100). Average hip flexion 
was 110 degrees (100 to 130 degrees). In the non-AABWR 
group, HHS averaged 87 (71 to 100). Average flexion was 
109 degrees (88 to 125 degrees). In the AABWR group, 
12 patients (4%) experienced groin pain symptoms. Ten of 
these patients rated his/her peak groin pain at a level of 1 
(scale 0-4) and the remaining 2 patients rated his/her peak 
groin pain at a level of 2. As time progressed, 50% of these 
patients saw their groin pain resolve. In the non-AABWR 

Keywords: THA, Total Hip Arthroplasty, FAI, Femoral Acetabular 
Impingement, PFAI, Prosthetic Femoral Acetabular Impingement, 
Hip Subluxation, Anterior Hip Decompression, AABWR, Anterior 
Acetabular Bone Wall Reduction, Groin Pain, Hip Flexion
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Educational Value & Significance: JISRF Level A

http://www.reconstructivereview.org
http://jisrf.org
http://dx.doi.org/10.15438/rr.8.1.206
http://crossmark.crossref.org/dialog/?doi=10.15438/rr.8.1.206&domain=pdf&date_stamp=2018-09-30


28 JISRF • Reconstructive Review • Vol. 8, No. 1, September 2018

Joint Implant Surgery & Research Foundation • JISRF.org • ReconstructiveReview.org

group, 2 patients (1.6%) experienced groin pain and both 
patients rated his/her pain at a level of 1.

discussion: Maximizing hip flexion and function for 
the active patient undergoing primary THA requires metic-
ulous surgical technique. PFAI may be one reason for un-
explained anterior hip pain in the highly active patient that 
demands higher hip flexion and rotation. Our experience 
shows that the anterior acetabular rim and part of the an-
terior column can be removed at the time of primary THA 
without compromising the THA procedure. The AABWR 
is now an integral part of our primary THA technique.

Background

Femoral Acetabular Impingement (FAI) causes hip pain 
when the native femoral neck contacts the acetabular rim 
in flexion. Impingement is most pronounced with flexion 
(above 80 degrees) and internal rotation. At the impinge-
ment point, soft tissues are damaged either by a pincer 
effect on the acetabular rim or via a cam effect upon the 
peripheral acetabular articular surface [1]. FAI more com-
monly occurs when the native acetabulum is retroverted 
(Figures 1a & 1b) [2,3]. This is a form of developmen-
tal dysplasia of the hip (DDH) that is underappreciated, 
as upon casual review radiographs of patients with retro-
version dysplasia appear relatively normal. Retroversion 
dysplasia is a major cause of early degenerative arthritis 
in the middle-aged patient population and can lead to ear-
ly Total Hip Arthroplasty (THA). Correction of acetabular 
retroversion with a periacetabular osteotomy in the pre-ar-
thritic hip joint helps reduce pain and improve functional 
hip flexion [4-6].

THA in patients with uncorrected retroversion dyspla-
sia is fraught with pitfalls. First, positioning of the ace-
tabular cup in a manner that follows the native acetabu-
lar rim can result in clinical impingement [7]. Following 
the native acetabular rim is the most commonly accepted 
method of cup placement when there is normal acetabular 
anteversion and inclination [8]. However, if the surgeon 
does not appreciate that the native acetabular socket is ret-
roverted, then placement of the prosthetic cup in this retro-
verted position will fail to solve the impingement problem 
that caused the original degenerative process. Additional-
ly, excess femoral pelvic inclination resulting from lumbar 
hyperlordosis and/or spine fusion can cause the acetabular 
socket to be “functionally’ retroverted [9]. Furthermore, if 
acetabular retroversion is recognized and the prosthetic ac-
etabular cup is placed in the correct anteversion and incli-
nation, clinical impingement can still occur if the retrovert-
ed bone is not removed. This is not an uncommon scenario 

Figures 1a – 1b
Diagrams of anteroposterior view of the right hip demonstrating 
retroversion dysplasia.

Figure 1a. Diagram of acetabulum on anteroposterior radiograph. 
In a normal acetabulum, the socket is anteverted. On the AP 
radiograph, the anterior rim is above the posterior rim. Three 
dimensionally, the acetabular socket is open and faces in an anterior 
direction.

Figure 1b. Diagram of acetabular retroversion. On the AP 
radiograph, the anterior rim is in a lower position, whereas the 
posterior rim is higher. Radiographically, the two rim lines cross, 
creating the crossover sign. Frequently with acetabular retroversion, 
the ischial spine is prominently seen. Three dimensionally, the 
acetabular socket is closed and faces in a posterior direction. This 
configuration can also be seen with fixed flexed pelvic deformation, 
secondary to spine disease.
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that we encounter clinically. The retroverted bone imping-
es upon the femur in hip flexion, causing pain and con-
tinued functional debility. We describe this latter scenar-
io as Prosthetic Femoral Acetabular Impingement (PFAI). 
In the highly active young patient who demands a high-
er functional hip range, even mild relative retroversion of 
the acetabulum causes impingement in flexion and internal 
rotation. Repetitive PFAI can also adversely affect pros-
thetic bearing wear [5,10,11]. If significant PFAI occurs, 
repetitive subluxation movements of the total hip bearing 
can result in abnormal bearing wear patterns. With large 
diameter alternative bearings, such as ceramic-ceramic, 
metal-metal, or ceramic-metal, repetitive subluxation can 
cause stripe wear marks [12-15].

In primary THA, acetabular retroversion can be correct-
ed by reaming the acetabulum to a hemisphere and insert-
ing the prosthetic cup into the “normalized” anteverted po-
sition. However, if the retroverted bone still remains, this 
can cause impingement. In this study, we utilize the sur-
gical technique of removing retroverted acetabular bone 
at the time of primary THA. We call this maneuver an 
“Anterior Acetabular Bone Wall Reduction” (AABWR). 
This study prospectively reviews the clinical results of 
426 consecutive primary THA’s that utilized a large diam-
eter monolithic acetabular cup. We review the incidence 
of AABWR and review the clinical results of patients that 
required this maneuver for correction of native acetabular 
retroversion. We hypothesize that with corrected acetabu-
lar cup placement and an aggressive AABWR, groin pain 
scores and overall Harris Hip function will be commensu-
rate with that of patients not suffering from native acetabu-
lar retroversion.

Materials & Methods

Between August 2006 and June 2017, 455 primary THA 
procedures were performed at a single institution by the se-
nior author (ejm). The study group included all patients 
who received a large diameter monolithic all-metal porous 
coated cementless acetabular cup. Patients who were ex-
cluded from the study group included those with traumat-
ic or developmentally acquired acetabular deformities that 
needed an acetabular cage or a protrusio revision cup with 
augmentation and/or structural bone graft (29 patients). 
The study group thus included 426 consecutive primary 
THA’s utilizing a large diameter monolithic all-metal cup.

All THA’s utilized a standardized technique. A less in-
vasive postero-lateral approach was used [16]. Patients 
were secured in the lateral decubitus position using the Hip 
Grip System (Sun Medical, Redding, CA). Positioning was 

carefully performed by the operating surgeon (ejm). The 
anterior-inferior brace was positioned over the pubic sym-
physis and anterior superior iliac spine. The anterior-su-
perior brace was centered over the xiphoid process. The 
posterior-inferior brace was centered over S1. The posteri-
or-superior brace was positioned at the mid scapula level. 
The positioning technique allowed the posterior ilioischial 
line to be parallel to the length of the operative table. This 
line was used to help assist in cup positioning (Figure 2b).

With the less invasive postero-lateral approach, the su-
perior one-half of the short external rotators were released 
from the upper posterior greater trochanter down to the 
base of the femoral neck. The hip capsule was preserved 
with transverse incisions made at the acetabular rim and 
the base of the femoral neck. A longitudinal incision was 
made along the femoral neck axis. 

Acetabular cup preparation was performed with serial 
reaming in 2 mm increments, starting initially at 41 mm. 
The first ream was directed medially through the remain-
ing cotyloid pads to the quadrilateral surface. Reaming 
was then performed in plane of 25-35 degrees of antever-
sion and a lateral opening of 40 degrees. Trialing was per-
formed using a metallic hemisphere trial cup 1 mm larger 
than the last reamer. The trial cup was positioned at an an-
teversion angle of 25-35 degrees and a lateral opening of 
40 degrees. The ilioischial line was used to assist as a ref-
erence (parallel to the long axis of the operative table). Any 
anterior acetabular bone that extended more than 5 mm be-
yond the acetabular cup was removed with osteotomes. 
This included the anterior rim, the anterior column, and the 
lateral portion of the superior ramus. Bone removal was 
performed as needed to assure flexion clearance up to 110-
125 degrees, and to prevent impingement with the femur in 
flexion and internal rotation. The amount of bone removed 
(excluding osteophytes) was measured. If greater trochan-
teric impingement was evident with the combined flexion 
and internal rotation maneuver, then the anterior portion of 
the greater trochanter was trimmed with an osteotome to 
relieve this abutment. When necessary, as much as 20% of 
the greater trochanteric bone was removed. The acetabular 
cup utilized in the series was the Magnum™ Cup (Zim-
mer-Biomet, Warsaw, IN). The Magnum Cup is a mono-
lithic cup with a metal internal bearing. The cup bearing 
was a Cobalt-Chromium (CoCr) alloy, treated with a hot 
isostatic pressure (HIP) technique that optimizes metal 
density. The carbide content was 2% by volume. The out-
er diameter was coated with a titanium plasma spray (ap-
plied as the cup was kept cool). The Magnum Cup also has 
four radial fins on its outer diameter. The cup was inserted 
with a flat face insertion device. Anteversion was selected 
between 25-35 degrees. The lateral opening was selected 
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at 40 degrees. The cup was mated with either a Magnum 
CoCr head (Zimmer-Biomet, Warsaw, IN) or a Dual Artic-
ulation (DA) bearing (Zimmer-Biomet, Warsaw, IN). The 
inner head of the DA bearing was always a 28mm Del-
ta ceramic head (CeramTec, Plochingen, Germany) with 
a titanium sleeve inserted into the ceramic head for neck 
length adjustments. We used two femoral stem designs in 
this study. Both were titanium alloy stems with proximal 

Figures 2a – 2g
Case example of anterior acetabular bone wall reduction in a 
69-year-old male (BMI 32) with end-stage arthritis of the left hip.

Figure 2a. Anteroposterior radiograph showing end-stage arthritis of 
the left hip. This patient also shows radiographic evidence of shallow 
socket dysplasia. Intra-operatively, after reaming the acetabulum 
to the native hip center, the acetabular socket was demonstrably 
retroverted.

Figure 2b. Intra-operative positioning of patient for left THA in the 
lateral decubitis position. The yellow circles show fixation points of 
the Hip Grip devices. Anteriorly, the fixation points are the pubic 
symphysis and xiphoid process. Posteriorly, the fixation points 
are S1-S2 and the upper thoracic chest at T5-T6 region. The blue 
line depicts the edge of the OR table for reference. The patient is 
positioned such that the ilioischial line (green line) is parallel to the 
long axis of the OR table. Thus, when positioning the acetabular cup 
anteversion, the OR table can be used as a reference parameter to 
provide consistent cup version placement. In this case, cup version 
was selected at 30 degrees.

Figure 2c. Intra-operative picture of trial cup placement (viewed 
from the posterolateral approach). The cobra retractor (top of 
picture) is located at the 11 o’clock position of the left acetabulum. 
The retractor on the left side of the picture is placed just under the 
acetabular teardrop. The acetabular cup has been placed at 30° of 
anteversion, relative to the ilioischial line. This picture shows the 
retroverted acetabular bone anteriorly (arrows). All of this bone is 
removed with the “anterior hip decompression” maneuver. Inferiorly, 
the retroverted bone blends into the superior ramus and with the 
anterior bone wall reduction, some of the superior ramus is removed 
with the decompression maneuver.

Figure 2d. Photograph of resected anterior acetabular bone. We 
resected the anterior acetabular rim and part of the anterior column. 
At the maximum retroverted position, 2.2cm of bone was removed. 
Technically, this bone was removed with 1.5cm straight and curved 
osteotomes.
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Figure 2e. Intra-operative photograph of the THA construct. In this 
case a Dual Articulation bearing was mated to the Magnum cup. The 
picture is taken with the hip in flexion of approximately 45 degrees 
and the femur internally rotated approximately 40 degrees.

Figure 2f. Intra-operative photograph showing hip stability after 
anterior hip decompression procedure. In this picture the patient’s 
head is located to the right and the hip is flexed approximately 40 
degrees. Notice that with 75 degrees of internal rotation, the hip still 
remains stable.

Figure 2g. Post-operative radiograph in recovery room. The pelvis is 
mildly externally rotated toward the left. The acetabular theta angle 
measures 32 degrees. Notice in the radiograph the retroversion of 
the native right hip in which the ischial spine is visible and there is a 
subtle crossover sign (black dot).

porous plasma spray coating. Depending on the boney ar-
chitecture, we used either the Mallory-Head® stem (Zim-
mer-Biomet, Warsaw, IN) or the Taperloc® stem (Zimmer-
Biomet, Warsaw, IN).

A careful, meticulous closure was performed. The hip 
capsule was closed as a separate layer. In all cases, the hip 
capsule was closed from the superior acetabulum down to 
the prosthetic femoral neck. The released proximal short 
external rotators were repaired to the posterior greater tro-
chanter with sutures placed into the bone. All soft tissues 

were anatomically closed as best as possible. 
All surgeries were performed with body exhaust suits 

(Stryker Corporation, Kalamazoo, MI) in non-laminar 
flow rooms. Anesthesia consisted of a general anesthetic 
combined with epidural anesthesia with low dose intrathe-
cal preservative free morphine sulfate (0.1 mg). Wound 
closure was performed without drains. Intravenous antibi-
otics were administered preoperatively and continued for 
24 hours, adhering to SCIP guidelines [17].     

Post-operatively, patients were kept to 50% weight 
bearing for six weeks then progressed to full weight bear-
ing. Patients were examined at 6 weeks, 3 months, 1 year, 
and annually thereafter. Hip review assessment was record-
ed with Harris Hip Scoring. Radiographs were taken at 6 
weeks, 1 year, and every year thereafter. All charts were 
reviewed for complications and implant failures. Compli-
cations were defined as requiring re-operations for any rea-
son. Failures were defined as requiring implant removal 
for any reason or declaring the hip joint clinically infected 
based upon the International Consensus Meeting on Mus-
culoskeletal Infection [18].

Statistical analysis was performed using IBM SPSS 
Statistics 25 software. Spearman correlation analysis was 
utilized to check the presence of statistical correlation be-
tween researched variables. In order to verify the statisti-
cal significance between the two independent groups, the 
Mann-Whitney U test was used. Chi-square testing made 
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it possible to compare if groups are equinumerous and if 
there is a significant relationship between nominal vari-
ables. For statistical significance a level of p < 0.05 was 
adopted.

 

Results

In this study group of 426 THA’s, the average age was 
64-years-old (21 to 93). There were 228 females and 198 
males. Fifteen patients are now deceased. Of these 15 pa-
tients, there were no complications or reoperations. In the 
first 5.5 years of the study, we mated the Magnum cup with 
a Magnum CoCr head. Over these 5.5 years, 219 CoCr 
heads were used. After the Magnum head was discontinued 
in North America, we mated the Magnum cup with a DA 
bearing. Over the remaining 5.5 years of the study, we used 
207 DA bearings. The study was comprised of two cohorts, 
one that underwent an anterior acetabular bone wall reduc-
tion (AABWR group) and one that did not (non-AABWR 
group). In the AABWR group, 267 of 300 femoral stems 
(89%) were of the lateral offset design (145 Mallory-Head 
and 122 Taperloc stems). In the non-AABWR group, 104 
of 126 femoral stems (83%) were a lateral offset design (62 
Mallory-Head and 42 Taperloc stems). The acetabular cup 
size ranged from 44 mm to 62 mm. The most common cup 
size utilized was 50 mm (93 cups).

Three hundred of the 426 patients (70%) had an AAB-
WR. There were 140 females (47%) and 160 males (53%). 
The average age in the AABWR group was 62-years-old 
(21 to 88). The average amount of bone resected in the 
AABWR group was 1.32 cm (0.3 cm to 3.4 cm). In the 
non-AABWR group, there were 126 patients, of which 88 
were females (70%) and 38 were males (30%). The aver-
age age in the non-AABWR group was 64-years-old (25 
to 93). 

In the entire study, 61% of females and 81% of males 
required an AABWR. For females, the average bone re-
section measured 1.1 cm (0.3 to 2.0 cm). For males, the 
average bone resection measured 1.5 cm (0.3 cm to 3.4 
cm). Younger patients (< 55-years-old) required an AAB-
WR 69% of the time (56 of 81 patients). Older patients (≥ 
55-years-old) required an AABWR 71% of the time (244 
of 345 patients). Statistical analysis revealed that males 
were more likely to require an AABWR than females (p 
< 0.001), while older patients are just as likely as younger 
patients to require an AABWR (p = 0.778).

In the AABWR group, Harris Hip Scores (HHS) aver-
aged 92 (71 to 100). Average hip flexion was 110 degrees 
(100 to 130 degrees). In the non-AABWR group, HHS av-
eraged 87 (71 to 100). Average flexion was 109 degrees (88 

to 125 degrees). In the AABWR group, 12 patients (4%) 
experienced groin pain symptoms. On a scale from 0 to 4, 
the peak groin pain rating was 1 in 10 of the 12 patients 
and the remaining 2 patients rated his/her peak groin pain 
at a 2. As time progressed, 50% of these patients saw their 
groin pain resolve. In the non-AABWR group, 2 patients 
(1.6%) experienced groin pain and both patients rated his/
her pain at a 1.  Mann-Whitney U testing demonstrated that 
patients who had an AABWR showed a statistically higher 
HHS score (U = 9344, p < 0.001) and a statistically great-
er hip flexion range (U = 16126.5; p < 0.05) compared to 
the non-AABWR group. With Chi-square testing, the inci-
dence of groin pain between the two groups was not statis-
tically different (λ2 (2) = 1.85; p > 0.05).

In this series there have been 5 dislocations (1%). All 
dislocations occurred during the postoperative recovery 
period (i.e., within the first 6 weeks). Of these disloca-
tions, 3 were posterior and 2 were anterior. All 3 posterior 
dislocations occurred in the non-AABWR group (2.4%), 
while both anterior dislocations occurred in the AABWR 
group (0.7%). One posterior dislocation in the non-AAB-
WR group required a reoperation to change the modular 
head to a longer length. All other dislocations were treated 
with a closed reduction and Spica bracing for 6 weeks. In 
these 4 cases there were no further dislocations. Statistical 
analysis demonstrated that there was no significant corre-
lation between the two groups in terms of dislocation rate 
(p > 0.05).

There were 13 failures (3%) in the study group. The 
reasons for failure are listed in Table 1. The most common 
reasons were for a periprosthetic femur fracture after a fall, 
and conversion to dual articulation from a metal-to-metal 
hip bearing due to metal-related synovitis. There were 4 
femoral neck cracks noted during femoral stem insertion. 
None required cabling or stem exchange. Despite having 
used 219 metal-to-metal hip bearings, there have been only 
4 reoperations (1.8%) for metal-related synovitis and pain. 
In these cases we did not see any large pseudotumors (de-
fined as greater than 4 cm in diameter). Of the 13 failures, 
9 occurred in the AABWR group and 4 in the non-AAB-
WR group. Statistical analysis demonstrated that there was 
no significant correlation between the two groups in terms 
of failure rate (p > 0.05).

Discussion

In THA, positioning of the acetabular cup is technique-
dependent. Many surgeons espouse placing the prosthetic 
cup in a manner that follows the native acetabular rim. Oth-
ers suggest cup placement at a set angle (10 to 30 degrees 
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gressive in removing impinging anterior acetabular bone 
in a manner that would provide salutary improvement in 
groin pain and improved hip flexion without incurring an 
increased complication rate. By performing an AABWR 
during primary THA, we have so far enjoyed a relative-
ly satisfying course with this study. It is our observation 
that males are more likely to require an AABWR than fe-
males (p-value <0.001), while older patients (≥55) are just 
as likely as younger patients (<55) to need an AABWR (p-
value = 0.778).

In this series, the incidence of unexplained groin and 
hip pain is low. We believe that by performing an AAB-
WR, we restored functional hip flexion to a level that is 
commensurate with that of patients who do not have ace-
tabular retroversion. Thus, both groups enjoy relative pain-
free activities of daily living. Patients who have challenged 
their hips with increased functional activities have not ex-
perienced any adverse consequences at an average follow-
up of 5.3 years. Flexion range was also a priority in this 
study, to allow for improved functional range for patients 
who demand a higher activity profile. Increased functional 
range was achieved by setting combined implant antever-
sion between 40 and 55 degrees. By additionally removing 
all anterior bone extending beyond the prosthetic acetabu-
lar socket, the hip can flex further. This is borne out with 
our hip range measurements. The AABWR group showed 
a statistically greater hip flexion range compared to those 
who did not require an AABWR. This observation was un-
expected, as we had hypothesized flexion in the two groups 
would be commensurate, but nonetheless pleasing. In addi-
tion, by reducing the anterior impinging bone, overall HHS 
scores were distinctly better in the AABWR group. We at-
tribute the improved scores mainly to overall improvement 
in pain reduction, as the HHS is highly weighted towards 
the patient pain score. By replacing the arthritic joint and 
removing anterior impinging bone, the pain score is opti-
mized.

In this review, we would be remiss in not discussing our 
favorable findings regarding the large diameter Magnum 
cup. Our aseptic loosening rate was low (<1%). The num-
ber of revisions due to reactive metal wear was also low 
(1.8%). We attribute our favorable results to three main 
factors: 1) implant mating, 2) implant design, and 3) im-
plant biomaterial. Repetitive subclinical subluxation (as 
opposed to dislocation) is a problem with LDB cups that 
are not well-mated [24]. With the less invasive postero-
lateral approach, we chose a “combined” hip version of 40 
to 55 degrees [8]. On the acetabular side, our cups were 
placed with an anteversion of 25 to 35 degrees with a theta 
angle no greater than 40 degrees. Femoral anteversion was 
chosen to be between 15 and 20 degrees. This combined 

Table 1 – Failures

Reason for Failure Number
AABWR/ 

Non-AABWR

Time from 
Index THA 
(months)

Periprosthetic Femur 
Fracture

4 3 / 1 1 – 14

Conversion to 
Dual Articulation 
from Metal-Metal 
THA due to Metal 
Synovitis

4 2 / 2 9 – 62

Periprosthetic Joint 
Infection

2 2 / 0 10 – 15

Recurrent 
Dislocation

1 0 / 1 1

Loose Acetabulum 1 1 / 0 5
Loose Femoral Stem 1 1 / 0 31

of anteversion) based upon approach and surgeon philoso-
phy [7]. Acetabular cup positioning is more important in 
patients who require higher functional hip range and per-
formance. If a patient requires high hip flexion, the place-
ment of the acetabular cup in an orientation that follows the 
native acetabular rim can result in adverse consequences. 
Specifically, if the native hip is dysplastically retroverted, 
then the prosthetic cup will maintain this retroverted orien-
tation [10]. With high hip flexion (beyond 90-95 degrees), 
impingement will occur, resulting in clinical anterior hip 
pain, repetitive subluxation, or possibly recurrent disloca-
tion [19]. If a large diameter bearing (LDB) is placed, the 
risk of dislocation is reduced, but repetitive subluxation 
is still likely to occur [20,21]. This will also cause abnor-
mal bearing wear. This is of special significance with an 
alternative bearing, such as metal-metal, ceramic-ceram-
ic, or metal-ceramic, where repetitive subluxation creates 
a stripe wear phenomenon [12,14,15]. Furthermore, with 
an adverse wear scenario, the accelerated wear debris will 
result in adverse wear debris phenomenon including os-
teolysis, pseudotumor formation, bearing fracture, and/or 
implant loosening [7-9,19-24].

To optimize functional hip range and minimize repeti-
tive subluxation, cup positioning should be centered with-
in the patient’s anticipated functional hip range. We have 
found that by placing the acetabular cup at a predetermined 
angle of 25 to 35 degrees of anteversion (relative to the il-
ioischial line) in every patient, we consistently center the 
acetabular cup to allow acceptably higher hip flexion, yet 
avoid hyperextension impingement with external rotation. 
This clinical study was conducted in an attempt to reduce 
the sequela of PFAI in primary THA. We chose to be ag-
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anteversion allows for functional hip flexion while mini-
mizing head subluxation and cup edge scratching, which 
can lead to excess metal wear. The Magnum cup is a pure 
180-degree hemisphere with insertion tabs on the extra-
articular surface of the cup. This minimizes any bearing 
overload points. Additionally, the Magnum cup has 4 an-
ti-rotation fins that help with initial stability. Finally, the 
CoCr alloy used for the bearing was treated with a hot iso-
static pressure (HIP) technique that optimizes metal densi-
ty, guarding against excess metal wear. This assumes first 
that the bearing couple is well-mated.

Although the Magnum cup continues to be sold, the 
large diameter metal head was discontinued in 2011. Since 
that time, we continue to use the Magnum cup as our first 
line choice in all primary THA’s. We now utilize the dual 
articulation bearing, which thus far, at short- to intermedi-
ate-term follow-up (6 years), provides similar functional 
efficiency for our THA patients.

There are limitations to this study. First, the study was 
not randomized. A more definitive study would have ex-
clusively identified patients with acetabular retroversion 
and randomized this group into two cohorts, those receiv-
ing an AABWR and those not. This study design was con-
sidered, but upon initial interrogation of study enrollees, 
we encountered a near unanimous opposition to this meth-
odology. Secondly, this study used a large diameter cup 
and head construct. We believe this may have artificially 
reduced our complication rate. Had we utilized a tradition-
al 32 or 36 mm head with a high molecular weight poly-
ethylene socket, we may have incurred a higher dislocation 
rate. Thus, our AABWR maneuver cannot be extrapolated 
to provide similar efficacy with 32 or 36 mm head con-
structs. We recommend a similar study should be conduct-
ed in patients with 32 and/or 36 mm heads.

In essence, we performed an aggressive periacetabular 
“decompression” with removal of all bone extending be-
yond the prosthetic acetabular cup and with the removal 
of hypertrophic capsular tissue. We believe this maneuver 
complements the pain reducing effect of the THA proce-
dure by decreasing the chance of mechanical impingement 
that can be a significant pain generator. This was borne out 
in our low groin pain scores. We further submit that had we 
not performed this maneuver, the hip flexion range in the 
AABWR group would have been significantly lower. Pa-
tients who suffer from stiff hips are limited not only by the 
arthritic process, but also by retroverted anterior acetabular 
bone that mechanically blocks flexion. We did worry that 
an over-aggressive anterior bone resection could weaken 
the pelvic ring, resulting in fracture or long-term pain, but 
the groin pain scores seen in the AABWR group improved 
over time as bone remodeling progressed. Additionally, we 

did not have any clinical cases of pelvic ring fractures. We 
believe the AABWR maneuver to be a safe and effective 
technique.

If a LDB THA is chosen for hip reconstruction, we ad-
vocate careful cup and stem positioning. The combined an-
teversion of 40 to 55 degrees chosen in this series appears 
to be acceptable for high flexion and combined hyperexten-
sion-extension-external rotation range. Based on our expe-
rience, we believe the removal of all retroverted acetabu-
lar bone extending more than 5 mm beyond the prosthetic 
acetabular cup is a critical step when using this bearing 
construct. The combination of careful cup/stem position-
ing along with an AABWR will minimize lever impinge-
ment. Our intermediate-term results in this study are en-
couraging. We hope that in the long-term this will have the 
salutary effect of minimizing abnormal bearing wear pat-
terns. This series requires long-term follow-up to validate 
this claim. In this series we are also monitoring serum co-
balt and chromium ion levels in our metal-metal bearing 
patients. Lastly, we advise against any cup additions (e.g., 
elevated posterior hoods) that would reduce implant range 
of motion. Hip stability should be obtained with careful 
selection of implant positioning, stem offset, and intraop-
erative trialing using a hemisphere cup without additions. 
Our experience shows that the anterior acetabular rim and 
part of the anterior column can be removed at the time of 
primary THA without compromising the THA procedure. 
The AABWR is now an integral part of our primary THA 
technique.
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Manipulation Rate Is Not Increased After 
Customized Total Knee Arthroplasty

Kay A 1 , Kurtz W 2, Martin G 3, Huber B 4,Tait R 5, Clyburn T 1 

ABSTRACT

background:  Manipulation under anesthesia (MUA) 
is a standard treatment for arthrofibrosis after total knee ar-
throplasty (TKA), with reported rates of 1.5-6%.  Custom-
ized TKA may have better outcomes by matching individ-
ual patient anatomy.  However, a previous study reported 
an unacceptably high rate of MUA for customized TKAs.  
This study reports the incidence of MUA in a large cohort 
of second generation customized TKAs.  

methods: Data was collected prospectively on 360 2nd 
generation ConforMIS iTotal cruciate retaining TKAs.  
MUA was performed for clinically significant arthrofi-
brosis.  Range of motion (ROM) and New Knee Society 
Scores (KSS) were evaluated at regular intervals for two 
years.   

results: 11/360 (3.05%) knees underwent MUA.  ROM 
overall improved from 115° to 125°, and from 112° to 122° 
in patients undergoing MUA.  KSS objective and function-
al scores in MUA patients increased from 57 to 98 and 41 
to 90, respectively, and in the entire cohort increased from 
65 to 96 and 45 to 86 at 2 years (p<0.05). No MUA patients 
underwent revision surgery.   

discussion and conclusion: Customized TKA with 
second generation ConforMIS iTotal implants results in 
a MUA rate consistent with the literature for all designs. 
Additionally, patients exhibit significant increases in ROM 
and Knee Society Scores.  

BACKGROUND

Arthrofibrosis can occur after total knee arthroplas-
ty (TKA), with an incidence reported of 1-13%. [1] Ma-
nipulation under anesthesia (MUA) is a common first-line 
treatment for stiffness after TKA.  The incidence of pa-
tients undergoing MUA after a TKA has been reported be-
tween 1.5-6%. [2–7]  It is often recommended that MUA 
be done within 6-12 weeks of surgery if possible in order 
to achieve optimal gains in range of motion. [1,2,4,5,8–10]  
MUA has been shown to be effective at increasing range 
of motion, with gains of 33° persisting at long-term fol-
low-up. [11]  These gains have been shown to be similar to 
open or arthroscopic release.  However, patients who un-
dergo MUA have a significantly higher rate of eventual re-
vision surgery, with an odds ratio of 2.43 in a review of a 
large national database. [3]  MUA is generally considered 
safe, although low rates of fracture, wound dehiscence, pa-
tellar tendon avulsions, quadriceps strain or rupture, hem-
arthrosis, heterotopic ossification, and pulmonary embo-
lism have been reported. [12,13]  

Risk factors for arthrofibrosis include decreased preop-
erative range of motion, higher complexity of surgery (his-
tory of trauma, length of surgery), and history of prior sur-
gery. [6,14–16]  Additionally, after surgery, poor patient 
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motivation, immobility, delay in starting rehabilitation, 
poor pain tolerance, and infection can contribute to devel-
opment of arthrofibrosis. [10,17,18]

Prosthesis design has been implicated as a possible 
contributor to arthrofibrosis, although overall results are 
mixed. Several studies have compared cruciate-retain-
ing (CR) versus posterior stabilized (PS) prostheses, with 
some finding decreased range of motion with CR designs, 
but others showing no significant difference. [4,19–21]  Ul-
tracongruent TKA’s have also been shown to have similar 
rates of MUA as compared to conventional designs. [22] 

A recent prospective evaluation has also reported that 
patients undergoing CR TKA with a patient-specific de-
sign have a significantly higher rate of postoperative stiff-
ness and need for manipulation versus matched controls 
[23].  In the patient-specific design group, the mean range 
of motion from flexion to extension was 3-98° postopera-
tively, versus 2-111° in the posterior stabilized controls, 
and 2-117° in the cruciate-retaining controls.  Of patients 
receiving the patient-specific implant, 6/21 underwent 
MUA, versus 0/53 in the control group. [23]  Given these 
results, the present study seeks to investigate the incidence 
of MUA in a large cohort of knees implanted with a newer 
generation of the patient-specific CR design.  

METHODS

The study protocol was reviewed and approved by the 
institutional review board.  Data was collected prospective-
ly at 9 institutions on 360 cemented, total knee arthroplas-
ties performed using the cruciate-retaining iTotal implant 
(ConforMIS, Billerica, Massachusetts).  The ConforMIS 
iTotal CR has evolved since its genesis through several de-
sign changes, the Generation 1 (G-1), to the current de-
sign, the Generation 2.  All arthroplasties in the present 
study were performed with the second generation device.  
All TKAs were performed via the medial parapatellar ap-
proach.  Manipulation under anesthesia was performed for 
clinically significant arthrofibrosis and reduced range of 
motion as judged by individual surgeons.  

Inclusion criteria were clinically significant osteoarthri-
tis of the knee requiring a total knee replacement in pa-
tients over 18 years of age.  Exclusion criteria were si-
multaneous bilateral procedures, BMI > 40, fixed varus or 
valgus deformity >15°, rheumatoid or other inflammato-
ry arthritis, history of prior implant surgery on the treated 
knee, compromised posterior cruciate ligament (PCL) or 
collateral ligament, and osteoporosis.  

Range of motion (ROM) and 2011 New Knee Society 
Scores (KSS) were evaluated preoperatively, and postop-
eratively at 6 weeks, 6 months, and annually thereafter.  A 
paired t-test was used to compare pre-and postoperative 
results.  

RESULTS

A total of 393 patients were offered participation in the 
study.  33 patients were excluded. (Table 1).  360 patients 
met eligibility criteria and agreed to participate, 154 male 
and 196 female.  The mean patient age was 65.7 (range 40-
96).  Mean BMI was 30.1 (range 18.5-42).    The mean pa-
tient age and BMI for patients undergoing MUA was 61.7 
and 28.5, respectively.  Mean preoperative range of motion 
was 115° (range 80-142°).  A total of 298 patients had com-
pleted follow-up and outcome scores at one year, and 202 
patients at 2 years.  

Preoperatively, ROM was 115° (2° extension to 117° 
flexion), and improved to 123° (0° extension to 123° flex-
ion) in the entire cohort (p<0.001).  Prior to surgery, 43 pa-
tients demonstrated a flexion contracture, of these 29 were 
1-5°, 12 were 6-10°, and 2 11-15°.  57 patients had an ex-
tensor lag prior to surgery, 50 were 0-10°, and 7 were 10-
15°.  At one year, 11 patients had a flexion contracture, 10 
were 1-5° and 1 11-15°.  6 patients had an extensor lag at 
one year, all were under 10°.  All but two patients achieved 
ROM > 90° by one year, but both had ROM > 100° at their 
6 month visits.  

A total of 11/360 patients (3.05%) underwent MUA at 
an average of postoperative day 97 (Range 34-364). Of 
these patients, 8 were available for follow-up at one year, 
and 4 at two years. In patients who underwent MUA, ROM 

1A 1b
Table 1: Excluded patients
Reason n
BMI > 40 2
Active Malignancy 5
Simultaneous Bilateral TKA 1
Osteoporosis 3
Other physical disability of hip, spine, or contralateral knee 1
Fixed coronal deformity > 15° 1
Fixed flexion deformity > 15° 2
Unwilling or unable to comply with study requirements 14
Rheumatoid or other inflammatory arthropathy 4
  
Total 33
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improved minimally at one year from the index procedure 
from 116° (1° extension to 116° flexion) to 117° (-1° exten-
sion to 116° flexion) (p=0.78).  ROM averaged 86.3° (65-
107) for these patients immediately prior to undergoing 
MUA, and improved to 117.1° at the next scheduled visit.  

Patients who underwent MUA, as well as patients in 
the entire cohort exhibited statistically significant (p<0.05) 
increases in KSS objective, functional, and satisfaction 
scores.  (Tables 2 and 3)  Expectation scores showed a 
slight decrease, but remained above the threshold for “met 
expectations.” The MUA rate for centers with >40 patients 
enrolled was 2.4%, whereas the MUA rate for centers with 
<25 patients enrolled was 6.0%. No MUA was performed 
at 3/9 centers (including 1 center that enrolled 29 patients).  
At 1 year, all but 2 (99.2%) patients achieved functional 
range of motion (>90°).  

Six patients have been revised at an average of 62 
weeks.  Four were polyethylene exchange for diagnoses 
of complex regional pain syndrome (CRPS), ligamentous 
laxity, infection, or scar tissue removal.  None of these pa-
tients had previously undergone MUA, and all had range 
of motion of 105° or greater at 6 months after the index 
procedure.  Additionally, one revision was performed for 
a peri-prosthetic fracture, and another for metal hypersen-
sitivity.  Thus, there are three patients who have been con-
verted to a different prosthesis in this study.  Based on the 
last follow-up of all patients, the revision rate was 1.7% 
(6/360, including polyethylene exchanges) and survivor-
ship was 99.2% at an average follow-up of 1.9 years.

Table 2: New Knee Society Scores for the entire cohort at 1 yr follow 
up (n=278)

Pre-op 6-Week 6-Month 1-Year p (Preop 
vs 1 yr) 

Objective  
(0-100)

65 85 92 94 <0.001

Satisfaction 
(0-40)

14 25 31 34 <0.001

Expectations 
(0-15)

14 9 10 10 <0.001

Functional 
(0-100)

45 56 78 83 <0.001

Pain (0-100) 45 62 81 86 <0.001
Symptoms 
(0-100)

47 59 76 81 <0.001

ADL (0-100) 50 69 85 88 <0.001
Recreation 
(0-100)

19 36 59 69 <0.001

QOL (0-100) 18 45 65 72 <0.001
ROM 115 109 120 123 <0.001

Table 3: New Knee Society Scores for patients undergoing MUA at 1 
yr follow up (n=8)  

Pre-op 6-Week 6-Month 1-Year p (Preop 
vs 1 yr) 

Objective  
(0-100)

57 75 83 92 0.021

Satisfaction 
(0-40)

9 20 24 29 0.007

Expectations 
(0-15)

14 7 9 10 0.051

Functional 
(0-100)

41 46 72 74 0.015

Pain (0-100) 38 53 74 76 0.010
Symptoms 
(0-100)

43 46 63 70 0.028

ADL (0-100) 45 61 80 81 0.009
Recreation 
(0-100)

11 25 54 64 0.001

QOL (0-100) 14 30 53 55 0.007
ROM 112 84 113 117 0.780

DISCUSSION

The rationale for creating a patient-specific TKA is to 
improve clinical outcomes and patient satisfaction. [24]  
Described benefits over an “off the shelf” implant include 
lower incidence of blood transfusions and adverse events, 
improved tibial plateau coverage, and more normal femo-
ral rollback. [25–27]  However, a prior study on the first 
generation (G1) iTotal implant demonstrated a 28.6% rate 
of MUA. [23]   

The present study demonstrates a MUA rate of 3.05% 
for the cruciate-retaining, second generation (G2) Con-
forMIS iTotal implant, which is similar to rates reported 
throughout the literature, irrespective of implant design. 
[2–7]  Additionally, patients overall achieved functional 
range of motion (>90°) at 1 year, including patients who 
underwent MUA.  Although White et al. reported a mark-
edly higher rate of MUA with a patient-specific design, the 
current findings are similar to data presented by Kurtz et al 
demonstrating a 3.8% incidence of MUA at 90 days with 
the ConforMIS G1 implant. [28]  The difference in MUA 
rate in the present study compared to the White et al paper 
may be the result of design changes, or potentially due to 
the comparisons of one surgeon versus nine surgeons in 
nine centers. 

The rate of MUA varied across institutions from 0-9%, 
with 3/9 centers reporting no manipulations.  Centers with 
<25 patients enrolled reported a higher average manipu-
lation rate (6.0%), versus those with >40 patients (2.4%)  
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This may indicate that factors associated with higher MUA 
rates may include surgeon volume and experience with the 
patient-specific implant.  However, a recent registry analy-
sis of 59,696 TKAs found no association with volume and 
MUA. [29]  

In addition to a lower manipulation rate, the present 
study also demonstrated good patient-reported outcomes.  
Across the entire cohort, patients reported statistically sig-
nificant improvements in all KSS outcome measures with 
the exception of the expectation score. Pre-operatively, 
patients reported high expectations (expectation score of 
14/15) for the surgical procedure. At the 6 week postop-
erative visit patient expectations had dropped, but on aver-
age patients reported the surgery to have met expectations 
(9/15, with 9 being the threshold for “met expectations”). 
By the 6 month visit, patient expectations had improved 
from the 6 week time point, with patients on average re-
porting the procedure to have marginally exceeded expec-
tations (10/15).  Throughout the current literature, patients 
often report unmet expectations after total knee arthroplas-
ty, possibly due to excessive optimism about results. [30–
32]  A prior study using the 2011 KSS to evaluate TKA 
outcomes found that although patient satisfaction and all 
other scores improved after surgery, the expectation score 
decreased slightly, leading researchers to postulate that pa-
tients may be satisfied after TKA in different ways than 
expected. [33]   Additionally, it is possible that patients re-
ceiving a patient specific design may have higher expecta-
tions for their outcomes as opposed to those who receive 
a conventional implant.  An earlier study showed a high 
dissatisfaction rate (11.1%) with the earlier, G1 version of 
the iTotal implant. [23]  However, the present study found 
that only 6/298 (2.0%) of patients reported being “dissatis-
fied” or “very dissatisfied” with their results at 1 year (KSS 
satisfaction score <10), with an average KSS satisfaction 
score of 34 in the entire study.  This compares favorably 
with the existing literature, which reports overall patient 
satisfaction rates of 81-89%, as well as KSS satisfaction 
scores of 23-38 for primary TKA. [33,34,43–52,35–42]  
Revision surgery was rare, with only 1.7% (6/360) patients 
requiring revision surgery within 2 years.  Three of these 
patients continue to have the device, yielding an implant 
survivorship of 99.2%. 

Limitations to this study include a lack of standard-
ized indications for undergoing MUA and incomplete fol-
low up (298 of 360 patients at 1 years, including 8 of 11 
patients who underwent MUA).  However, patients who 
did not complete 1 year follow up did not report prob-
lems that would be indications for MUA at the 6 week or 
6 month visit.  Thus, it is unlikely that additional patients 
in the study will require MUA in the future.  Strengths of 

the study include the size of the cohort (360 patients). Ad-
ditionally, all patients in the study were prospectively re-
cruited at 9 centers, thus providing a more robust estimate 
of expected MUA rates after surgery with the second gen-
eration iTotal CR device as compared to single center ex-
periences.  

In conclusion, the present study demonstrates an ac-
ceptable rate of MUA in a large cohort of patients who un-
derwent TKA with the ConforMIS G2 iTotal CR patient-
specific TKA.  Additionally, patient reported outcomes 
demonstrated significant improvements in pain, function, 
and satisfaction.  Further follow-up continues at all sites. 
Data from longer term follow-up on the entire cohort as 
well as the patients that experienced MUAs in this study 
population will provide a deeper understanding of overall 
survival, patient outcomes and long term effects of MUA 
on patients receiving this device. 

 

References
1. Cheuy VA, Foran JRH, Paxton RJ, Bade MJ, Zeni JA, Stevens-Lapsley JE. Arthro-

fibrosis Associated With Total Knee Arthroplasty. J Arthroplasty [Internet]. 2017 
Aug [cited 2017 Aug 31];32(8):2604–11. Available from: http://linkinghub.else-
vier.com/retrieve/pii/S0883540317301043

2. Namba RS, Inacio M. Early and late manipulation improve flexion after total 
knee arthroplasty. J Arthroplasty [Internet]. 2007 Sep [cited 2017 Aug 31];22(6 
Suppl 2):58–61. Available from: http://linkinghub.elsevier.com/retrieve/pii/
S0883540307001222

3. Werner BC, Carr JB, Wiggins JC, Gwathmey FW, Browne JA. Manipulation Un-
der Anesthesia After Total Knee Arthroplasty is Associated with An Increased In-
cidence of Subsequent Revision Surgery. J Arthroplasty [Internet]. 2015 Sep [cited 
2017 Aug 31];30(9 Suppl):72–5. Available from: http://linkinghub.elsevier.com/
retrieve/pii/S0883540315004738

4. Bawa HS, Wera GD, Kraay MJ, Marcus RE, Goldberg VM. Predictors of range 
of motion in patients undergoing manipulation after TKA. Clin Orthop Relat Res 
[Internet]. 2013 Jan 12 [cited 2017 Aug 31];471(1):258–63. Available from: http://
link.springer.com/10.1007/s11999-012-2591-1

5. Cates HE, Schmidt JM. Closed manipulation after total knee arthroplasty: out-
come and affecting variables. Orthopedics [Internet]. 2009 Jun 1 [cited 2017 
Aug 31];32(6):398. Available from: http://www.healio.com/doiresolver?d
oi=10.3928/01477447-20090511-10

6. Keating EM, Ritter MA, Harty LD, Haas G, Meding JB, Faris PM, et al. Manipu-
lation after total knee arthroplasty. J Bone Joint Surg Am [Internet]. 2007 Feb 1 
[cited 2017 Aug 31];89(2):282–6. Available from: http://jbjs.org/cgi/doi/10.2106/
JBJS.E.00205

7. Pfefferle KJ, Shemory ST, Dilisio MF, Fening SD, Gradisar IM. Risk factors for 
manipulation after total knee arthroplasty: a pooled electronic health record data-
base study. J Arthroplasty [Internet]. 2014 Oct [cited 2017 Aug 31];29(10):2036–8. 
Available from: http://linkinghub.elsevier.com/retrieve/pii/S0883540314003088

8. Fitzsimmons SE, Vazquez EA, Bronson MJ. How to treat the stiff total knee ar-
throplasty?: a systematic review. Clin Orthop Relat Res [Internet]. 2010 Apr 
20 [cited 2017 Aug 31];468(4):1096–106. Available from: http://link.springer.
com/10.1007/s11999-010-1230-y

9. Issa K, Banerjee S, Kester MA, Khanuja HS, Delanois RE, Mont MA. The Ef-
fect of Timing of Manipulation Under Anesthesia to Improve Range of Motion 
and Functional Outcomes Following Total Knee Arthroplasty. J Bone Jt Surg [In-
ternet]. 2014 Aug 20 [cited 2017 Sep 13];96(16):1349–57. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/25143495

10. Vun SH, Shields DW, Sen A, Shareef S, Sinha S, Campbell AC. A national ques-
tionnaire survey on knee manipulation following total knee arthroplasty. J Orthop 
[Internet]. 2015 Dec [cited 2017 Aug 31];12(4):193–6. Available from: http://link-
inghub.elsevier.com/retrieve/pii/S0972978X15000835

11. Pivec R, Issa K, Kester M, Harwin SF, Mont MA. Long-term outcomes of MUA 
for stiffness in primary TKA. J Knee Surg [Internet]. 2013 Dec 19 [cited 2017 
Aug 31];26(6):405–10. Available from: http://www.thieme-connect.de/DOI/

http://jisrf.org
http://www.reconstructivereview.org


 Manipulation Rate Is Not Increased After Customized Total Knee Arthroplasty 41

ReconstructiveReview.org • JISRF.org • Joint Implant Surgery & Research Foundation

DOI?10.1055/s-0033-1341579
12. Mohammed R, Syed S, Ahmed N. Manipulation under anaesthesia for stiffness 

following knee arthroplasty. Ann R Coll Surg Engl [Internet]. 2009 Apr [cit-
ed 2017 Sep 13];91(3):220–3. Available from: http://publishing.rcseng.ac.uk/
doi/10.1308/003588409X359321

13. Pariente GM, Lombardi A V, Berend KR, Mallory TH, Adams JB. Manipulation 
with prolonged epidural analgesia for treatment of TKA complicated by arthrofi-
brosis. Surg Technol Int [Internet]. 2006 [cited 2017 Sep 13];15:221–4. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/17029180

14. Stephenson JJ, Quimbo RA, Gu T. Knee-attributable medical costs and risk of re-
surgery among patients utilizing non-surgical treatment options for knee arthrofi-
brosis in a managed care population. Curr Med Res Opin [Internet]. 2010 May 15 
[cited 2017 Aug 31];26(5):1109–18. Available from: http://www.tandfonline.com/
doi/full/10.1185/03007991003676479

15. Kotani A, Yonekura A, Bourne RB. Factors influencing range of motion after con-
temporary total knee arthroplasty. J Arthroplasty [Internet]. 2005 Oct [cited 2017 
Aug 31];20(7):850–6. Available from: http://linkinghub.elsevier.com/retrieve/pii/
S0883540305000203

16. Ghani H, Maffulli N, Khanduja V. Management of stiffness following total knee 
arthroplasty: a systematic review. Knee [Internet]. 2012 Dec [cited 2017 Aug 
31];19(6):751–9. Available from: http://linkinghub.elsevier.com/retrieve/pii/
S0968016012000397

17. Magit D, Wolff A, Sutton K, Medvecky MJ. Arthrofibrosis of the knee. J Am Acad 
Orthop Surg [Internet]. 2007 Nov [cited 2017 Aug 31];15(11):682–94. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/17989419

18. Haller JM, Holt DC, McFadden ML, Higgins TF, Kubiak EN. Arthrofibrosis of the 
knee following a fracture of the tibial plateau. Bone Joint J [Internet]. 2015 Jan 
1 [cited 2017 Aug 31];97–B(1):109–14. Available from: http://www.bjj.boneand-
joint.org.uk/cgi/doi/10.1302/0301-620X.97B1.34195

19. Chaudhary R, Beaupré LA, Johnston DWC. Knee range of motion during the 
first two years after use of posterior cruciate-stabilizing or posterior cruciate-
retaining total knee prostheses. A randomized clinical trial. J Bone Joint Surg 
Am [Internet]. 2008 Dec [cited 2017 Aug 31];90(12):2579–86. Available from: 
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&
an=00004623-200812000-00002

20. Issa K, Rifai A, Boylan MR, Pourtaheri S, McInerney VK, Mont MA. Do vari-
ous factors affect the frequency of manipulation under anesthesia after primary 
total knee arthroplasty? Clin Orthop Relat Res [Internet]. 2015 Jan 8 [cited 2017 
Aug 31];473(1):143–7. Available from: http://link.springer.com/10.1007/s11999-
014-3772-x

21. Bercik MJ, Joshi A, Parvizi J. Posterior cruciate-retaining versus posterior-stabi-
lized total knee arthroplasty: a meta-analysis. J Arthroplasty [Internet]. 2013 Mar 
[cited 2017 Aug 31];28(3):439–44. Available from: http://linkinghub.elsevier.
com/retrieve/pii/S0883540312005773

22. Rubinstein RA, DeHaan A. The incidence and results of manipulation af-
ter primary total knee arthroplasty. Knee [Internet]. 2010 Jan [cited 2017 Aug 
31];17(1):29–32. Available from: http://linkinghub.elsevier.com/retrieve/pii/
S0968016009001173

23. White PB, Ranawat AS. Patient-Specific Total Knees Demonstrate a Higher Ma-
nipulation Rate Compared to “Off-the-Shelf Implants”. J Arthroplasty [Internet]. 
2016 Jan [cited 2017 Aug 31];31(1):107–11. Available from: http://linkinghub.el-
sevier.com/retrieve/pii/S0883540315007196

24. Schwechter EM, Fitz W. Design rationale for customized TKA: a new idea or 
revisiting the past? Curr Rev Musculoskelet Med [Internet]. 2012 Dec 27 [cit-
ed 2017 Sep 7];5(4):303–8. Available from: http://link.springer.com/10.1007/
s12178-012-9143-x

25. Patil S, Bunn A, Bugbee WD, Colwell CW, D’Lima DD. Patient-specific im-
plants with custom cutting blocks better approximate natural knee kinematics 
than standard TKA without custom cutting blocks. Knee [Internet]. 2015 Dec 
[cited 2017 Sep 7];22(6):624–9. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/27092379

26. Martin G. In-vivo tibial fit analysis of patient specific TKA system versus off-the-
shelf TKA. JISRF Reconstr Rev. 2014;4(102). 

27. Martin G, Swearingen A, Culler S. Hospital Outcomes and Cost for Patients Un-
dergoing a Customized Individually Made TKA vs Off-The-Shelf TKA. JISRF 
Reconstr  [Internet]. 2014 [cited 2017 Sep 7];4(103). Available from: https://www.
implan-tec.ch/sites/default/files/upload/ConforMIS Publikationen/MK-02956-
AA_Hospital Outcomes (Culler).pdf

28. Kurtz W, Sinha R, Martin G, Kimball K. Early Outcomes Utilizing a First-Genera-
tion Customized Patient-Specific TKA Implant. In: British Association for Surgery 
of the Knee. Norwich; 2014. 

29. Pamilo KJ, Peltola M, Paloneva J, Mäkelä K, Häkkinen U, Remes V. Hospi-
tal volume affects outcome after total knee arthroplasty. Acta Orthop [Internet]. 

2015;86(1):41–7. Available from: http://www.tandfonline.com/doi/full/10.3109/1
7453674.2014.977168

30. Suda AJ, Seeger JB, Bitsch RG, Krueger M, Clarius M. Are patients’ expectations 
of hip and knee arthroplasty fulfilled? A prospective study of 130 patients. Or-
thopedics [Internet]. 2010 Feb 1 [cited 2017 Sep 7];33(2):76–80. Available from: 
http://www.healio.com/doiresolver?doi=10.3928/01477447-20100104-07

31. Scott CEH, Bugler KE, Clement ND, MacDonald D, Howie CR, Biant LC. Patient 
expectations of arthroplasty of the hip and knee. J Bone Joint Surg Br [Internet]. 
2012 Jul 1 [cited 2017 Sep 7];94(7):974–81. Available from: http://www.bjj.bone-
andjoint.org.uk/cgi/doi/10.1302/0301-620X.94B7.28219

32. Mannion AF, Kämpfen S, Munzinger U, Kramers-de Quervain I. The role of pa-
tient expectations in predicting outcome after total knee arthroplasty. Arthritis Res 
Ther [Internet]. 2009 [cited 2017 Sep 7];11(5):R139. Available from: http://arthri-
tis-research.biomedcentral.com/articles/10.1186/ar2811

33. Kuroda Y, Matsumoto T, Takayama K, Ishida K, Kuroda R, Kurosaka M. Subjec-
tive evaluation before and after total knee arthroplasty using the 2011 Knee Soci-
ety Score. Knee [Internet]. 2016 Dec [cited 2017 Oct 17];23(6):964–7. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/27802922

34. Bourne RB, Chesworth BM, Davis AM, Mahomed NN, Charron KDJ. Patient sat-
isfaction after total knee arthroplasty: who is satisfied and who is not? Clin Orthop 
Relat Res [Internet]. 2010 Jan [cited 2017 Sep 13];468(1):57–63. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/19844772

35. Anderson JG, Wixson RL, Tsai D, Stulberg SD, Chang RW. Functional outcome 
and patient satisfaction in total knee patients over the age of 75. J Arthroplasty [In-
ternet]. 1996 Oct [cited 2017 Sep 13];11(7):831–40. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/8934323

36. Chesworth BM, Mahomed NN, Bourne RB, Davis AM, OJRR Study Group. Will-
ingness to go through surgery again validated the WOMAC clinically important 
difference from THR/TKR surgery. J Clin Epidemiol [Internet]. 2008 Sep [cit-
ed 2017 Sep 13];61(9):907–18. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/18687289

37. Dunbar MJ, Robertsson O, Ryd L, Lidgren L. Appropriate questionnaires 
for knee arthroplasty. Results of a survey of 3600 patients from The Swed-
ish Knee Arthroplasty Registry. J Bone Joint Surg Br [Internet]. 2001 Apr [cit-
ed 2017 Sep 13];83(3):339–44. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/11341416

38. Hawker G, Wright J, Coyte P, Paul J, Dittus R, Croxford R, et al. Health-related 
quality of life after knee replacement. J Bone Joint Surg Am [Internet]. 1998 Feb 
[cited 2017 Sep 13];80(2):163–73. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/9486722

39. Heck DA, Robinson RL, Partridge CM, Lubitz RM, Freund DA. Patient out-
comes after knee replacement. Clin Orthop Relat Res [Internet]. 1998 Nov [cit-
ed 2017 Sep 13];(356):93–110. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/9917673

40. Noble PC, Conditt MA, Cook KF, Mathis KB. The John Insall Award: Patient Ex-
pectations Affect Satisfaction with Total Knee Arthroplasty. Clin Orthop Relat Res 
[Internet]. 2006 Nov [cited 2017 Sep 13];452:35–43. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/16967035

41. Robertsson O, Dunbar M, Pehrsson T, Knutson K, Lidgren L. Patient satisfac-
tion after knee arthroplasty: A report on 27,372 knees operated on between 1981 
and 1995 in Sweden. Acta Orthop Scand [Internet]. 2000 Jan 8 [cited 2017 Sep 
13];71(3):262–7. Available from: http://www.ncbi.nlm.nih.gov/pubmed/10919297

42. Wylde V, Learmonth I, Potter A, Bettinson K, Lingard E. Patient-reported out-
comes after fixed- versus mobile-bearing total knee replacement: A MULTI-CEN-
TRE RANDOMISED CONTROLLED TRIAL USING THE KINEMAX TOTAL 
KNEE REPLACEMENT. J Bone Jt Surg - Br Vol [Internet]. 2008 Sep 1 [cit-
ed 2017 Sep 13];90–B(9):1172–9. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/18757956

43. Matsuda S, Kawahara S, Okazaki K, Tashiro Y, Iwamoto Y. Postoperative Align-
ment and ROM Affect Patient Satisfaction After TKA. Clin Orthop Relat Res [In-
ternet]. 2013 Jan 18 [cited 2017 Dec 5];471(1):127–33. Available from: http://link.
springer.com/10.1007/s11999-012-2533-y

44. Nakahara H, Okazaki K, Mizu-uchi H, Hamai S, Tashiro Y, Matsuda S, et al. Cor-
relations between patient satisfaction and ability to perform daily activities af-
ter total knee arthroplasty: why aren’t patients satisfied? J Orthop Sci [Internet]. 
2015 [cited 2017 Dec 5];20:87–92. Available from: https://www.clinicalkey.com/
service/content/pdf/watermarked/1-s2.0-S0949265815301627.pdf?locale=en_US

45. Furu M, Ito H, Nishikawa T, Nankaku M, Kuriyama S, Ishikawa M, et al. Quad-
riceps strength affects patient satisfaction after total knee arthroplasty. 2015 [cit-
ed 2017 Dec 5]; Available from: https://www.clinicalkey.com/service/content/pdf/
watermarked/1-s2.0-S0949265815000652.pdf?locale=en_US

46. Nakano N, Matsumoto T, Ishida K, Tsumura N, Kuroda R, Kurosaka M. Long-
term subjective outcomes of computer-assisted total knee arthroplasty. Int Orthop 

http://www.reconstructivereview.org
http://jisrf.org


42 JISRF • Reconstructive Review • Vol. 8, No. 1, September 2018

Joint Implant Surgery & Research Foundation • JISRF.org • ReconstructiveReview.org

[Internet]. 2013 Oct [cited 2017 Dec 5];37(10):1911–5. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/23807729

47. Kawahara S, Okazaki K, Matsuda S, Nakahara H, Okamoto S, Iwamoto Y. Internal 
Rotation of Femoral Component Affects Functional Activities After TKA—Sur-
vey With The 2011 Knee Society Score. J Arthroplasty [Internet]. 2014 Dec [cited 
2017 Dec 5];29(12):2319–23. Available from: http://linkinghub.elsevier.com/re-
trieve/pii/S0883540313008620

48. Wada O, Nagai K, Hiyama Y, Nitta S, Maruno H, Mizuno K. Diabetes is a Risk 
Factor for Restricted Range of Motion and Poor Clinical Outcome After Total Knee 
Arthroplasty. J Arthroplasty [Internet]. 2016 Sep [cited 2017 Dec 5];31(9):1933–7. 
Available from: http://linkinghub.elsevier.com/retrieve/pii/S0883540316001820

49. Conjeski JM, Scuderi GR. Lateral Femoral Epicondylar Osteotomy for Correction 
of Fixed Valgus Deformity in Total Knee Arthroplasty: A Technical Note. J Arthro-
plasty [Internet]. 2017 Sep [cited 2017 Dec 5]; Available from: http://linkinghub.
elsevier.com/retrieve/pii/S0883540317308021

50. Choi NY, In Y, Bae J-H, Do J-H, Chung SJ, Koh IJ. Are Midterm Patient-Report-
ed Outcome Measures Between Rotating-Platform Mobile-Bearing Prosthesis and 
Medial-Pivot Prosthesis Different? A Minimum of 5-Year Follow-Up Study. J Ar-
throplasty [Internet]. 2017 Mar [cited 2017 Dec 5];32(3):824–9. Available from: 
http://linkinghub.elsevier.com/retrieve/pii/S0883540316305757

51. Meneghini RM, Grant TW, Ishmael MK, Ziemba-Davis M. Leaving Residual Var-
us Alignment After Total Knee Arthroplasty Does Not Improve Patient Outcomes. 
J Arthroplasty [Internet]. 2017 Sep [cited 2017 Dec 5];32(9):S171–6. Available 
from: http://linkinghub.elsevier.com/retrieve/pii/S0883540317301821

52. Warth LC, Ishmael MK, Deckard ER, Ziemba-Davis M, Meneghini RM. Do 
Medial Pivot Kinematics Correlate With Patient-Reported Outcomes After To-
tal Knee Arthroplasty? J Arthroplasty [Internet]. 2017 Aug [cited 2017 Dec 
5];32(8):2411–6. Available from: http://linkinghub.elsevier.com/retrieve/pii/
S0883540317302218

S U B M I S S I O N  H I S T O R Y

Submitted August 15, 2018
Reviewed September 15, 2018
Accepted September 20, 2018
Published September 30, 2018

A U T H O R  A F F I L I AT I O N S

1 Andrew Brecher Kay, MD; Terry A Clyburn, MD
 Houston Methodist Hospital, 6565 Fannin St., Houston, TX 77030
2 William B Kurtz, MD
 Tennessee Orthopedic Alliance, 8 City Blvd. (West End/Charlotte Ave.), Nashville, 

TN 37209
3 Gregory M Martin, MD
 JFK Medical Center North Campus, 2201 45th St, West Palm Beach, FL 33407
4 Bryan M Huber, MD
 Mansfield Orthopaedics, 555 Washington Hwy, Morrisville, VT 05661
5 Robert J Tait, MD
 Ortho Institute of Henderson, 10561 Jeffrey’s St. Suite 230, Henderson, NV 89052

 (Direct inquires to Andrew Brecher Kay, drandykay@gmail.com)

A U T H O R  D I S C L O S U R E S

Andrew Kay declares that there are no disclosures regarding the publication of this 
paper. All other authors declare either their family, institutions they are associated 
with, or themselves have received benefits or funds either directly or indirectly 
regarding this article.

C O P Y R I G H T  &  O P E N  A C C E S S

© 2018 Minter.  All rights reserved.
Authors retain copyright and grant the journal right of first publication with the work. 
Reconstructive Review is an open access publication and follows 
the Creative Commons Attribution-NonCommercial CC BY-NC. This 
license allows anyone to download works, build upon the material, 
and share them with others for non-commercial purposes as long as they credit the 
senior author, Reconstructive Review, and the Joint Implant Surgery & Research 
Foundation (JISRF). An example credit would be: “Courtesy of (senior author’s 
name), Reconstructive Review, JISRF, Chagrin Falls, Ohio”.

http://jisrf.org
http://www.reconstructivereview.org
http://creativecommons.org/licenses/by-nc/4.0/


ReconstructiveReview.org • JISRF.org • Joint Implant Surgery & Research Foundation

  43

www.irrisept.com 

Irrisept’s bottle design allows users to control 
the pressure of the solution through manual  
bottle compression. 
The mechanical action of Irrisept helps remove 
bacteria, particulate and debris in wounds    
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HOW IRRISEPT WORKS 

WHAT IS IRRISEPT? 
Irrisept is jet lavage containing    

low concentration chlorhexidine 
gluconate (CHG*) 0.05% in sterile 

water for irrigation 

Irrisept is sterile packaged, 
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 Irrisept, Step 1, 450 mL bottle 0.05% 
CHG in sterile water, USP (99.95%) 

 Irririnse, Step 2, 450 mL bottle, 0.9% 
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Irrisept and Irririnse bottles 

Irrisept is a FDA-Cleared (K080779), Class II Medical Device 

http://www.reconstructivereview.org
http://jisrf.org


44 JISRF • Reconstructive Review • Vol. 8, No. 1, September 2018

Joint Implant Surgery & Research Foundation • JISRF.org • ReconstructiveReview.org

 

GLOBAL I PERSONAL I PORTABLE
Make ICJR Your Source for Orthopaedic Education

REGISTER  
for an ICJR  
Meeting! 

Attend our live events, 
including Global Congresses, 
CME Courses, Resident & 
Fellow Programs, and our 
International Affiliate meetings. 

JOIN  
our Global ICJR  

Community! 

Become a member of ICJR 
and enjoy the benefits of 
our global orthopaedic 
community. Receive discounts 
on meeting registrations, 
access premium content on 
ICJR.net, and help support 
resident & fellow education.

INSTALL 
the ICJR App and 

visit ICJR.net! 
Access a wealth of educational 
content anytime, anywhere from 
your computer or mobile device.

http://jisrf.org
http://www.reconstructivereview.org
http://www.icjr.net/app
http://www.icjr.net


ReconstructiveReview.org • JISRF.org • Joint Implant Surgery & Research Foundation

  45

Expect Innovation.
SuperCable® USA Patent Nos. 6,589,246; 7,207,090; 8,469,967. JAP Pat. No. 4,829,236. TUR Pat. No. TR201309922T4. 
EUR Pat Nos. 1,389,940; 1,781,961; 2,432,401. Additional US & International Patents Pending. ©2015 Kinamed® Inc.  B00138F JBJS

For additional information or to schedule a 
product evaluation, please give us a call at 
800-827-5775. To view a video demonstration, 
visit us on the Web at:  www.kinamed.com

This unique polymer cable eliminates one possible source of metal 
debris and metal ions in your patient’s fracture or reconstructive 
procedure. Metal cables have been shown to suffer from significant 
rates of fatigue failure and to contribute to the generation of local and 
systemic metallic debris burden.1,2

Laboratory testing demonstrates that the remarkably tough 
SuperCable withstands over one million load cycles while fully 
tensioned and abraded by a simulated bone plate, with negligible 
damage to the cable and metal plate.3

SuperCable has no sharp ends to irritate patient tissue, cut gloves,  
or create a “sharps injury” risk.

With over 50,000 cables used in cases worldwide since 2004, 
SuperCable has demonstrated its clinical effectiveness4,5,6 and offers 
significant benefit versus old technology metal cable and wire.
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6. Berend, Lombardi et al (2014) Polymer Cable/Grip-Plate System with Locking Screws for Stable   
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    Arthroplasty. Surg Tech Intl. 25:227.

Proven Performance
• In clinical use since 2004

• Over 50,000 implantations
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Levels of Evidence

Educational Value & Significance

Reconstructive Review has adopted the American Academy of Orthopaedic Surgeons (AAOS) Levels of Evidence for 
Primary Research Question. These guidelines will now be part of the review process for manuscript submission.

JISRF has established a guideline as to the level of Edu-
cational Value & Significance. This will now become part of 
the Peer Review process with the following rating system:

Types of Studies  
Therapeutic Studies – 
Investigating the results of 
treatment 

Prognostic Studies – 
Investigating the effect of a 
patient characteristic on the 
outcome of disease 

Diagnostic Studies – 
Investigating a diagnostic 
test 

Economic and Decision 
Analyses – Developing an 
economic or decision model 

Level I • High quality randomized 
trial with statistically 
significant difference or 
no statistically significant 
difference but narrow 
confidence intervals 
• Systematic Review2 of 
Level I RCTs (and study 
results were homogenous3) 

• High quality prospective 
study4 (all patients were 
enrolled at the same point 
in their disease with ≥ 80% 
follow-up of enrolled patients)
• Systematic review2 of Level 
I studies 

• Testing of previously 
developed diagnostic criteria 
on consecutive patients (with 
universally applied reference 
“gold” standard) • Systematic 
review2 of Level I studies 

• Sensible costs and 
alternatives; values obtained 
from many studies; with 
multiway sensitivity analyses 
• Systematic review2 of Level 
I studies 

Level II • Lesser quality RCT (e.g. < 
80% follow-up, no blinding, 
or improper randomization) 
• Prospective4 comparative 
study5 • Systematic review2 
of Level II studies or Level 
1 studies with inconsistent 
results 

• Retrospective6 study • 
Untreated controls from 
an RCT • Lesser quality 
prospective study (e.g. 
patients enrolled at different 
points in their disease 
or <80% follow-up.) • 
Systematic review2 of Level 
II studies 

• Development of diagnostic 
criteria on consecutive 
patients (with universally 
applied reference “gold” 
standard) • Systematic 
review2 of Level II studies 

• Sensible costs and 
alternatives; values obtained 
from limited studies; with 
multiway sensitivity analyses 
• Systematic review2 of Level 
II studies 

Level III • Case control study7 • 
Retrospective6 comparative 
study5 • Systematic review2 
of Level III studies 

• Case control study7 • Study of non-consecutive 
patients; without consistently 
applied reference “gold” 
standard • Systematic review2 
of Level III studies 

• Analyses based on limited 
alternatives and costs; and 
poor estimates • Systematic 
review2 of Level III studies 

Level IV Case Series8 Case series • Case-control study • Poor 
reference standard 

• Analyses with no sensitivity 
analyses 

Level V Expert Opinion Expert Opinion Expert Opinion Expert Opinion
 
1.  A complete assessment of quality of individual studies requires critical appraisal of all aspects of the study design.
2.  A combination of results from two or more prior studies.
3.  Studies provided consistent results.
4.  Study was started before the first patient enrolled.
5.  Patients treated one way (e.g. cemented hip arthroplasty) compared with a group of patients treated in another way (e.g. uncemented hip 

arthroplasty) at the same institution.
6.  The study was started after the first patient enrolled.
7.  Patients identified for the study based on their outcome, called “cases”; e.g. failed total arthroplasty, are compared to those who did not have 

outcome, called “controls”; e.g. successful total hip arthroplasty.
8.  Patients treated one way with no comparison group of patients treated in another way.

JISRF Levels of  Educational Value & Significance
A = Novel and extremely significant for all.
B = Novel and significant for many.
C = Novel and interesting for limited readership.
D = Novel and mild interest to readership.
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JISRF 
Founder

1912-1998

Charles Bechtol, MD  
was internationally known in the fields of 

biomechanics and orthopedic surgery. His 

engineering and biomechanical research 

resulted in the development of numerous joint 

replacement implants and internal fracture 

fixation devices – instruments that are familiar 

to orthopedic surgeons the world over. His 

innovations included shoulder and knee 

prostheses, the Bechtol Total Hip system, the 

Bechtol “fluted” bone screw, and the Bechtol 

“continuous strength” bone plate.

Visit www.jisrf.org for more information.

Edward J. McPherson, MD

As an Orthopaedic surgeon in Los Angeles, CA, 
I’m grateful to practice medicine in an area with 
exceptional healthcare. My choice is to practice 
at St. Vincent Medical Center. My research is in 

collaboration with JISRF, Founded here in L.A. in 
1971 by Prof. Charles O. Bechtol, MD.

My Practice 
www.laoi.org

My Research Facility
www.jisrf.org

 

My Medical Center
www.stvincentmedicalcenter.com
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JISRF Mission Statement

The specific and primary endeavors are to operate for 
scientific purposes by conducting medical research of 
potential improvements in medical surgical methods and 
materials for preserving and restoring the functions of the 

human body joints and associated structures which are threatened or 
impaired by defects, lesions or diseases.

This Journal as all activities conducted by JISRF are available to all interested surgeons, scientists 
and educators. Our focus is on new cutting edge technologies, science – all with the intent to raise 
the level of discussion and discovery. Please become a part of this endeavor, we look forward to your 
interest and participation.

BRENNAN, MANNA & DIAMOND  
is known nationally for its experience and expertise in 

Healthcare & Hospital Law.   
 

From physicians to hospital medical staff, from home 
healthcare providers to allied health professionals and 

everything in between, BMD can develop and implement 
strategic plans specifically designed to help you meet and 

navigate the ever changing healthcare environment.   
 

We serve as legal counsel AND as business and strategic 
advisors to our healthcare clients.   

We give our clients peace of mind so they can get back to the  
business of caring for their patients. 

 
For more information contact our Health Law Department 

75 E. Market Street, Akron, OH  44308 ▪ (330) 253-5060 ▪ www.bmdllc.com 
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Since 1948, the Greenbrier Clinic has been 
recognized as an industry leader in executive 
health and wellness through utilizing advanced 

diagnostics in the early diagnosis, prevention and 
treatment of disease. Building upon that history 
of medical excellence, Jim Justice, Chairman and 
owner of the Greenbrier Resort, has announced the 
creation of the Greenbrier Medical 
Institute. The institute’s 1st phase 
is projected to cost about $250 
million, employ more than 500 
people and include 3 buildings.

This phase will include an 
expansion of our world renowned 
executive health and wellness 
practice, The Greenbrier Clinic, 
which will be bolstered by a 
world-class sports medicine 
program, including an orthopedic surgery center 
and athletic performance/rehabilitation facility, 
all led by the Founder of the American Sports 
Medicine Institute, Dr. Jim Andrews and Chair of 
Cleveland Clinic Innovations, Thomas Graham. 
Rounding out the Institute’s services will be a first-

For more information, please contact:

Mark E. Krohn, Chief Operating Officer
Greenbrier Medical Institute, 330-697-6581

mekrohn@bmdllc.com

Future Site Selected For This 
Cutting-Edge Medical Initiative

The Greenbrier Medical Institute
World Class Healthcare, Orthopaedics “Sports Medicine,” Rehabilitation, Plastic Surgery, Research & Education

in-class plastic and cosmetic surgery and Lifestyle 
Enhancement Academy, helping people look and 
feel their best. Physicians, universities, research 
foundations, medical journals and other healthcare 
industry leaders, all of whom are on the cutting 
edge of medical technology, research and care, 
have committed to join the project and establish 

an international research and 
education destination or “think 
tank” to stimulate research, drive 
innovation, force change and 
redefine how the world approaches 
health, wellness and longevity.

The Institute’s facility, designed 
by Willie Stokes, will feature 
Georgian architecture similar to 
the resort’s façade, a replica of 
the Springhouse, the site of the 

famous sulphur springs and special guests suites for 
patients and their families. Jack Diamond, President 
and CEO, and Mark Krohn, COO, are leading the 
development of this exciting project and are actively 
looking for other physicians and medical thought 
leaders to be involved.

White Sulphur Springs, West Virginia
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