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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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Editorial Correspondence
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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.
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ticipation from a broad range of professionals in the ortho-
paedic health care field.
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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.
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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 
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File Formats
•	 All articles must be submitted as Word files (.doc/.
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•	 Figures, images, and photographs should be high 
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files including cover page and manuscript. Figures, im-
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that have contributed to the submission and pro-
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mission should follow this structure:
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files.
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veReview.org.
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authors in question will then be required to submit a com-
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(editors@reconstructivereview.org). It is the Correspond-
ing author’s responsibility to ensure that all authors adhere 
to this policy.
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lisher and editor assume no responsibility for any injury or 
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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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Thin pads help to separate the femur and tibia 
during total knee procedures, the locking ratchet 
mechanism helps prevent accidental release, and 
provides for controlled adjustment and easy release

Lombardi Femoral Tibial Spreader 
with Easy Release Locking Mechanism
Spreader designed by Adolph V. Lombardi Jr., MD. 
Locking mechanism designed by Munish C. Gupta, MD

Designed to help separate the femur and tibia during total knee 
procedures, with the pads being parallel when measured at 20mm of 
separation, the locking ratchet mechanism helps prevent accidental 
release, and provides for controlled adjustment and easy release

Lombardi Gap Balancing 
Femoral Tibial Spreader 
with Easy Release Locking 
Mechanism

Parallel
at 20 mm

PRODUCT NO:

1875-LR

PRODUCT NO:

1878-LR

Spreader designed by Adolph V. Lombardi Jr., MD. 
Locking mechanism designed by Munish C. Gupta, MD

Adjustable design allows for use in 
a multitude of procedures around 
the knee such as tibial nailing, 
tibial condyle plating, patella 
fracture fixation, supracondylar 
fracture plating, supracondylar 
fracture nailing, and total  
knee replacement

Adjustable Knee & Tibial 
Positioner
Designed by Ashutosh Chaudhari, MD

PRODUCT NO:

2770-00  [Set]
 Includes Positioner, Pad, 
 and Two Short Straps

Steam sterilizable.

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

Website

INSTRUMENTSINSTRUMENTS

ISO 13485:2016

Colwell TKA 5° Tibial Rasp Assembly
Designed by Clifford W. Colwell Jr., MD

A tibial planing tool with 
a universal design to help 
improve tibial cut aligment 
and flatness by smoothing out 
imperfections intraoperatively, 
helping to ensure the tibial 
bone surface is cut perfectly 
in coronal and sagital planes

PRODUCT NO’S:

6900-00  [Complete Assembly]
Set includes:
6901-01  [Rasp Handle]
6901-02  [Rasp Plate]
6902  [T-Handle Canal Rod]
6903  [Handle Grip]

Ott Fat Pad Retractor Set
Designed by David Ott, MD

Designed for soft tissue retraction, the 
reduced phalange allows for ease of 
placement in the lateral gutter, and helps 
avoid contact with the lateral condyle
PRODUCT NO’S:

3219-00  [Set]
Also available individually:

3219-L  [Left]
3219-R  [Right]
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Understanding Iliotibial Band-Sparing Total 
Hip Arthroplasty: Alternatives to Traditional 

THA Approaches
Nevins R 1, Sagers 2

Abstract

Excellent long term results in total hip arthroplasty 
(THA) are achievable through a variety of surgical tech-
niques. However, the push for cost savings and higher pa-
tient expectations has shifted the focus to improving short 
term outcomes such as length of stay and in-hospital nar-
cotic requirements. While approximately 87% of surgeons 
worldwide continue to prefer traditional posterolater-
al (PL) or lateral approaches for arthroplasty, [1] alterna-
tive approaches that spare the iliotibial band have emerged 
over the last several years in hopes of improved outcomes. 
This review explores the iliotibial band-sparing approach-
es, their advantages and disadvantages, and provides an 
overview of their published results.

The Iliotibial Band

The Iliotibial band (ITB) is a group of vertically orient-
ed fibers consisting of a superficial, intermediate and deep 
layer that converge from their origins at the iliac tubercle, 
iliac crest and the superior acetabulum and insert on the lat-
eral femoral condyle and tibia. Huang et al, who dissected 
40 cadaver specimens and examined the ITB and investing 
structures at the hip, describe the insertion of the superior 
fibers of the gluteus maximus as a posterior reinforcement 
of the ITB. [2] These fibers do not insert at the greater tro-
chanter, but rather join the continuation of the tensor fascia 
latae and the remaining fibers of the inferior gluteus max-

imus to insert at the 
linea aspera via the 
lateral intermuscular 
septum. [2-4] (FIG-
URE 1)

Much study and 
emphasis has more 
recently been fo-
cused on the func-
tion of the ITB at the 
knee, where it func-
tions to create a rigid 
support pillar to allow 
for asymmetric stand-
ing. [3-5] Howev-
er, Inman attempted 
to qualify and quan-
tify its contribution 
to standing and gait 
at the hip as early as 
1947. He proposed 
that the ITB provides 
nearly half of the 
torque necessary to 
keep the pelvis level 

Keywords: iliotibial band; total hip arthroplasty; minimally 
invasive
Level of Evidence: AAOS Therapeutic Level V

Figure 1: Approximately 75% of 
gluteus maximus insertion is into the 
iliotibial bad. Image courtesy of dept.
washington.edu

http://www.reconstructivereview.org
http://jisrf.org
http://dx.doi.org/10.15438/rr.8.2.209
http://crossmark.crossref.org/dialog/?doi=10.15438/rr.8.2.209&domain=pdf&date_stamp=2018-12-31


12	 JISRF • Reconstructive Review • Vol. 8, No. 2, December 2018

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

Figure 2: DA Approach superficial dissection is performed between 
TFL and sartorius. Image courtesy of Dr. Aaron Salyapongse

and is one of the final restraints to prevent further sagging 
when the pelvis is allowed to sag unilaterally. [6] The re-
sult of disrupting this checkrein to hip abduction during 
single leg stance has been shown in literature evaluating 
lateral THA approaches, with the incidence of Trendelen-
burg gait as high as 31%. [7]   

Direct Anterior Approach

The Direct Anterior (DA) Approach is the most popu-
lar and studied of the ITB sparing approaches. The inter-
muscular, internervous interval of the approach, with the 
plane extending between the tensor fascia latae (TFL) and 
the sartorius muscles, was originally described in 1881 
by Hueter, [8] and subsequently modified by Smith-Pe-
tersen in 1917. [9] It was not routinely used in THA until 
1980 when Light and Keggi published their results, which 
showed a low complication rate, although average length 
of stay (LOS) was 12.8 days in their study. [10] Over the 
last 20 years, renewed interest in the DA approach has 
been driven by the search for a less invasive approach with 
faster recovery.

The DA approach can be performed using either spe-
cialized tables or a standard operating table, depending on 
surgeon preference. Specialized tables allow traction boots 
to be used and may allow for more precise positioning and 
control of the extremities during the surgery. When using a 
standard table, a bump may be placed beneath the patient 
at the level of the anterior superior iliac spine (ASIS) to al-
low relative extension of the hip to allow for better expo-
sure during femoral preparation. In addition, the table itself 
can be flexed in a way to allow for additional hip extension 
if the patient is positioned at the crease of the table.

While placement of the incision may vary slightly with 
surgeon preference, it generally extends from approximate-
ly 3 cm inferior and 3 cm lateral to the ASIS, extending 
distally over the TFL muscle belly. Dissection of the fas-
cial planes of the TFL is carried out to ensure proper mus-
cular intervals and avoid medial dissection near the femo-
ral neurovascular bundle. After separating the TFL from 
the sartorius, the TFL is retracted laterally, retractors are 
placed extracapsularly over the superior and inferior femo-
ral neck as well as the lateral edge of the intertrochanteric 
ridge. (FIGURE 2) The fat overlying the anterior hip cap-
sule is removed, and the attachment of the reflected head 
of the rectus femoris is released from the anterior acetabu-
lum. Capsulotomy or capsulectomy is then performed and 
the joint exposed by placing the retractors intracapsularly. 
The femoral neck cut is made and the head is extricated. 
The acetabulum is then prepared and the cup placed, often-

times under fluoroscopic guidance to ensure proper posi-
tioning.  The femoral shaft is then presented by extending, 
external rotating and adducting the hip. Specialized bone 
hooks and offset broaches have been designed to assist in 
presenting the femur out of the incision. [11] Early teach-
ing of the technique also described a release of the postero-
lateral capsule at the greater trochanter to allow for fur-
ther translation; however, several authors now recommend 
releasing the conjoined tendon to the level of the obtura-
tor internus and, when necessary, the piriformis, to facili-
tate adequate exposure. [12-14] After femur preparation is 
complete, trialing, final implantation and stability testing 
takes place. The wound is closed in the standard fashion. 
While individual protocols vary, many DA surgeons do not 
place formal restrictions on mobility for their patients post-
operatively. 

Outcomes of the DA approach have been favorable, 
particularly in the early postoperative period. Barrett et al 
performed a randomized trial comparing DA and PL ap-
proaches performed by the same surgeon. The DA pa-
tients had less pain, were discharged sooner, and were 
able to walk greater distances during the first and second 
postoperative days in comparison to the PL approach pa-
tients. However, the longer-term outcomes were equal at 
6 months between the two groups. [15] Restrepo et al per-
formed a randomized study comparing the DA and direct 
lateral (DL) approach and had similar improved short term 
outcomes in the DA group. [16] Berend performed a large 
retrospective study comparing the DA and the less-inva-
sive DL approach. The LOS between the groups was not 
significantly different, but the percentage of patients dis-
charged home, the Harris Hip Scores and Lower Extremity 
Activity Scores were all significantly higher in the DA vs. 
the DL group. [17] Several studies support these findings, 
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Figure 3: ITB-Sparing techniques: all 
superficial dissections do not violate 
ITB tendon. Image courtesy dept.
washington.edu

[18-22] while others refute them. [23]
Initially described and advertised as a “tendon sparing” 

approach (focused on sparing the short external rotators 
(SER) in comparison to the posterolateral approach), re-
leases of the piriformis and conjoined tendon better facili-
tate femoral preparation during the DA approach. [12-14] 
Meneghini performed a cadaveric study comparing mus-
cle damage incurred by DA and PL approaches and report-
ed that release of the piriformis and conjoined tendon was 
necessary in 50% of their dissections in order to achieve 
adequate femoral exposure. [14] This, however, does not 
appear to compromise the potential for accelerated recov-
ery. Rodriguez et al compared 60 patients that had the DA 
approach THA using a release of the posterior superior hip 
capsule, the piriformis, and the superior portion of the con-
joined tendon to 60 patients who underwent THA using the 
mini-incision posterolateral (PL) approach. The patients 
who had the DA approach had faster return to function in 
the early postoperative period compared to the PL group, 
consistent with other reports on the DA approach that do 
not explicitly describe these tendon releases. [13] This sug-
gests that the DA approach’s preservation of the SERs may 
not be the main factor contributing to accelerated recovery, 
[24] but may instead be the preservation of the ITB. 

The DA approach is not without risk of intraopera-
tive and postoperative complications, especially in the op-
erations performed in the learning curve period. [25,26] 
While relatively rare, the most common complications in-
clude intraoperative femoral fracture or perforation, ace-
tabular fracture, lateral femoral cutaneous nerve (LFCN) 
palsy, and dislocation. Ankle fracture has also been re-
ported with the use of traction tables for positioning. [27] 
Because of the location of the incision, superficial wound 
complications are also an issue, especially in patients with 
higher BMI. [28] These complications are more common 
(as high as 9-13%) [29] in the first 50-100 cases, desig-
nated as the learning curve, [26,29-30] with early revision 
rates as high as 6%. [30] These complication rates appear 
to decrease according to surgeon experience, with compli-
cation risk profiles similar to that of other hip approach-
es after the learning curve. [21,31,32] Additionally, risk of 
complications and expertise required both increase when 
using the DA approach for complex or revision cases, al-
though it can be successfully performed. [33] The risk of 
an increased rate of these complications during the learn-
ing curve as well as the decreased extensibility of the ap-
proach remain deterrents for some surgeons to pursue the 
potential improved short term outcomes afforded by the 
approach, especially when long term outcomes have not 
been proven to be significantly better. [17,34,35]

SuperCap® / Direct Superior Approach®

In 2002, Dr. Stephen Murphy first described the Su-
percapsular THA (SuperCap® Microport Orthopedics 
Inc., Arlington, TN, USA). This single-incision technique 
shifts the traditional posterior superficial dissection slight-
ly proximal, preserving the ITB at the greater trochanter 
(FIGURE 3). Other 
modifications have 
been introduced (Di-
rect Superior® Stryk-
er Inc., Kalamazoo, 
MI, USA), but share 
in common the use of 
a superior capsulot-
omy and specialized 
instrumentation in an 
effort to avoid releas-
ing the SER tendons. 

Patients are placed 
in the lateral decubi-
tus position on a stan-
dard operating table. 
The operative leg is 
placed in flexion, in-
ternal rotation, and 
adduction by placing 
the foot on a Mayo 
stand. The incision is 
typically in line with 
the femoral shaft just 
superior to the great-
er trochanter, extend-
ing proximally be-
tween 6-8 cm.  Blunt dissection is performed to split the 
gluteus maximus in line with its fibers until the interval of 
the posterior border of the gluteus medius and the pirifor-
mis is identified. The piriformis and conjoined tendon at-
tachments are preserved, if possible. Alternatively, the Di-
rect Superior® or Northern approach uses the traditional PL 
approach deep interval (between the gluteus medius and 
the conjoined tendon with release of the piriformis and su-
perior SERs) with the same ITB-sparing superficial dis-
section. [36] The gluteus minimus is reflected anteriorly 
from the superior capsule and the capsule incised along 
the superior aspect of the femoral neck, extending to the 
acetabulum. 

 Retractors placed along the anterior and posterior fem-
oral neck allow complete visualization of the proximal fe-
mur. The proximal femur is prepared in line with the fem-
oral shaft with the femoral head and neck in situ. This 
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Figure 4: Angled reamer used to avoid violation of ITB tendon. 
Image courtesy Dr. Brandon Gough

theoretically distributes stresses during femoral prepara-
tion, decreasing the risk of intraoperative femur fractures, 
and avoids overstretching the attached short external rota-
tors that occurs with surgical dislocation. Acetabular prep-
aration is performed using specialized instrumentation in 
the form of angulated reamers (FIGURE 4) and offset cup 

inserters, with or without the use of CT guided navigation 
to aid in positioning. While these instruments are required 
for preparation of the bony structures, any implant system 
can be inserted during the procedure. The capsulotomy is 
closed in a normal fashion after trialing, implantation and 
in-situ reduction, and the piriformis insertion, if released, 
is repaired. Closure of the remaining layers is performed in 
the standard fashion. [37]

The tissue-preserving nature of the superior approach 
affords the stability of the traditional transgluteal approach 
while decreasing the potential risk of gait abnormalities 
and pain associated with the traditional posterior approach, 
presumably by preserving the ITB. This allows patients to 
routinely be placed into an accelerated rehabilitation pro-
tocol, permitting them to bear weight almost immediately 
after surgery without traditional hip precautions. [37,38]

In a study of 218 consecutive patients undergoing total 
hip arthroplasty using this technique in 2010-2011, 87% 
of patients were discharged within 2 days of surgery, and 
99% of all patients were discharged home, with only 1 re-
admission for a GI bleed related to use of NSAIDs postop-
eratively. There was only 1 reoperation at 8 months post-
operatively, an irrigation and debridement for continued 
pain with no evidence of infection. [38] Capuano reported 
on 463 patients including 275 primary elective THA and 
188 femoral neck fracture patients that underwent THA us-
ing this technique. 375 patients (75%) could walk with full 
weight bearing on the operative leg within 6 hours of the 
procedure. There was a 1% complication rate (1 disloca-
tion, 2 malpositioned cups, 2 loosened cups), all within the 
first 20 cases. There were no further complications report-
ed after the first 20 cases. [39]

PATH®

First reported by Dr. Penenberg in 2004, PATH® (Mi-
croport Orthopedics Inc., Arlington, TN, USA) utilizes 
the deep interval of the traditional PL approach, but dif-
fers from the traditional approach by shifting the super-
ficial dissection superiorly to avoid disruption of the ITB 
at the greater trochanter. Rather than using an angulated 
reamer of SuperCap®/Direct Superior®, acetabular ream-
ing is accomplished by inserting a cannula through a por-
tal in the soft tissues just posterior to the proximal femoral 
shaft, avoiding the ITB at the trochanter. This allows for 
direct visualization of the acetabulum during reaming, as 
well as the use of straight reaming handles for more famil-
iar reaming control. 

The patient is placed in the lateral decubitus position 
on a peg board, anterior on the table with the foot on a 
Mayo stand to allow for flexion, adduction and internal ro-
tation of the leg. The incision starts at the proximal edge of 
the greater trochanter and extends proximally, angled 30-
45 degrees posteriorly. After incision of the overlying fas-
cia, the gluteus maximus is bluntly dissected in line with 
its fibers. The interval is developed between the gluteus 
medius and the conjoined tendon. The piriformis insertion 
is identified and it is released along it’s footprint, preserv-
ing as much length as possible for later repair. If necessary, 
the superior portion of the conjoined tendon may also be 
released for increased exposure. A posterior capsulotomy 
is performed, in line with the femoral neck, to the level of 
the acetabular rim before it is curved anteriorly along the 
posterior wall toward the lateral rim, creating a “J-shaped” 
capsulotomy. In the originally described approach, the hip 
was dislocated to allow for the femoral neck cut. However, 
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Figure 5: Small posterior incision and accessory portal with cannula 
in place allows for reaming and impacting cup without violation of ITB

Figure 6: 
Cannula 
provides 
excellent in-
line access to 
reamer basket 
without violating 
ITB and with 
minimal release 
of piriformis and 
external rotators

in recent years, modifications (PATH II) allow for the fem-
oral neck cut to be performed in-situ. Intracapsular Hohm-
ann retractors are placed anterior and posterior to the fem-
oral neck cut to expose the osteotomy site and protect soft 
tissues. A napkin ring of bone is typically removed as prox-
imally on the neck as possible to facilitate head extrication, 
or, depending on surgeon preference, a single osteotomy 
with en bloc extrication may be performed. With a more 
posterior capsulotomy, a small (3-4mm) corner of the pos-
terolateral greater trochanter without muscular attachment 
may impede the femoral neck osteotomy at the appropriate 
angle. This small piece of bone may be removed via chei-
lectomy to facilitate the osteotomy. 

The hip is then slightly flexed and maximally internal-
ly rotated and the femur is prepped and broached. Once 
broaching to the appropriately sized implant is complet-
ed, a “cleanup” neck cut is performed using the inserted 
broach as a cutting guide. The appropriate depth and an-
gle of the neck cut is determined by referencing the dis-
tance between the shoulder of the broach and the tip of the 
greater trochanter and comparing to preoperative templat-
ing. This allows for reliable and reproducible implant po-
sitioning.

The leg is then returned to the starting position for ac-
etabular preparation. Large Hohmann acetabular retractors 
are used to provide visualization. A cannula is introduced 
through a downstream portal using an over-the-top guide, 
using the native acetabulum to direct placement. The can-
nula is directed through the soft tissues posterior to the fe-
mur and towards the acetabulum. Once the cannula is in 
place, an 8mm reamer driver is inserted into the cannu-
la and the reaming basket inserted and assembled in situ 
through the main exposure to perform reaming under di-
rect visualization (FIGURES 5,6). The acetabular compo-
nent is then inserted and impacted into a position of stabil-
ity, with full visualization of the bony rim and cup during 
the insertion. Trialing is completed, intraoperative x-rays 
may be taken, range of motion and stability is tested, and 
final implants are inserted. The posterior capsule, pirifor-
mis and conjoined tendons are then repaired and the inci-
sion closed in the standard fashion. [40]

Penenberg reported on 250 consecutive patients, with-
out excluding patients for BMI or complexity, and fol-
lowed them for two years. All patients were placed into 
an accelerated rehabilitation protocol, and 83% of patients 
were using a cane or no assistive device for ambulation at 
discharge. There were no dislocations, infections, or deep 
vein thrombosis in the group. Femoral and acetabular com-
ponents were within the accepted limits in 96% and 97% of 
patients, respectively. [40]  

Rasuli and Grofton analyzed the learning curve of the 

PATH procedure, showing reproducible acetabular ante-
version and abduction (13.1 +/- 7.1 degrees, 42.9 +/- 7.6 
degrees), mean operative time of 114 minutes, and 2 com-
plications in the first 50 cases (intraoperative femoral frac-
ture in case 10 and a posterior dislocation at 6 weeks in 
case 26). [41] This relatively short learning curve demon-
strates the safety of the procedure, likely due to the famil-
iarity of the dissection to trained surgeons, while still af-
fording the benefit of accelerated recovery after surgery. In 
addition, the incision and intervals are extensile and easily 
convertible to the standard posterior approaches.

SuperPATH®

Developed by Dr. James Chow, the SuperPATH® (Mi-
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croport Orthopedics Inc., Arlington, TN, USA) approach 
is a combination of certain aspects of the SuperCap/Di-
rect Superior® and PATH® techniques, using the interval, 
capsulotomy, and femoral preparation of the Superior ap-
proach, but using the cannulated portal and straight acetab-
ular reaming instruments that PATH® introduced. [41] The 
patients are similarly placed in the lateral decubitus posi-
tion on a peg board, with the patient anterior on the bed 
to allow for a flexed, adducted, internally rotated position 
of the operative leg. The incision and dissection of Super-
PATH® are similar to SuperCap®, with the interval between 
the gluteus medius and the piriformis being developed and 
attempted preservation of the piriformis and conjoined ten-
don insertions. After the capsulotomy is performed in ap-
proximately the 11:00 position, the femur is prepared in 
situ by “canoeing” a space into the femoral neck to allow 
for subsequent broach placement.  The final broach is left 
in place for the femoral neck cut, similar to the technique 
described in PATH®, using the distance between the broach 
shoulder and the tip of the greater trochanter as a reference. 
The head is removed en bloc. The acetabulum is then pre-
pared in a similar fashion to that described above in the 
PATH® approach. Once trialing is completed and final im-
plants are placed the hip is reduced. Stability and range of 
motion is tested, and the capsule and soft tissues are re-
paired before standard closure is performed. [42]

This approach was developed to allow for the perceived 
advantages of the each of its predecessors, preserving the 
iliotibial band and external rotators, with in-line axial fem-
oral preparation prior to the femoral neck cut as in the Su-
perCap® approach and allowing for consistent acetabular 
reaming through the accessory portal as in the PATH® ap-
proach.

Results of the combined technique are similar to the 
other “micro” approaches. Chow et al reported on the first 
110 patients, including the learning curve, and all patients 
had well placed femoral and acetabular components at 2 
year follow-up, with an average hospital stay of 1.7 days. 
All patients were placed in a comprehensive management 
program including preoperative medical optimization and 
counseling, as well as accelerated rehabilitation postopera-
tively. Of note, no IV narcotics were required or used in the 
postoperative period. Chow also reported 4 complications 
related to the surgery in the first 330 patients (1.2%) to un-
dergo the operation, with 2 calcar fractures, 1 nondisplaced 
acetabular fracture, and 1 failure of cup fixation. [43,44]

Gofton et al reviewed 479 SuperPATH® patients across 
3 centers and evaluated readmission and discharge disposi-
tion rates. There was an all-cause readmission rate of 2.3% 
after an average LOS of 1.6 days. 91% of patients were 
discharged home routinely, 3.8% home with home health, 

and a combined 4.7% to skilled nursing and acute inpa-
tient rehab facilities (4.1% and 0.6%, respectively). [41] 
Gofton then analyzed the cost reduction using these re-
sults compared to the patients receiving a THA via a later-
al approach by another surgeon at the same institution and 
found a 28.4% cost reduction in favor of SuperPATH. [45]

Discussion

Overall, hip arthroplasty is a surgical procedure with 
excellent long term outcomes, no matter the approach, so 
long as the components are well-placed and well-seated. 
Each traditional approach has its pros and cons, which have 
been extensively studied and improved upon with better 
techniques and technology over the last several decades. 
Because of the consistent long-term results, increasing at-
tention has been placed on short term recovery with accel-
erated rehabilitation programs, multimodal pain manage-
ment, and tissue preserving approaches. Results of early 
attempts at minimally invasive THA were generally unac-
ceptable; however, continued innovation and exploration 
of tissue-preserving intervals, including the ones discussed 
in this review, have resulted in promising short-term out-
comes with consistent medium and long-term results.

It was previously thought that the DA approach showed 
accelerated recovery due to sparing the SER tendons in 
comparison to the traditional posterolateral approach. 
However, recent descriptions of the technique using con-
joined tendon releases without compromises in outcomes 
[24] suggest that the SER preservation may not be the true 
source of improved postoperative pain. One possible ex-
planation for the shorter recovery may be that the DA ap-
proach spares the proximal ITB at the greater trochanter. 
The ITB-sparing approaches described above, while dif-
fering slightly in dissection planes, preservation of SER at-
tachments, and instrumentation, share the preservation of 
the ITB in common with the DA approach. The evidence 
showing that early postoperative pain and function are 
similar between the approaches suggests that the ITB pres-
ervation may be the key common factor. 

 Penenberg proposes that preservation of the ITB in this 
area preserves the gluteus maximus attachment at the ITB, 
and that the sparing of this attachment is what contributes 
to decreased pain and improved function in the early post-
operative period (personal communication). This spar-
ing of the ITB makes these approaches distinctly different 
from traditional posterior and mini-posterior approaches, 
as neither truly spares this portion of the ITB and the glu-
teus maximus insertion. The authors of this review concur 
with this hypothesis, although further biomechanical study 
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is needed to further define the role this structure plays.  
When all is said and done, there is no conclusive evi-

dence that one approach to THA is superior to another. The 
above-mentioned techniques offer different options to per-
form this common procedure in a manner that preserves 
the ITB and the insertion of the superior gluteus maxi-
mus. While the anterior approach is much more extensive-
ly studied, the learning curve and potential complications 
reported in the literature may deter surgeons from adopt-
ing the technique into practice. The other techniques men-
tioned here offer an alternative to the DA approach with 
promising short and medium-term results reported in the 
literature. 

The decision on which approach to use in daily prac-
tice should be a function of the surgeon’s training and ex-
perience. That said, the senior author of this review uti-
lizes the PATH approach for the following reasons: 1) the 
ITB and gluteus maximus tendon sparing nature of the 
approach, which appears to influence early postoperative 
pain and function, 2) the small learning curve, likely due 
to the familiarity of the anatomy, approach, and orientation 
from a previously-used posterior approach, 3) the ease of 
use of the instrumentation introduced by this technique, 4) 
the extensile nature of the approach, should the need arise, 
allowing standard posterior approach access to the femur 
and acetabulum, and 5) the avoidance of common compli-
cations of the DA approach, such as LFCN injury, femoral 
perforation during broaching, and wound infections due to 
the incision being made in the groin area.

We recognize the need for increased clinical data to fur-
ther demonstrate the safety and efficacy of these relatively 
new techniques. Longer term data is currently being col-
lected. Further reporting of these results is warranted and 
merits discussion in the future.
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Coronal Alignment in TKA: Traditional 
Principles Versus New Concepts

Parisi T 1, Jennings J 1 ,3, Dennis D 1,2,3,4

Abstract

Background: Up to 20% of total knee arthroplasty 
(TKA) patients are not satisfied with their outcome, and 
coronal alignment is considered an important variable in 
attaining a well-functioning TKA. Neutral mechanical 
alignment is not necessarily the anatomic norm and has led 
some surgeons to advocate a shift in defining and attaining 
the optimal coronal component alignment. Our aim was to 
review the different coronal alignment paradigms of TKA 
and summarize the historical and contemporary outcomes 
of different alignment techniques.

Methods: A systematic review was performed in March 
2017 via PubMed using the search terms: coronal align-
ment, kinematic alignment, and total knee replacement 
using Boolean “and” in-between terms. Relevant results 
were then reviewed, analyzed and summarized  

Conclusions: Early clinical outcomes of kinematically 
aligned TKAs are promising, but long-term clinical results 
are unknown. Clinical, laboratory, and retrieval studies 
suggest that mechanical varus in TKA, especially involv-
ing the tibial component, may result in earlier failure. Ki-
nematic alignment with boundaries may be an optimal 
strategy for patients with pre-operative constitutional var-
us or congenital tibia vara.

 

Background

The importance of coronal alignment in total knee 
arthroplasty

Coronal alignment is considered an important vari-
able in attaining a well-functioning TKA. [1–4] Prop-
er alignment improves soft tissue balance and decreases 
mechanical and shear stresses placed on the implant fixa-
tion interface as well as on articular bearing surfaces. [4–
6] Malalignment results in decreased functional outcomes 
and survivorship, and has been implicated as a cause of 
early failure due to wear and loosening, [2,4–10] particu-
larly in older implants of non-highly crosslinked polyeth-
ylene. [11] Most surgeons follow the tenet that post-opera-
tive alignment should be within 3° of a neutral mechanical 
axis. [4–6,9,12–16] However, up to 20% of TKA patients 
are dissatisfied, [17,18] with some evidence that coronal 
alignment plays a role in patient satisfaction. [19,20] As 
such, substantial research and resources have been invest-
ed in defining optimal mechanical alignment, [21–24] as 
evidenced by recent developments in computer navigation, 
patient-specific instrumentation, and support for kinemati-
cally-aligned TKA. [25–27] 

Anatomy and Alignment: Traditional Theories

Definition of the anatomical framework is required to 
understand different theories of coronal alignment (Table 
1, Figure 1). Native knee alignment varies throughout the 

Keywords: total knee arthroplasty; kinematic alignment; 
coronal alignment; mechanical alignment
Level of Evidence: AAOS Therapeutic Level III
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tion of symptomatic osteoarthritic patients, 71% had varus 
alignment with a mean HKA of -9.0°. [30]  Additionally, 
Vandekerckhove et al. [52], have shown that constitutional 
varus does contribute to a higher incidence of osteoarthritis 
in the general population. 

Anatomic Alignment 

The premise of anatomic alignment is that optimal 
component position should recreate the anatomic joint line 
based on long-standing roentgenograms to attain an axis 
extending from the center of the knee to the femoral head 
and ankle joint. [31] This alignment technique attempts to 
place the joint line parallel to the ground during the bilat-
eral limb stance phase of normal gait. [31] However, given 

Table 1: Axes and Angles of Lower Extremity Alignment
AXES DEFINITION
Vertical Axis Is referenced from a vertical midline extending 

distally from the center of the pubic symphysis. 
It determines overall alignment of the lower 
extremity. [26]

Anatomic Axes Anatomic axes of lower extremities always 
are drawn proximal-to-distal and bisect the 
intramedullary canals. [27] Any femoral or 
tibial diaphyseal deformity, either congenital, 
developmental, or traumatic, can markedly 
deviate the anatomic axes. [3,26]

- Anatomic 
Femoral Axis

 Is typically approximately 9° of valgus 
compared to midline, and 5° to 7° valgus to the 
mechanical axis. [3,14,26]

- Anatomic 
Tibial Axis

 Is typically in approximately 3° of varus 
compared to the vertical axis and approximates 
the mechanical axis. [3,14,26]

Mechanical 
Axis

Is defined by a line drawn from the center of 
the femoral head to the center of the talus, and 
typically is approximately 3° valgus to the 
vertical axis. [3,27,26]

- Mechanical 
Femoral Axis

Runs from the center of the femoral head to the 
intercondylar notch. [3,14,26]

- Mechanical 
Tibial Axis

Runs from the center of the proximal tibia to the 
center of the talus. [3,14,26]

AXES DEFINITION
Hip-Knee-
Ankle Angle 
(HKA)

Is created via intersection of the mechanical axis 
of the femur and tibia. It is typically just under 
180°, and passes just medial to the tibial spine. 
[3,28]

Anatomic 
Femorotibial 
Angle (AFT)

Is formed by intersection of the anatomic 
femoral axis and the joint line and is typically 
approximately 6° of valgus.

Mechanical 
Femorotibial 
Angle (MFT)

Is formed between the mechanical femoral (3° 
valgus) and tibial axes (3° varus), resulting in 
0°, or so-call neutral mechanical alignment. 
[3,14,26] The MFT is essentially the same as the 
HKA. [29]

Femorotibial 
Angle (FTA)

Is the lateral angle created between the anatomic 
axes of the femur and tibia. On average, it is 
178° in men and 174° in women. [3,27]

Figure 1: Illustration, demonstrating the different axes of the knee. 
The dark-blue line represents the vertical axis extending distally 
from the center of the pubic symphysis. The red lines represent the 
anatomic axes overall, as well as of the femur and tibia. Anatomic 
axes of lower extremities always are drawn proximal-to-distal 
and bisect the intramedullary canals. The anatomic femoral axis 
is typically approximately 9° of valgus compared to midline, and 
5° to 7° valgus to the mechanical axis. The anatomic tibial axis is 
typically in approximately 3° of varus compared to the vertical axis 
and approximates the mechanical axis. The green line represents 
the mechanical axis, defined by a line drawn from the center of the 
femoral head to the center of the talus, and typically is approximately 
3° valgus to the vertical axis. The yellow lines represent the femoral 
tibial angle which is formed by the intersection of the anatomic 
femoral axis and the joint line and is typically approximately 6° of 
valgus. The light-blue line represents the hip-knee-ankle angle which 
is created via intersection of the mechanical axis of the femur and 
tibia, and is typically just under 180°, and passes just medial to the 
tibial spine.

population, and neutral mechanical alignment, defined as 
0°, is not always observed in healthy, non-arthritic patients. 
[12] Hsu et al. [28] found the hip-knee-ankle angle (HKA) 
of normal adults was actually 1.2° of varus and only 2.2% 
had a HKA of 0°. Fahlman et al. [29] found only 11% of 
143 patients had bilateral mechanically-neutral knees, with 
49% aligned in mechanical varus, and 22% aligned in me-
chanical valgus. In asymptomatic adults, constitutionally 
varus knees (HKA > 3° varus) has been found in up to 32% 
of men and 17% of women. [31] Conversely, in a popula-
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Figure 2: Illustration, demonstrating 
the three kinematic axes of the knee. 
Yellow line indicates the longitudinal 
axis in the tibia about which the tibia 
rotates on the femur. The green line 
indicates the transverse axis in the 
femur about which the tibia flexes and 
extends. The magenta line indicates 
the transverse axis in the femur about 
which the patella flexes and extends.

that surgeons accurately place components within 3° of the 
desired target less than 70% of the time with conventional 
TKA instrumentation, aiming for 2-3° of varus may result 
in outliers which could predispose to early failures. [32]

Mechanical Alignment 

Mechanical alignment is performed by cutting both the 
femur and tibia perpendicular to their respective mechani-
cal axes. [33] This results in a TKA femoral-tibial angle of 
approximately 5°-7° of valgus with the purpose of creat-
ing even load distribution across the joint. [35] Advocates 
of mechanical alignment feared that anatomic alignment 
would increase medial loads and risk medial tibial compo-
nent fixation failure. [35]

Restoration of mechanical alignment to 0° may increase 
component longevity and has demonstrated a 3% loosen-
ing rate when the mechanical axis crossed the middle 1/3rd 
of the prosthesis versus 24% when the mechanical axis was 
shifted medially or laterally.5 Similarly, Fang et al. [12] 
found neutral mechanical alignment had a lower failure 
rate (0.5%) than varus (1.8%) or valgus (1.5%). Other au-
thors have reported similar findings.20,36 This is supported 
in wear analysis of TKA retrievals. [5,7,11,19,22,30,37,38]  
Lastly, BMI may play a role in failure of the tibial com-
ponent.  Berend et al. [9] found a 168 times higher failure 
rate if the tibia component was positioned in varus (≥3°) in 
conjunction with a BMI >33.7 kg/m2. 

Conversely, other studies have not demonstrated signif-
icant survivorship differences for TKAs placed outside of 
the 0±3° traditional “safe zone”. [22,24,34–36] Parratte et 
al. [22,30] found no differences in 15 and now 20-year sur-
vival of mechanically aligned knees (0°±3°) versus those 
marginally outside of these parameters (4°-6°). Bonner et 
al. [34] stratified TKA patients into “aligned” (0°±3°) and 
“malaligned” (deviation > 3°) groups and found slightly 
higher 15-year survival in the aligned group, although the 
difference was not statistically significant. [34] Similarly, 
Morgan et al. [35] found no difference in survivorship of 
TKAs independent of neutral, valgus or varus AFT. Matzi-
olis et al., [24] found no outcome differences in TKAs 
aligned in mechanical varus versus those in neutral. A re-
view of TKAs performed on patients with pre-operative 
varus gonarthrosis showed no functional difference be-
tween TKAs aligned in post-operative mechanical varus 
versus neutral, as well as no difference in revision rates. 
[37] Similarly, Hadi et al. [38] did not find increased revi-
sion rates of malaligned TKAs measured using the mechan-
ical axis, but did find an association between malalignment 
and revision rate using an anatomical axis.  Lastly, some 
evidence suggests patients placed in mechanical varus 

have an increase in satisfaction after TKA. Vanlommel et 
al. [36] evaluated TKAs in pre-operative varus and found 
those left in mild mechanical varus (3° to 6°) had superi-
or post-operative Knee Society (KSS) and Western Ontar-
io and McMaster Universities Arthritis Index (WOMAC) 
scores compared to knees corrected to neutral or those left 
in increased varus (> 6°).  

Even if mechanically aligned on static radiographs, 
there is evidence that dynamic loading of a mechanical-
ly neutral TKA may not be balanced. [39–41] Miller et al. 
[39] found static neutral mechanical alignment (0°±3°) in 
13 of 15 knees, but only 7 of 15 had balanced dynamic 
loading with gait testing. In cadaveric knee analysis, Del-
port et al. [42] showed decreased physiological strain in 
collateral ligaments when TKAs were restored to ±2° of 
constitutional alignment versus neutral mechanical align-
ment.

Kinematic TKA Alignment

History and Definition of Kinematic Alignment

Kinematic alignment TKA technique evolved from ki-
nematic studies. [43,44] Its basic principle is attempted res-
toration of a patient’s pre-arthritic anatomy and axes of the 
knee, while creating a balanced TKA throughout the entire 
arc of motion. Specifically, it attempts to three-dimension-
ally align the distal and posterior femoral joint lines of the 
femoral component to the original primary transverse axis 
of the femur and joint line of the tibia to a patient’s pre-ar-
thritic state. [18] This could be achieved by transforming 
the arthritic knee to its pre-arthritic state via 3D model-
ing from a preoperative CT scan or MRI, [45] or by, more 
simply, performing tibial resection in 2°-3° of varus. [21] 
It proposes three axes which govern the movement of the 
patella and tibia with respect to the femur: a primary trans-
verse axis within the femur about which the tibia flexes and 
extends, a second transverse axis in the femur, parallel and 
proximal to the first and about which the patella flexes and 
extends, and a third axis in the tibia which is longitudinal 
and perpendicular to the others (Figure 2). [45] 
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The goal of kinematic alignment is to co-align the trans-
verse axes and restore any difference in symmetry and cor-
onal laxity between full extension and 90° of flexion of the 
normal knee. [45,46]  As such, the thickness of all femo-
ral bone resections including worn cartilage and bone from 
the saw kerf is equal to the thickness of the femoral com-
ponent. [45] Restoration of the pre-arthritic joint line lev-
el and obliquity to minimize soft tissue releases, may pro-
vide the patient with a more “naturally feeling” knee and 
improve patient satisfaction as theorized by proponents of 
kinematic alignment.

To perform kinematic alignment, use of patient-specif-
ic instrumentation, computer navigation, or measurement 
calipers is required to achieve the desired level of preci-
sion needed for bone cuts. [47] If even small errors in re-
section occur, resulting in excessive tibial varus (>5°), one 
risks premature tibial component failure. [47] Additional-
ly, most kinematic alignment surgeons utilize PCL-retain-
ing TKAs. [47] 

Proposed Advantages and Disadvantages of 
Kinematically Aligned TKA

Theoretical Advantages 
Bellemans et al. [48,49] have suggested that restoring 

patients with constitutional varus to neutral mechanical 
alignment may not optimize outcomes. Using kinematic 
alignment principles to instead resect the tibia in a few de-
grees of varus and re-establish the obliquity and location 
of the pre-arthritic joint line, in theory, should require less 
soft tissue releasing and result in a more “natural feeling” 
TKA. [47] Vanlommel et al. [36] showed that pre-opera-
tively varus-deformed knees that were left in mild mechan-
ical varus (3° to 6°) at TKA had superior post-operative 
functional scores compared to knees corrected to mechani-
cal neutral (0°±3°). 

Theoretical Disadvantages
Due to the risk of over-correction and cutting the tibia 

in excessive varus, surgeons performing kinematic align-
ment should consider using computer navigation or patient 
specific instrumentation to maximize precision. [47] A re-
cent meta-analysis showed that mechanical axis malalign-
ment greater than ±3° occurred 31.8% of the time using 
conventional TKA alignment techniques, versus 9.0% us-
ing computer navigation. [32]

Additionally, there is a three-decade history of satisfac-
tory results with mechanically aligned TKAs in subjects 
with a wide range of limb alignment and arthritic deformi-
ties. Increased polyethylene stresses associated with ma-
lalignment has been shown by numerous reports to result 

in premature TKA failure. [5,7,9,11,15,50,51] Three labo-
ratory studies have shown that 3°-5° of mechanical var-
us leads to uneven load distribution with increased com-
pressive loading and medial wear. [6,53,54] Additionally, 
three retrieval analyses suggested that overall varus TKA 
alignment is correlated with increased wear and damage. 
[55–57] Two of three suggested if the tibial component 
was placed in varus but overall mechanical alignment was 
in neutral, then there was no increase in wear or damage. 
[55,56] D’Lima et al. [57] reported increased wear any-
time the tibia was in varus, even if overall alignment was 
neutral. Additionally, cadaveric studies have consistently 
found that varus alignment causes increased posteromedial 
strain and medial loading pressures with decreased loads 
to implant failure. [13,16,58] Ritter et al., demonstrated in-
creased failure rates with mechanical varus >2.5°, and as 
previously mentioned, Berend et al., demonstrated a 168 
time increase in failure with a tibia in mechanical varus 
and BMI >33.7. [9,14]  As such, the predominance of stud-
ies suggest that mechanical varus in TKA, especially in-
volving the tibial component, may result in earlier TKA 
failure. 

Techniques of Kinematically Aligned TKAs
	
Traditional Kinematic Alignment Techniques

Kinematically alignment technique using patient-spe-
cific femoral and tibial cutting guides was developed and 
described in 2005. [45] It required special software to cre-
ate and transform a patient’s arthritic knee to its non-ar-
thritic state via a 3D model generated by magnetic reso-
nance or computed tomography imaging. This was then 
used to create patient-specific cutting guides based on ki-
nematic alignment principles. To eliminate the expense of 
patient-specific instrumentation and allow for broader use 
of kinematic alignment, Howell revised his technique to 
use modified generic instrumentation, and educated esti-
mations of cartilage and bone wear. [26,59] Femoral im-
plant placement is based on the primary transverse axes 
about which the tibia and the patella flex and extend. The 
distal femoral cutting guide is manually placed just pos-
terior to the notch apex, flush with the ‘unworn’ side and 
manually raised away from the ‘worn’ side to correct for 
wear. The goal is to perform a resection equal to the dis-
tal thickness of the femoral component with symmetric 
medial and lateral condylar thickness minus the thickness 
of the estimated cartilage and bone erosion on the worn 
side). For example, if the component width is 9mm and the 
surgeon estimates 2mm of cartilage and 1mm of osseous 
wear, 9mm is resected from the unworn side versus 6mm 
from the worn condyle (Figure 3). The posterior referenc-
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ing guide is set at neutral rotation to assure an equal resec-
tion thickness of the posterior aspects of the medial and 
lateral condyles because typical posterior cartilage wear is 
minimal (Figure 4). Chamfer cuts are made to match the 
best-fitting femoral component.

The tibial cutting guide is set according to native varus-
valgus alignment and, like the femur, is adjusted so resec-
tion of the ‘worn’ side is thinner than the ‘unworn’ side by 
the amount of estimated wear present. Posterior tibia slope 
is set to neutral (duplicating native posterior tibial slope) to 
preserve the PCL insertion (Figure 5).  

To balance the knee, a stepwise algorithm is proposed 
(Figure 6). [45] Generally, the first step is to confirm sym-
metric and equal bony cuts measured via caliper once cor-
rected for cartilage, bone wear, and saw-blade kerf. [45] 

Figure 6: Howell Algorithm 
For Balancing a Kinematically 
Aligned TKA [45,46] 

Figure 3A & 3B: Intraoperative photographs demonstrating 
placement of the distal femoral cutting guide (A) and subsequent 
distal femoral condylar resected bone (B) with a goal of resection 
width equaling the distal femoral component thickness and similar 
condylar thicknesses considering the thickness of cartilage and bone 
loss from the worn condyle.

Figure 4A & 4B: Intraoperative photographs of the AP cutting block 
positioned for kinematic alignment (A); equal posterior condylar bone 
resections) versus traditional alignment (B) seeking external rotation 
of the femoral component relative to the posterior condylar axis. 

Figure 5A & B: Intraoperative photographs of the tibial cutting jig 
positioned for kinematic alignment (A); equal medial and lateral 
condylar resections considering wear) versus traditional mechanical 
alignment in which less bone is resected medially (B). 
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Sagittal balancing technique is similar to mechanical align-
ment with typical steps to address a TKA tight in flexion 
and or extension. Coronal balance, however, is quite differ-
ent. Although both begin with the removal of osteophytes, 
if a TKA is tight medially in a kinematically aligned knee, 
the next step would be to cut the tibia in more varus rath-
er than perform soft tissue releasing. [45] Similarly, if the 
knee is too tight laterally, rather than pie-crust the arcuate 
ligament and iliotibial band, kinematic alignment suggests 
re-cutting the tibia in more valgus. [45]

Kinematic Alignment Using Computer Navigation
Kinematically aligning TKAs using computer naviga-

tion has been described as well. [60] Distal femoral and 
proximal tibial resection amounts are set to equal TKA 
implant thickness. Cartilage and bone loss is assessed by 
comparing intact areas. If subchondral bone is exposed, it 
is considered to represent 3 mm of cartilage loss and cor-
onal resection angles are adjusted accordingly. [60,61] If 
partial thickness cartilage loss is present, it is estimated in-
traoperatively, and again, resection angles are adjusted. In 
their technique, Hutt et al. suggest keeping resections with-
in a “safe range” of either combined coronal orientation 
within ±3° of neutral or limiting the lateral distal femoral 
and medial proximal tibial angles to ±5°. [60] All cuts are 
confirmed by caliper measurements intraoperatively. Pos-
terior femoral condylar resections are completed using a 
posterior referencing technique set to neutral rotation to 
only resect the thickness of implant posterior condyles and 
match each patient’s native femoral rotation. In their series 
of 100 TKAs completed using this technique, only 5% re-
quired any ligamentous release and at mean follow-up of 
2.4 years, the mean HKA angle was 0.5° varus (from 4.6° 
varus pre-operatively), and WOMAC and KOOS scores 
improved. [60] They concluded that kinematically aligned 
TKA using computer navigation is reproducible and offers 
good short-term results, and pending long-term studies, 
may be a viable option to partially correct extreme anato-
my that may perform unsatisfactorily with traditional me-
chanical alignment. [60]

Kinematic Alignment with Boundaries
Many surgeons today would agree that coronal align-

ment plays an important role in the survival and clinical 
outcomes of TKA. Continued debate occurs as to what the 
ideal alignment should be as well as the best method to ob-
tain it. [62–64] Some experts suggest that ideal alignment 
is probably patient specific and a fixed amount of varus 
or valgus resection is not ideal. [62] Some surgeons have 
begun performing variations of classic kinematic align-
ment as described by Howell, [50] limiting the technique 

to patients with substantial varus alignment, such as con-
stitutional varus or congenital tibial vara. In these patients, 
surgeons limit varus tibial resection to a maximum 3° to 
avoid excessive medial tibial loads and restrict distal fem-
oral valgus resection to a range of 2-8° (5°±3° of valgus) 
with the goal of removing a similar amount of bone from 
medial and lateral distal femoral condyles. While classic 
kinematic alignment proposes equal posterior condylar 
resection, some surgeons will vary the thickness of me-
dial vs. lateral posterior resections to assure gap balance 
in flexion. These variations from classic kinematic align-
ment have been referred to by some as “kinematic align-
ment with boundaries.” They are briefly mentioned here to 
reflect the thoughts of surgeons interested in challenging 
the traditional concept of aligning all TKAs to neutral me-
chanical alignment. The authors cannot recommend or dis-
pute these alignment variations as valuable data with their 
use are not yet available. 

Outcomes of Kinematically Aligned TKAs

Unfortunately, there are no clinical studies evaluating 
the long-term clinical outcomes of kinematically aligned 
TKAs. Howell et al. [25] has published a 31-month follow-
up of 214 kinematically aligned knees divided into three 
groups based on the mechanical axis: TKAs in >3° var-
us, TKAs in >3° valgus, and TKAs in the neutral range of 
0°±3°. Postoperatively, all had similar WOMAC and Ox-
ford Knee Scores (OKS), and there were no catastrophic 
failures or need for TKA revision for loosening, instabil-
ity or wear, even with tibial varus outliers to 9°. Simi-
larly, Dossett et al. [65] performed a randomized control 
trial (RCT) comparing 88 TKAs, 44 which underwent ki-
nematic alignment and 44 which underwent mechanical 
alignment. At two-years, those who underwent kinemat-
ic alignment had statistically significant improvement in 
WOMAC, KSS, and OKS scores as well as higher mean 
flexion and less pain than those with mechanical align-
ment. In a multicenter patient questionnaire study, patients 
who had a kinematically aligned TKA were three-times 
more likely to state their knee felt more ‘normal’ compared 
to those with a mechanically aligned TKA. [66]

More recently, studies have not been able to find any 
clinical difference in kinematically versus mechanically 
aligned TKAs. Howell et al. [67] re-evaluated 219 kine-
matically aligned knees at a mean follow-up of 6.3 years, 
again showing no difference in functional outcomes, 
WOMAC, or OKS. Kinematically aligned knees had a 
97.5% survivorship with one deep infection, one loose tib-
ial component, and two loose patellar components. Sim-
ilarly, Young et al. [68] performed a RCT of 99 TKAs, 
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comparing mechanical to kinematically aligned TKAs. 
At 2 years, no difference was observed in OKS, WOM-
AC or Forgotten Joint scores between the two groups, nor 
was there any difference in complication rates. HKA axis 
did not differ between groups, but kinematically aligned 
TKAs had 1.9° more tibial varus and 1.6° more femoral 
valgus than the mechanically aligned group. Interestingly, 
a recent retrospective review of 361 consecutive primary 
TKAs found that in knees with preoperative varus align-
ment, those that were corrected to mechanical neutral ac-
tually had improved median KSS when compared to those 
left in residual varus. [69] 

Finally, a meta-analysis including 877 kinematical-
ly aligned TKAs with a mean follow-up duration of 37.9 
months found a cumulative survivorship of 97.4%.70 
There was a 1.2% revision rate for patellofemoral prob-
lems, but kinematic versus conventionally aligned TKAs 
demonstrated no differences in complication rates. Addi-
tionally, the kinematic group had a higher combined post-
operative KSS (mean difference of 9.1 points). Authors 
concluded that overall survivorship or complication rates 
do not differ, but that functional outcomes favor kinemati-
cally aligned TKAs in the short term. 

	
Kinematic Alignment:  Questions Remaining

Will placement of the tibial component in varus affect 
long-term wear and fixation?

There are a number of previous studies that have shown 
inferior results of TKAs with the tibial component posi-
tioned in varus alignment. [9,37,54,71] Since we know 
that constitutional varus contributes to a higher incidence 
of knee osteoarthritis in the non-implanted knee, will the 
varus positioning of the tibial component similarly cause 
accelerated medial wear of the polyethylene bearing af-
ter TKA? While current clinical studies of kinematically 
aligned TKAs have not shown higher rates of tibial loosen-
ing, radiographically noticeable polyethylene wear or os-
teolytic lesions, these studies have limited follow-up du-
ration. Longer term data, as well as fluoroscopic, in-vivo, 
weight bearing kinematic analyses, are needed to truly as-
sess the longevity and functional outcomes overtime.

Will removal of one or both cruciate ligaments during 
TKA affect the precision of the transverse axes utilized 
for implant positioning in kinematically aligned TKA? 

Kinematic alignment in TKA strives to restore native 
flexion-extension and longitudinal rotation axes of the tib-
iofemoral joint. [44] However, the work performed by Hol-
lister, et al. [49] was performed on native cadaveric knees 
that still had intact anterior cruciate (ACL) and posterior 

cruciate ligaments (PCL). The ACL is typically sacrificed 
during TKA, and a substantial number of surgeons implant 
posterior cruciate substituting (PS) TKAs. Will sacrificing 
the PCL change the flexion-extension and longitudinal ro-
tation axes Hollister described?

A study of nine cadaver knees pre- and post- ACL re-
construction found significant changes in the longitudinal 
axes of rotation after ACL reconstruction with a relatively 
large (2.1 mm) medial translation. [72] Smaller changes 
were also present in the anterior to posterior axis (0.3 mm 
shift posteriorly) as well as the internal-external rotation 
axis (0.5° of internal rotation). [72] This intuitively makes 
sense as posteromedial wear is common in osteoarthritic 
knees after ACL attenuation. [73] Kinematic analysis of 
ACL deficient native knees has shown increased mean 
contact stresses especially posteromedially. [74] What is 
unclear is whether the varus alignment from kinematical-
ly aligned TKAs, accentuated by the lack of the ACL, will 
increase the medial tibial load enough to predispose kine-
matically aligned TKAs to earlier failure. Similarly, a PCL 
deficient knee also experiences increased tibiofemoral 
contact stresses in the medial compartment. [75] While the 
main implementers of kinematic alignment implant cruci-
ate retaining (CR) prostheses, a significant proportion of 
surgeons implant PS TKAs. [47] As such, it also stands to 
question whether performing kinematic alignment in PS 
implant designs will lead to increased contact stresses and 
earlier failure. These data stimulate the question of wheth-
er kinematic alignment is a concept best suited to bicruci-
ate-retaining TKA.

Internal rotation of femoral and tibial components has 
been frequently observed with use of kinematic alignment 
in TKA. Will these rotational variances have long-term 
effects on patellar tracking, wear, or fixation in addition to 
limiting postoperative knee flexion?

In the kinematically aligned TKA, the optimal rotation 
of the femoral component in the axial plane is based on 
restoration of the posterior femoral joint line of the pre-ar-
thritic knee. This is in-contrast to conventional techniques 
of determining rotation by placement perpendicular to the 
anterior-posterior axis, parallel to the transepicondylar axis 
(TEA), or parallel to the resected tibia with each collater-
al ligament equally tensioned. [76–78] In an MRI study of 
114 kinematically aligned TKAs, the mean posterior fem-
oral axis was found to be 4° internally rotated when com-
pared to the TEA. [79] A separate analysis of 101 kinemat-
ically aligned TKAs found femoral rotation to range from 
-3° internal to 2° external, and tibial rotation to vary from 
-11° internal to 12° external. [80] This same analysis found 
a weak negative association between internal malrotation 
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and OKS and WOMAC scores. [80] Internal rotation of the 
femoral and/or tibial components in TKA has been associ-
ated with increased patellofemoral complications, anteri-
or knee pain, premature polyethylene wear, arthrofibrosis, 
and early failure. [81–86] Although early clinical outcome 
studies have shown promising results for kinematically 
aligned TKAs, the most common reason for revision was 
patellofemoral complications (1.2%). [70] These included 
patellar instability, and anterior knee pain requiring lateral 
patellar facet excision. While these failures are likely mul-
tifactorial, it does bring up the concern that kinematical-
ly aligned TKAs may have a higher incidence of patellar 
problems because of the relatively higher incidence of in-
ternal femoral and tibial component rotation. Additionally, 
Boldt, et al. [87] observed a clear correlation between ar-
throfibrosis and placement of the femoral component inter-
nally rotated relative to the TEA.  

Does kinematic alignment work well for all knees 
requiring TKA?

Does this concept work for all implant designs? Is it 
still safe to use this method in knees with severe angular 
deformity and ligamentous attenuation? It is known that 
the ACL serves as a secondary stabilizer of the lateral flex-
ion gap. Flouroscopic studies of PCL-retaining TKAs have 
shown that femoral condylar lift-off predominately occurs 
laterally, believed secondary to loss of the stabilizing ef-
fect of the ACL. [88] Lateral femoral condylar lift-off in-
creases medial condylar loads. If the tibial component is 
already positioned in varus, will this, in conjunction with 
loss of the ACL result in medial tibial overload and prema-
ture failure?

Summary/Conclusions

While extensive long-term data supporting reli-
able clinical outcomes and survivorship of mechanically 
aligned TKAs exists, there continues to be up to 20% of 
TKA patients who are not satisfied with their functional 
outcomes. While this reality is likely multifactorial in na-
ture, and not solely due to knee alignment, it is also known 
that neutral mechanical alignment is not necessarily the an-
atomic normal. This has led some surgeons to advocate a 
paradigm shift in defining optimal component alignment. 
While short-term clinical and functional outcomes of ki-
nematic alignment are promising, long-term clinical re-
sults and survivorship are still needed to make any lasting 
conclusions. Patients with large deformities in pre-oper-
ative alignment may benefit from a kinematic alignment 
with boundaries technique.  Additionally, with increasing 

scrutiny of how health-care dollars are spent, it is unclear 
whether the adoption of expensive technology (i.e., com-
puter navigation, patient-specific instrumentation, etc.) 
which may facilitate the precision required to attain ideal 
results with kinematic alignment, will be supported with-
out long-term clinically superior results. 
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Dual Antibiotic Therapy with Vancomycin 
and Cefazolin for Surgical Prophylaxis in 

Total Knee Arthroplasty
Cohen-Rosenblum A 1, Crutcher M 1, Gui J 1, Novicoff W 1, Nelson S 1, Browne JA 1

Abstract

Background:  Perioperative administration of intrave-
nous antibiotics is a routine part of total knee arthroplasty.  
Antibiotic selection is a matter of controversy, and the po-
tential risks and benefits associated with each antibiotic se-
lection need to be considered.  The objective of this study 
is to examine the effects of routine dual antibiotic prophy-
laxis with both cefazolin and vancomycin on infection and 
renal failure after primary total knee arthroplasty (TKA) 
compared with cefazolin alone.

Methods: We performed a retrospective review of pri-
mary TKA patients for two years before and two years af-
ter routine dual antibiotic prophylaxis was implemented at 
our institution. 1502 patients were included (567 cefazo-
lin-only and 935 dual prophylaxis).  

Results: 2 patients (0.4%) in the cefazolin-only group 
had a deep surgical site infection, compared with 13 pa-
tients (1.4%) in the dual prophylaxis group (p=0.06). 46 
patients (8.1%) in the cefazolin-only group had postopera-
tive renal failure, compared with 36 patients (3.9%) in the 
dual prophylaxis group (p=0.0006).

Discussion and Conclusion: Our results did not sup-
port the routine use of vancomycin in primary total joint 
arthroplasty to decrease periprosthetic joint infection. 
However, we also did not see any clear harm due to renal 
failure in the routine use of dual antibiotic prophylaxis.  

Background

Since its controversial introduction over 50 years ago, 
perioperative administration of intravenous antibiotics has 
become a routine part of total joint arthroplasty and is prov-
en to reduce the risk of infection [1-4]. The recommended 
number and combination of specific antibiotics continues 
to be a matter of debate. The 2013 Proceedings of the Inter-
national Consensus on Periprosthetic Joint Infection found 
a strong consensus that a first or second-generation cepha-
losporin should be used for routine surgical prophylaxis, as 
well as strong consensus against the routine use of vanco-
mycin given the lack of convincing evidence available [5].  
However, with the increased prevalence of methicillin-re-
sistant Staphylococcus aureus (MRSA) having emerged 
over the past 2 decades, vancomycin is increasingly used 
for prophylaxis in primary and revision total joint arthro-
plasty [6-9]. 

Vancomycin is a glycopeptide antibiotic that inhibits 
bacterial cell wall synthesis, and has been found to be ef-
fective in the prevention of MRSA surgical site infections 
[10].  It is commonly used for surgical prophylaxis for pa-
tients with a ß-lactam allergy or MRSA colonization, ei-
ther alone or in combination with another antibiotic with 

Keywords: antibiotic prophylaxis; primary total knee 
arthroplasty; infection; renal failure
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broader coverage such as clindamycin or an aminoglyco-
side [10-12].  However, vancomycin has relatively weak 
antibacterial activity against methicillin-sensitive Staphy-
lococcus aureus (MSSA). Vancomycin is also associated 
with nephrotoxicity and ototoxicity, as well as the develop-
ment of vancomycin-resistant enterococci [13,14]. A 2015 
study found that total joint arthroplasty patients receiving 
dual antibiotic prophylaxis with vancomycin and cefazolin 
had a higher incidence of acute kidney injury than those 
treated with cefazolin only [15].

There are relatively few studies comparing antibiotic 
prophylaxis with cefazolin alone with routine dual prophy-
laxis with cefazolin and vancomycin in total joint arthro-
plasty. A 2012 retrospective review by Sewick et al. of al-
most 2000 primary total joint arthroplasty patients found 
no reduction in surgical site infections after the addition of 
vancomycin to cefazolin for surgical prophylaxis [16]. A 
2018 retrospective review of neary 1900 patients by Burg-
er et al. found that the addition of vancomycin to cefazo-
lin at least 45 minutes prior to skin incision reduced deep 
infection rates in primary hip and knee arthroplasty with a 
low risk of renal impairment [17].  

Given the potential risks of vancomycin administration 
and the relative paucity of comparative data, the purpose 
of this study was to investigate infection rates and nephro-
toxicity in total knee arthroplasty patients before and af-
ter the adoption of routine dual-antibiotic prophylaxis by 
our institution. Our hypothesis was that there would be a 
decrease in periprosthetic joint infection and an increase 
in acute kidney injury during the dual prophylaxis period.

Materials and Methods

Following Institutional Review Board approval, we 
retrospectively reviewed all patients who had undergone 
primary total knee replacements performed from January 
2010 to June 2014.  In July 2012 our institutional proto-
col switched from using cefazolin alone to dual-antibiotic 
prophylaxis with cefazolin and vancomycin for total joint 
arthroplasty, allowing the division into two groups: 1) ce-
fazolin only and 2) vancomycin and cefazolin. Primary to-
tal knee arthroplasty patients from this time period receiv-
ing a different combination of antibiotics were excluded.  
Prior to incision, patients in the cefazolin-only group re-
ceived a weight-based dose of cefazolin, with patients less 
than 70kg receiving 1g, 70-120kg receiving 2g, and over 
120kg receiving 3g. Those in the dual prophylaxis group 
received a weight-based dose of cefazolin and 1 gram of 
vancomycin.  Both groups received 2 additional doses of 
intravenous cefazolin in a 24-hour period starting 8 hours 

after the procedure. No additional postoperative dose of 
vancomycin was given to patients in the dual prophylaxis 
group. 

Electronic medical records were reviewed for age, sex, 
ethnicity, body mass index (BMI), American Society of 
Anesthesiologists (ASA) class, pre and post-operative cre-
atinine, readmission within 90 days, return to the operating 
room for another procedure, and occurrence of superficial 
or deep surgical site infection. Surgical site infection was 
defined according to the World Health Organization defini-
tion as “infections anatomically associated with a surgical 
procedure performed in an operating room and not present 
prior to the operation” [18]. Superficial surgical site infec-
tion (SSI) was considered to have occurred in any patient 
with abnormal superficial incisional signs such as redness 
or swelling, prolonged drainage, or for whom the surgeon 
administered any postoperative oral antibiotics. This di-
agnosis of SSI was made by the individual attending sur-
geon based upon clinical experience.  Deep infection was 
considered to have occurred in any patient returned to the 
operating room in the 90-day postoperative period for he-
matoma, drainage, wound dehiscence, or purulence. A cul-
ture-negative deep infection was defined as a periprosthet-
ic infection that had met Musculoskeletal Infection Society 
criteria for periprosthetic joint infection without positive 
cultures [19].  Patients with an elevation in postoperative 
creatinine were subcategorized into different stages of re-
nal failure according to the Acute Kidney Injury Network 
staging system from 1 to 3 [20]. 

Statistical analysis of the two groups was performed us-
ing Pearson’s chi-square test. In addition, logistic regres-
sion was used to control for demographic differences be-
tween groups. Power analysis showed that we needed at 
least 435 patients in each group to be able to detect a 50% 
difference in infection rates between groups (combining 
superficial and deep infections) with 80% power.

Results

1502 primary total knee arthroplasty patients were in-
cluded in the study, with 567 patients in the cefazolin-on-
ly group (65.4% female) and 935 patients (63.0% female) 
in the cefazolin and vancomycin group. Complete demo-
graphic data is shown in Table 1. 58 patients (10.2%) in 
the cefazolin-only group had a superficial surgical site in-
fection, compared with 86 patients (9.2%) in the cefazo-
lin and vancomycin group (p=0.53). 2 patients (0.4%) in 
the cefazolin-only group had a deep surgical site infection, 
compared with 13 patients (1.4%) in the cefazolin and van-
comycin group (p=0.06). The 2 deep infections in the ce-
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Table 1. Group Characteristics of TKA Patients, 2010-2014 
Cefazolin Only 

(n=567) 
Cefazolin and 

Vancomycin (n=935) 
p-value 

n (%) n (%)
Gender 

Male 196 (34.6) 346 (37.0) p = 0.347 
Female 371 (65.4) 589 (63.0)

Ethnicity 
White 436 (76.9) 766 (81.9) p = 0.021 
Black 89 (15.7) 135 (14.4)
Other 42 (7.4) 34 (3.6)

ASA class 
1 3 (0.5) 7 (0.7) p = 0.000 
2 426 (75.1) 591 (63.2)
3 137 (24.2) 332 (35.5)
4 1 (0.2) 5 (0.5)

BMI 
<18.0 3 (0.5) 1 (0.1) p = 0.020 
18.0-
24.99 

44 (7.8) 121 (12.9)

25.00 to 
29.99 

157 (27.9) 259 (27.7)

30.00 and 
higher 

359 (63.8) 554 (59.3)

BMI 
Average 
BMI ± SD 
(standard 
deviation) 

33.8 ± 7.5 32.3 ± 6.7 p = 0.000 

Age 
Average 
age (years) 
± SD 

62.5 ± 10.5 64.4 ± 10.2 p = 0.572 

Table 2. Adverse Outcomes of TKA Patients, 2010-2014 
Cefazolin Only 

(n=567) 
Cefazolin and 

Vancomycin (n=935) 
p-value 

n (%) n  (%)
Superficial 
infection 

58 (10.2) 86 (9.2) 0.5275 

Deep 
infection 

2 (0.4) 13 (1.4) 0.0606 

Readmission 
within 90 
days 

22 (3.9) 25 (2.7) 0.2215 

Return to 
surgery 

13 (2.3) 16 (1.7) 0.4435 

Renal 
failure 
(stages 
merged) 

46 (8.1) 36 (3.9) 0.0006 

Stage 1 43 (7.6) 33 (3.5) -
Stage 2 2 (0.4) 2 (0.2) -
Stage 3 1 (0.2) 1 (0.1) -

fazolin-only group were culture negative. Of the 13 deep 
infections in the cefazolin and vancomycin group, 4 were 
culture negative, while the remaining specimens grew pos-
itive cultures for methicillin-sensitive Staphylococcus au-
reus (MSSA) (4 patients), MRSA (2 patients), Streptococ-
cus agalactiae (2 patients), Enterobacter cloacae (1 patient), 
and Escheria coli (1 patient, coinfected with MRSA). 

46 patients (8.1%) in the cefazolin-only group had post-
operative renal failure, compared with 36 patients (3.9%) 
in the cefazolin and vancomycin group (p=0.0006). There 
were no statistically significant differences in 90-day read-
mission or return to operating room for further procedures 
(Table 2). Logistic regression analysis revealed an associa-
tion between BMI and deep infection (p=0.0146), and that 
female sex, ASA class 1 and 2, and being in the vancomy-

cin and cefazolin group were protective against postopera-
tive renal failure.  Complete results of logistic regression 
analysis are found in Tables 3 and 4. 

Discussion

We hypothesized that the group receiving dual antibi-
otic prophylaxis with vancomycin and cefazolin would 
have a decreased incidence of periprosthetic joint infec-
tion and an increase in acute kidney injury compared with 
the cefazolin group. In fact, somewhat counterintuitively, 
our data showed a trend towards deep infection in patients 
receiving dual antibiotic prophylaxis that did not reach sta-
tistical significance, as well as a statistically significant de-
crease in postoperative renal failure. 

A review of the existing data involving vancomycin 
and surgical site infection in total joint arthroplasty shows 
mixed results. As mentioned previously, the 2012 study 
by Sewick et al. directly comparing cefazolin monother-
apy and dual prophylaxis with vancomycin and cefazo-
lin found no significant change in surgical site infections 
(p=0.636) [16].  In contrast, the 2018 study by Burger et al. 
demonstrated a reduced rate of PJI with dual prophylaxis 
but only when the infusion of vancomycin was adminis-
tered at least 45 minutes prior to skin incision [17].  Harold 
et al. and Lamplot et al. both noted a decrease in infection 
rates when a dual antibiotic approach was incorporated 
into a multifaceted aseptic protocol to reduce the rates of 
PJI which also included modified instrument care, preop-
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Table 3: Results of Logistic Regression of TKA Patients with Deep 
Infection, 2010-2014 

p-value OR Point 
Estimate 

OR Confidence 
Interval

Vancomycin and 
cefazolin compared 
with cefazolin only 

0.0634 4.221 (0.923, 19.306) 

Female compared 
with male 

0.6235 1.341 (0.415, 4.331) 

Ethnicity compared 
with white 

Black 0.9359 1.055 (0.287, 3.877) 
Other 0.9776 <0.001 (<0.001, >999.999) 

ASA class 1&2 
compared with 3&4 

0.2037 0.493 (0.165, 1.468) 

Age 0.8696 1.329 (0.044, 39.793) 
BMI 0.0146 34.317 (2.011, 585.638)

Table 4: Results of Logistic Regression of TKA Patients with Renal 
Failure, 2010-2014 

p-value OR Point 
Estimate 

OR Confidence 
Interval

Vancomycin and 
cefazolin compared 
with cefazolin only 

0.0001 0.400 (0.250, 0.641)

Female compared 
with male 

0.0001 0.381 (0.238, 0.610)

Ethnicity compared 
with white 

Black 0.2393 1.433 (0.787, 2.609)
Other 0.9504 1.035 (0.355, 3.019)

ASA class 1&2 
compared with 3&4 

0.0027 0.477 (0.294, 0.773)

Age 0.1248 3.345 (0.716, 15.636)
BMI 0.0025 6.625 (1.943, 22.581)

erative nasal mupirocin and altered surgical skin prepara-
tion [21, 22].  

Smith et al. retrospectively reviewed two groups of pri-
mary total joint arthroplasty patients who only received 
cefazolin and those who only received vancomycin for 
surgical prophylaxis, and found decreased rates of both 
periprosthetic joint infection overall and MRSA infection 
in the vancomycin only group [8]. Ponce et al. retrospec-
tively reviewed over 18,000 primary total joint arthroplas-
ties and found an increased rate of surgical site infection 
in patients without penicillin allergy receiving vancomycin 
only for prophylaxis compared with cefazolin only (2.6% 
vs. 1.3%, p<0.01). There was no statistically significant 
difference in the surgical site infection rates for patients re-
ceiving vancomycin only compared with vancomycin and 
cefazolin (2.6% vs. 1.6%, p=0.17) [23]. Tan et al. found 
a similar rate of deep infection in primary total joint ar-
throplasty patients treated with vancomycin monotherapy 
for ß-lactam allergy compared with non-allergic patients 
receiving cefazolin, but a comparatively increased risk of 
Gram-negative infection [24].  

Kheir et al. found a higher rate of periprosthetic joint 
infection in primary total joint arthroplasty patients receiv-
ing vancomycin only compared with cefazolin only, not-
ing that only 28% of the patients in their vancomycin-only 
group received appropriate weight-based dosing of 15 mg/
kg, and that the two periprosthetic infections that occurred 
in the underdosed group were both caused by MRSA [25]. 
In our study, all patients receiving dual antibiotic pro-
phylaxis received 1g of vancomycin irrespective weight, 
which likely caused a portion likely caused a portion of 
patients to be underdosed. This could theoretically explain 
why the dual prophylaxis group did not have a lower rate 

of infection compared with the cefazolin-only group. Van-
comycin underdosing may also have contributed to the low 
rate of renal failure in the dual prophylaxis group, counter 
to our hypothesis that there would be an increase in renal 
failure in patients receiving a potential nephrotoxic medi-
cation.  In addition, there may have been a selection bias in 
the dual prophylaxis group against patients at higher risk 
of renal failure for receiving vancomycin in the first place. 

Limitations of this study include its retrospective de-
sign and the inclusion of only total knee arthroplasty pa-
tients. It is possible that our study is underpowered to show 
a difference in a relatively rare outcome such as postopera-
tive infection. Also, we did not include close follow-up of 
postoperative renal failure patients with details such as rate 
of return to baseline renal function.

Conclusions

Our results, with the numbers available, did not support 
the routine use of vancomycin in primary total joint arthro-
plasty to decrease periprosthetic joint infection. However, 
we also did not see any clear harm due to renal failure in 
the routine use of dual antibiotic prophylaxis.  Further re-
search should be done to investigate whether routine dual 
antibiotic prophylaxis with vancomycin should continue to 
be used routinely for surgical prophylaxis in total joint ar-
throplasty, or if an algorithm-based antibiotic stewardship 
program should be adopted to restrict its use to selected 
subgroups of patients.
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Abstract

Background:  There has been recent enthusiasm for the 
use of modular stemmed tibial components in obese (BMI 
≥35kg/m2) patients undergoing primary total knee arthro-
plasty (TKA). This has been mainly driven by studies dem-
onstrating statistically significant increases in the rates of 
aseptic tibial loosening (ATL) in this patient population. 
However, to our knowledge, no study has specifically eval-
uated the cost effectiveness of this current recommenda-
tion.

Methods: The following study was performed utilizing 
previously obtained data on the incidence of ATL in obese 
patients undergoing primary TKA. This data was then uti-
lized to create a cost calculator that can evaluate the price 
point at which the use of a stemmed tibial component in 
all obese patients would be less than or equal to the costs 
of revision surgery if a stemmed implant was not utilized. 

Results: Utilizing historical data with a revision rate of 
4% for aseptic loosening of the tibia on obese patients, a 
cost calculator was developed. The cost calculator requires 
the input of expected or known incidence of ATL utilizing 
a stem extension and the expected or known costs of revi-
sion for ATL. 

Conclusion: The following cost calculator quickly de-
termines a price point at which the use of a tibial stem off-
sets the costs of revision surgery. While this study may not 
provide an exact cost-effectiveness of modular stem fixa-
tion due to model limitations, it will hopefully initiate the 

discussion for providing more cost-effective individual-
ized care for this patient population.

 
Background

Obesity is currently an epidemic, affecting approxi-
mately one third of adults in the United States [1]. The av-
erage body mass index (BMI) in patients undergoing pri-
mary total knee arthroplasty (TKA) continues to increase. 
Numerous studies have demonstrated significantly worse 
outcomes in obese patients undergoing primary TKA [2–
5]. More recently, several studies have begun to identify 
obesity as a risk factor for aseptic loosening of the tibial 
component after primary TKA [6–8]. Abdel noted an ap-
proximately doubled risk of aseptic tibial loosening (ATL) 
in this patient population at 15 year follow-up [7]. They 
noted that increased implant fixation with the use of a tibial 
stem may decrease the rate of ATL in patients with a BMI 
≥ 35 kg/m2. 

The introduction of a modular tibial stem significantly 
increases fixation of the tibial component. One study not-
ed that the addition of a short tibial stem decreases proxi-
mal tibial cement-bone interface compressive stresses by 
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136% and cement-bone shear stress by 92% [9]. However, 
the use of a tibial stem has not been demonstrated to sig-
nificantly improve outcomes in obese patients undergoing 
TKA [10]. Additionally, the incidence of ATL in obese pa-
tients that receive a modular tibial stem is unknown. De-
spite limited clinical evidence, there has been increased 
use of tibial stems in obese patients undergoing primary 
TKA to decrease the incidence of ATL.

Utilization of a tibial stem has several limitations in-
cluding increased surgical time, increased difficulty of re-
vision of the implant, and cost. The addition of a tibial 
stem is not available with all tibial baseplates. Some im-
plants may require conversion from the standard prima-
ry tibial tray to a revision tibial tray. Conversion to a re-
vision tibial tray may substantially change implant costs 
based on the cost differential of the primary and revision 
implant pricing. Currently, there is almost no data avail-
able if utilizing a modular stemmed tibial component for 
obese patients undergoing primary TKA is cost-effective. 
Therefore, the following study was designed to develop a 
cost-calculator that would evaluate the price point at which 
the use of a tibial stem would offset the cost of revision 
surgery in obese patients (BMI ≥ 35 kg/m2) undergoing 
primary TKA. The cost calculator was then applied to a 
high volume arthroplasty center to determine the projected 
costs at this institution. While the following cost calculator 
only represents a very basic model of cost-effectiveness, 
the primary goal for this study is to begin the discussion in 
providing cost-effective personalized medicine for obese 
patients undergoing primary TKA.

Materials and Methods

The following study was performed utilizing historical 
data on the incidence of ATL in patients undergoing pri-
mary TKA [7]. This dataset included retrospectively col-
lected information from 1998 to 2012 utilizing a variety of 
contemporary total knee arthroplasty designs. Four major 
implant manufacturers were included, specifically DePuy 
(Warsaw, IN), Stryker (Mahwah, NJ), Zimmer (Warsaw, 
IN), and Smith and Nephew (Memphis, TN). Stratifying 
aseptic loosening by BMI, obese patients had a statisti-
cally significant increased rate of aseptic loosening at 15 
years (4.26% vs. 2.16%) and a hazard ratio 2.3 (p=0.003). 
It should be noted that some primary implants have differ-
ent implant geometry or stem lengths which may not have 
significantly higher rates of tibial loosening in obese pa-
tients, and this particular implant was not included in the 
study design11.  

The four percent incidence of ATL in obese patients at 

15 years, with contemporary total knee arthroplasty de-
signs, was then utilized as the main determinant for build-
ing the cost calculator. The following formula was utilized 
to determine if the costs of the addition of a tibial stem 
were cost effective: 

t = Costnon-stemmed -Coststemmed

t represents the cost of the tibial stem. Costnon-stemmed rep-
resents the cost for revision surgery assuming the historical 
incidence of 4% for all obese patients undergoing primary 
TKA without a stemmed tibial component. Coststemmed rep-
resents the cost for revision surgery based on the incidence 
of revision when utilizing a stemmed tibial component in 
all patients.

For simplification of the scoring calculator, variables 
that could be easily identified at most institutions, includ-
ing the incidence of ATL when a stemmed tibial compo-
nent and the cost of revision for aseptic loosening were 
utilized. More sophisticated modeling would likely con-
sider variables that are more challenging to quantify such 
as quality adjusted life years, pain scoring, vocational ab-
sences, costs of complications, etc. However, the aim of 
this study was only to determine at what price point the 
cost of the tibial stem offsets the cost of revision for ATL. 

A scoring calculator was then developed that would cal-
culate the cost of a tibial stem by allowing the user to in-
sert two variables; 1. the incidence of ATL when a modular 
tibial stem was utilized, and 2. the cost of revision sur-
gery for ATL.  An example was then utilized to demon-
strate how the calculator might be applied. Additionally, 
the calculator was applied to a high volume joint center to 
determine if the costs of the modular tibial stem offset the 
costs of revision for aseptic loosening at each institution. 
It should be noted that at our institution, a short (<40 mm) 
supplemental cemented tibial stem was utilized for addi-
tional fixation. No long constructs or cementless designs 
were included.

Results

A scoring calculator was developed utilizing price 
points of revision surgery beginning at $5,000 and increas-
ing by $5,000 intervals up to $50,000. The rates of aseptic 
loosening were listed from 0% to 4.5%. An aseptic loos-
ening rate of 4% identified the point at which the use of 
a tibial stem could not add any additional cost to the total 
implant price or it would no longer be cost effective. Addi-
tionally, 4.5% was included only for completeness. It was 
not believed that the use of a tibial stem would result in a 
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Table 1: Cost Calculator Table	
Cost of Revision for aseptic loosening (dollars)

Aseptic 
loosening 
Incidence 

(%)

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

0 200 400 600 800 1000 1200 1400 1600 1800 2000
1 150 300 450 600 750 900 1050 1200 1350 1500

1.5 125 250 375 500 625 750 875 1000 1125 1250
2 100 200 300 400 500 600 700 800 900 1000

2.5 75 150 225 300 375 450 525 600 675 750
3 50 100 150 200 250 300 350 400 450 500

3.5 25 50 75 100 125 150 175 200 225 250
4 0 0 0 0 0 0 0 0 0 0

4.5 -25 -50 -75 -100 -125 -150 -175 -200 -225 -250

higher rate of aseptic loosening. 
For the creation of the table, the 
revision rate in patients that did 
not receive a stem was assumed 
to be 4%. The following tibial 
stem cost calculator can be seen 
in Table 1.

 
Case Example

The cost calculator can be 
utilized to determine the cost-ef-
fectiveness of the stem when the 
incidence of aseptic loosening 
of the tibial implant is known as 
well as the cost of revision sur-
gery for aseptic loosening of the 
tibia. Therefore, if a hospital has 
a known incidence of 1.5% for ATL when a tibial stem is 
utilized and the costs for a revision for aseptic loosening 
are $30,000 per revision; the tibial stem would need to be 
less than $750. If the stems cost any more than $750 the 
cost of revision for ATL would be less than the total costs 
for the use of stems.

t = Costnon-stemmed -Coststemmed

t =  4%($30,000) – 1.5%($30,000)
t = $1,200 - $450

t = $750

High Volume Center
The following institution has less than a 1% incidence 

of ATL when utilizing a tibial stem. Therefore, 1% ATL 
was utilized for the following calculation. The cost of re-
vision surgery for ATL is approximately $45,000/revision 
(based on average hospital collections). Therefore, the 
cost calculator demonstrates that the cost of the tibial stem 
should be $1,350. However, at this institution, the costs for 
the tibial stem are $2,000/stem. Therefore, each additional 
case where a tibial stem is utilized represents an additional 
$650/case in costs.

t = 4%($45,000) – 1%($45,000)
t = $1,800 – $450

t = $1,350

Discussion

Obesity remains a substantial risk factor for complica-
tions and worse outcomes following primary TKA [4,12–
15]. Many studies have associated obesity with increased 

implant loosening rates, but there remains a paucity of data 
regarding the economic considerations in this patient pop-
ulation [6,8]. A recent study by Abdel et. al. has recom-
mended considering the use of a stemmed tibial compo-
nent in obese patients undergoing primary TKA [7]. While 
this may potentially reduce the incidence of ATL in this pa-
tient population, we believe that this practice may signifi-
cantly increase the cost of joint replacements if appropri-
ate implant pricing has not been considered. Therefore, the 
following study provides a framework for implant pricing 
to begin the discussion of improving cost-effectiveness in 
obese patients undergoing primary TKA.

Recent studies have demonstrated that the average BMI 
in patients undergoing primary TKA has continued to rise 
[16]. The average BMI is approaching 35 kg/m2. If a mod-
ular stemmed tibial component was utilized in all patients 
with a BMI ≥35 kg/m2, approximately 50% of patients 
would require this implant. If cost-effectiveness is not con-
sidered, there is a potential for these implants to add exces-
sive additional costs. This would be contradictory to the 
current emphasis that has been placed on cost-containment 
in total joint replacement. Therefore, this study critically 
analyzes the costs of utilizing a stemmed tibial component 
in obese patients undergoing primary TKA with a goal of 
providing more cost-effective individualized care.

The cost-effectiveness of the tibial stem in this model is 
dependent on multiple factors. First, the incidence of ATL 
is extremely important. The lower the incidence of ATL in 
the obese population implanted without stems, the great-
er the number needed to treat to prevent this complication 
and therefore increased costs. Next, the incidence of asep-
tic loosening in obese patients in which a tibial stem was 
utilized can dramatically alter the cost-effectiveness. In an 
ideal scenario, the use of a tibial stem would prevent all 
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cases of tibial loosening. However, realistically, there will 
be a small percentage of patients that still develop ATL in 
this patient population. Preferably, this percentage would 
not be greater than the incidence of loosening in patients 
where a tibial stem was not utilized. One final consider-
ation would be the cost of revision surgery for aseptic loos-
ening. The more expensive the revision surgery, the more 
cost-effective the stem can potentially become. 

Current pricing for tibial implants is commonly nego-
tiated between hospital systems and the implant manufac-
turers. A thorough understanding of each implant’s revi-
sion options is therefore necessary. Some implant models, 
can readily incorporate a stem on their primary tibial tray. 
However, other tibial implants are not modular and require 
conversion to a revision tibial tray. There may be substan-
tial cost differences between adding a stem and changing 
to a revision tibial tray. Therefore, the modularity or abil-
ity to accept a tibial stem must be factored into the cost-ef-
fectiveness of supplemental tibial stem fixation. It should 
be noted that decreasing 90-day complication and readmis-
sion rates is one of the main focuses of many hospital sys-
tems. However, preventing aseptic loosening years later 
may be overlooked in many discussions on implant pricing 
but should be considered.

As was identified in the clinical example, the cost of a 
tibial stem was not cost-effective based on this simplified 
cost calculator. The high volume center had an increased 
cost of $650/stem. It is possible that other variables, in-
cluding quality of life, could have been modeled into the 
cost-analysis and provided more favorable results for the 
use of a modular tibial stem. However, there is currently 
limited clinical evidence that supports the benefits for the 
use of a tibial stem. Therefore, further reductions in the 
price of a tibial stem may be necessary to increase the cost-
effectiveness of these implants. Considering that the av-
erage BMI is now approaching 35 kg/m2, approximately 
300,000 of the estimated 600,000 annual TKAs will likely 
require a tibial stem. The use of tibial stem may increase 
the costs by approximately $200 million utilizing this data. 
However, the main objective of this study is not necessar-
ily to recommend for or against the use of modular tibial 
stems. The goal is to initiate the discussion of cost-effec-
tiveness of global use of these stems in all obese patients, 
with a focus on individualized care.

Currently, there is a small margin for cost-effectiveness 
of the tibial stem based on this model. When implant costs 
rise above a certain threshold, the tibial stem can add sub-
stantial costs to the surgery. Unfortunately, as the average 
BMI in patients undergoing primary TKA increases, this 
will further increase the costs. Therefore, more selective 
utilization of tibial stems in obese patients may further im-

prove cost-effectiveness of the implant. Fehring et. al. re-
cently identified smaller implant size and obesity to be as-
sociated with aseptic tibial varus collapse [8]. He noted 
that higher tibial stress appears to be a risk factor for this 
failure mechanism and recommended consideration of a 
stem for additional fixation at a critical tibial stress thresh-
old of 300,000 Pa. Subsequently, Martin et. al. noted that 
preoperative varus deformity may also be associated with 
aseptic tibial varus collapse [6]. Screening patients for risk 
factors associated with ATL (smaller implant size and pre-
operative varus deformity) will improve the cost-effective-
ness of the tibial stem.

While this study represents the first attempt to dem-
onstrate the cost-effectiveness of utilizing a tibial stem in 
obese patients undergoing primary TKA, there are sever-
al limitations. First, this study utilizes a basic model that 
attempts to determine the cost-effectiveness of utilizing 
a stemmed tibial component. The modeling process has 
inherent limitations and is not as accurate as a random-
ized prospective trial. However, the time and cost-savings 
of the model are notable and does spark the debate of the 
cost-effectiveness of modular stem fixation in obese pa-
tients undergoing primary TKA. Unfortunately, this model 
does not address all of the variables but may lead to im-
proved modeling in the future. Second, implant pricing is 
not universal. Higher volume centers will likely be able 
to obtain implants at a reduced cost. This can impact the 
cost-effectiveness models by increasing the price of the 
implants as well as the cost of revision. Third, the rate of 
ATL is based on historic controls. Higher rates of aseptic 
loosening will increase the cost-effectiveness of the tibial 
stem. Additionally, the ability of the modular tibial stem to 
prevent ATL is not known. As the rate of revision for asep-
tic loosening of the stemmed tibial component approaches 
the rate of aseptic loosening without a stem, the additional 
costs of the stem will eventually become cost-ineffective 
at any price. Finally, this study attempts to simplify the 
complexities of calculating cost-effectiveness. It is very 
challenging to determine an exact cost associated with re-
vision surgery. The costs represented in this study do not 
factor in patient’s debility before or after surgery, second-
ary effects of caregivers, the need for nursing/rehab facility 
use, or post-operative complications that are not captured 
in the 90-day global period, or the costs of work absences 
[17,18]. As these other variables are included, the cost-ef-
fectiveness of the modular tibial stem will likely increase 
as well. The authors acknowledge this as a substantial lim-
itation, and understand that further investigation is neces-
sary on this topic to build more accurate models. However, 
with the recent push for cost-containment in arthroplasty 
surgeries, there will be greater scrutiny on the costs of im-
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plants. Therefore, this study offers an introductory view 
into the cost-effectiveness of tibial stems.

Conclusion

Utilization of a tibial stem in obese patients has been 
advocated as a method for decreasing the rates of aseptic 
loosening in primary TKA. Currently, there are few clin-
ical studies that have demonstrated a significant reduc-
tion in aseptic loosening with a modular stemmed tibial 
component. However, theoretical benefits have led many 
surgeons to adopt this methodology. The following cost 
calculator was proposed as a method for rudimentarily cal-
culating the cost-effectiveness of utilizing a tibial stem. 
This study is not meant to specifically determine implant 
pricing, but rather to re-evaluate clinical practices in or-
der to provide more cost-effective individualized medi-
cine. We therefore would recommend more selective utili-
zation of tibial stems in obese patients undergoing primary 
TKA whenever possible to improve the cost-effectiveness 
of these implants.
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Abstract

Background:  A single stage bilateral total hip ar-
throplasty (BTHA) utilizing the direct anterior approach 
(DDA) has been reported to have a similar incidence of 
perioperative complications as unilateral total hip arthro-
plasty (THA).  However, previous studies have included 
various surgeons with differences in contraindications, 
protocol, technique and/or experience.

Questions/Purposes: The purpose of this retrospective 
review was to compare perioperative outcomes in single-
stage bilateral and unilateral total hip arthroplasties via the 
direct anterior approach performed by a single, fellowship 
trained, high volume arthroplasty surgeon.

Methods: A retrospective review was completed on con-
secutive single-stage bilateral total hip arthroplasties per-
formed between 2009 and 2017 and compared to consecu-
tive unilateral total hip arthroplasties performed between 
2014 and 2016.  Perioperative data and complications oc-
curring within 90 days were collected for all included pa-
tients.  Student t-tests were performed to detect differences 
between bilateral and unilateral surgical variables.

Results: A total of 349 patients (531 hips) were in-
cluded, consisting of 182 BTHA patients (364 hips) and 
167 unilateral THA patients. Patients undergoing unilat-
eral THA had significantly lower operating time, shorter 
length of stay, lower estimated blood loss, lower rate of 
transfusions and higher rate of home discharge compared 
to BTHA (p<0.001). Complications were present in four 

unilateral THA patients, three requiring revision, and nine 
BTHA patients, three requiring revision.

Conclusions: There was no difference in complica-
tions, as well as no perioperative mortalities or systemic 
complications, within 90 days following surgery between 
unilateral and bilateral patients.  Based on these results, 
single-stage DAA BTHA is a safe procedure to perform, 
and did not appear to result in higher rates of complica-
tions when compared to patients receiving a DAA unilat-
eral THA.

Background

Total hip arthroplasty (THA) is commonly performed 
for the treatment of osteoarthritis, with previous research 
citing good clinical outcomes and survivorship, as well 
as consistently high patient satisfaction outcomes.  These 
positive outcomes have increased with the introduction of 
the minimally invasive direct anterior approach (DAA), 
providing shorter recovery time, improved pain control 
and increased functional scores following surgery.  How-
ever, previous research has reported up to 25% of patients 
undergoing THA for the treatment of osteoarthritis will re-
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Table 1.  Demographic information for all patients and by gender								      
Unilateral Bilateral

Males Females Males Females
n = 79 n = 88 n = 81 n = 101

Mean SD Range Mean SD Range Mean SD Range Mean SD Range
Age 65.6 ± 9.6 (39,86) 67.5 ± 11.0 (89,23) 61.7 ± 10.5 (25,85) 64.6 ± 11.3 (25,92)
Weight 
(kg)

79.4 ± 17.9 (37.6,142.4) 71.9 ± 16.9 (39.9,130.1) 84.5 ± 13.9 (49.0,123.8) 64.7 ± 11.9 (41.3,119.3)

Height 
(cm)

169.2 ± 10.2 (148.6,195.6) 163.3 ± 9.7 (146.1,190.0) 174.6 ± 8.4 (147.3,190.5) 159.1 ± 8.4 (137.2,175.3)

BMI 28.2 ± 5.2 (18.5,47.7) 26.1 ± 5.1 (16.9,39.0) 27.7 ± 4.0 (18.0,38.1) 25.6 ± 4.7 (17.6,45.1)
ASA

1 1 0 0 2
2 38 47 42 70
3 40 40 39 28
4 0 1 0 1

n = number of patients in group; SD = standard deviation; kg = kilograms; cm = centimeters
BMI = body mass index; ASA = American Society of Anesthesiologist classification

quire a contralateral THA [1,2], with 10% of those patients 
having met the criteria for bilateral THA (BTHA) at initial 
presentation [3,4].  

A two-stage THA, in which two unilateral surgical pro-
cedures are performed, has historically been preferred due 
to the decreased risk of single event large blood loss, ve-
nous thromboembolic events and delays in recovery time 
[5].  However, current research supports the use of one-
stage BTHA, in which the surgical procedure is performed 
under one anesthetic event, reporting shorter operating 
times and potentially more symmetrical post-operative 
limb lengths [6-10].  Additionally, single-stage BTHA pa-
tients have previously been reported to have faster recov-
ery time, with improved hip flexion and performance in ac-
tivities of daily living [11].  

Previous research evaluating the single-stage BTHA 
utilizing a DAA has reported low incidence of periop-
erative complications and rates of transfusions [12,13].  
When comparing unilateral DAA THA and one-stage DAA 
BTHA, no differences were reported in perioperative com-
plications, length of stay and discharge disposition [14].  
However, sample sizes were small and data was pooled 
from various surgeons with differences in contraindica-
tions, protocol, technique and/or experience.  The purpose 
of this retrospective review was to compare perioperative 
outcomes in single-stage DAA BTHA and unilateral DAA 
THA performed by a single, fellowship trained, high vol-
ume arthroplasty surgeon at a single multispecialty com-
munity institution.  

Materials and Methods

This institutional review board approved study was a 
retrospective chart review of DAA THAs performed by a 
single, fellowship trained arthroplasty surgeon.  Consec-
utive single-stage DAA BTHA performed between 2009 
and 2017 were evaluated and compared to consecutive uni-
lateral THAs performed between 2014 and 2016.  For both 
groups, inclusion criteria for this review was all elective 
THAs performed for radiographic and clinical evidence 
of symptomatic hip osteoarthritis, rheumatoid arthritis or 
avascular necrosis in one or both hips. Patients with severe 
congenital deformity or dysplasia were not excluded. Pa-
tients undergoing THA for femoral neck fractures were ex-
cluded.  A total of 349 patients (531 hips) were included, 
consisting of 182 BTHA patients (364 hips) and 167 uni-
lateral THA patients. Demographic information for both 
groups is presented in Table 1.

All patients received a cementless total hip replace-
ment performed through a direct anterior approach as de-
scribed by Matta et al. [15,16] using a specialized fracture 
table (Hana®, Mizuho OSI, Union City, CA) and intraop-
erative fluoroscopy.  For single-stage BTHA, the left hip 
was usually performed first. Patients received either gen-
eral anesthesia, spinal anesthesia or a paravertebral block 
at the discretion of the attending anesthesiologist. All pa-
tients received an intraarticular injection mixture of Ropiv-
icaine, Toradol and epinephrine in the amount appropriate 
for their weight as determined by the anesthesiologist.  All 
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Table 2.  Comparison of surgical variables by group
Unilateral THA Bilateral THA p-value

n = 167 n = 182
Mean SD Mean SD

ORT (min) 75.2 ± 12.3 170.1 ± 38.0 <0.001
LOS (days) 2.1 ± 0.9 2.6 ± 0.1 <0.001
EBL (cc) 239.2 ± 76.6 402.8 ± 99.4 <0.001
Home Discharge 86.0% 67.0% <0.001
Transfusion 6.6% 12.4% <0.001

THA = total hip arthroplasty; SD = standard deviation
n = number of patients; ORT = operating room time
min = minutes; LOS = length of hospital stay
EBL = estimated blood loss; cc = cubic centimeters

patients received a multimodal preoperative pain control 
protocol which consisted of 200 mg of oral Celebrex, 500 
mg of oral Tylenol and 10 mg of OxyContin prior to sur-
gery. All patients received appropriate prophylactic antibi-
otics just prior to surgery and for 24 hours following sur-
gery. All patients received 325 mg of Aspirin twice daily 
following surgery for deep vein thrombosis chemoprophy-
laxis unless they could not tolerate Aspirin or if risk fac-
tors such as previous deep vein thrombosis or pulmonary 
embolism necessitated chemoprophylaxis with Lovenox or 
other anticoagulants.  Following surgery, as needed oral 
narcotic medications and 500 mg - 1000 mg of oral acet-
aminophen were given every six hours. Intravenous nar-
cotic medications were used only if pain exceeded the oral 
pain medications given.

All patients had physical therapy initiated on the day of 
surgery and twice daily while hospitalized. Immediate full, 
unrestricted weight bearing was allowed. Patients did not 
have hip precautions and were specifically educated before 
surgery that they could perform any hip motions that they 
felt safe and comfortable to do at any time following sur-
gery.  Decision on time of discharge and disposition were 
made as a team (which included the physical therapist) and 
was dependent on the physical performance and ability to 
safely and independently perform activities of daily living 
and stair negotiation. Discharge to home, acute inpatient 
rehabilitation or skilled nursing level transfer was decid-
ed based on the functional abilities of the patient follow-
ing surgery.

Patients were seen two weeks following surgery to as-
sess wound healing, then at six weeks, three months, six 
months, one year and two years following surgery with 
plans for follow up every five years thereafter.  Immedi-
ately following surgery, patients had supine anteroposte-
rior radiographs taken in the recovery bay. Weight bear-
ing anteroposterior pelvis radiographs as well as frog leg 
lateral views were taken at the six week visit. Repeat films 
were done at the six month evaluation and at one year and 
two years following surgery. Patients with unusual pain or 
clinically abnormal symptoms had appropriate evaluations 
as indicated by the specific complaints. 

Surgical data reviewed included operative times (skin 
incision to skin closure), estimated intraoperative blood 
loss, postoperative or intraoperative rate of blood trans-
fusions, length of hospital stay and discharge disposition.  
Perioperative complications were defined as any complica-
tion arising within 90 days following surgery.  All serious 
postoperative complications that required repeat surgery 
were recorded prospectively. Thigh pain and groin pain 
that persisted past six weeks following surgery were also 
recorded prospectively and monitored. Any serious medi-

cal complications such as myocardial infarctions, cerebro-
vascular events, deep vein thrombosis or pulmonary em-
boli were likewise reported.  Readmissions for any reason 
were also recorded within 90 days following surgery.

Demographic information for both groups were orga-
nized by gender.  Descriptive statistics, including means 
and standard deviations, for all surgical based outcomes 
were determined for all patients by group.  Student t-tests 
were performed to detect differences between BTHA and 
unilateral THA surgical variables, with a significance level 
of p<0.05.

Results

Patients undergoing unilateral THA had significantly 
lower operating time, shorter length of stay, lower estimat-
ed blood loss, lower rate of transfusions and higher rate 
of home discharge compared to BTHA (p<0.001) (Table 
2).  Complications were present in four unilateral THA pa-
tients, three requiring revision, and nine BTHA patients, 
three requiring revision (Table 3).

 

Discussion

Although previous studies have demonstrated the safety 
and efficacy of BTHA performed through the DAA [4,17], 
the single surgeon design of current study provides unifor-
mity in protocol, technique and surgeon experience, thus 
providing a more accurate evaluation of perioperative out-
comes.  In the current study, complications were present in 
2.1% of unilateral THA and 2.5% of BTHA, with no peri-
operative mortalities or systemic complications, to include 
cardiac or cerebrovascular events, deep vein thrombosis or 
pulmonary embolism.  
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Table 3. Surgical Complications	
Patient Gender Age BMI ASA ORT 

(mins)
LOS 

(days)
Complication Revision 

Required
Unilateral

1 Female 57 27.5 3 98 2 Intraoperative Femur Fracture No
2 Female 73 20.8 3 63 3 Periprosthetic Femur Fracture Yes
3 Female 83 27.3 2 73 7 Periprosthetic Femur Fracture Yes
4 Female 54 17.7 2 105 2 Dislocation Yes

Bilateral
1 Male 66 21.2 3 60 3 Deep Infection No
2 Female 67 20.3 2 193 4 Intraoperative Femur Fracture No
3 Female 77 24.6 3 137 4 Periprosthetic Femur Fracture Yes
4 Male 64 23.4 2 128 2 Superficial Infection No
5 Male 70 31.6 2 91 4 Periprosthetic Femur Fracture Yes
6 Male 25 25.1 2 147 1 Superficial Infection No
7 Female 41 25.1 1 251 3 Dislocation No
8 Female 77 25.4 2 181 3 Periprosthetic Femur Fracture Yes
9 Female 71 24.8 3 164 2 Superficial Infection No

BMI = body mass index; ASA = American society of Anesthesiologist physical status classification; 
ORT = operating room time in minutes; LOS = length of stay in days	

In addition to being a large, single surgeon cohort, the 
inclusion criteria for this study was widely inclusive and 
single-stage DAA BTHA was offered to all patients with 
bilateral involvement regardless of age or comorbidities.  
This is different than previous studies, in which patients 
were excluded from single stage bilateral consideration 
based on age, preoperative anemia, pulmonary disease, re-
nal disease and history of cardiac events [4,12-14,18].  In 
the current study, patients experiencing a complication did 
not represent the extremes in age, BMI or ASA category, 
challenging the concern inferred by previous studies that 
patients in these categories should be excluded from one-
stage BTHA.  

All surgical outcome measures were significantly dif-
ferent between unilateral THA and BTHA, as expected.  
Operating time for BTHA patients was approximately 
85 minutes per hip compared to 75 minutes for unilateral 
THA, with the extra time most likely due to the redrapping 
of the patient.  Length of stay was statistically significantly 
longer for BTHA than unilateral THA but clinically insig-
nificant, and more unilateral THAs were discharged direct-
ly home, highlighting the increased short term functional 
limitations expected in the BTHA patients.  Remarkably, 
nearly 70% of single stage DAA BTHA patients were able 
to discharge directly home after an average hospital stay of 
only 2.6 days. 

There were a number of limitations in the current study.  

First, this was a retrospective evaluation of two surgial 
procedures.  However, all procedures were performed by 
the same surgeon with the same standard of care proto-
col for each patient, limiting the influence of surgical tech-
nique and protocol on the outcomes.  Additoinally, patients 
were not excluded from the study based on commorbidi-
ties, therefore, eliminating the patient selection as a poten-
tial bias in the results.  Secondly, no long term follow up or 
patient outcome measures were collected in this study so 
no conclusion can be made about function or patient sat-
isfaction following surgery.  However, the purpose of this 
study was to descibe only perioperative complications oc-
curing during the two procedures, determining if the sin-
gle-stage BTHA was a safe option of patients with bilateral 
symptoms.

Conclusion

In this retrospective comparison, perioperative compli-
cations were present four unilateral THA patients, three 
requiring revision, and nine BTHA patients, three requir-
ing revision, within 90 days following surgery.  As expect-
ed, unilateral THA patients had significantly lower oper-
ating time, shorter length of stay, lower estimated blood 
loss, lower rate of transfusions and higher rate of home dis-
charge compared to BTHA.  Uniquely different than previ-
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ous research, exclusion criteria did not differ between the 
unilateral THA and BTHA groups.  All patients with bilat-
eral hip arthritis were offered single stage BTHA regard-
less of age or comorbidities.  This is the first study to report 
a complication comparison in a large cohort of patients un-
dergoing BTHA via the DAA by a single surgeon, without 
excluding patients of advanced age or presence of co-mor-
bidities. Based on these results, single-stage DAA BTHA 
is a safe procedure to perform, and did not appear to result 
in higher rates of complications when compared to patients 
receiving a DAA unilateral THA. 
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Expect Innovation.
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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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Proven Performance
• In clinical use since 2004

• Over 50,000 implantations

Polymer Cerclage System

Locking or compression screw can be 
placed in any screw position

Curved and straight plate options
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SuperCable®

Eliminate Cable-Generated 
Metal Debris
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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    
without harming underlying tissues. 

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, 
contents include: 

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

 Irririnse, Step 2, 450 mL bottle, 0.9% 
sodium chloride, (USP) 

 Set of 3 applicators fitting both    
Irrisept and Irririnse bottles 

Irrisept is a FDA-Cleared (K080779), Class II Medical Device 
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Levels of Evidence
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.

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.
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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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