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Abstract

Background: “Fast-Track” protocols have been intro-
duced in TKA with the intention to increase health care
savings while maintaining or improving patient outcomes.
The influence of the implant design in a “Fast-Track” set-
ting has not been described yet. The primary goal of this
study was to compare a customized implant with standard
off-the-shelf (OTS) devices when utilizing a “Fast-Track”
protocol

Methods: Sixty-two (62) patients were prospective-
ly enrolled at a single center and implanted with either a
customized or a standard off-the-shelf implant resulting in
thirty (30) patients being treated with an OTS design and
thirty-two (32) with the customized design. The same insti-
tutional fast-track protocol was utilized on all patients and
included pre-, intra-, and postoperative medical treatment.
We assessed total length of stay (LOS), discharge destina-
tion and range of motion at 6-8 weeks post-op and at an av-
erage of 16 months post-op follow-up to compare the OTS
implant with the customized device. Implant survivorship
was assessed at a minimum of 25 months post-op.

Results: Using the fast track protocol we were able to
decrease overall LOS to 2.1 days versus 3.6 days prior to
introduction of the protocol. The use of the customized im-
plant further reduced LOS significantly to 1.6 days. Sig-
nificantly higher number of patients who got implanted
with the customized device (66%) were discharged with-
in 24 hours than in the OTS group (30%). Patients treated

with the customized implant were found to be discharged
home more often than patients treated with the OTS im-
plants (97% vs. 80%) and achieved higher range of motion
both at 6-8 weeks (114° vs. 101°) and at an average of 16
months (122° vs. 114°) than patients who got treated with
the OTS device. At an average follow-up of 28 months,
there was 1 implant revision in the customized group (due
to tibial fracture resulting from patient fall). For the OTS
group there was 1 implant revision (late infection) and 1
poly swap (due to instability).

Discussion: Based on our analysis we observed a pos-
itive influence of the customized device on patient out-
comes and hospital metrics and we therefore conclude
that the implant choice is an important factor for TKA in a
“fast-track” setting.

Background

In the current health care environment there is an in-
creased focus on health care savings while maintaining or
improving patient outcomes. This has become an impor-
tant factor for patients undergoing total knee arthroplasty
(TKA) with practicing physicians constantly aiming to in-
crease the efficiency and cost effectiveness of the proce-
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dure. One methodology to decrease patient’s length of stay
(LOS) is to incorporate a fast track protocol and thereby
reducing per patient burden on the hospital. “Fast-track”
has been defined as a hospitalization which provides best
possible evidence-based treatment, using fewer clinical re-
sources within a hospital stay while maintaining high pa-
tient satisfaction and few complications [1]. Success cri-
teria have been described as reduction of perioperative
morbidity, optimized pain management, shorter convales-
cence, a reduction in postoperative length of stay and a
rapid functional recovery due to early mobilization [1-3].

Previous studies examining clinical outcomes follow-
ing a fast track protocol have shown that changing patient
care has its benefits and drawbacks. They have investigat-
ed various factors such as the type of anesthesia, postoper-
ative rehabilitation and optimized pain relief that can influ-
ence faster discharge while maintaining optimum patient
care [4-6]. Preoperative anemia in fast-track TKA howev-
er has been seen to be associated with an increased risk of
patients receiving transfusion during admission, increased
risk of readmission within 90 days from the procedure and
increased risk of LOS of more than 5 days [7].

To our knowledge, the effect of an implant design on
overcoming these challenges has not been examined. Cus-
tomized implants, designed to provide optimal fit by rep-
licating patient individual knee geometry, and particularly,
restoration of the patient’s femoral condylar anatomy, have
been introduced to the market with the goal to achieve bet-
ter patient outcome, faster recovery and mobilization post-
surgery and therefore reducing the time of hospitalization.

Hence the purpose of our study was to compare stan-
dard off-the-shelf implants with a customized TKA design
in a well-defined “Fast-Track” setting to determine, if im-
plant design has any significant influence on hospital met-
rics or patient outcomes.

Methods

In this single-center case series sixty-two (62) patients
were prospectively enrolled and were implanted with one
of two implant systems. All surgeries were performed by
the same surgeon. All patients consented for their data to
be used for research purposes. Patients were given the op-
tion to choose between the customized and a standard off-
the-shelf (OTS) implant based on the preference for tim-
ing of the surgery. Patients who preferred their procedure
to be on the next possible date were treated with the OTS
implant and patients who were willing to wait 6 weeks, the
timespan needed for the implant manufacturing process,
with the customized design.

This resulted in thirty (30) patients being treated with
an OTS (53% female) (Columbus® Total Knee System,
B Braun Melsungen AG, Hessen, Germany; Vanguard®
Knee System, Zimmer Biomet, Warsaw, Indiana) and thir-
ty-two (32) with the customized implant (41% female)
(iTotal®G2, Cruciate Retaining TKA, ConforMIS, Inc.,
Billerica, MA). Regardless of component brand, all pa-
tients in both groups received a cruciate retaining TKA
level of constraint. Patient demographics in terms of age at
the time of surgery (57.2yrs OTS and 57.3yrs Customized;
p=0.969), BMI (31.0 OTS and 33 .4 Customized; p=0.116)
and 17 tracked comorbid conditions (e.g. Diabetes, coro-
nary artery disease, hypertension etc.) were collected pre-
operatively to ensure patients of both groups were compa-
rable. No statically significant difference could be seen in
the observation (Tables 1 and 2). During hospitalization
the same institutional fast track protocol was utilized on
all patients included in this study. As such it involved pre-
operative medical treatment with Hibiclens® (Molnlycke,
Norcross, Georgia, USA) daily for three days and Bactro-

Table 1. Patient demographics

OTS Customized | p-value
Number of Patients 30 32
Gender (% Female) 53% 41% 0.45
Body Mass Index (BMI) | 31.0 (22-38) | 33.4 (24-53) | 0.116
Age at Surgery (Years) | 57.2 (34-67) | 57.3 (42-72) | 0.969

Table 2. Patients comorbidities. Seventeen comorbidities were
tracked pre-operatively but no significant differences were seen
between the two groups

OTS Customized p-value
Diabetic 5 6 >0.05
CAD 0 2 >0.05
HTN 13 16 >0.05
RA 2 2 >0.05
Smoker >0.05
Contracture 2<100 3<100 >0.05

Table 3. Medication flow chart of the fast-track protocol

One Week Before At Surgery Hospital / Home
Surgery
Celebrex 200Mg Marcaine
5 Minutes Before | Celebrex 200Mg
Cymbalta 60Mg Exparel 20Cc W/ Norco 10/325 Prn
100CC of Saline
Norco T Prn Spinal Morphine/Dilaudid
Lovenox Cymbalta 60Mg
Aspirin 325
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ban® nasal ointment (GlaxoSmithKlein, Brentford, Lon-
don, UK) starting 48 hours prior surgery to remove poten-
tially pathogenic bacteria from the nasopharyngeal region
as well as patients ceasing all anticoagulants 5 days prior to
the procedure. All study participants underwent an educa-
tional review consisting of a preparation course, a CD and
a pamphlet to inform about the operational flow, possible
complications and evaluating and setting patient’s expecta-
tions. A standard set of medications (Table 3) was given to
all subjects participating in this study pre-, at and post-sur-
gery. Post-operatively all patients were mobilized within 3
hours and were treated with CPM or Active Ice® 3.0 (Polar
Products, Inc., Stow, OH, USA) if needed. As for criteria
of discharge, patients had to be able to walk over 100 feet,
get out of bed independently and needed to have at least
60° of flexion. Both, discharge criteria and the time of dis-
charge was determined by physical therapist and hospital-
ist, independent of the surgeon.

During the data collection we assessed patient’s time
of discharge, the total length of stay in the hospital (LOS)
as well as their discharge destination. Patient’s range of
motion (ROM) and the need for walking aids were exam-
ined at their 6-8 week post-op visit and at an average of 16
months post-op. All adverse events including manipulation
under anesthesia (MUA) and revisions were followed up
to a minimum of 25 months post-op (average 28 months).

Statistical analysis was performed in Minitab 17.1
(MiniTab Inc, PA-USA). All data was included for the
analysis. Continuous variables were tested for normality
prior to statistical comparisons. Variables with a normal
distribution were compared using 2 tailed t-test assuming
unequal variances. Non-normal variables were tested using
Mann-Whitney test. Categorical variables were compared
between the customized and OTS outcomes using frequen-
cy counts. Significance was determined using a Fisher Ex-
act Test. A p value of 0.05 was used to determine a signif-
icant difference between the customized group and OTS
group outcomes.

Results

Overall, when utilizing the “Fast Track™ protocol, LOS
was decreased to 2.1 days versus 3.6 days, which was the
average LOS after TKA for patients in our institution that
did not undergo the fast track protocol.

The data analysis revealed that the average length of
stay using standard OTS implant designs was found to be
2.7 days (range, 1-6 days) and 1.6 days (range, 1-6 days)
when the customized TKA got implanted. This difference
was found to be of statistical significance (p=0.004). Al-

Time of Hospitalisation

70% 66%
60%

M % <24 hours

] 2
50% % 48-72hours
40%

30%
30%
20%
20%
9%
10% .
0%
Customized oTS

Figure 1. Comparison of patient’s time of hospitalisation between the
customized and the OTS implants

though the LOS range was seen to be the same, there was
one patient in the customized group who was hospitalized
for 6 days compared to 6 patients who received the OTS
TKA.

We observed that significantly more patients treated
with the customized implant were discharged from the

Discharge Destination
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Figure 2. Destination of discharge after the time of hospitalisation
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hospital within 24 hours post-surgery (66%) compared
to patients from the OTS TKA group (30%) (Figure 1)
(p=0.006). When assessing patients discharge destination
a significantly higher proportion of patients discharged
home was seen in the customized group (97%) compared
to the OTS group (80%) (Figure 2) (p=0.05).

At the 6-8 week follow-up time point significantly less
patients with a customized implant needed a walking aid
(13%) compared to patients with an off-the-shelf implant
(60%)(p=0.02). During that time period we found a differ-
ence in range of motion between both groups with patients
who got an OTS TKA implanted (101°) experiencing 13%
less ROM on average than patients with the patient specific
implant (114°)(Figure 3).

Range of Motion
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Figure 3. Patient’s range of motion post-surgery

Range of motion at an average of 16-month follow-up
continued to be significantly higher among patients with
the customized TKA (122° vs. 114° p<0.001). Addition-
ally, a significantly higher proportion of patients with the
customized TKA than patients with the standard TKA were
found to have a ROM of =120° at the final time of follow-
up (84% vs. 45%; p=0.003). None of the patient with the
customized implant showed a ROM of <100° compared to
13% of patients with the OTS implant at the time of the fi-
nal follow-up (Table 4). This was shown to be of statistical

Table 4. Patient’s ROM at an average of 16 months.

OTS Customized | P-value
ROM = 120 degrees (%) 45% 84% 0.003
ROM < 100 degrees (%) 14% 0% 0.046

significance (p=0.046).

For adverse event reporting the average follow-up of
the cohort was 28 months. Post-operatively there were two
manipulations under anesthesia in the customized group
and one among the OTS patients (p=0.99). There were no
returns or re-admissions to hospital in a 60-day period.
One patient in the customized group underwent a revision
procedure at 30 months post op due to a fractured tibia re-
sulting from a fall that loosened the tibial baseplate. In the
OTS group there was 1 patient who developed a late infec-
tion at 2.5 years and had to be revised. In addition, one pa-
tient in the OTS group underwent a poly swap procedure
to correct instability.

Discussion

Fast-track surgery has been implemented to improve
surgical management by improving perioperative care
and decreasing postoperative complications and therefore
shorten the time of full recovery and reduce the need for
hospitalization and convalescence. The “Fast-Track”-pro-
gram has been introduced by Kehlet et al and been devel-
oped and applied to clinical practice over the last 15 years
[8.,9]. With the purpose of enhancing the cost-effectiveness
and general efficiency of health care, multiple factors dur-
ing patient’s time of hospitalization and their impact on
patient’s recovery have been analyzed. Optimized pain
management, transfusion strategy, rehabilitation and phys-
iotherapy, patient’s information, fluid management and an-
aesthetic technique has led to a LOS of 1-2 days after TKA
and better patient post-operative outcomes [4,6,10,11]

To our knowledge the potential influence of the implant
design on peri- and post-operative outcomes after TKA in
a fast-track setting has not yet been described. We believe
this is the first study to compare the effect of the knee im-
plant design on length of stay and hospital metrics in a de-
fined fast-track program. Our study was not without lim-
itations which have to be taken into consideration when
interpreting the results. This study was carried out prospec-
tively with patients selecting the implant design. Including
blind randomization of the patient / component matching
may have eliminated potential selection bias between the
two study groups. Therefore we had little influence on the
composition of the study cohorts which might have led to
inequalities between the study groups. However, since pa-
tient demographics and comorbid conditions were similar
and no statistically significant difference was detected be-
tween the two groups we consider our result to be valid.
With a total of 62 patients participated in this study our
patient cohort was relatively small. Nevertheless, the dif-
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ferences seen between the groups were large enough to be
of significance and we believe they would be similar for a
larger study population. We suggest that further research
with a larger study population should be undertaken in the
future. For this study all TKAs were performed by a single
surgeon who 1s experienced with all devices used. Expe-
rience and a high expertise in performing TKA has been
shown to result in better outcomes and additional studies at
different sites should be conducted to verify if the implant
design does have an impact on a faster discharge. Lastly,
fast track surgery can be implemented in multiple ways
with the same guidelines but different protocols. Our re-
sults only reflect the fast-track protocol we utilized in this
study. As there is no single definition of the “fast track pro-
tocol” in literature we propound that our protocol should
be used in future research in order to validate our findings.

Overall, we observed a reduction in length of stay of 0.4
days after implementing the fast track protocol (3.1 days
to 2.7 days). However, when using the customized im-
plant, the average length of stay was reduced by a further
1.1 days. Culler et al compared LOS after TKA of patients
treated with a customized implant and patients treated with
an OTS design and noticed a tendency of reduced LOS in
the customized group. Additionally, they found that a sig-
nificantly greater proportion of patients in the customized
study arm were being discharged from their TKA hospital-
ization in <3 days (<72 hours from admission to discharge)
than in the OTS arm [12]. We can therefore agree with and
support their findings that patients treated with the custom-
ized implant experience shorter LOS than patients with the
OTS design.

In a study to evaluate whether there is a significant dif-
ference in surgical time, intraoperative blood loss, post-
operative range of motion and length of stay between
customized and OTS TKA Schwarzkopf et al observed
a decreased range of motion with customized compared
to off-the-shelf implants [13]. When assessing postoper-
ative ROM, we had different findings. Patients with the
customized implant design showed significantly better re-
sults both, at 6-8 weeks after surgery and at an average of
16 months post-op, than patients treated with the OTS im-
plant. As having more than 60° of flexion was a discharge
criterion in our study we believe that providing better re-
sults in ROM early after surgery could be one reason for
higher ROM of customized patients.

The number of patients being discharged to a rehab fa-
cility (SNFs) was significantly higher in the OTS study
group than among the customized patients. Additional-
ly, more patients in the customized group went home af-
ter their time of hospitalization than patients in the OTS
group. Reasons for a discharge to rehab care facilities have

been examined in previous research and found to be cor-
related to patient’s demographics and characteristics e.g.
comorbid conditions [14-16]. As we observed no signifi-
cant difference in those metrics between our study arms,
we assume that the difference in the implant plays a cru-
cial role in patient’s post-surgical recovery and therefore in
their discharge destination.

In the light of the Comprehensive Care for Joint Re-
placement (CJR) program, bundled payments will be paid
for TKA procedures based on multiple variables in order to
improve healthcare costs and treatment efficiency. Previ-
ously published studies have revealed great cost variations
for different discharge settings and potential savings due to
shortened length of stay [17-19]. Utilizing discharge costs
analysis as published by Ramos et al we observed a po-
tential average cost reduction when using the customized
implant for less patients being discharge to inpatient rehab
facilities of $1,100 per patient. Furthermore, our results
would potentially save hospitals $1,100 per patients on av-
erage from a shortened average length of stay of 1.1 days
(LOS of 2.7 days in OTS group and 1.6 days in the custom-
ized group). In summary, based on our findings healthcare
costs could be potentially cut by approximately $2200 by
using the customized compared to OTS implants.

We believe that the customized implant has a positive
influence on patient outcomes in a “Fast Track” setting and
surgeons and hospitals should consider implant choice as
an important factor in fast-track TKA surgery.

References

1. Rodriguez-Merchan, E. Carlos. “Pros and cons of fast-track total knee arthroplas-
ty.” International Journal of Orthopaedics 2.3 (2015): 270-279.

2. Husted, Henrik, Gitte Holm, and Steffen Jacobsen. “Predictors of length of stay
and patient satisfaction after hip and knee replacement surgery: fast-track experi-
ence in 712 patients.” Acta orthopaedica 79.2 (2008): 168-173.

3. Holm, Bente, et al. “Loss of knee-extension strength is related to knee swelling af-
ter total knee arthroplasty.” Archives of physical medicine and rehabilitation 91.11
(2010): 1770-1776.

4. Kehlet, Henrik, and Douglas W. Wilmore. “Evidence-based surgical care and the
evolution of fast-track surgery.” Annals of surgery 248.2 (2008): 189-198.

5. Kehlet, Henrik, and Jgrgen B. Dahl. “Anaesthesia, surgery, and challenges in post-
operative recovery.” The Lancet 362.9399 (2003): 1921-1928.

6. Wu, Christopher L., et al. “Correlation of postoperative pain to quality of recov-
ery in the immediate postoperative period.” Regional anesthesia and pain medi-
cine 30.6 (2005): 516-522.

7. Jans, @ivind, et al. “Role of preoperative anemia for risk of transfusion and post-
operative morbidity in fast-track hip and knee arthroplasty.” Transfusion 54.3
(2014): 717-726.

8. Wilmore, Douglas W., and Henrik Kehlet. “Recent advances: Management of pa-
tients in fast track surgery.” BMJ: British Medical Journal 322.7284 (2001): 473.

9. Kehlet, Henrik, and Emmanuel Thienpont. “Fast-track knee arthroplasty—status
and future challenges.” The Knee 20 (2013): S29-S33.

10.  Kehlet, Henrik, and Kjeld Sgballe. “Fast-track hip and knee replacement—what
are the issues?.” Acta orthopaedica 81.3 (2010): 271-272.

11. White, Paul F., et al. “The role of the anesthesiologist in fast-track surgery: from
multimodal analgesia to perioperative medical care.” Anesthesia & Analgesia
104.6 (2007): 1380-1396.

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


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

16 JISRF e Reconstructive Review ¢ Vol. 9, No. 1, March 2019

12.  Culler, Steven D., Greg M. Martin, and Alyssa Swearingen. “Comparison of ad-

verse events rates and hospital cost between customized individually made im- SUBMISSION HISTORY
plants and standard off-the-shelf implants for total knee arthroplasty.” Arthroplas- Submitted: April 12, 2018
ty Today (2017). Reviewed: May 5, 2018

13. Schwarzkopf, Ran, et al. “Surgical and functional outcomes in patients under- Revised: March 1, 2018

Accepted: March 8, 2019

going total knee replacement with patient-specific implants compared with Published: March 31, 2019

“off-the-shelf” implants.” Orthopaedic journal of sports medicine 3.7 (2015):

2325967115590379. AUTHOR AFFILIATIONS
14.  Bozic, Kevin J., et al. “Predictors of discharge to an inpatient extended care facil- 1 Richard Buch, MD; Rylie Buch; Robert Eberle
ity after total hip or knee arthroplasty.” The Journal of arthroplasty 21.6 (2006): Dallas Limb Restoration Center, Dallas, TX-USA

151-156.

15.  Munin, Michael C., et al. “Predicting discharge outcome after elective hip and
knee arthroplasty.” American journal of physical medicine & rehabilitation 74.4
(1995): 294-301.

16. Pablo, Paola de, et al. “Determinants of discharge destination following elective
total hip replacement.” Arthritis Care & Research 51.6 (2004): 1009-1017.

17.  Ramos, Nicholas L., et al. “Correlation between physician specific discharge

2 Lennart Schroeder
Department of Orthopaedic Surgery, Orthopédische Klinik Kénig-Ludwig-Haus,
Julius-Maximilians-University Wiirzburg, Wiirzburg, Germany

(Direct inquires to Lennart Schroeder, lennartschroeder@gmx.de)

AUTHOR DISCLOSURES

The authors declare that there are no disclosures regarding the publication of this

costs, LOS, and 30-day readmission rates: an analysis of 1,831 cases.” The Jour- paper.
nal of arthroplasty 29.9 (2014): 1717-1722.
18. Barad, Steven J., Stephen M. Howell, and Joyce Tom. “Is a shortened length of COPYRIGHT & OPEN ACCESS
stay and increased rate of discharge to home associated with a low readmission © 2019 Buch, Schroeder, Buch, Eberle. All rights reserved.
rate and cost-effectiveness after primary total knee arthroplasty?.” Arthroplasty Authors retain copyright and grant the journal right of first publication with the
Today (2015). work. Reconstructive Review is an open access publication and follows the Creative

19. Healy, William L., et al. “Impact of cost reduction programs on short-term patient anyone to download works, build upon the material, and share
outcome and hospital cost of total knee arthroplasty.” JBJS 84.3 (2002): 348-353. them with others for non-commercial purposes as long as they
credit the senior author, Reconstructive Review, and the Joint Implant Surgery &
Research Foundation (JISRF). An example credit would be: “Courtesy of (senior
author’s name), Reconstructive Review, JISRF, Chagrin Falls, Ohio”.

Commons Attribution-NonCommercial CC BY-NC. This license allows
OPEN 8nccsss

Make ICJR Your Source for
Orthopaedic Education

Attend any one of our
live events, including
Global Congresses, CME
Courses and Resident
Training Programs.

Interact with experts
and colleagues on hot
topics in orthopaedics,
benefit from enhanced
access to on-line
content, practice
marketing support, and
discounted text books.

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

JOIN ICJR AND HELP SHAPE THIS GROWING GLOBAL COMMUNITY
GIVING BACK TO ORTHOPAEDICS!

www.icjr.net

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


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

