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Abstract “Patient Specific” technology introduced in last
5 years, slowly gained popularity but has currently plateaued.
We have a number of studies on patient specific instruments
where they have been compared with conventional jigs in total
knee arthroplasty and reported to have no clear additional
benefits. This review discusses their intraoperative and post-
operative advantages/disadvantages and cost effectiveness
and provides a synopsis in light of current literature. Patient
specific implants are not freely available yet, and there is no
scientific literature reporting on their use in clinical practice.
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Introduction

Patient specific instrumentation (PSI) was introduced as the
means to obtain a customized implant fit; quickly and with
greater accuracy with the added benefit of shorter rehabilita-
tion and overall reduction in costs. PSI involves greater pre-
operative planning. Based on a preoperative CT scan or MRI
as per the manufacturer’s protocol, along with other inputs
from the surgeon, custom made disposable cutting blocks are
manufactured by specific software programs. The surgeon can
adjust the frontal and sagittal alignment and depth of the cuts
on femoral and tibial sides preoperatively. The blocks, thus
customized, are meant to fit accurately on the femoral and
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tibial surfaces and their fit is expected to achieve better align-
ment of the cuts, compared with conventional jigs.

In patient specific implant (PSIM) total knee arthroplasty
(TKA), both the cutting jigs and the implant are specifically
designed for the patient. The same preoperative imaging stud-
ies used for manufacturing jigs are used for manufacturing
custom implants with the native femoral characteristics
(intercondylar notch distance, the J curve, the condylar offset,
the anteroposterior and mediolateral width), and the native
tibial bone characteristics (size and coverage). PSIM TKA
aims to restore the native knee anatomy and potentially nor-
mal knee kinematics. After Total hip arthroplasty the patient
satisfaction is much higher than after TKA probably because
of exact restoration of joint center of rotation with similar
direction of movement of the joint as the native hip. The same
cannot be said about TKA performed in the conventional
manner. The idea behind PSIM TKA is to restore native joint
line and native direction of movement of the joint.

The objective of this article is to review the current literature
and present the performance of “patient specific” technology.
There are a large number of studies on PSI TKA but none on
PSIM TKA. We have detailed performance of PSI in compar-
ison with conventional and navigated TKA with respect to:

(1) Intraoperative advantages/disadvantages
(2) Postoperative alignment
(3) Postoperative rehabilitation

(4) Final functional recovery
(5) Cost effectiveness.

Intraoperative advantages/disadvantages
Length of incision

The size of the PSI jig is much smaller than the jigs for
conventional TKA and it was expected that the incision length
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with PSI would be reduced. Noble et al [1] in their study noted
such a decrease in skin incision length with PSI compared
with conventional TKA (136 mm vs 151.8 mm P=0.014), but
none of the other studies have reported on this parameter. More-
over, studies comparing the length of incision with PSI against
minimally invasive TKA using conventional jigs are required.

Intraoperative time

PSI jigs were introduced with the idea of decreasing the
surgical time taken by eliminating certain steps: eg, opening
of the medullary canal, clearing of soft tissues for fitting
bigger jigs and referencing the cuts from external landmarks.
Barett et al [2] compared 66 PSI TKAs, 86 conventional
TKAs, and 88 Navigated TKAs for their tourniquet time and
skin incision to skin closure time. They reported that the ‘skin
to skin’ time in PSI TKAs was similar to conventional TKAs
(74.6 vs 79.8 minutes, P=0.073) and significantly less than
navigated TKAs (74.6 vs 101.2 minutes, £<0.001). Nunley
et al [3] came to a similar conclusion of no significant differ-
ence in skin incision to closure time with PSI TKAs vs
conventional TKAs (89.6 vs 93.4 minutes, P=0.262).
Stronach et al [4], in their study of 66 prospectively followed
PSI TKAs and 62 retrospectively evaluated conventional
TKAs, also reported no difference in the tourniquet time
between these groups. Noble et al [4] reported a significantly
reduced intraoperative time with PSI TKAs against conven-
tional TKAs (121.4 vs 128.1 minutes, P=0.048). Hamilton
et al [5¢], in their study of 26 PSI and 26 conventional TKAs
measured the time duration for performing 15 surgical steps
and total surgical time. They reported significantly more total
surgical time in the PSI group compared with conventional
group (61.47 minutes vs 57.27 minutes, P=0.006). This was
attributed to intraoperative changes in plan needed for balancing
issues. Yoon et al [6] also observed longer intraoperative time
with PSI (n=42) compared with conventional (n=48) TKAs in
his prospective randomized study (59.4 minutes vs 46.6 minutes,
P<0.001). They attributed this longer time with PSI jigs to cross
checking of cuts suggested by PSI with conventional methods.

Overall, current literature suggests that intraoperative sur-
gical time for PSI and conventional TKA is similar. However,
as experience with PSI jigs improves, there could be further
reduction in operative time. Studies done from centers where
PSIjigs are routinely used will be helpful to draw conclusions.

Number of trays opened during the surgery

As the number of surgical steps is less with PSI compared with
conventional TKR, it was expected that less number of oper-
ative trays would have to be opened during surgery, saving on
theatre time, sterilization time, and personnel cost. Noble et al
[1] found significant reduction in the number of trays used in
PSI TKR compared with conventional TKR (4.3 vs 7.5;
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P<0.0001). Hamilton et al [5¢] also found a decrease in the
number of trays used with PSI TKR compared with conven-
tional TKR (2.5 vs 7.3; P<0.001). PSI TKR decreases the
number of trays used for surgery, if all goes as per plan.

Fitting of jigs

Proper fitting of jigs intraoperatively is a necessity for a proper
cut. Lustig et al [7] (45 patients) and Spencer et al [8] (15
patients) reported good fitting in all patients, whereas Bali et al
[9] et al in their study in 66 consecutive knees found that 8
(12.1 %) femoral and 3 (4.5 %) tibial jigs did not fit properly.

Fitting depends on the kind of preoperative imaging study
done (CT scan vs MRI), the software used, the image acqui-
sition process, interpretation of the images for jig manufactur-
ing and the time lag between the imaging study and the
surgery. CT scan images do not visualize the articular cartilage
thickness and, hence, may be inferior to MRI for manufactur-
ing these jigs although there are no studies to prove or dis-
prove the same. The image acquisition process and the
manufacturing process are now standardized for all companies
and fitting of the jig is not a major issue currently.

Change in planned size

The sizing of implant in PSI TKR is based on the bony size
calculated from images obtained, but a mismatch between this
size and that measured during surgery has been observed in
many studies. Balancing issues may also necessitate a change
in size intraoperatively. Vundelinckx et al [10+] in a compar-
ison of 31 PSI and 31 conventional TKR found a change in the
femoral and tibial size in 19.4 % of cases, whereas a change in
liner was required in 9.7 % of the cases. Lustig et al [7] in his
study of 45 PSI TKAs observed a change in the tibial size in
50 % of cases whereas a change in the femoral size was
observed in 48 % of cases. In contrast, Spencer et al [8] in
their study of 19 TKAs found no change required in the size of
femoral or tibial implant. Stronach et al [4] observed 74
component size changes in 66 consecutive PSI TKA.

We think that despite the improvement in technology and
the surgeon experience, balancing issues, especially in cases
with deformity, may warrant a change in planned size. If this
happens during PSIM TKA surgery than the surgeon will be
left with no choice but to use off the shelf implants. So,
additional custom implants, 1 size above and below should
be available to the surgeon intraoperatively, significantly
pushing up the fabrication cost.

Recuts
Recuts may be required for alignment changes, sizing issues,

or for balancing issues. Hamilton et al [S¢], in their study
reported 27 bony recuts, more on femoral side in their series



Curr Rev Musculoskelet Med (2014) 7:125-130

127

of PSI TKAs compared with 11 bony recuts in conventional
TKAs. The greater number of PSI recuts were required for gap
balancing and correction of rotation. Hamilton came to the
conclusion that lack of familiarity with the blocks and fear of
over-resection caused the engineers and surgeon to plan for a
distal femoral cut that was not thick enough necessitating
recuts. Stronach et al [4] also reported an average of 2.4
changes in plan per surgery with PSI TKR. 166 intraoperative
changes were required in 66 consecutive cases (including 74
component size changes and 21 alignment changes). 81 % of
these recuts were considered an improvement in alignment
from that suggested by the PSI jigs, as judged on postopera-
tive radiographs.

Recuts necessitate opening of conventional TKR instru-
ment sets leading to increased operative time and they also
lead to an increase in the cost of surgery.

The number of recuts required with PSI should become less
as the surgeon experience improves, but cases having severe
deformity and where surgeon is expecting more than mild soft
tissue releases should probably be operated with conventional
or navigated total knee arthroplasty.

The current literature does not favor any intraoperative
advantage of PSI jigs over conventional technique except
perhaps in reducing the number of trays used and that too,
only when all goes as per plan. In fact, there are potential
disadvantages of ill-fitting jigs and increased number of recuts
required with PSI jigs.

Postoperative alignment

PSI jigs were introduced for better or similar restoration of the
mechanical/kinematic axis and individual component align-
ment compared with conventional jigs. As the alignment of
cuts with PSI is independent of external landmarks to align the
jigs, it was supposed to better restore the planned axis. Noble
et al [1] in a prospective randomized study of 15 PSI and 14
conventional TKA reported significantly better mechanical
axis restoration with PSI (1.7° vs 2.8°, respectively; P=
0.03). Ng et al [11] in a retrospective comparison of 569 PSI
and 155 conventional TKR found lesser number of outliers
with PSI (9 % vs 22 %, respectively; P=0.018). However,
there were similar numbers of outliers when the individual
components were evaluated independently. There was no
difference in individual tibial (10 % PSI vs 7 % conventional;
P=0.21) and femoral component (22 % PSI vs 18 % conven-
tional; P=0.14) alignment between the 2 groups. Hamilton
et al [5¢] in a prospective randomized study comparing 26 PSI
and 26 conventional TKA found no difference in component
alignment between the groups except for increased tibial slope
in the conventional group. Barret et al [2] in a comparison of
66 PSI and 86 conventional and 81 navigated knees (the PSI
group was prospective and the other groups were

retrospective) found no difference in component alignment
and mechanical axis restoration between the 3 groups. Nunley
et al [3] in a retrospective comparison of 57 PSI and 57
conventional TKA found no difference in component align-
ment and mechanical axis restoration between the groups.
Yoon et al [6] in a prospective randomized study of 42 PSI
TKA and 48 conventional TKA found no difference in the
number of outliers with regards to mechanical axis restoration
(12 % vs 10 %, respectively; P=0.542) or with regards to
individual component alignment in the sagittal, coronal, and
axial plane. Victor et al [12¢] in a randomized controlled
trial of 128 patients did not find any difference in the
number of outliers between the PSI and conventional
groups in the overall coronal alignment (25 % vs 28 %,
respectively; P=0.69), femoral component coronal (7 % vs
14 %, respectively; P=0.24), and axial alignment (23 %
vs17%, respectively; P=0.50). However, they reported the
tibial component coronal (15 % vs 3 %; P=0.03) and sagittal
alignment (21 % vs 3 %, respectively; P=0.002) as worse in
the PSI group compared with the conventional group. Barrack
etal [13] in a prospective randomized study of the comparison
of 100 PSI and 100 conventional TKA did not find any
difference in the number of outliers with regards to mechan-
ical axis restoration between the 2 groups (31/100 vs 23/100,
respectively; P=0.203).

The current literature supports similar restoration of align-
ment with PSI as conventional TKA, but does not support any
better alignment than conventional TKA. There are no pro-
spective randomized studies on the direct comparison of
alignment restoration with PSI against navigation.

We have personally noted better rotational alignment of the
femoral component with PSI TKA (Fig. 1, A and B) in
comparison with navigated TKA on postoperative CT scan,
but our numbers are small and no statistical evaluation was
done to draw a definitive conclusion. The one advantage of
PSI TKA over conventional and navigated TKA is the ability
to align the prosthesis according to the kinematic axis. The
principles of placing components according to the kinematic
axis differ from mechanical axis as the primary aim is not to
align the femoral component according to the hip-knee-ankle
axis but to align the transverse axis of the best fitting femoral
component with the primary transverse axis of the femur,
about which the tibia flexes and extends. The tibial component
is then placed with its longitudinal axis perpendicular to the
femoral transverse axis. It has been shown in a few studies that
restoring the kinematic alignment does not lead to malposition
of the components as judged by the mechanical axis [14, 15].
The ligament length, mobility, and stability in a kinematically
aligned knee are restored by the removal of osteophytes,
adjusting the plane of the tibial cut, releasing the posterior
capsule from the femur, and medializing or lateralizing the
tibial component. The perceived clinical benefits of aligning
the knee to the kinematic axis are better range of motion, less
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Spin: 0
Tilt: -90

Angle: 0 degrees

Fig. 1 CT scan images of 2 patients who underwent TKA using PSI
(TruMatch Personalised Solutions, Depuy Synthes, Warsaw Indiana)
showing accurate rotational placement of femoral components parallel
with the epicondylar axis. a, 58-year-old male patient post R TKA. b,
74- year-old female patient post R TKA

stiffness, less instability, and a painless fast postoperative
recovery. Howell et al [16] in a prospective study of 198
patients(214 knees) with PSI TKAs reported restoration of
kinematic alignment with no failure and high function at a
mean of 38 months in spite of 75 % of their patients having
tibial alignment categorized as varus outliers. Studies on the
comparison of longevity and clinical function achieved by
aligning the implant according to the mechanical vs kinematic
axis are required and if they go in favor of the kinematic axis it
could become a game changer in favor of PSI/PSIM TKA.

@ Springer

Postoperative rehabilitation
Duration of hospital stay and blood loss

It was believed at the time of introduction of PSI that a short-
ened surgery with smaller incision and better alignment would
mean faster postoperative rehabilitation and less blood loss.
Vundelinckx et al [10°] in a prospective randomized study of
31 PSI and 31 conventional TKR found no difference in
hospital stay (6.68 days vs 6.06 days, respectively), or blood
loss between the 2 groups. In contrast, Noble et al [1] in a
prospective randomized study of 15 PSI and 14 conventional
TKAs found significantly decreased duration of hospital stay in
the PSI group (59.2 hours vs 66.9 hours; P=0.043) but ob-
served no difference in blood loss (71 mL for PSI vs 62.5 mL
for conventional; P=0.395). Stronach et al [4] in a comparison
of 66 prospectively followed PSI TKA and 62 retrospectively
evaluated conventional TKA and found no difference in blood
loss (114.2 mL vs 107.9 mL). Yoon et al [6] in a prospective
randomized study of 42 PSI and 48 conventional TKAs did not
observe any difference in blood loss between the groups
(783.7 mL vs 843.8 mL, respectively).

So, the current literature suggests similar blood loss with
PSI as with conventional TKA and is equivocal on the dura-
tion of hospital stay. There are no studies on the amount of
blood loss or duration of hospital stay with PSIM TKA
although no major difference in comparison to PSI TKA is
expected.

Final functional recovery

Vundelinckx et al [10+], in a prospective randomized study
comparing 31 PSI and 31 Conventional TKAs, measured pain
on the Visual Analogue Scale (VAS), Knee injury and Oste-
oarthritis Outcome Score (KOOS), Lysholm Score, and Range
of Motion as the parameters of postoperative functional re-
covery. There was no difference observed in all 4 parameters
between the 2 groups. None of the other studies have reported
on the functional recovery and more studies are required to
draw a conclusion on this count.

There are no studies comparing the final functional recov-
ery achieved with PSIM in comparison to conventional im-
plants and only time will tell whether PSIM would decrease
the number of dissatisfied patients by achieving a closer to
native knee anatomy and natural knee kinematics.

Cost effectiveness
The 1 contention given in favor of patient specific implants

inserted with patient specific jigs is a reduction in overall cost
due to a decrease in number of trays, smaller turnover time,
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decreased number of personnel employed, and the decrease in
cost of maintenance of inventory of both instruments and
implants. Slover et al [17¢¢] did a cost benefit analysis of the
use of PSI by the Markov model and he came to the conclu-
sion that the high preoperative costs of imaging and
manufacturing PSI jigs can only be offset by significantly
reduced revision rates, when compared with conventional
TKAs. This appeared hard to achieve but this cost analysis
did not take into account the savings caused by decrease in
number of trays, smaller turnover time, decreased number of
personnel, and shorter hospital stay. Watters et al [18] in a
prospective study of 12 conventional, 12 PSI, and 12 navigat-
ed TKA found savings of $391 per case with PSI TKA in
comparison to conventional TKA ($290 for processing fewer
trays and $101.01 for 13 minutes shorter operative time).
However, the cost of imaging was not considered in this study.
Barrack et al [13] in a comparison of 5 consecutive cases of
PSI TKA and 5 conventional TKA found an additional aver-
age cost of $1475 for jig manufacturing (including cost of
MRI and cost of fabrication of jigs) with an average savings of
$322.23 with PSI TKA due to shorter operative time and
lesser cost of sterile processing time of trays. All postoperative
alignment parameters in his complete study of 100 PSI TKAs
vs 100 conventional TKAs did not show any difference be-
tween the 2 groups, so he concluded that PSI jigs do not add
financial value to the surgery.

Many of the advantages of PSI jigs expected to decrease the
cost of surgery as shorter operative time and decreased numbers
of personnel are perceived advantages and not proven advan-
tages. In addition, these costs vary from one hospital to the
other; thus, individual hospitals would have to do their own cost
benefit analysis to come to a conclusion regarding savings in
the operation theatre. Even if there is a significant saving in the
operation theatre costs, it is definitely not going to offset the
preoperative costs of imaging and fabrication of these jigs. Only
a significant reduction in revision rates can turn around the
balance and make these jigs cost effective. Conventional teach-
ing tells us that alignment from 2.4° of varus to 7.2° of valgus is
required for longer life of the implant but a recent study with a
15-year follow-up of 650 arthroplasties showed longer survival
of implants outside this range. Even if PSI is able to give us
improved alignment, whether it will lead to a decrease in the
revision rate is not known and, hence, the cost effectiveness of
PSI is extremely difficult to reach.

Conclusions

PSI was introduced for a faster, more accurate, and cost-
effective surgery but none of these benefits have been realized
so far. A definite reduction in number of trays required during
surgery has been reported, if all goes as per plan. However, a
frequent change in plan is reported in many studies, which

offset the benefit of fewer trays required. It is likely that
increased experience with PSI may result in fewer changes
in plan, but the need to change plan can never be completely
eliminated. Second, with PSI surgical duration may be re-
duced but this is counterbalanced by the lengthy preoperative
planning and uploading of data required by the surgeon.
Third, the high costs of imaging studies and manufacturing
jigs in PSI reduce their cost-effectiveness. Last, the results
with PST are similar to conventional TKA in terms of mechan-
ical axis alignment.

It must be noted that PSI/PSIM has the unique ability to
align implants to the patient’s kinematic axis accurately;
which is not possible with conventional or navigated TKA.
The role of implant alignment to the patient’s kinematic axis is
under fresh review. So, whether this special feature of “Patient
Specific” technology becomes crucial to the long-term surviv-
al of implants remain to be seen.
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