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Abstract

Background Using patient-specific cutting blocks for
TKA increases the cost to the hospital for these procedures,
but it has been proposed they may reduce operative times
and improve implant alignment, which could reduce the
need for revision surgery.

Questions/purposes We compared TKAs performed with
patient-specific cutting blocks with those performed with
traditional instrumentation to determine whether there was
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improved operating room time management and component
coronal alignment to support use of this technology.
Methods We retrospectively reviewed 57 patients under-
going primary TKAs using patient-specific custom cutting
blocks for osteoarthritis and compared them with 57 matched
patients undergoing TKAs with traditional instrumentation
during the same period (January 2009 to September 2010).
At baseline, the groups were comparable with respect to age,
sex, and BMI. We collected data on operative time (total
in-room time and tourniquet time) and measured component
alignment on plain radiographs.

Results On average, TKAs performed with patient-
specific instrumentation had similar tourniquet times (61.0
versus 56.2 minutes) but patients were in the operating
room 12.1 minutes less (137.2 versus 125.1 minutes) than
those in the standard instrumentation group. We observed
no difference in the femorotibial angle in the coronal plane
between the two groups.

Conclusions Patient-specific instrumentation for TKA
shows slight improvement in operating room time man-
agement but none in component alignment postoperatively.
Therefore, routine use of this new technology may not be
cost-effective in its current form.

Level of Evidence Level III, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.
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Introduction

TKA is one of the most successful and commonly performed
surgical procedures in the world. Improvements in surgical
technique and implant durability, and the aging population,
have resulted in an increased demand for these procedures,
which is expected to double by 2017 [14]. Currently,
Medicare pays for approximately 60% of the total joint
arthroplasties performed in the United States, and the current
payment formula for federal-sponsored healthcare in the
United States is unsustainable. The economic burden of
providing the highest standard of care to every patient, while
integrating the latest technologic innovations, will prove to
be challenging [14]. Critical evaluation of new technology
for TKA will be important to ensure substantial improve-
ment in clinical efficiency or patient outcomes is achieved to
justify any additional costs to the healthcare system.

Computer-aided navigation for TKA was developed to
improve component alignment and avoid outliers [7].
However, it has not become widely used in the orthopaedic
community because of the high initial capital costs [3, 5,
10], the steep learning curve [8], and the increased surgical
time to perform these procedures [3, 5, 10]. During the past
decade, TKA technology evolved to include patient-
specific cutting guides [12, 13, 18, 22, 25, 30], which have the
proposed benefits of improved accuracy and more efficient
intraoperative resource and time management, without the
need for costly investments in capital equipment. The
patient-specific guides also have the additional benefit of
incorporating preoperative three-dimensional imaging to
allow greater adjustments in the proposed component
position before taking the patient to surgery. To date,
studies in the literature on patient-specific instrumentation
have been limited to small sample sizes without compar-
ative control groups, but they have shown some decrease in
operative time and acceptable component alignment [22,
25]. Theoretically, advantages include improving operating
room time management, reducing costs in the perioperative
period, and improving component alignment compared
with conventional instrumentation, but these have not been
confirmed in the literature to date.

We therefore compared TKAs performed with patient-
specific cutting blocks with TKAs performed with traditional
instrumentation to determine whether there was improved
(1) operating room time management, (2) component coronal
alignment to support the use of this technology, and
(3) whether there were differences in soft tissue balancing.

Patients and Methods

We retrospectively reviewed all patients undergoing pri-
mary TKA for osteoarthritis by one surgeon (RLB) at a
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high-volume teaching university from January 2009 to
September 2010. All patients received the same cemented,
cruciate-retaining, Vanguard™ total knee system (Biomet
Inc, Warsaw, IN, USA). We identified 57 patients who
underwent TKAs with the Signature™ system (Biomet
Inc), which uses the patient-specific cutting block tech-
nology (patient-specific cohort) and compared them with a
cohort of 57 patients who had TKAs using standard
instrumentation (standard cohort). Of the 57 patients in
each cohort, there were 23 men and 34 women; the average
age in both groups was 65 years at the time of surgery, and
the average BMI was 32.0 in the patient-specific cohort and
33.0 in the standard cohort (Table 1).

All patients were evaluated in the outpatient clinic of the
senior author (RLB) and judged good candidates for elec-
tive TKA for osteoarthritis. In addition, nonoperative
treatment had failed for these patients, and they did not
have any major flexion contractures (< 7°) or coronal
deformity (< 10° varus/valgus). During the discussion
regarding operative options, each patient was offered the
choice between a TKA using the patient-specific cutting
block technology and a conventional TKA with the stan-
dard instrumentation. Each patient made his or her decision
independent of the treating physician, and the treating
physician did not recommend one procedure over the other.
Patients who wanted the patient-specific cutting blocks
underwent MRI using the Signature™ system manufac-
turing protocol, which includes I-mm high-resolution
slices at the knee and selected spot images at the hip and
ankle. The MR images then were uploaded and sent to the
manufacturer for processing using the predetermined
default settings specific to this surgeon. After the MR
images were processed by the manufacturer, a preliminary
surgical plan with the proposed resection levels was
uploaded and reviewed electronically by the surgical team
for final approval before manufacturing of the custom
blocks.

All patients in the standard group had the same opera-
tive setup and wound closure as the patients in the custom-
guide group. The only difference was the intraoperative
alignment using the standard instrumentation. On the

Table 1. Patient demographics

Variable Standard cohort  Patient-specific p value
(n =57) cohort (n = 57)
Mean age at 64.9 64.6 0.9
surgery (years)
Mean BMI 33.0 32.0 0.3
Sex (male/female)  23/34 23/34 NA
Operative side 27130 31/26 NA

(left/right)

NA = not applicable.
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femoral side, an intramedullary femoral guide set to 5°
valgus was used to make the distal femoral cut and the
proximal tibial cut was made perpendicular to the
mechanical axis of the tibia using an extramedullary guide.

Operative times were recorded in real time by the sur-
gical staff on the day of surgery as part of routine nursing
documentation at our hospital and were part of the patient’s
permanent medical record. We collected three times for all
patients: (1) total time in the operating room, which was
calculated from the time the patient was rolled into the
operating room to the time the patient was rolled out of the
room; (2) surgical time, which was calculated from skin
incision to skin closure; and (3) total tourniquet time,
which was calculated from the time the tourniquet was
inflated to the time the tourniquet was released. Operative
data were available for all patients. We subjectively
assessed all patients for soft tissue balancing intraopera-
tively and at their first postoperative visit.

Postoperatively, all patients received an AP CT scano-
gram with a field of view from the hip to the ankle as part
of standard clinical care (Fig. 1). To minimize projection
errors and to standardize analysis, the limb was rotated
until the two augment holes on the femoral condyles were
partially visible on either side of the anterior flange of the
femoral component [23] (Fig. 2). All radiographic mea-
surements were performed on this CT scanogram by the
same blinded reviewer (BMW) who was not involved with
the clinical management of these patients. The measure-
ments used to determine component coronal alignment
included (1) the femorotibial angle (FTA), (2) hip-knee-
ankle axis (HKA), (3) zone of mechanical axis (ZMA), and
(4) mechanical axis deviation (MAD). Accepted values for
the normal range of FTA were between 2.4° and 7.2°
valgus [1, 2, 11]. The accepted normal value for HKA was
0° & 3° varus or valgus [2, 4, 15, 16]. The accepted normal
value for ZMA was the central zone, and the accepted
normal value for MAD was 0° £ 10° deviation. Full
radiographic data were available for all patients.

The two-sample t-test was used to compare the two
cohorts for age, BMI, and operative times. The chi-square
test was used for categorical variables and analysis of the
radiographic measurements. The analysis was performed
with SPSS®™ software (SPSS Inc, Chicago, IL, USA).

Results

We found no improvement in the patient-specific cohort
compared with the standard cohort for tourniquet time (a
mean of 4.8 minutes saved; p = 0.099) and surgical time
from skin incision to closure (3.8 minutes saved; p = 0.262),
but we did find an improvement in total time in the operating
room (12.1 minutes less; p = 0.028) (Table 2).

Fig. 1 A CT scout image shows the lower-extremity alignment with
a field of view from the hip to ankle used to make measurements for
this study.

Fig. 2 A CT scout image magnified at the knee shows the two
augment holes (arrows) on the posterior condyles of the femoral
component used to help standardize the extremity rotation before
making measurements by ensuring the holes are visible on either side
of the anterior flange of the femoral component.
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Table 2. Operative times in the two cohorts

Time Standard cohort  Patient-specific p value
(n = 57) cohort (n = 57)
Tourniquet time 61.0 £ 15.0 562 £ 15.1 0.099
(minutes)
Time in operating 137.2 + 33.6 125.1 &+ 22.7 0.028
room (minutes)
Incision to closure 934 + 159 89.6 + 18.2 0.262
time (minutes)
Values are expressed as mean £ SD.
Table 3. Radiographic measurements in the two cohorts
Radiographic Standard Patient-specific p value
measurement cohort cohort (n = 57)
(n = 57)
Femorotibial angle 0.85
Between 2.4° and 35 33
7.2° valgus (number
of patients)
Outliers (number of 22 24
patients)
Hip-knee-ankle axis 0.37
Within £ 3° (number 47 42
of patients)
Outliers (number of 10 15
patients)
Zone of mechanical 0.85
axis
Within the central 34 36
zone (number of
patients)
Outliers (number 23 21
of patients)
Mechanical axis
deviation
Within £ 10% 34 38 0.56
(number of patients)
Outliers (number of 23 19
patients)

We found no improvement in the patient-specific cohort
compared with the standard cohort regarding the propor-
tion of patients with FTA between 2.4° and 7.2°
(p = 0.85), HKA 0° £ 3° varus or valgus (p = 0.37),
ZMA through the central zone (p = 0.85), or MAD of
0° = 10° (p = 0.56) (Table 3).

We noted no differences in soft tissue balancing intra-
operatively and at the first postoperative visit. No patient
has required revision surgery at this time.

Discussion

The demand for TKA will continue to increase owing to the
success of the operation and the aging patient population in
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the United States [20, 21]. Hospital reimbursements for this
procedure have not kept pace with inflation and it is likely
Medicare will continue to decrease reimbursements in the
future [6]. At the same time, hospital expenses for TKAs
have increased with time owing to labor costs and the
increasing cost of implants and new technology [6]. It has
been well documented that correct component alignment is
important in TKA to avoid early failures and the need for
revision surgery [11, 19, 26, 29]. Computer-aided surgery
has been used for more than a decade but continues to have
high initial capital costs, and although it has shown some
improvement in component positioning, it has not com-
pletely eliminated component outliers [5, 7, 9, 17, 24, 27,
28]. Patient-specific cutting blocks have many proposed
advantages, including enhanced operative efficiency and
improved component alignment, but they impose a consid-
erable cost to the healthcare system with expensive imaging
in the outpatient setting and additional implant charges to the
hospital. We evaluated and compared the clinical efficiency
and coronal alignment of primary TKAs performed with
either patient-specific cutting blocks or standard instru-
mentation to determine the cost-utility of this new
technology.

Our study was subject to certain limitations. First, this
was a retrospective review and the patients were not ran-
domized into the two cohorts. This introduced selection
bias as the patients were allowed to choose between the
two different cohorts and some patients were not interested
in this new technology since it was not yet proven and
others wanted to have the new technology because they
likely believed new technology was usually superior. Other
patients were claustrophobic, had bad experiences with
MRI, had a copayment for the MRI, or did not want to wait
6 weeks for the cutting blocks to be manufactured and
therefore did not want to be in the patient-specific cohort
and this might have skewed our results. However, the
patient demographics are so similar between the groups
that it almost appears we attempted to match the two
groups; therefore, we do not think it is likely selection bias
substantially influenced our results. Second, although all
the surgical procedures were performed by the same
experienced surgeon, they were performed in an academic
teaching environment in which different residents and
fellows were present for these cases and may have varied
the surgical times. The senior surgeon performed the
majority of the bone cuts and was the sole decision maker
when assessing accuracy of the bone cuts and the soft
tissue balancing. Since this was a nonrandomized study, it
is likely any additional time added to the cases for teaching
would be distributed randomly over both cohorts. We also
eliminated the first 25 cases performed using this new
technology to allow time for the surgeon and operative
staff to become comfortable with these cutting blocks to
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avoid any confounding variables during the learning curve
period. These cases were performed by a high-volume
surgeon who has performed several thousand TKAs with
conventional instrumentation before using patient-specific
instrumentation and therefore the results in this study may
not be applicable to a less experienced surgeon or lower-
volume surgeon. Third, we limited our assessment of the
component alignment to the coronal plane and did not
include any lateral measurements or assessments of rota-
tional alignment. We use a scout CT image as part of our
routine postoperative evaluation. The CT scout image is
nonweightbearing compared with a full-leg standing
radiograph but has the added advantage of being able to
control the extremity for rotation, which is helpful when
making these radiographic measurements. Finally, we
included only comparisons of the operative times and
radiographic measurements to determine cost-utility for
this study and we did not factor in clinical results or patient
satisfaction scores.

To date, there has been little published looking at the use
of patient-specific cutting guides for TKA [12, 13, 18, 22,
25, 30] and there have been no reports on the cost-utility of
this new technology. Two of the published articles [13, 18]
focused on the kinematic alignment for their patient-
specific cutting guides, which varies considerably from the
mechanical alignment techniques used in our study. Two
additional studies were reviewed and neither included
human subjects as they looked at (1) finite analysis of stress
distribution using patient-specific technology [12] and
(2) the accuracy of CT versus MRI to determine which
imaging modality is more accurate when manufacturing
patient-specific guides [30]. In one study, the authors
reported on their initial experience with 21 patient-specific
cutting blocks and reported a mean reduction in tourniquet
time of 13 minutes and subjectively they reported experi-
encing a decrease in operative setup time and turnover
time; however, they stated they did not study these
data [25].

Although several articles have described component
alignment [13, 18, 22, 25] when using patient-specific
guides, none to date has compared coronal alignment
between TKAs using patient-specific cutting blocks using
the mechanical alignment design and those using conven-
tional techniques.

We found a trend (nonsignificant) for slight improve-
ment in tourniquet time and skin-to-skin time. This study
was conducted during the early learning curve for this
high-volume surgeon who has performed several thousand
TKAs with conventional instrumentation and it is possible
the patient-specific guides might have been able to achieve
greater improvement in tourniquet time and skin-to-skin
time with more experience. In certain high-volume centers,
it may be possible to group together all patient-specific

TKAs on the same day and achieve greater time savings to
allow the surgeon to either perform more procedures that
day or go home earlier. In our study, we did have less total
operating room time for the patient-specific group and we
relate this to the fact that we were able to eliminate opening
as many trays at the beginning of the surgery and then
removing them at the end of the surgery. With fewer trays,
this allowed the room circulator more time to help with
getting the patient on the table, placing the Foley catheter,
and preparing the extremity at the beginning and they also
were more available to help get the dressing on, drapes off,
and patient off the operating table at the end of the
procedure.

Additional time commitment was required by patients
and physicians for the patient-specific guides. On the
patient side, this included the time for the MRI, which at
our institution usually was not available the same day as
the patient’s office visit. Therefore, most patients had to
make an additional trip to the hospital on a different day to
get the MRI, which takes a minimum of 2 hours at our
institution (parking, waiting room, actual MRI). This also
does not take into account the amount of time it takes for
the patient, and possibly their family members, to travel to
the hospital and any time lost from work to make this
additional visit. On the surgeon side, there was the
increased time needed for ancillary staff to schedule
the MRI and ensure the scans were performed accurately to
the specifics of the manufacturer and properly uploaded
onto the manufacturer’s system. After the engineers created
the surgical plan for the bone cuts, the surgeon had to log
into the system and approve this plan, which took
approximately 5 to 15 minutes per case depending on the
complexity of the knee, surgeon’s computer skills, and
tendency to want to make changes to the cut plan. If the
surgeon made changes or had any questions about the
surgical plan, this generally involved additional time spent
communicating with the engineer. This time commitment
by the patient and surgeon was in addition to the actual cost
of the MRI, which ranged from several hundred dollars to
more than a thousand dollars, and the up-charge to the
hospital for actual customized cutting guides by the
implant vendors, which also ranged from several hundred
dollars to a thousand dollars.

Critically evaluating new technology for TKA is
important to ensure it improves either clinical efficiency or
patient outcomes to justify any additional costs to the
healthcare system. Patient-specific cutting blocks have
many proposed advantages over conventional instrumen-
tation for TKA, but in the literature and in this study, we
were unable to show any substantial improvement in
clinical efficiency or component alignment to justify the
increased costs associated with this new technology. At this
time, routine use of this new technology does not appear to
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be cost-effective for a high-volume subspecialty-trained
surgeon, but future studies are needed to determine whether
there are any clinically important improvements in out-
comes or patient satisfaction when using patient-specific
cutting blocks for TKA.
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