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Use of the Cusum Technique for Evaluation of a
CT-based Navigation System for Total Knee Replacement
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Most of the early failures of total knee replacements are
related to technical flaws. Conventional ancillary devices
achieve good alignment in the frontal plane in only an aver-
age of 75% of total knee replacements. Computer-assisted
surgery may improve the technical quality of implantation
surgery. The aim of our study was to evaluate the use of
computer-assisted surgery using a quality control process.
Seventy-eight total knee arthroplasties were done with a CT-
based computer-assisted surgery system. The outcomes stud-
ied were alignment of the lower limb, implant positioning,
and operative time. The target for alignment was 180° + 3°.
Cusum analysis showed that the three outcomes were con-
trolled during the study. The cusum test identified any ex-
isting outliers. Because few data were available at the begin-
ning of this study regarding computer-assisted surgery for
total knee replacement, a randomized study was not rel-
evant. However, a control of the procedure was mandatory.
The cusum technique allowed continuous evaluation of the
performance of the new procedure, and is a useful tool in
assessing new technology. The results of this study showed
that it is possible to do a randomized study to determine if
computer-assisted surgery can improve the technical result
of total knee replacement.
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Praemer et al*® reported that in 1996, 245,000 total knee
replacements (TKRs) were done in the United States. They
estimated that the projected increase in TKRs in the United
States will be 209,000 between 1996 and 2030 . Most of
the early failures of TKRs are related to technical flaws.
Experimental and clinical data indicate that to achieve
optimal midterm and long-term results of a TKR, good
alignment in the frontal plane of the lower limb is man-
datory. In an experimental study, Hsu et al'* showed that
a femoral component in 7° valgus, with the tibial compo-
nent placed at 90° to the long axis of the tibia, was the best
position for the total condylar knee and produced equal
force distribution between the medial and lateral plateaus.
For the Kinematic knee, the best position was 9° valgus for
the femoral component with 2° varus of the tibial compo-
nent. A clinical association between failure of TKR and
malalignment seems likely. Ritter et al*> reported that
varus knees had a lower survival at 10 years than aligned
or valgus knees. Jeffery et al,'® with the first design of the
Denham prosthesis, reported that at 12 years the incidence
of loosening was 3% when, on long-leg standing radio-
graphs, the line joining the center of the femoral head to
the center of the body of the talus passed through the
middle 5 of the knee prosthesis. The incidence of loos-
ening was 24% when the line was not in this range. Align-
ment in a narrow range around the neutral axis is a major
objective of TKR even if the exact range is not clearly
identified. To achieve this goal, different systems are
available based on intramedullary or extramedullary rods
that allow targeting. From experimental data'®2°>' and
clinical studies,*”"'**! it has been shown that these sys-
tems have to be improved. A series that evaluated 673
knees showed that only 75.3% of the knees were in the 4°
to 10° valgus range.**

To appraise the potential contribution of a new ancillary
device to TKRs, one should check the technical quality of
the procedure.”® Methods for continuous quality control,
such as cusum or Shewhart’s charts, which initially were
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developed for industrial quality control, have proven to be
valuable in medical research®**° but have not been used,
to our knowledge, in orthopaedic surgery. Sequential out-
come measures are considered measurements of a process,
and cusum analysis aims to determine if the process is in
control, that is, if some characteristics of the process (such
as the mean) deviate from a prespecified target value.

Computer-assisted surgery has been considered a pos-
sible tool to improve reliability and reproducibility of im-
plant positioning in TKR.® To evaluate the quality stan-
dards of this technique, we did a pilot study. The hypoth-
esis of this study was that cusum analysis allows control of
a new technology, such as computer-assisted surgery, on
the main technical parameters (limb alignment, implant
positioning, and operating time) and determines the poten-
tial learning curve. Placement of the tibial component in
the sagittal plane, patellar alignment, and immediate post-
operative complications also were evaluated as secondary
outcomes.

MATERIALS AND METHODS

After obtaining approval of the ethics committee and informed
consent from patients, a clinical trial was initiated using the
CT-based Navitrack navigation system (Sulzermedica, Win-
terthur, Switzerland). Inclusion criteria were patients with osteo-
arthritis or rheumatoid arthritis who needed a TKR. Patients
needing revision TKRs were excluded as were patients who
could not be followed up. Because the presence of unicompart-
mental arthroplasties did not prevent 3-D reconstruction, revi-
sions of unicompartmental arthroplasties were included in the
study. All the data were prospectively recorded. Seventy-eight
knee prostheses were implanted in 72 patients with the Navitrack
system. Fifty-five were women (76.4%) and 17 were men
(23.6%). The average age of the patients was 72.2 years + 9.8
years (range, 28.9-88.3 years). The right knee was affected in 40
patients and the left knee was affected in 38 patients. All opera-
tions were done by or under the supervision of the senior author
(RSN).

Seventy-one knees (66 patients) had surgery because of os-
teoarthritis, three of which (three patients) were revisions of
unicompartmental arthroplasties. Seven knees (six patients) had
surgery for rheumatoid arthritis. The preoperative deviation was
measured on preoperative full-length weightbearing radiographs.
The knees were in varus deviation with an average of 9.4° + 6.0°
for 56 knees in 53 patients (range, 1°-32°) and in valgus devia-
tion with an average of 8.1° + 7.0° for 21 knees in 18 patients
(range, 1°-34°). One knee (in one patient) was aligned. The
preoperative International Knee Society score was 32.8 + 15.1
for the knee score and 30.0 = 17.4 for the function score.

The computer-assisted system was based on 3-D reconstruc-
tion of the lower limb from a CT scan. The thickness of the slices
varied from 1 mm at the knee level, 3 mm at the hip and ankle
levels, to 1 cm at the diaphysis levels. The data acquisition took
an average of 20 minutes. After recording the data on a CD-

ROM, the senior author always did the segmentation process that
allowed selection of the relevant part of each slice that was
useful for reconstruction of the 3-D model. The software pro-
vided determination of a gray threshold that allowed semiauto-
matic selection first, and then allowed fine tuning by the sur-
geon. Because it was considered a pilot and initial study, time
taken for the reconstruction was not considered in this first step
as a cause of concern and was not evaluated.

A magnetic detection system was used during surgery. Sen-
sors were rigidly fixed to the bones by two 3.5-mm bicortical
screws and to two instruments (a positioning block and a
pointer); these sensors were detected in an 80-cm long, 80-cm
diameter area created by an emitter. The displacement of the
sensors, and then of the fixed bone or instruments, was shown on
the screen of the computer if they were in the area created by the
emitter. The positioning block was attached alternatively on the
distal part of the femur and on the proximal part of the tibia with
a 40- to 50-mm long conical screw; fine-tuning of this instru-
ment was easy in the frontal, sagittal, and horizontal planes. The
computer showed the lines targeting the center of the femoral
head on the femur (Fig 1) and the center of the ankle to allow a
theoretically ideal position of the cuts in the frontal and sagittal
planes. Rotation of the femoral cut was based on analysis of the
epicondylar line and the posterior condyle, and on the AP line as
described by Arima et al.' The distance between the anterior
cortex of the distal femur and the posterior condyles was evalu-
ated by the system and assisted with the choice of an adequately
sized femoral component. In the axial plane, rotation of the tibial
cut was based on a line joining anteriorly the medial part of the
tibial tubercle and posteriorly the zone of insertion of the pos-
terior cruciate ligament (PCL). Once the ideal position was de-
termined, the positioning block was fixed by pins and then re-
placed by conventional cutting guides. Once the cuts were made,
the positioning block was used to check the bone cuts and the
position of the implants. No systematic preoperative radiographs
were obtained; the surgeon asked for preoperative radiographs
only when he felt uncomfortable with the system.

The Wallaby prosthetic system (Sulzermedica) was used for
all knees. This system includes three models for primary arthro-
plasties that share the same ancillary device. The Wallaby I
preserves the PCL, and includes an anatomic asymmetric femo-
ral component with an anatomic trochlear groove. The patella is
an anatomically designed and inserted inlay. The Wallaby IUC
has the same design but sacrifices the PCL; the ultracongruency
of the tibial plateau and the heightened anterior lip compensate
for the absence of the PCL. The Wallaby II has a posterior
stabilized design with a symmetric femoral component. The pa-
tellar implant in the Wallaby II is a dome-shaped resurfacing
component. Depending on initial disease, anatomic conditions,
knee stability, and surgeon preference, a Wallaby I was used for
25 knees (23 patients), a Wallaby IUC for 30 knees (28 patients),
and a Wallaby II for 23 knees (21 patients). The components
were cemented and the patella was replaced in all patients with
a congruent inlay polyethylene patellar button for the 25 knees
treated with the Wallaby I and the 30 knees treated with the
Wallaby IUC, and with a resurfacing dome-shaped patellar but-
ton for the 23 knees treated with the Wallaby II.
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Fig 1. A screen capture during the proce-
dure shows placement of the positioning
block, which targets the center of the femo-
ral head.

A synovectomy was done three times for three patients with
rheumatoid arthritis and major synovitis. A lateral retinacular
release was done for eight knees (eight patients). Four knees
initially were in valgus and four knees were in varus. The patella
initially was dislocated in one of these knees; the other knees
were preoperatively aligned.

Ligament balance was evaluated by introduction of a spacer
sequentially in flexion and in extension. To achieve ligament
balance, lateral, medial, and posterior release were done when
necessary after adequate bone cuts were done. Lateral release
was done for five knees (five patients), lateral and posterior
release for two knees (two patients), medial release for seven
knees (six patients), and medial and posterior release for three
knees (three patients).

The main outcome studied was overall alignment measured
on full-length weightbearing radiographs. Care was taken to
avoid major rotational misplacement of the knee when taking
radiographs. Radiographs were taken when postoperative flexion
deformity was resolved as much as possible (2—-12 weeks after
surgery). An independent observer who did not participate in the
surgeries did the measurements (EV). Individual placement of
the femur and the tibia was evaluated on the full-length weight-
bearing radiographs with respect to the mechanical axis of the
femur and the tibia. Sagittal placement of the tibial component,

Sagittal_View

|Axial_View

alignment of the patella on 30° skyline views, operating time,
and preoperative bleeding recorded by an independent observer
were the other outcomes studied. Sagittal alignment of the tibia
was considered acceptable if there was a posterior slope ranging
between 0° and 5°; an anterior slope or a slope superior to 5° was
considered a failure. Preoperative and postoperative complica-
tions were recorded.

Cusum Analysis

Cusum?>*® is a method that is helpful in monitoring a process. It

focuses on cumulative sums of the deviations of the process
measurements (denoted as x,, ..., x,,) from a target value x*. This
yields the cusum S; for the i measurement:

S;=2(x;—x%),j=1i

The S; values of the cusum then are plotted against the rank
of the observation i. On such graphs, a trend in the process
results in a change in the slope of the cusum, whereas the values
are expected to fluctuate around a horizontal line if the process
is in control. An example of use of the cusum was provided by
Wohl.*! A technique called V-mask was proposed to determine
graphically whether the process is out of control. It was shown
that this technique was equivalent to drawing two modified cu-
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sums simultaneously?®; a proper definition of this is given in the
Appendix of the current study. These two cusums (one positive,
S*, and one negative, S7) are drawn simultaneously. It then is
possible to conclude that the process is out of control if S*
crosses a predefined level h or if S crosses —h, where h is called
the decision interval. We refer to this procedure as a cusum test.
The use of a cusum test requires determination of the decision
interval h and of another quantity, the reference value k. Both
can be set using usual definitions for Type I and Type II error
rates, with the choice of an alternative hypothesis that corre-
sponds to the bias of an out of control process to be detected with
fair probability. Detailed formulas linking the cusum test theory
to sequential test procedures also are given in the Appendix. The
decision interval h depends on deviation from the target to be
detected (the alternative hypothesis) and on the statistical error
rates, whereas the reference value k only depends on the alter-
native hypothesis.

In the current study, the cusum parameters were defined for
the main end point as overall alignment of the femorotibial axis;
the target was 180°. Three degrees deviation from the target in
either way was to be detected (alternative hypothesis). For femo-
ral and tibial components, the target value was 90°, and a 2°
deviation was to be detected. For operating time, the target was
set to the sample mean and the deviation to be detected was
twice the standard deviation. The Type I error rate was set to
0.01, which is an acceptable value for cusum analyses,38 and the
Type II error rate was negligible (Appendix).

RESULTS

Results of the cusum analysis for the femorotibial axis (Fig
1) show that control of the process was obtained during the
entire study and the learning curve lasted through 27
TKRs. The cusum plot shows that, for the first 19 first
knees treated, a constant systematic varus deviation was
observed, followed by eight knees with symmetric valgus
deviations (Fig 2A). After these 27 knees, the process
seemed to stabilize at the 180° target, with a slight trend
toward varus knees. Figure 2B shows the results of the
cusum test; both modified cusums are plotted together
with the decision intervals. Results showed that the cu-

sums S™ and S™ never reached the out of control bounds.
Postoperatively, 41 knees (39 patients) were in varus de-
viation, 31 knees (29 patients) were in valgus, and six
knees (six patients) were aligned. The average deviation of
varus knees was 182.1° + 0.9° (range, 181.0° — 183.0°).
The average deviation of valgus knees was 177.6° + 1.1°
(range, 175.0°-179.0°). Seventy-one knees (91%) in 67
patients were classified as acceptable (91.0%; 95% confi-
dence interval, 82.6-95.6%) and eight knees in eight pa-
tients (9.0%; 95% confidence interval, 4.4—17.3%) were
out of the 3° valgus, 3° varus range (Table 1).

After treatment of 17 knees, a positive trend was ob-
served for the femoral component (angle slightly above the
target), counterbalanced by a negative trend for the tibial
axis (Figs 3, 4). Despite the evident deviations from re-
spective targets, the cusum tests showed that both pro-
cesses were globally under control. However, for the
femoral axis, the cusum components crossed the upper
control limit at the fifty-seventh and the fifty-eighth knees
operated on and for the tibial axis, the lower (negative)
limit was crossed at the twenty-second, twenty-third,
twenty-seventh, and seventy-sixth knees operated on,
meaning these cases were out of control. The femoral
component was in the 2° valgus to 2° varus range for 58
knees (74.4%) in 56 patients, and the tibial component was
in that range for 65 knees (83.3%) in 61 patients. The
difference was not significant (p = 0.17).

Figure 5 shows that for operating time, the procedure
was globally under control. After an initial period of 32
knees with an increasing slope and one knee that was out
of control (Fig 4A), the slope declined, with one knee
being out of control after this period. The two knees out of
control were identified and were attributed to difficult re-
construction of the lateral condyle completely destroyed
by rheumatoid arthritis in one knee, and to an associated
Judet quadricepsplasty that was done for a preoperative
permanent dislocation of the patella in the other knee. The
average operation time was 120.7 minutes + 34.4 minutes
(range, 70-250 minutes). This time included placement of
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TABLE 1. Frequency Distribution of for drainage of a hematoma and one patient had the wound
Hip-Knee-Ankle Angle open after falling 3 days after the operation. This patient
Number of had a skin closure. These complications resolved favor-
Deviation Angle (°) Knees Percent  ably. One patient had mobilization under general anesthe-
Varus 1750 ] 13 sia 4 weeks after surgery for 60° flexion; 3 months after
176.0 4 5 1 mobilization the patient had 90° flexion. No complication
177.0 10 128 that was directly attributable to the computer-assisted sur-
178.0 7 9.0 gery system was recorded.
179.0 9 115
Aligned 180.0 6 7.7
Valgus 181.0 12 15.4 DISCUSSION
182.0 15 19.2
122'8 12 12'2 In this series, alignment was considered the primary out-
185.0 0 0 come measure because it plays a fundamental role in the
Total 78 100.0 long-term success of TKA.'®* An alignment within the

the sensors, registration of bones and of instruments, im-
plantation of the prosthesis, and additional actions when
necessary. All the procedures were done without a tourni-
quet; bleeding during surgery averaged 510 mL + 290 mL
(range, 60—1450 mL).

The rate of acceptable placement of the tibial compo-
nent in the sagittal plane was 88.5% and the rate of unac-
ceptable placement was 11.5%. Sixty-five knees (60 pa-
tients) had a posterior slope, eight knees (eight patients)
had no slope, and five knees (five patients) had an anterior
slope. The posterior slope was more than 5° for four knees
(four patients; 6° for two knees, 7° and 8° for one knee,
respectively).

On the skyline view, 71 knees (91.0%) in 66 patients
showed an aligned patellar component, and in seven knees
(seven patients, 9.0%) components were tilted. None of
the patellar components was subluxated or dislocated. At
this early stage, no correlation was found between the
position of the patellar component and the clinical status.

Immediate postoperative complications occurred in
three knees. Two patients (two knees) needed reoperation

60

range of 3° around the neutral axis on long-leg standing
radiographs was achieved in 91% of the knees in the cur-
rent study. This result compares favorably with other pub-
lished series that used or compared intramedullary or ex-
tramedullary devices (Table 2).%7-'"!3-21-22 Nevertheless,
only a randomized study could show superiority of the
computer-assisted surgical system. Acceptable alignment
has been assessed differently in other studies; Maestro et
al*' considered 5° around a 7° tibiofemoral valgus as an
optimal range, whereas other studies considered 4°' or 3°
as the optimal range.'****° In the current study, the mea-
surements were done by an independent surgeon who did
not participate in surgery to reduce biases, however radio-
logic measurement of tibiofemoral axis or mechanical axis
has several limitations. The long-leg standing radiograph,
taken with care to avoid major rotational displacement,
was chosen because Wright et al** showed in an experi-
mental study that the measurement of the tibiofemoral axis
was not influenced if the rotational misplacement was less
than 10°; this observation was confirmed by Oswald
et al.>” However, reliability and reproducibility of this
measurement have not been adequately evaluated. The use
of long-leg radiographs was preferred because short-leg
radiographs have several major disadvantages. Short-leg

A t h
50 47
" " /]/ L
40- PAYd 2+ \4 /\ J
E ‘\ﬁj 2 07 /_\ /
s 307 & v IE v \ M/ \ / |
® v] s .| \/
g ].’ é -2 0
1o J“ﬂ,»r‘"fj 41
4
Fig 3A-B. The (A) cusum plot and o f,nv'\r’mf ‘ . 617
thg (B) cusum test for the femoral 10 30 50 70 o 20 0 0
axis are shown. A No of observation B No of observation



Number 425

August 2004 Use of the Cusum Technique for Evaluation of Total Knee Replacement 185
20 4 h
A 0
J 5 21 i
o T .M'v»-'* T T 14 \ }\ EX0)
, / i
& ol /\/\/IJ\J \/\ i‘
o 20 o -1 "
E 2 \P\\\“‘ E -2 // 4 /VV\\
E 2 . / 50)
= b Ch A L n
-401 LS -4+ ] V -
Fig 4A-B. The (A) cusum plot and . 5
the (B) cusum test for the tibial axis sl 10 30 50 70 10 0 50 70
are shown. A No of observation B No of observation
radiographs overestimate tibiofemoral varus between 1.4° was described for evaluating surgical trainees,”**° pro-

and 1.9° compared with long-leg radiographs®®*?; this

mean difference, with a standard deviation of 2.2°, may
seem insignificant, however, as stated by Petersen and
Engh, this potentially could underestimate tibiofemoral
valgus by 5.8° or overestimate it by 3°. Furthermore, bow-
ing of the tibia or femur or both is not recognized on
short-leg radiographs; this was responsible for significant
error measurements in the study by Petersen and Engh,*
for some difficulties in doing TKR for patients with tibial
Paget’s disease,'>>” and for difficulties in treating Chinese
patients.°

When we began our study, no data were available on
CT-based computer-assisted surgery for TKR. Therefore,
it was necessary to control the procedure, so as not to harm
the patients. The cusum technique that was used to analyze
this series is a quality control method that used sequential
measurements as measurements of a process. Implantation
of a prosthesis in a TKR was assimilated to an industrial
process that needed to be under control during each step of
the procedure. Our aim primarily was to draw reference
values regarding what to expect in subsequent studies
evaluating computer-assisted surgery for TKR. For that
purpose, cusum techniques have several advantages. In
addition to a more classic determination of means and
standard deviations for axis angles, the cusum method, that

vides additional information. First, it allows detection of
trends in the mean of the process, such as learning curves
or periods of increased or decreased performance. Second,
after each new case, it is possible to decide whether the
process is still under control or to conclude that a signifi-
cant change in the mean has occurred.

One potential drawback of the cusum method is the
importance of determining target values and alternative
hypotheses.>* A common choice when no previous infor-
mation is available is to use the observed mean as the
target and to use two or three times the observed standard
deviation as the acceptable failure rate to be detected with
fair probability (alternative hypothesis). Such parameter-
ization, however, has been criticized as defining a test rule
depending on the observations. Therefore, agreed targets
and decision intervals are preferred. In the current study,
such requirements were verified, as target values and de-
cisions intervals were fixed before the study for three pa-
rameters, independent of the observed results. Compared
with other quality control charts, such as Shewhart’s
method, that only plot the last observation, the cusum has
the advantage of considering the entire history of the pro-
cess when drawing a result that corresponds to a new
observation. This enables detection of smaller but con-
secutive biases.*®
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TABLE 2. Studies on Ancillary Devices
Comparative/
Prospective/ Number Knee
Authors Randomized of Knees System Outcome Measure Result Observations
Petersen and N/N/N 50 Anatomic femorotibial 26% out of the 4°-10° Comparison between
Engh?° alignment valgus long and short
radiographs;
average significant
difference, 1.4°
Tillett et al®” Y/Y/N 50 6° + 2° anatomic IM versus EM = NS Comparison only on
avalgus on the femoral side
radiograph of knee
Engh and Y/N/N 72 Synatomic Anatomic axis IM > EM (p < 0.1) 87.5%
Petersen' Knee versus 68.8%, between
Femur: Comp 4° and 10° valgus
EM/IM
Tibia: EM
Tibial axis 82% at 90° + 2°
Brys et al® Y/N/N 114 Femur: EM Mechanical axis NS Tibial instrumentation
Tibia: IM or Lateral tibial axis IM > EM (p < 0.05) was different
EM (90° + 2°) Extramedullary femoral
Medial femoral axis NS instrumentation
Mechanical and NS
anatomic axis
Dennis et al'® Y/N/N 120 Lateral tibial axis 88% with EM versus 72%  Better positioning with
with IM at 90° + 2° extramedullary
instruments
Mechanical and NS
anatomic axis
Harvey et al'® N/N/N 101 Johnson-Elloy  Anatomic axis 72% in + 3°
IM
Cates et al* Y/N/N 200 Mechanical axis NS Femoral instrumentation
Lateral tibial axis IM > EM (p = 0.019) was different;
Medial femoral axis IM > EM (p = 0.052) extramedullary
Mechanical and NS instrumentation for
anatomical axis (11%—24% of the cuts the tibia
were not satisfactory)
Ishii et al'® Y/N/N 100 Mechanical axis NS Tibial instrumentation
Lateral tibial axis NS was different
Medial femoral axis NS Intramedullary femoral
Mechanical and NS instrumentation
anatomic axis (88% t0 92% of the  cuts
were satisfactory in the
90° + 4° range)
Maestro et Y/YIN 116 Anatomic axis NS (90.1% versus 87.2% Tibial instrumentation
al®! in7° + 5°) was different
Lateral tibial axis IM > EM p <0.01 Intramedullary femoral
(85.2% versus 87.2% instrumentation
in 90° + 4°)
Medial femoral axis NS (98.3% versus
94.5% in 90° + 4°)
Coull et al” N/N/N 79 Tibia: EM Medial tibial axis Average: 86.88° + 2.84°
Kinemax 48% were more than 3°
System varus
Mahaluxmivala N/N/N 673 Fibia: IM Anatomic valgus seen 7° £ 3°in 75.3% of the No difference
et al®? Tibia: EM on the radiograph of cases attributable to
PFC System the knee surgeon experience

Y =yes; N = no; IM = intramedullary; EM = extramedullary; NS = not significant
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To our knowledge, this is the first study of CT-based
computer-assisted surgery for TKR. Despite its innovative
character, CT-based computer-assisted surgery provided a
high rate of acceptable alignment. The early problems
were easily controlled and the absence of major outliers
indicates that CT-based computer-assisted surgery could
be a useful tool to implant knee prostheses. However, it
still is impossible with the data of the current study to
determine if CT-based computer-assisted surgery can re-
place conventional systems; this conclusion can be made
only with data from well-designed comparative random-
ized studies. However, data are needed regarding the per-
formance of computer-assisted systems. These data, as dis-
cussed by McCulloch et al,>* are mandatory before de-
signing a randomized study. When dealing with such
innovative techniques in surgery, unlike the conventional
drug development process, no previous Phase I and Phase
IT studies are available. Suitable end points and expected
differences between the control and the experimental arms
that allow sample size calculation cannot be determined as
in a classic randomized trial. The results of cohort studies
such as ours are critically important.

Several options are available for computer-assisted sur-
gery for TKR. Most of them were studied with conven-
tional statistical tools but without the continuous evalua-
tion that is allowed by the cusum technique.>®'”-!-3%-3¢
The first randomized study was done by Saragaglia et a
but did not show any difference in limb alignment between
conventional systems and computer-assisted surgery; this
study included only 25 patients in each group, and no a
priori calculation of the number of patients to be included
was done that considered the potential result of each tech-
nique.

Considering the cost-containment environment and the
absolute necessity for surgeons to offer patients a safe
procedure even when a new technology such as computer-
assisted TKR is being studied, the cusum analysis provides
information regarding the performance of the whole sys-
tem, including the surgeon and the technique. From a
methodologic viewpoint, the cusum technique was useful
in evaluating this new technology. However the technical
difference between computer-assisted surgery and conven-
tional surgery needs to be evaluated with well-designed
randomized studies. The clinical relevance of such sys-
tems also need long-term study.
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APPENDIX

Cusum test

STand S7: ST, = max[S*,; + (x; — x* —k)/5,0], where
ST = 0and S7; = min[S™, ; + (x; — x* + k)/c,0], in which
S7y = 0 o denotes the standard deviation of the observed
series (X;), and k is called the reference value.

The cusum S™ (respectively S7) only increases (respec-
tively decreases) if deviations from target value x* exceed
k positively (respectively negatively).

In quality control, several considerations have been
taken into account to specify the values k and h. Most
commonly, quality control concepts are used. However,
Van Dobben de Bruyn®® proposed a parallel between the
cusum test and a sequential hypothesis test in reverse.
Assume we wish to test the null hypothesis that the process
is in control (the mean of the process is equal to the target),
which is expressed as:

Hy ={n=x*},

where W is the mean of x; (in the sense of the mathe-
matic expectancy), against the alternative hypotheses H, =
{w=x*+go}and H_, _ {p = x* — go}. A test of H,
against the alternatives, with Type I error rate « and a high
power (the Type II error rate is negligible), corresponds to
a cusum test with parameters defined as: k = g/2and h =

—1/g log(w).

For example, in the current study, given a standard
deviation of 2.35° for the femorotibial axis and a 3° bias to
be detected in either way, the parameter g was then 3/2.35
= 1.28, yielding k = 0.64 and h = 3.60, as o = 0.01.
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