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Does patient-specific instrumentation increase the risk of notching
in the anterior femoral cortex in total knee arthroplasty? A
comparative prospective trial
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Abstract
Purpose Patient-specific instrumentation (PSI) was usually applied in total knee arthroplasty (TKA) to acquire a
favourable alignment. We hypothesized that using PSI had a potential risk of notching in the anterior femoral cortex,
because the femoral component may be placed in an overextension position due to the distal femoral sagittal
anteversion. The aim of this study was to figure out the relationship between the notch and the distal femoral sagittal
anteversion in PSI-assisted TKA.
Methods One hundred thirty-one patients who were to undergo total knee arthroplasty (TKA) were randomly divided
into conventional instrumentation (CI) group and PSI group. The computed tomography (CT) data of lower extrem-
ities was collected and imported to the Mimics software to reconstruct the three-dimensional (3D) bone image of the
femur. The angle between distal femoral anatomic axis (DFAA) and femoral mechanical axis (FMA) on sagittal plane
was defined as distal femoral sagittal anteverted angle (DFSAA) and measured. The number of notch intra-operative
and post-operative was recorded. Then, we calculated the incidence of the notch and analyzed its relationship with
DFSAA.
Results The average DFSAA of 262 femurs is 2.5° ± 1.5° (range, 0.0°–5.7°). When DFSAA ≥ 3°, the incidence of notch was
7.10% in CI group and 33.30% in PSI group, respectively, which shows significant statistical difference in the two groups (P =
0.016 < 0.05). When DFSAA < 3°, the incidence of notch was 6.50% in CI group and 5.30% in PSI group, respectively, which
shows no significant statistical difference in the two groups (P = 0.667 > 0.05).
Conclusion DFSAA could be taken as an indicator to predict the notch when performing TKA assisted with PSI. Especially when
the DFSAA ≥ 3°, the risk of notch could be markedly increased.
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Introduction

Total knee arthroplasty (TKA) is a widely used and important
surgical option in the treatment of end-stage knee osteoarthri-
tis (KOA) or other serious knee diseases. TKA can correct
deformity and relieve pain by restoring limb alignment and
obtaining good soft tissue balance [1]. Although at present
TKA has achieved good post-operative results, about 20%
of patients are still not satisfied with their results of replace-
ment [2]. In addition to the influence of the design features and
manufacturing process of the prosthesis itself, whether the
implant position is correct or not has a direct relationship with
the long-term survival rate of the prosthesis [3]. Malalignment
of the implant after TKAmay cause many complications, such
as early loosening, instability of movement, persistent pain,
and wear of polyethylene liner. A perfect surgical design
should be inspected and reviewed from three dimensions
(3D): coronal alignment, sagittal alignment, and axial align-
ment, which requires considerable experiences of surgeons,
the poor alignment of the implant due to the limits of technical
level of surgeons is a common cause of TKA revision [4]. At
present, a relatively consistent definition of good lower ex-
tremity alignment after surgery is that deviation no more than
0 ± 3° from the mechanical axis in coronal plane [5].

Numerous studies have demonstrated that computer-
assisted surgery (CAS) in TKA can improve prosthesis align-
ment and reduce outliers [6–8]. However, the application of
CAS is somewhat limited by its complicated registration pro-
cess, which has brought about a series of problems, e.g., in-
creased surgical time and cost [9, 10], bone fracture caused by
the tracer pin [11, 12], and the longer learning curve [8].

In recent years, the rapid development of 3D printing tech-
nology provides a new solution for achieving neutral align-
ment in TKA: individualized 3D printing osteotomy guide–
assisted TKA, or better known as patient-specific instrument
(PSI)–assisted TKA [13]. This technique needs to obtain CT
or magnetic resonance imaging (MRI) data of full-length low-
er extremities preoperatively. Based on the reconstructed 3D
images, surgeons can determine the size and position of the
implant, and also the patient-specific cutting blocks can be
designed and printed to assist TKA [14].

Although it had been proved by many researches that PSI
could acquire an equivalent alignment in coronal plane
[15–17] to or even a more favourable rotational alignment
[18] than conventional instrumentation (CI), few attention
has been paid on the sagittal alignment. However, sagittal
alignment, especially the sagittal rotation of the femoral com-
ponent, is an important factor related to the outcomes of TKA.
An overly flexion position of the femoral component can lead
to extension limit of the knee as well as impingement between
the posterior liner and the intercondylar box [19]. On the other
hand, an overly extension position can result in notching in the
anterior femoral cortex [20], and the notch was often

considered an adverse event for that local stress in the vicinity
of the prosthesis augmented markedly which could lead to
supracondylar fracture [21]. However, anatomical morpholo-
gy of the distal femur is the main factor that influences the
sagittal rotation of the femoral component. Ko et al. [22] came
to the conclusion that sagittal bowing of the distal femur could
be a risk factor for femoral component flexion in CI and
notching in CAS. Since both PSI and CAS refer to the femoral
mechanical axis in sagittal plane when designing the distal
osteotomy, we hypothesized that in TKA, PSI has potential
risk of notching in the anterior femoral cortex similar to CAS.
And we also assumed that the risk of notching in the anterior
femoral cortex was associated with the distal femoral sagittal
anteversion, which has not been reported yet. Hence, we
aimed to compare the incidence of notch in the anterior fem-
oral cortex between PSI and CI in TKA and to analyze the
relationship between notch and distal femoral sagittal
anteversion.

Patients and methods

Patients

From January 2017 to December 2018, 131 patients diag-
nosed with knee osteoarthritis (KOA) who were undergoing
primary unilateral TKA were included in this study. Patients
with inflammatory arthritis, post-traumatic arthritis, or severe
extra-articular deformities were excluded. There were 25
males and 106 females. The mean age of patients was 66.2
± 8.5 years (range, 41–84 years) and the mean body mass
index (BMI) was 25.2 ± 3.9 kg/m2 (range, 17.5–44.3 kg/m2).
Patients were randomly divided into two groups in a ratio of
2:1with group A: 88 cases of CI group and group B: 43 cases
of PSI group. All the patients received and accepted informed
consent to participate in this study, which was approved by the
medical ethics committee of our hospital (2018-YD084-01).

The measurement of DFSAA

Firstly, all patients included underwent full-length lower ex-
tremity radiography(AXIOM Multix M, Siemens company,
Germany), then received the 64 row CT scan (Lightspeed-
64, General Electric Company, USA) on both legs, with the
scan thickness 0.625 mm. Position: both legs were in neutral
position, and the patella was upward. The scanning range was
from the pelvis to feet. Then, the CT scan data was imported
into the software of Mimics 17.0 (Materialise company,
Belgium) in DICOM 3.0 format to reconstruct the model of
the femur.We defined the angle between the femoral mechan-
ical axis (FMA) and the distal femoral anatomical axis
(DFAA) in sagittal plane as the distal femoral sagittal
anteverted angle (DFSAA), and we measured DFSAA on

2604 International Orthopaedics (SICOT) (2020) 44:2603–2611



three dimensions by Creo 2.0 (PTC company, USA) (Fig. 1).
Both group A and group B were divided into subgroup
DFSAA ≥ 3°and subgroup DFSAA < 3°, respectively.

We obtained the CT data of the patient’s legs in the outpa-
tient department and imported them into Mimics17.0 in the
format of DICOM to reconstruct the femoral and tibia models.
The 3D models were converted to standard tessellation lan-
guage (STL) files and loaded into Siemens NX 9.0 software
(Siemens, Germany) where the alignment was measured
based on anatomic landmarks. Then, we performed the simu-
lated operation in this software including osteotomy and pros-
thesis matching, and completed the final prosthesis adaptation
with a posterior stabilizing (PS) prosthesis (Gemini II, link,
Germany) (Fig. 2). After that, the model data of osteotomy
guide was imported into the software program of 3D printer
(EOS P11, Germany) for printing (Fig. 3). The guide was
made of medical nylon (PA2200), which was sterilized at high
temperature and not easy to deform.

Surgical procedures

One hundred thirty-one patients in this group were given gen-
eral anesthesia (45 cases) or intraspinal anaesthesia (86 cases).
A tourniquet was applied before skin incision. Antibiotics and

tranexamic acid were used 30 minutes before the operation.
We adopted the anteromedial incision and medial parapatellar
approach in both groups. In the CI group, an IM rod for the
femur and an extramedullary guide for the tibia were applied,
while in the PSI group, patients were operated by the follow-
ing methods: (1) After the femoral condyle was exposed, a
custom curette was used to scrape off the cartilage on the
anterior surface of the femoral condyle where the osteotomy
guide would be placed. (2) When the osteotomy guide was
confirmed in good fit with the femoral condyle, positioning
nail was implanted through the holes. Then, we replaced the
PSI guides with the matched metal cutting blocks to complete
the distal femur osteotomy (Fig. 4). (3) The cartilage on the
tibial plateau was removed, then the PSI guides were placed in
best fit before it was replaced with metal cutting blocks to
complete the proximal tibia osteotomy in same way as the
distal femur. (4) After removal of meniscus and osteophyte
on the posterior condylar of the femur, we inserted the gap
block of corresponding thickness to test the gap and soft tissue
balance in extension and flexion. (5) Then, we performed
external rotatory osteotomy of the distal femur with the 4-in-
1 metal cutting blocks which were fixed by the positioning
nail previously implanted on the distal femur. After that, we
used sickle to test whether notch was formed in anterior cortex

20cm

cb

a

A

B

20cm20cm

c

a

IM rodIM rod

IM rodIM rod

Fig. 1 Methods to define
DFSAA. A cylinder simulated
femoral intramedullary (IM)
guide rod was established in
Mimics (diameter = 8 mm; length
= 20 cm). Point (a) was the center
of the femoral marrow cavity.
Point (b) was the center of the
femoral head. Point (c) was the
entry point on the intercondylar
fossa. Line (a)–(c) was the central
axis of the simulated IM rod
which represents the DFAA. Line
(b)–(c) was FMA. The coordinate
figure of these three points was
recorded and imported into Creo
2.0. The cross angle of DFAA and
FMA in sagittal plane was mea-
sured as DFSAA in Creo
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of the femur and recorded (Fig. 5A). We defined that if the
lower edge of sickle was lower than the most anterior edge of
anterior cortex of the femur, then anterior cortex notch was
formed after osteotomy. When the sickle test showed that a
notch had occurred, we moved up the positioning pin hole
until no notch was formed.

The remaining procedure was then carried as the same as
the conventional instrumentation. The patella in both groups
was resurfaced as appropriate but without replacement. The
PS cemented prosthesis was chosen as the final installation.

All the operations were performed by an experienced surgeon
(the corresponding author) in both groups.

Radiographic assessment of notch

The standard anteroposterior and lateral radiographs of the
knee joint were performed routinely to observe the occurrence
of notch (Fig. 5B) on the first post-operative day. The number
of cases of femoral notch was recorded in Gujarathi’s
methods, which classified the notch into 4 grades: Grade I:
violation of the outer table of the anterior femoral cortex;

Fig. 2 The procedures of TKA were performed on virtual surgical platform, and the effect of the surgery could be predicted clearly

Fig. 3 Osteotomy guide was
made by 3D printing
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grade II: violation of the outer and the inner table of the fem-
oral cortex; grade III: violation up to 25% of the medullary
canal (from the inner table to the center of the medullary
canal); grade IV: violation up to 50% of the medullary canal
(from the inner table to the center of the medullary canal) [23].

Post-operative follow-up and evaluation

All the patients were followed up by physical examination in
the outpatient department for about 6 months at least. In this
study, the hospital for special surgery knee scoring system

(HSS) was selected to assess the function outcomes of patients
at the sixth month after the operation.

Statistical analysis

We used SPSS 19.0 software (IBM Corp., NY, USA) for
statistical analysis. The quantitative data were expressed as
the mean ± standard deviation (SD) and range. The incidence
of notch was compared by chi-square test (or Fisher’s exact
test, as appropriate), and the post-operative HSS score was
compared by t test. The correlation between DFSAA and

Fig. 4 (A) Using a custom curette
to scrape off the cartilage on the
anterior surface of the femoral
condyle. (B) Confirming the good
fit of the femoral osteotomy guide
plate. (C) Positioning nails were
implanted through the holes. (D)
Using the matched metal cutting
blocks to replace of the PSI
guides to complete the distal fe-
mur osteotomy

Fig. 5 (A) Using the sickle to test
whether notch was formed and
record as the white arrow showed.
(B) The notch on the lateral X-ray
of the knee posto-peratively as the
white arrow showed
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height or BMI was analyzed by linear regression. A two-tailed
probability level of P < 0.05 was selected as the statistical
significant level.

Results

The general features of DFSAA

The average DFSAA of 262 femurs is 2.5° ± 1.5° (range,
0.0°–5.7°). DFSAA of 50% of patients was less than 2.2°,
and DFSAA of the remaining 50% was 2.2°–5.7° (Fig. 6).
The average DFSSA in men is 2.6° ± 1.6° (range, 0.1°–5.6°)
and 2.5° ± 1.5° (range, 0.2°–5.7°) in women, respectively.
There was no significant statistical difference of DFSAA be-
tween men and women (P = 0.389 > 0.05). The average
DFSSA is 2.4° ± 1.5° (range, 0.1°–5.5°) in left and 2.6° ±
1.5° (range, 0.0°–5.7°) in right, respectively. There was no
significant statistical difference of DFSAA between left and
right (P = 0.234 > 0.05). There was no significant correlation
between the left DFSAA and age (P = 0.068 > 0.05), BMI
(P = 0.111 > 0.05), and between the right DFSAA and age
(P = 0.091 > 0.05), BMI (P = 0.111 > 0.05).

The incidence of notch

In group A, 42 cases had DFSAA ≥ 3°and 46 cases had
DFSAA < 3°. In group B, 24 cases had DFSAA ≥ 3°and 19

cases had DFSAA < 3°. The incidence of notch was 7.10% in
group A and 33.30% in group B when DFSAA ≥ 3°. The
incidence of notch was different in the two groups when
DFSAA ≥ 3°(χ2 = 5.775, P = 0.016 < 0.05, with a power anal-
ysis of 0.81, calculated by the software of PASS 11.0 (NCSS
Inc., Utah, USA). The incidence of notch was 6.5% in group
A when DFSAA < 3°and 5.30% in group B when DFSAA <
3°. There was no significant difference between the two
groups when DFSAA < 3° (Fisher’s accurate test P =
0.667 > 0.05) (Fig. 7).

Early clinical outcomes

All patients were followed up for six months at least, no cases
of loosening and periprosthetic infection, no cases of
supracondylar fracture of prosthesis and other causes of revi-
sion. The average HSS score of the patients in group A was
80.82 ± 5.30 points (range, 71–91 points) at the sixth month
pre-operatively; the average HSS score of the patients in
group B was 79.19 ± 6.43 points (range, 66–91 points) at the
sixth month pre-operatively, with no significant difference
between the two groups (P = 0.126 > 0.05).

Discussion

Notching in the anterior femoral cortex of TKA had always
been treated as a predisposing factor for periprosthetic femoral
fracture in early post-operative period. The incidence of notch
was reported ranging widely from 1.1 to 40% [23, 24].
Although in some recent studies, whether the notch can lead
to periprosthetic fracture seemed to be controversial. Most
surgeons had discomfort with the notch because of the strong
suspicion that it would cause the cortex stress to decrease,
which was demonstrated by biomechanically evidence in the
literature. Lesh et al. described that following notching a mean
reduction of bending and torsional strengths was by 18% andFig. 6 Frequency distribution of the DFSAA

Fig. 7 The incidence of notch has a significant difference between the
two groups when DFSAA ≥ 3°, while it shows no difference in the two
groups when DFSAA < 3°
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42%, respectively [21]. Some doctors thought the notch was
irrelevant, but ignoring it was dangerous.

Usually, notching was attributed to surgical technique er-
rors: entry point of the IM rod error, femoral component
malrotation, smaller femoral prosthesis selection. However,
the wide variation in the morphology of the distal femur could
cause notch was more easily overlooked and ignored. And this
variation had been proved to associate with ethnicity. Distal
femoral sagittal anteversion (or named as distal femoral sag-
ittal bowing) was more common in Asians with advanced
osteoarthritis of the knee than that in Europeans and
Americans [25, 26]. And distal femoral sagittal anteversion
could lead femoral component placed in the extension posi-
tion and thus causing notching in the anterior femoral cortex.
We considered that these effects might be more significant in
CAS and PSI because distal femoral osteotomy was based on
FMA. Also, it had been reported that CAS-TKA had a higher
risk of nothing than the conventional TKA, and the greater
degree of flexion of the distal femur, the more likely it was to
produce a femoral notch [20, 27, 28]. We also found this
phenomenon to occur in PSI especially in patients with sig-
nificant distal femoral sagittal anteversion showed in lateral
femoral radiography preo-peratively. However, no current
study had been carried out to research on the risk of notching
in PSI-TKA. Therefore, we performed this research to figure
out the relationship between distal sagittal femoral anteversion
and the incidence of notch in PSI.

In this research, the notch incidence of the PSI group was
higher than that of the CI group when DFSAA ≥ 3°, and the
difference was statistically significant. There were no signifi-
cant differences between the two groups when DFSAA < 3°.
The result was consistent with our assumption that the risk of
notching was associated with distal femoral sagittal
anteversion. We analyzed the reason was that surgeons per-
formed the distal femoral osteotomy by referring to IM rods
(also we can regard it as DFAA) in CI, then the distal femoral
osteotomy was conducted perpendicular to DFAA, while it
was performed perpendicular to FMA in PSI. As the design
principle of the 4 in 1 osteotomy guiding block required, the
anterior femoral condyle osteotomy was performed perpen-
dicular to the distal femoral osteotomy surface. When
DFAA was over flexion relative to FMA in sagittal plane,
DFSAA increased, then it is very likely to form a notch in
the anterior cortex of the distal femur (Fig. 8).

In this case, there was no obvious difference in HSS score
between CI group and PSI group at sixth month after the oper-
ation. The notches observed on lateral femur radiography post-
operatively were all Gujarathi types I–II. And no periprosthetic
fracture occurred during the early post-operative period. This
short-time clinical outcome was consistent with Gujarathi’s re-
search, which concluded that no relationship existed between
minimal anterior femoral notching and supracondylar fracture
of the femur [23]. Notches of types III and IVwould significantly

increase the risk of supracondylar fracture of the femur. Zalzal
et al. [29] showed that the notch of the anterior cortex of the
femur could cause local stress concentration, especially when
the notch of the femur was more than 3 mm, sharp, and adjacent
to the prosthesis. In our research, not more than notches above
type III were observed post-operatively, not least because sur-
geons operated the anterior femoral osteotomy quite carefully.
When a deep notch that might happen observed by the sickle
tester, the 4 in 1 cutting guide would be adjusted anteriorly.

PSI is a simple modern technique to assist TKA, and it is
getting popular in recent years due to the benefits of accurate
preo-perative planning, fewer intra-operative steps and reduction
in surgical time [30], a lower risk of blood loss, and fat embolism
[31]. Also, PSI is especially applicable in cases where the use of
an IM rod would be problematic due to previous femoral trauma
[32]. According to the results of this study, we recommended that
when choosing PSI for TKA, attention should be paid on distal
femoral sagittal anteversion pre-operatively. A CT scanning of
lower extremity may be helpful in this evaluation procedure for
the measurement of DFSAA. A conventional instrumentation
may be more appropriate than PSI for mitigating the risk of
notching in patients with an over large DFSAA. However, if
PSImust be done, a design of the cutting guidewith the reference
of the DFAA is recommended.

There were also some limitations in this study: Firstly, our
research was not a strictly randomized controlled trial (RCT).
Selection bias may exist in surgery option, and double blind
for patients and surgeons would be perfect. Secondly, we did
not measure the depth of the notch in anterior femoral cortex.

Fig. 8 Difference of distal femur osteotomy based on different reference
lines. According to the s-DFAA (ac) and s-FMA (bc) of the femur, there
were different osteotomy surfaces. Arrow 1was the distal femur osteotomy
surface which was perpendicular to s-FMA, while arrow 2 was the distal
femur osteotomy surface whichwas perpendicular to s-DFAA, and the two
surfaces were not parallel.When DFSAAwas too large, femoral notchwas
easy to appear (arrow) in PSI-TKA
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We believed that analyzing the relationship between the depth
of notch and DFSAA would make the conclusion more con-
vincing. Thirdly, sagittal femoral bowing was related to eth-
nicity. All the subjects in this study were KOA patients in
Southwest China. Therefore, the results of this study could
not directly explain whether there would be similar conclu-
sions in other regions or other ethnic groups. There is still a
need for further multicenter and diversified research.

Conclusion

Surgeons should be aware of the risks associated with
notching of the anterior femoral cortex when choosing PSI
in TKA. DFSAA could be taken as an indicator to predict
notch when performing TKA assisted with PSI. Especially
when the DFSAA ≥ 3°, the risk of notching could bemarkedly
increased.
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