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Radiological Stability after Revision of Infected Total
Knee Arthroplasty Using Modular Metal Augments
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Purpose: To evaluate the radiological stability according to the number of modular augments after revision of infected total knee arthroplasty (TKA).
Materials and Methods: Between February 2006 and September 2013, 37 patients (39 knees) followed =2 years after revision of infected TKA using
modular metal augments for bone defects were reviewed retrospectively. We divided the patients into 3 groups according to the number of augments
into group A (<2 augments, 14 knees), group B (3—4 augments, 18 knees), and group C (5> augments, 7 knees) and evaluated the width of radiolucent
zones around the implant at the last follow-up.

Results: There were 3 Anderson Orthopedic Research Institute type I, 33 type II, and 3 type III bone defects. The mean number of radiolucent zones
of group A was 3 and the sum of width averaged 4.4 mm. In group B, the values were 4.8 and 6.2 mm, respectively. In group C, the values were 8.1
and 12.9 mm, respectively. The differences between the three groups were statistically significant.

Conclusions: In revision TKA with modular metal augmentation caused by infected TKA, increased modularity can result in radiological instability.
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Introduction bone graftS’S). On the other hand, modular metal augments are
easy and quick to use through minimal bone resection and bio-

Bone loss is commonly encountered in revision total knee ar-  mechanically designed to allow for joint mobility and weight-
throplasty (TKA). Clinical success and survivorship of revision = bearing immediately after surgery, and thus are frequently
TKA are critically dependent on the restoration of bone massand ~ employed in revision TKA™'”. Metal stems are also commonly
joint stability”. Bone defects can be managed surgically, depend-  used in revision TKA for correct positioning of the knee implant,
ing on the extent and location, by bone cementing, morselized — proper stress distribution of bone-implant contact surface, and
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bone grafting, modular metal augmentation, structural bone al-  rigid fixation'""”. However, increased modularity by the use of

lografts, and custom-made implants™®. modular metal augments may cause osteolysis of adjacent bones

Structural allografts have been associated with increased risk ~ due to corrosion and wear at modular interfaces of the knee'*"?,
of fracture, nonunion, and transmission of infection and re-  eventually compromising postoperative radiological stability.
quire meticulous preparation for maximizing contact with the The purpose of our study was to evaluate the relationship

between radiological stability and the level of modularity deter-
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A total of 37 patients (39 knees) were followed after revision
This is an Open Access article distributed under the terms of the Creative Commons surgery for infected TKA using modular metal augments for

Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any bone defects between February 2006 and September 2013. The

medium, provided the original work is properly cited. indication for revision was infection after primary TKA in all
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knees. The revision TKA was performed in a two-stage approach:
debridement and cement spacer insertion were followed by the
stage two for reimplantation. There were 7 males and 30 females.
Of these, one male patient and one female patient underwent
revision TKA in both knees, albeit not simultaneously. The mean
age of the patients was 65.8 years (range, 51 to 83 years) and the
mean follow-up period was 40 months (range, 25 to 88 months).
For comparison, the patients were classified into three groups ac-
cording to the number of metal augments used for femoral/tibial
bone defects except for the stem: group A (<2, 14 knees), group B
(3-4, 18 knees), and group C (52, 7 knees) (Table 1).

Table 1. Modular Metal Augments Distribution

Femur (mm)

Group Case Tibia (mm)
Posterior Distal
A 1
1 Med 4 Med 4
4 Both 4
1 Both 8
2 Both 5
2 Med 4
2 Both 4
1 Both 5
B 2 Both 4 Both 4
2 Both 4 Both 8
2 Both 8 Med 8/Lat 4
1 Both 8 Both 4
1 Both 4 Med 4/Lat 8
1 Med 4 Med 4/Lat 8
1 Med 8/Lat 4
1 Med 4/Lat 8 Both 8
1 Med 4 Both 10
2 Both 8 Both 8
1 Both 5 Both 10
1 Both 4 Med 10
1 Med 4 Both 4
1 Med 4 Med 4 Med 8 (w)
C 1 Both 8 Both 8 Both 10
1 Both 8 Both 8 Med 15
1 Both 8 Both 4 Both 10
2 Both 4 Both 8 Both 10
1 Both 10 Both 10 Both 15
1 Med 5/Lat 10 Both 5 Med 5/Lat 10

Med: medial, Lat: lateral, w: wedge.

2. Surgical Technique

Skin incision was performed along the incision line for ce-
ment spacer insertion and the knee joint was exposed by medial
parapatellar approach. After peri-implant soft tissue removal,
the bone cement between the femoral component and the femur
was separated with an osteotome and a hammer and removed
using an impactor. The tibial polyethylene insert was separated
from the bone cement using a microsaw and removed by crack-
ing with an osteotome. Soft tissues around the exposed tibial and
femoral cancellous bones were removed. Then, 1-2 mm resec-
tion of the protruding bone and femoral intercondylar notch was
performed for placement of a posterior cruciate ligament-sub-
stituting femoral component. Swollen synovial membrane and
soft tissues were debrided and thoroughly lavaged. The surgery
was a two-stage procedure in all knees and bone allograft was
ruled out as an option for the management of bone loss. For res-
toration of bone mass, bone cement was used in the knees with
Anderson Orthopedic Research Institute (AORI) type I bone
defects, modular metal augments were used in addition to bone
cement in the knees with AORI type II or III bone defects. The
knee components, metal augments, and stems were all fixed with
metal screws. Of the total 42 knees, the prosthesis of choice was
Press Fit Condylar Sigma Total Condylar 3 (Johnson & Johnson,
Warsaw, IN, USA) in 37 knees, Scorpio Total Stabilizer (Stryker,
Mahway, NJ, USA) in 3 knees, and NexGen Legacy Constrained
Condylar Knee (Zimmer, Warsaw, IN, USA) in 2 knees. For
stable component fixation, the femoral/tibial stems were fully
cemented with Depuy CMW Gentamicin 3 bone cement (Depuy,
Blackpool, UK) containing 4.22% w/w of gentamicin sulfate in all
knees. The patella was resurfaced in all knees.

3. Radiological Assessment

Radiological stability was evaluated using a modified roent-
genographic method of the American Knee Society according to
Whaley et al.””: radiolucent zones and bone resorption around
the implants of the femur and tibia excluding the patella were
investigated on the anteroposterior and lateral radiographs of the
knee'”. In addition, the distribution and extent of radiolucency
and bone resorption were assessed according to the number of
metal augments.

4. Statistical Analysis

Statistical analysis was performed using SPSS ver. 18.0 (SPSS
Inc., Chicago, IL, USA). Analysis of variance analysis was used
for comparison of radiological stability after revision TKA ac-
cording to the number of metal augments. The relationship



between the use of metal augments and radiological stability was
evaluated using Mann-Whitney test. Statistical significance was
set at p<0.05.

Results

1. AORI Classification

According to the AORI classification, there were 3 F1T1 knees,
1 F1T2A knee, 2 F1T2B knees, 3 F2AT1 knees, 21 F2BT1 knees,
1 F2AT2A knee, 1 F2BT2A knee, 4 F2BT2B knees, and 3 F2BT3
knees (Table 2).

2. Radiological Outcome

At the last follow-up, radiolucency was present in 34 of 39 knees
(87.1%) and component loosening was not observed in all knees.
The mean number of radiolucent zones was 4.7 (range, 0 to 15)
and the average sum of width was 6.7 mm (range, 0 to 23 mm):
the mean number and width were 3 (range, 0 to 8) and 4.4 mm
(range, 0 to 13 mm) in group A; 4.8 (range, 0 to 14) and 6.2 mm
(range, 0 to 18 mm) in group B; and 8.1 (range, 1 to 15) and 12.9
mm (range, 1 to 23 mm) in group C. The number of metal aug-
ments used in revision TKA was positively correlated with the
number of radiolucent zones and the sum of width (Fig. 1).

Compared to the knees where metal augmentation was applied
only to the femur, those with metal augments around the tibia
and femur showed statistically significant increases in the num-
ber of radiolucent zones and width around the tibia; however,
there was no notable difference between the knees with respect to
radiolucency around the femur (Table 3).

In a 68-year-old female patient who presented with delayed
chronic infection of the left knee, 4-mm blocks were used for
bone defects in the medial and lateral areas of the distal femur
during two-stage revision TKA. At 25 months after revision, no
radiolucent line was observed in her knee (Fig. 2). In a 69-year-
old female patient who underwent the revision surgery due to
delayed chronic infection following TKA, four bone blocks were
used for bone deficiency in the femur during revision TKA:

Table 2. Bone Defects of Patients

Tibia
AORI 1 AORI2 AORI 3
Femur
AORI 1 3 3 0
AORI2 24 6 3

AORTI: Anderson Orthopaedic Research Institute.
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8-mm blocks in the medial and lateral areas of the posterior as-
pect of the femur, an 8-mm block in the medial area of the distal
femur, and a 4-mm block in the lateral area of the distal femur. At
26 months after surgery, 7-mm radiolucency was observed in 5
zones in the patient (Fig. 3). In a 71-year-old female patient, two-
stage revision TKA was performed for delayed chronic infection
using 6 metal augments: 8-mm blocks in the medial and lateral
areas of both the posterior aspect of the femur and distal femur
and 10-mm blocks in the medial and lateral areas of the tibia. In
the patient, 11-mm radiolucency was observed in 7 zones at 48
months after surgery (Fig. 4).

Discussion

A number of domestic and international studies have been
published on the management of bone deficiency during revision
TKA and treatment outcomes. Among various methods, modu-
lar metal augmentation has demonstrated favorable results for
AORI type II bone defects in several studies™'*"**
some recent studies, metal augmentation showed promising re-

). According to

sults for restoration of bone mass in primary as well'**”. Tsukada

et al.?

reported that the clinical results of primary TKA with
metal augmentation in patients with bone defects were compa-
rable to those without augmentation in patients without bone
defects. Accordingly, metal augmentation has been considered as
a convenient and effective method for restoration of bone mass.
However, fretting at the metal augment-implant interface and
component loosening have been documented as major short-
comings of metal augmentation. In particular, the appearance of
radiolucent lines after metal augmentation has been reported in
several studies focused on the relationship between the clinical
outcome and radiological stability"'***"***.

Pagnano et al.'” reported that radiolucency was noted in 13 of
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Fig. 1. Number of the radiolucent zones and sum of the widths.
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Table 3. Difference of the Radiolucent Line According to the Use of Tibia Modular Metal Augments

Femur (mm) Tibia Femur Tibia
Case Posterior Distal (mm) Zone (p>0.05) Width (p>0.05)  Zone (p=0.014) Width (p=0.008)
1 Med 4 Med 4 19 2.6 1.8 24
4 Both 4
1 Both 8
2 Both 5
2 Med 4
2 Both 4
1 Med 4 Med 4/Lat 8
1 Med 4/Lat 8 Both 8
2 Both 4 Both 4
1 Both 5 Both 10
2 Both 4 Both 8
1 Both 8 Both 4
2 Both 8 Med 8/Lat 4
1 Med 8/Lat 4 Med 4
1 Both 4 Med 4/Lat 8
1 Med 4 Both 4
2 Both 8 Both 8
1 Both 5 35 59 3.9 54
1 Both 4 Med 10
1 Med 4 Med 4 Med 8 (w)
1 Med 4 Both 10
1 Med 5/Lat 10 Both 5 Med 5/Lat 10
2 Both 4 Both 8 Both 10
1 Both 8 Both 8 Med 15
1 Both 8 Both 4 Both 10
1 Both 10 Both 10 Both 15
1 Both 8 Both 8 Both 10

Med: medial, Lat: lateral, w: wedge.

Fig. 2. A 68-year-old female, group A: 25
months after revision total knee arthroplasty,
there is no radiolucent line.




24 knees with metal wedge augments for tibial bone deficiency

after primary TKA. Haas et al.” observed progressive radiolucent
lines around the femoral component in 1% of the patients and
around the tibial component in 3% of the patients at a mean of 42
months after revision TKA using metal augments and cementless

1" described that radiolucent lines

stemmed implants. Patel et a
were present in 14% of the 79 knees at a mean of 7 years after re-
vision TKA using metal augments and hybrid fixation stems.
Although the etiology of radiolucency after TKA has yet to be
established, possible causes include insufficient bone cementing,
thermal bone necrosis during hardening of the cement, presence
of blood or tissue debris, and micromotion of knee implants™”.

Tsukada et al.”” suggested that appearance of radiolucency can

Knee Surg Relat Res, Vol. 28, No. 1, Mar. 2016 59

Fig. 3. A 69-year-old female, group B: 26
months after revision total knee arthroplasty,
there is a 3-mm radiolucent line in zone 3 of
the tibia on the anterior to posterior radio-
graph, a 1-mm radiolucent line in zone 1 of
the tibia, and a total 3-mm radiolucent line
in zones 5b, 6a, and 7b of the femur on the
lateral radiograph.

Fig. 4. A 71-year-old female, group C: 48
months after revision total knee arthroplasty,
there is bone resorption of approximately
4 mm in zone 1 of the femur, a total 3 mm
in zones 1 and 2 of the tibia on the lateral
radiograph, and a total 4-mm radiolucent
line in zones 1, 2, 5, and 7 of the tibia on the
anterior to posterior radiograph.

be related to 1) valgus alignment of the operated leg where stress
shielding occurs due to decreased stress on the medial part of the
knee and 2) the use of a stem that transmits the load from the
tibial surface to the distal area resulting in less stress on the metal
augment.

In general, metal augmentation is considered necessary for
implant stability if 240% of the bone-implant interface is not sup-
ported by host bone”. In our study, AORI type 2 or type 3 bone
defects were present in all knees (n=36) and the bone-implant
interface was insufficient in all cases at the time of revision TKA.
Accordingly, metal augmentation combined with bone cement-
ing was performed for restoration of bone mass during revision
surgery. Unfortunately, fretting may occur at modular interfaces



60 Lee et al. Modular Metal Augments in Revision Total Knee Arthroplasty

and the resultant metal debris may cause the development of
osteolysis of the surrounding bone and radiolucent lines*"*"***.
In this study, therefore, we attempted to investigate the relation-
ship between radiological stability and metal augmentation. The
results of the current study show that the larger the number of
metal augments (the larger the interfaces between the metal aug-
ments and the implants), the greater the radiolucency around the
implants in terms of the zone number and width. Such a find-
ing can also be supported by the significant increase in the zone
number and width of radiolucency around the tibia only, not the
femur, in the knees with metal augmentation for tibial bone de-
fects when compared to those without metal augmentation of the
tibia. Although it is too early to implicate metal augmentation as
the major cause of radiolucency after revision TKA, we think that
it could be associated with postoperative radiolucency assuming
that the greater the number of metal augments, the higher the
risk of corrosion and wear of the augments. Still, we admit that
no experimental data exist to validate our understanding on the
etiology of radiolucency.

The incidence of radiolucency (35/36) was higher in the current

19,23 T
) In our opinion,

study comparted to that in previous studies
this can be attributed to the use of full-cemented stem that is vul-
nerable to stress shielding effect in the distal femur and proximal
tibia™.

Panni et al.” reported that there was no statistically significant
difference after revision TKA using metal augments with respect
to aseptic loosening or polyethylene wear between the infected
knees and the uninfected knees. Lee et al.”’

remarkable clinical difference between infected knees and unin-

) described there was

fected knees, but there was no notable intergroup difference in
terms of radiolucency. In the current study, the indication for the
two-stage revision TKA was infection in all knees, which might
be attributable to the higher incidence of radiolucency compared
to that in other studies; however, the influence of infection should
be investigated in further research involving comparison with
revision TKA patients with non-infectious causes.

The limitations of this study include the retrospective study
design, short follow-up period, small sample size, and lack of
comparison with revision TKA patients without infection. In
addition, there were no experimental data pertaining to the
relationship between the development of radiolucency and the
number of metal augments. Lastly, in our opinion, comparison of
long-term survivorship among patients with different numbers
of metal augments should be addressed in further research.

Conclusions

Metal augmentation for management of bone deficiency in
revision surgery after infected TKA has been recognized as an ef-
fective method for clinical improvement. However, our findings
demonstrate a negative correlation between the number of aug-
ments and radiological stability.
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