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Primary Total Knee Replacement Arthroplasty
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Purpose: To analyze minimum 2-year clinical and radiological follow-up results of primary total knee replacement arthroplasty (TKRA) with metal
block augmentation for tibial bony defect.

Materials and Methods: We analyzed 67 cases (52 patients) of primary TKRA with metal block augmentation for tibial bony defects from March
1999 and March 2008. Clinical results were evaluated using the Knee Society clinical rating system and the Western Ontario and McMaster University
(WOMAC) score. Radiologic results were evaluated using the Knee Society roentgenographic evaluation system.

Results: The mean knee score and function score improved from 42.0 and 45.6 preoperatively to 94.5 and 85.4 postoperatively. At last follow-
up, the mean WOMAC score was 16.8. The incidence of radiolucent lines was 10% (7 cases) during the follow-up period, but there was no case of
progression. There were no statistically significant differences between the groups divided according to the block size (below 5 mm and over 8 mm)
and between the stem and no-stem groups for all parameters.

Conclusions: Primary TKRA with a metal block produced satisfactory results for the minimum 2-year follow-up and can be considered as a simple
and effective method for the treatment of tibial bony defect in primary TKRA.
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Introduction

Tibial bony defect is commonly encountered during total knee
replacement arthroplasty (TKRA) for osteoarthritis. It has been
associated with angular position and stability of the implants after
TKRA. Therefore, augmentation of bony defects is crucial to the
maintenance of implant stability and alignment and longevity of
TKRA".

Tibial bony defect has been managed with bone cementing,
insertion of a thick polyethylene implant after bone resec-
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tion down to bone defect, or bone grafting””. Some recent
studies have introduced metal wedge or block augmentation
methods'"'”. However, there are still controversies over the
advantages and disadvantages of these methods. In particular,
there is a paucity in the literature on the results of primary TKRA
with metal block augmentation.

In the current study, we analyzed clinical and radiographic
results of primary TKRA with metal block augmentation for
tibial bony defect with a minimum 2-year follow-up. In addition,
the influence of the block thickness and the use of a stem on the
results was also investigated.

Materials and Methods

A total of 910 primary TKRAs were performed on 593 patients
at our institution between March 1999 and March 2008 and
metal block augmentation for tibial bony defect was carried out
in 92 cases (72 patients) during TKRA. Of these 92 cases, the
results in 67 cases (52 patients) available for >2 years of follow-up
were analyzed in this study. The mean age of the patients ranged
from 45 to 82 years with a mean age of 64.8 years. There were 47
females and 5 males. The mean follow-up period was 5.3 years
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(range, 2 to 10.7 years). The cause of surgery was osteoarthritis
in 54 cases and rheumatoid arthritis in 13 cases. The prosthesis
used was Scorpio (Stryker, Mahway, NJ, USA) in 59 cases and
Nexgen LPS (Zimmer, Warsaw, IN, USA) in 8 cases. In all cases,
a posterior cruciate ligament substituting type of prosthesis was
fixated with bone cement.

After tibial bone resection at a site 10 mm distal to the lateral
plateau, metal block augmentation was performed for a non-
contained defect in the medial cut surface, if it was >3 mm deep
from the inferior surface of the tibial component and involved
>1/3 of the medial compartment. The deficient and sclerotic
areas in the medial compartment were prepared in rectangular
shape to approximate the metal block size and thickness (4, 5, 8,
or 10 mm). In the 67 cases, a 4 or 5 mm metal block was used in
29 cases, a 8 or 10 mm block in 35 cases, and double blocks in 3
cases.

A stem was used in all cases with an 8 or 10 mm metal block
or double blocks, and in some cases with a 4 or 5 mm block if
implant construct stability was considered insufficient during the
varus-valgus stress test and flexion-extension test for soft-tissue
balancing with use of a trial prosthesis and a metal block or due
to poor bone quality of the proximal tibia that could result in
implant subsidence. Therefore, a stem was used in 42 cases (63%):
33 cases with an 8 or 10 mm metal block, 3 cases with double
blocks, and 6 of the 29 cases with a 5 mm metal block. The length
of the stem was >80 mm in 33 cases (79%) and <70 mm in 9
cases (21%).

Clinical assessments were done by an independent orthopedic
surgeon based on the pre- and postoperative range of motion
(ROM), the Knee Society clinical score, and the Western Ontario
and McMaster University (WOMAC) score at the last follow-up.

On the radiographic evaluation, femorotibial alignment was
assessed on the pre- and postoperative and last follow-up standing
radiographs, and the presence of periprosthetic radiolucency and
component loosening was evaluated on the anteroposterior (AP)
radiographs taken using fluoroscopy, lateral views focused on the
femoral component and tibial component each, and axial views.

) was

The Knee Society roentgenographic evaluation system
used for the assessment of the periprosthetic radiolucency and
loosening. Radiographic measurements were performed twice
each by two knee surgeons. Inter- and intraobserver reliability
was evaluated by kappa values. Statistical analysis of the results
was done using SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA).
Statistical significance of the influence of the block thickness
and the use of a stem on the clinical results was assessed using

the independent t-test and on the radiographic results using the

Fisher’s exact test with a significance level set at 0.05.

Results

1. Clinical Evaluation

Regarding the ROM, the mean flexion contracture was correct-
ed from 12.0° (range, 0° to 40°) preoperatively to 1.1° (range, 0°
to 10°) at the last follow-up, and the mean maximum flexion was
122.7° (range, 75° to 150°) preoperatively and 123.7° (range, 100°
to 140°) at the last follow-up.

The mean knee score improved from 42.0 points (range, 3 to
75 points) preoperatively to 94.5 points (range, 79 to 100 points)
at the last follow-up. The mean function score increased from
45.6 points (range, 5 to 75 points) preoperatively to 85.4 points
(range, 60 to 100 points) at the last follow-up. The mean knee
score and function score in the <5 mm metal block group were
95.8 points (range, 87 to 100 points) and 87.1 points (range, 60
to 100 points), respectively, and in the >8 mm metal block group
were 92.8 points (range, 79 to 100 points) and 82.8 points (range,
60 to 100 points), respectively, showing no statistically significant
intergroup difference (p=0.323, p=0.274). The mean knee score
and function in the no-stem group were 94.6 points (range, 87 to
100 points) and 86.9 points (range, 60 to 100 points), respectively,
and in the stem group were 94.2 points (range, 79 to 100 points)
and 84.5 points (range, 60 to 100 points), respectively, indicating
no significant intergroup difference (p=0.850, p=0.362).

At the last follow-up, the mean WOMAC score was 16.8 points
(range, 4 to 39 points) with the mean pain score 3.0 points (range,
0 to 6 points), mean symptom score 0.7 points (range, 0 to 2
points), and mean physical function score 13 points (range, 4 to
31 points). The mean WOMAC score was lower in the <5 mm
metal block group (15.8 points; range, 9 to 36 points) than in the
>8 mm metal block group (17.5; range, 4 to 39 points), but the
difference was not statistically significant (p=0.282). The mean
WOMALC score was not notably different between the no-stem
group (15.3 points; range, 9 to 27 points) and the stem group (17.7
points; range, 4 to 39 points; p=0.115).

2. Radiographic Evaluation

Preoperative radiographs showed varus deformity in 66
cases and valgus deformity in 1 case. The mean femorotibial
alignment was corrected from a varus of 10.8° (range, -25.5°
to 4.5°) preoperatively to a valgus of 5.0° (range, 1.3° to 12.2°)
postoperatively in the medial metal block augmentation group
and from a valgus of 18.3° preoperatively to a valgus of 4.1°
postoperatively in the lateral metal block augmentation group.
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Fig. 1. A 63-year-old female. (A) Preoperative anteroposterior (AP) and lateral views showed osteoarthritis with a bony defect in the medial tibial
plateau and a 12° varus deformity of the right knee joint. (B) We performed total knee replacement arthroplasty with a metal block. Immediate
postoperative AP and lateral views showed correction to 6° valgus tibio-femoral alignment. (C) The less than 1 mm radiolucent area between the
cement and bone (white arrow) was noted on the medial side on the AP and lateral fluoroscopic images at 4 years follow-up.

At the last follow-up, radiolucency related to bone resorption
was observed immediately below the tibial metal block in 7
cases (10%) in the medial metal block augmentation group.
The radiolucent lines in all of these cases were found in zone
1 according to the Knee Society roentgenographic evaluation
system. In addition, the radiolucency score was relatively low: 1
point in 4 cases in the <5 mm metal block group, and 2 points
in 1 case and 1 point in 2 cases in the >8 mm metal block group.
Accordingly, regular follow-up evaluations were not considered
necessary and signs of component loosening and displacement
were not noted (Fig. 1).

The reliability of assessments of radiolucency and loosening
performed twice by each of the two knee surgeons was high. The
kappa values for intraobserver reliability were 0.817 and 0.817
for each assessment session and the values for interobserver
reliability were 0.817, 0.784 for each session. There were
no significant intergroup differences in the appearance of
radiolucent lines: radiolucency was present in 4 cases (6%) in
the <5 mm metal block group and in 3 cases (4%) in the 28 mm
metal block group (p=0.691); and in 3 cases (4%) in the no-stem
group and in 4 cases (6%) in the stem group (p=1.00).

3. Complications

Complications such as deep infection, wound necrosis, knee
joint stiffness, displacement of the metal block, breakdown
of the lower portion of the metal block or varus collapse and
fracture around metal block were not observed. Adjuvant surgery
or reoperation due to pain or functional impairment was not
necessary in any of the cases. In 9 cases, 40 to 45 points of mild
pain according to the Knee Society scoring system was noted, but

it did not disrupt normal daily living activities. There were no
cases with <30 points of moderate pain. Neither irritation of the
medial collateral ligament nor tenderness due to the metal block
was reported in any of the cases.

Discussion

Tibial bony defects are occasionally encountered during TKRA.
In general, if 240% of the contact surface between the bone and
the implant is not supported by the host bone, augmentation
for bony defect is performed to maintain implant stability".
The currently available management options for bony defect
include the insertion of a thicker polyethylene component
after bone resection that extends distal to the deficient area,
bone cementing with or without screw reinforcement, bone
grafting, metal wedge or block augmentation, and the use of a
custom-made component”'”. A more distal resection down to
tibial deficiency can compromise the strength of the cancellous
bone in the proximal tibia and implant stability. In addition, a
smaller tibial component should be used after more distal tibial
resection because of the conical shape of proximal tibia. In this
situation, mismatching of tibial and femoral component sizing
can be a concern'”. Therefore, in this study, tibial resection was
performed at a site 10 mm distal to the lateral plateau irrespective
of the extent of tibial deficiency, which was followed by a bony
defect management procedure. Bone cement alone can be
considered sufficient in knees with <5 mm bone loss, whereas
screw reinforcement with reduced use of bone cement has been
suggested as a proper solution in the presence of =5 mm tibial

8,15)

bony defect™ ™. We have managed <2 mm non-contained bone
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defects that involve <1/3 of one compartment with bone cement
only. However, for larger bone defects, a rectangular metal
block has been used for augmentation, considering that the use
of massive amount of bone cement can lead to breakdown of
the cement or atrophy and wedge-shaped bone defects cannot
be sufficiently managed with bone cement. Bone grafting for
tibial bony defect, first introduced by Windsor et al.', can
be performed using autogenous bone grafts obtained during
primary TKRA. This method promotes anatomical recovery of
bone quality and provides biological and biomechanical benefits
to young patients who may expect a revision TKRA in the
future. The failure rate of bone grafting at 6.8 years after TKRA
was reported as 3% in the study by Watanabe et al.”’. Ahmed

et al.'?

reported there was no case of failure during 10 years of
follow-up period. We have used autogenous bone grafts obtained
during tibial resection for contained defects and attempted to
restore bone quality with the use of autogenous or allogenic bone
grafts in young patients with non-contained defects. However,
in order to promote bone union for restoration of bone quality
after grafting, the sclerotic or abnormal cancellous bone should
be completely removed until the normal cancellous bone is
exposed. During this procedure, bony defect area would be made
larger. That means an originally 3 mm deep bony defect would
be treated as a more than 10 mm deep defect during TKRA.
In such a case, autogenous bone grafts obtained from primary
TKRA may not be sufficient for grafting and the use of a stem
may be required. In the absence of prepared allogenic grafts
or patients’ consent on the use of allografts or available stems,
bone grafting can be difficult or impossible to perform. Even in
the circumstances where allogenic grafts can be transplanted, it
is technically difficult to fixate the grafts in the non-contained
deficient area, operation time should be extended, and the risk
of transmitted diseases increases in rare case, though. Laskin'”
reported 33% failure rate at 5 years after TKRA using autogenous
bone grafts. In addition, the incidence and timing of bone
resorption and maintenance of biomechanical properties remain
controversial. Although we did not use a metal block for every
tibial bony defect, if extensive bone resection was expected
necessary to expose the unaffected cancellous bone for proper
bone grafting, we carried out metal block augmentation after
partial removal of the sclerotic bone and additional bone drilling
on the bone bed.

Tibial bony defect management has been remarkably improved
with the use of metal augments. Rectangular or wedge-shaped
tibial augments can be fixated with bone cement or screws
and useful for <20 mm bone defects. Metal augments can

be customized in shape intraoperatively without significant
increases in operation time, are economical and applicable to
various operations”, and provide biomechanical implant stability

20,21
). However, metal

for weight-bearing and joint movements
augmentation does not lead to anatomical restoration of bone
quality and may not be recommended in young patients because
normal bone should be included in resection and the resultant
extensive bone loss may impair revision TKRA. The durability of
metal augments has been questioned by some authors including
Brand et al.” who reported the incidence of radiolucent lines
was 25% at 3.5 years after TKRA using metal wedges. Compared
to autogenous bone grafting, the procedure requires additional
expense for the metal augments. In addition, protrusion of the
augments may cause pain in the collateral ligaments”. In this
study, tibial resection was performed at a site 10 mm distal to
the lateral plateau and a rectangular metal block was inserted if a
non-contained defect involved >3 mm from the inferior surface
of the tibial component and >1/3 of the medial compartment.
The deficient area in the medial compartment and the sclerotic
area were removed in a rectangular shape that approximates the
thickness of the prepared block (4, 5, 8, or 10 mm) determined
according to the implant size. Care was taken to choose a smaller
block than the tibial component to prevent protruding metal
augments from irritating the medial collateral ligament at the
tibial resection area due to the conical shape of the proximal tibia.
There was no case of postoperative irritation or pain related to
the protrusion of metal augments.

Stems provide support for implants with metal augments,
fixation stability, distribution of shear stress, and reduction

1202324 1 this study, stems were used

in bone cement stress
to ensure implant stability in cases with an 8 or 10 mm metal
block or double blocks. Stems were also additionally implanted
to distribute stress in the proximal tibia in case with poor
bone quality in the proximal tibia or in cases with a 4 or 5 mm
augment, if stability was considered insufficient when tested with
a trial prosthesis augmented with a metal block. The diameter
and length of a stem are negatively correlated with the incidence
of implant displacement. A thick and long stem is effective for
obtaining rigid fixation without any increase in stress shielding
effect, but it may cause stem tip pain that affects postoperative
outcome™. In this study, we determined the length and diameter
of a stem according to the anatomical shape of the proximal tibia
and the results of the varus-valgus stress and flexion-extension
gap balance tests conducted with a trial prosthesis augmented
with a metal block placed.

Metal augments can be either a block or wedge in shape and



the benefits and pitfalls of these augments remain controversial.

Fehring et al.*®

reported that blocks resulted in less deformation
than wedges based on the analysis of strain distribution, tensile
deformation rate, compression deformation rate, and shear
deformation rate. Chen and Krackow”” reported that rectangular
metal blocks placed on the surface of bone defects vertical to the
loading direction were more effective in reducing shear force
than metal wedges on the oblique surface of defects. Metal wedge
augments allow for less bone resection than metal blocks. On
the other hand, metal block augmentation is more stable from a
biomechanical standpoint and technically easier to perform. For
these reasons, we used rectangular augments in this study.

In this study, we evaluated the minimum 2-year follow-
up results of primary TKRA with metal block augmentation.
The clinical results were satisfactory. There was no case of
component loosening. Non-progressive radiolucency related to
bone resorption was observed around the augment in 10% of
the cases. However, we think the short-term results should be
confirmed by long-term follow-up. In addition, we believe the
possibility of revision TKRA should be taken into consideration
in determining metal block augmentation because the procedure
does not involve restoration of bone stock and the remaining
bone deficiency may complicate future surgery.

Conclusions

The clinical and radiographic results of primary TKRA with
metal block augmentation were satisfactory in our at least 2-year
follow-up. Although our results should be confirmed by long-
term follow-up, metal block augmentation can be considered as
a simple and effective method for the treatment of tibial bony
defect in primary TKRA.
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