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1. INTRODUCTION 

Total knee arthroplasty (TKA) provides 

excellent   results for pain relief and functional 

recovery in patients with osteoarthritis (OA) of 

the knee [1]. Severe deformities and marked 

bone defects were a challenge in reconstructing 

bone deficiencies and achieving perfect soft-

tissue balancing. Combination of bone graft   or 

metal augmentation and stem extension is 

indicated in -non-contained bone deficits greater 

than 15-mm deep [2].  

Bone grafting of bone defect restore the bone 

stock, need close follow-up until graft 

incorporation, with risk of osteonecrosis, and 

bone collapse [3, 4]. Metal augmentation 

achieve early fixation, allow early postoperative 

rehabilitation. [5, 6]. In Primary total knee 

arthroplasty the defects either tibial or femoral 

or both types, classifications of medial tibial 

defect by Anderson orthopaedic research 

institute [7] classifies the defect into three types. 

Type 1- minor defect that not compromise the 
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component stability. Type 2: Loss of cancellous 

bone require reconstruction, A: one condyle, B: 

both condyles. Type 3: Bone loss that 

compromise a major portion of the condyle. 

Treatment of the tibial defect in primary total 

knee arthroplasty related to the type either a 

contained or peripheral defect and size of the 

defect. Stable positioning of tibial components 

is difficult and presents technical difficulties.  

Different methods for treating medial tibial bone 

defects include increased tibial bone resection 

including the defect, lateralizing and translation 

of the tibial component, cement filling with or 

without screws, allogenic or autogenous bone 

grafting, metal augmentation with wedge or 

block of different sizes, and the use of custom-

made prostheses with addition of high cost [8]. 

Metal augmentation is one of the most common 

method for reconstruct tibial bone defects [8]. A 

wedge-shaped augmentation and a rectangular 

block-shaped augmentation used in such cases, 

metal augmentation transmits loads and 

decrease cement mantle strains between the tray 

and tibial plateau [8]. A high rate of radiolucent 

lines occurs beneath the metal wedge but not of 

progressive types [1, 9, 10]. The benefits of 

modular augments lie in the simplicity of 

replacing the bone defect without the additional 

risks associated with bone grafts. A stemmed 

implant is commonly used. Modular metallic 

augments are being increasingly indicated and 

used in deficient proximal tibial bone. 

Intramedullary stems used in conjunction with 

tibial metaphyseal metallic augments reduce the 

mechanical burden, bone stresses and micro 

motion between bones and implant [11]. 

2. PATIENTS AND METHODS 

Between Jan 2013-Jul 2016, 25 knees in 15 

patients with a severe varus malalignment of the 

knee of more than 20 degrees were included in 

this study. All patients were operated on at 

Zagazige university Hospital, arthroplasty unit. 

Patients were followed up for a minimum of 2 

years. The mean follow-up period was 24 

months (range 20–28 months). There were 15 

women and 10 men (60 and 40%, respectively). 

The average age at the time of operation was 68 

years (range 59–78 years). Table1 

Female 15 

Male  10 

60% 

40% 

Age average 62 ys Range  59-78 ys 

Average Follow up 24 months  Range 20-28 months 

American knee society score (AKSS)   

Properative   45  

Postoperative 83 

 

Range (35-70) 

Range (52-92) 
 

 

Standing anteroposterior X-ray and lateral 

radiographs were obtained preoperatively and 

postoperatively for alignment of the limb, 

position of the tibial and femoral components, 

and presence and site of radiolucent lines at the 

bone– cement interface and progressive or not 

on follow up. The anteromedial Para patellar 

approach was used in all cases.  Soft tissue 

release was in the medial and posterior aspect in 

varus knees. Releasing the soft tissue gradually 

according to alignment gained and balancing 

obtained of the knee and prosthesis.  

To obtain adequate balance the flexion and 

extension gaps should be equal by bony cuts and 

soft tissue balancing. Modular augmentation 

was used to restore the normal level of the joint 

line, balanced flexion- extension gaps. 

Preoperative assessment of the expected medial 

upper tibial defect was carried out for all 

patients on the study of anteroposterior and 

lateral X-ray. Shape and size of the block can be 

expected from preoperative radiological 

evaluation. All types and sizes of blocks and 

stem augments were available intraoperative. 

Nexgen Knee Replacement (Zimmer Biomet, 

USA) was used in all patients. Outcomes in this 

study were evaluated using the American Knee 

Society Score (0–100 points) [13].  

The score was recorded before surgery and at 

the latest follow-up and comparing the results. 

Range of motion was evaluated on Preoperative 

and postoperative clinical examination, recorded 

and compared. We have used a metal blocks in 

managing uncontained peripheral defects of ≥ 4 

mm in the proximal tibial plateau. The purpose 

of this prospective study was to determine 

clinical and radiologic outcomes of primary 

TKA with metal block for medial tibial bone 

defects and the frequency and risk factors for 

radiolucent lines of primary TKR performed 

using this technique with a minimum follow-up 

of 2years. The American Knee Society has 

proposed this rating system (the American Knee 

Society Score) to be simple but more exact and 

objective (Table2). 
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Table2.  American knee society score (13) 

Point 

Pain 

None 50 

Mild or occasional 45 

Stairs only 40 

Walking and stairs 30 

Moderate 

Occasional 20 

Continual 10 

Sever 0 

Range of motion 

5° = 1 point 25 

Stability 

Anteroposterior (mm) 

<5 10 

5–10 5 

10 0 

Mediolateral 

<5° 15 

6–9° 10 

10–14° 5 

>15° 0 

Subtotal [] 

Deductions points (minus) 

Flexion contracture 

5–10° 2 

10–15° 5 

16–20° 10 

>20° 15 

Extension lag 

<10° 5 

10–20° 10 

>20° 15 

Alignment 

5–10° 0 

0–4° 3 points each degree 

11–15° 3 points each degree 

Other 20 

Total deductions [] 

Total knee score [] 
 

This system is subdivided into a knee score that 

rates only the knee joint and a functional score 

that rates the patient’s ability to walk and climb 

stairs. There are three main parameters: pain, 

stability, and range of motion. A total of 100 

points will be assigned to a well-aligned knee 

with no pain, 125’ of motion, and negligible 

3. SURGICAL TECHNIQUE 

After Spinal\epidural anesthesia and using a 

pneumatic tourniquet, a midline longitudinal 

skin incision exposing the knee joint with a 

medial Para patellar capsular approach. 

Intramedullary guides were inserted to cut the 

distal femur in 5-7 degrees of valgus in relation 

to the anatomical axis of the limb. Proximal 

tibia was perpendicular to the tibial mechanical 

axis. The measured resection technique using 

the epicondylar axis, Whiteside’s line, posterior 

condylar axis as an anatomical landmarks to 

adjust rotational alignment of the femur in 3 

degrees external rotation. The rotational 

alignment of the tibia was determined using a 

anatomical landmark reference identified by 

tibial anteroposterior line that connected the 

medial one-third of the tibial tuberosity and the 

center of the tibial insertion of the posterior 

cruciate ligament. For tibial metal augmentation, 

rectangular flat blocks wedges of different sizes 

according to the defect were used in 

combination with 100-mm-long stem 

extensions. Perfect medial and lateral soft tissue 

ligamentous balancing was carried out. In varus 

knees, after removal tibial and femoral 
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osteophytes, release of the deep part of medial 

collateral ligament, posterior and medial 

capsule, posterior oblique ligament on step 

manner, the superficial pat of medial collateral 

ligament and pes anserienus tendon also need 

release in severe deformity.  

In flexion contracture knees, removal of 

posterior osteophytes posterior capsular release 

and gastrocnemius release. (12) The femoral and 

tibial components were fixed with cement 

(CEMEX Bone cement) to the cut surface by 

finger packing, while the stem extensions were 

press-fitted without cement [13, 14]. Axial 

compressive load was applied in knee extension 

with a trial insert until the cement setting occurs. 

Postoperative early active range of knee 

exercises and full weight bearing on a walker 

started one or two days after operation, the 

severity of pain and general conditions of 

patients determines the degree of increasing 

patient activity postoperative rehabilitation 

program. 

Statistical Analysis 

To compare patient background characteristics, 

we used the Mann–Whitney U and chi-square 

tests for continuous variables and nominal 

scales, respectively. In addition, we used the 

Kaplan-Meier method to compare implant 

survival rates and the log-rank test to compare 

the differences in survival rates between the 

metal augmentation and control groups. P < 0.05 

was considered statistically significant. 

 

Figure1. Radiograph of 55 –years old patient, primary total knee with metal block reconstruction in severe 

varus with tibial defect, excellent results after 1.5 years  

 

Figure2. Radiograph of 60_years old patient with severe varus deformity and tibial bone defect treated by 

primary TKR and reconstruction by metal block with excellent results. 

 

Figure3. Female patient 60 years old with advanced osteoarthritis and bone defect treated by total knee 

replacement lond stem with metal augment for the defect: A) preoperative, B) postoperative x-ray, C) 6 months 

postoperative, D) 2 years postoperative x-ray 
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Statistical Analysis 

We used the Mann–Whitney U and chi-square 

tests to compare patient’s background 

characteristics, for continuous variables and 

nominal scales, respectively. The Kaplan-Meier 

method was used also to compare implant 

survival rates and the log-rank test to compare 

the differences in survival rates between the 

metal augmentation and control groups. P < 0.05 

was considered statistically significant. 

3.  RESULTS 

The mean follow-up period was 24 months 

(range 20–28 months). This study presents the 

prospective results of a clinical and radiological 

follow-up of 25 knees in 15 patients operated 

upon for primary TKA with severe varus and 

medial tibial bone defect using Nexgen Knee 

Replacement (Zimmer Biomet, USA) with 

metal block using metal block and press fit 

stems. The mean preoperative range of motion 

was 65±15 degrees (range 55–100). 

There was significant improvement in the mean 

postoperative range of knee flexion which was 

65+/- 15 preoperative to 100 +/-15 postoperative 

(35±15 was the average increase in flexion 

range postoperative) (p value: 0.023). The 

average period of physiotherapy before gaining 

near-normal daily activities was 25 days (range 

25–40 days). The mean hospital stay was 9 days 

(range –12 days). The average preoperative 

American Knee Society Score was 45 points 

(range 35–70). At the final follow-up the 

average American Knee Society Score for all 

the replaced knees was 83 points (range 58–92) 

Improvement was significant (p value: 0.043). 

Radiologically, there were no signs of loosening 

zones at the latest follow-up for all patients. 

Medical complications were not recorded for 

any of the patients included in this study. One 

patient developed tourniquet pa and was 

managed by removal of all constrictive 

dressings and repositioning of the knee to 20–30 

degrees of flexion.  

A plantigrade ankle foot orthosis was applied 

and stretching was started to prevent equinus 

contracture. After 2 months, EMG and nerve 

conduction studies showed recovery, and 

patients done well afterward. Table3 

Complications  Percentage  

Superficial infection 1 knee 4% 

Tourniquet paralysis  1 knee 4% 

The results of patients illustrated in Table 4 

Table4:  final results 

Final results  AKSS Knees no Percentage  

Excellent  19 76% 

Good  4 16% 

Fair  2 8% 

Poor   0 0 
   

4. DISCUSSION 

Erosion secondary to arthritic change, trauma, 

osteonecrosis, and a previous osteotomy are the 

aetiology of bone defects in primary TKR. 

(15,16) The condensed sclerotic surface defects 

were typically observed at revision surgery, and 

removal of this component an osteopenic 

surface is revealed. Varusdeformities are always 

associated with medial defects, as in our series, 

whereas central-lateral defects often present 

with valgus malalignment. (17, 18) 

If the tibial components found to be unstable 

during trial reduction augmentation is required, 

and this is occurs when > 40% of the bone-

implant interface is unsupported by host bone in 

the presence of a defect greater than 5 mm in 

depth. (15, 16) 

Options for defect treatment include; resection 

of more tibial bone, filling the defect with 

cement with or without reinforcing screws, the 

use of modular augments, bone grafting, or 

custom –designed components. (15, 17, 19-24) 

Also, the use of a long stem Oran offset stem 

can assist with positioning of the component, 

supplement fixation, and reduce stress at the 

bone implant interface. (25-28) 

Dorr et al (29) recommended that bone resection 

be limited to 10 mm distal to the lateral 

subchondral plate or 5 mm distal to the medial 

subchondral plate. More tibial resection with a 

thicker polyethylene insert should be reserved 

for shallow defects of < 10 mm. (17,30)It has 

been shown that a distal tibial resection reduces 

the strength of osseous support and may result 

in the use of a narrower tibial component, 

further reducing the area of support with 

increased loading.(28-31) 
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Defects of < 5 mm can be filled with methyl 

methacrylate, (15, 17, 26, 29) and the additional 

use of a cancellous screw can help to stabilize 

the component while the cement is 

polymerizing. (17, 30) However, several 

biomechanical studies have questioned the 

durability of this technique and Insall (17) 

advised against it. Limiting the use of cement 

augmentation to small contained defects has 

been recommended by several authors. (14, 17, 

32, 33) 

Windsor, Insall and Sculco (32) reported using 

the resected femoral condyle secured with 

countersunk cancellous screws as an autograft to 

treat tibial defects in primary TKR. They 

reported that this enabled restoration of bone 

stock and more physiological load transfer when 

union occurs. However, Laskin (34) reported a 

failure rate at five years of 33% after using an 

autograft in primary TKR.  

Although contained defects are easily filled with 

bone graft, peripheral defects are more difficult, 

as the creation of a bleeding bed of host bone 

may require additional deeper cuts to remove 

the sclerotic areas of bone, and filling the host 

bed with graft may be difficult in cases with 

severe erosions.(17, 29)The use of allograft to 

treat massive defects at TKR has been reported, 

but these have limited Osseo-inductive power 

compared with auto grafts and can fail, along 

with the risk of disease transmission. (30) Dorr 

et al (29) recommended that graft be used for 

tibial defects involving > 50% of either medial 

or lateral plateau, requiring > 5 mm width of 

cement. 

Modular augmentation of the component 

facilitates the treatment of bony defects. The 

devices are available in wedge and rectangular 

shapes, can be attached using cement or screws, 

allowing up to 20 mm of segmental bone loss to 

be replaced, (26-30) and offer immediate 

support with satisfactory transfer of 

load.(26,27,31,32) The short to medium term 

results of this form of augmentation have been 

well documented. Chen and Krackow (33) 

argued that while angular wedges often preserve 

host bone, rectangular augmentations are more 

stable biomechanically because they reduce 

shear loads at the bone-augmentation interface. 

Augments are suitable for peripheral tibial 

defects > 5 mm where there is a tendency for the 

trial to displace at time of reduction. (14, 33) 

In the current series, rectangular metal augments 

were used to treat uncontained defects of > 4 

mm. The clinical results obtained, in terms of 

range of movement, American Knee Society 

scores, OKS and WOMAC score, were good to 

excellent, and no failure of the prosthesis was 

observed. RRLs > 1 mm in width between the 

block-cement and bone were noted in five knees 

(11%) during the first postoperative year, after 

which no further progression occurred. 

5. CONCLUSION 

Modular metal block augmentation used in 

peripheral medial tibial defects in primary total 

knee arthroplasty gives a simple, decreased 

operative time, and dependable surgical method 

that presents a predictable result. The addition 

of a medullary tibial stem in the tibial 

component gives more stability to the prosthesis 

and increase prosthesis longevity. Metal 

augmentation in primary TKA is a case 

specification according to severity and depth of 

defect intraoperatively after achieving perfect 

stability and balance of the prosthesis and knee 

all through range of motion. 
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