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Introduction :

The knee : common site for bone tumors

Improvements in imaging, chemotherapy and surgical technique
limb salvage surgery the treatment of choice

Several methods of reconstruction



Introduction :

Endoprosthesis reconstruction become the gold standard :
Relatively simple

Early weight bearing

Good function

Low rate of complications during short and mid -term follow-up

Problem of longevity : Younger and physically active patients



‘ Preoperative planning :

Multidisciplinary approach




‘ Types of resection :

A Intra-articular resection : proximal tibia
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1 Extensor mechanism disruption




Types of resection :

Extra-articular resection:

Extensive procedure

Difficulties of reconstruction :
flap, allograft-prosthetic composite



‘ Types of resection :

A Extra-articular resection:

1 Challenge: resection without opening and
contamination of the joint: double incision ?

1 Risk of patellar fracture




Extensor mechanism reconstruction :

NoO current consensus as to the best method

Wide variety of options :

Direct fixation

Synthetic soft tissue augments

Biological augmentation +/- synthetic materials.

Surgical options for reconstruction of the extensor mechanism
of the knee after limb-sparing sarcoma surgery:
an evidence-based review

Edmund W. Ek - Warren M. Rozen
Eugene T. Ek - Hannes A. Rudiger



" Direct fixation :

A Using screw / washer or sutures

AA porous or ocoatedo6 surf
Improvement of the quality of fixation

A High rate of failure




Synthetic soft tissue augments :

The use of textile implants such as polyethylene terephthalate
(Dacron®, Trevira®)

To bridge the gap between the remnant of the patellar tendon
and the prosthesis

Providing strong mechanical fixation
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‘ Biological augmentation : pedicled gastrocnemiu

A Medial gastrocnemius flap commonly is used
A Soft tissue coverage




Biological augmentation : pedicled gastrocnemiu

Results :
Good active extension
Risk of stretching during 2 years post op : extension lag

Recommendations : Surgical fixation of the patellar tendon
more distally to its anatomic position and strict postoperative
bracing

Orthop Relat Res (2013) 471:2333-2339 and Related Research’ DOI 10.1097/CORR.0000000000000564
A Publication of The As

DOI 10.1007/511999-013-2851-8 ey —TT—
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Does Patellar Tendon Repair With Gastrocnemius Flap
Augmentation Effectively ReStore Active Extension After
Proximal Tibial Sarcoma Resection?

Clinical Orthopaedics
Clinical Orthopaedics Clin Orthop Relat Res (2019) 477:584-593 and Related Research’
A Publication of The Association of Bone and Joint Surgeons®

Extensor Function After Medial Gastrocnemius Flap
Reconstruction of the Proximal Tibia

Thorsten Jentzsch MD, Matthias Erschbamer MD, PhD,

Franziska.Seclly Bruna Fuchs: VD Fub Cara A. Cipriano MD, MSc, Jonathan Dalton BA, Douglas J. McDonald MD



Case: 49earold, osteosarcoma proximal tibia
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Case: 49ealold, osteosarcoma proximal tibia




Case: 1g¢earold, maleosteosarcoma proximal tibié




Case: 1g¢earold, maleosteosarcoma proximal tibie
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Case: 5@earold, maleosteosarcoma proximal tibie




Case: 5@earold, maleosteosarcoma proximal tibié




‘ Biological augmentation : fibula transposition

A Complex procedure
A Risk : common peroneal nerve injury

Tumeurs malignes osseuses du genou :
exérese et reconstruction




Medial gastrocnemius flap + synthetic materials

T

Best choice for reconstruction of the extensor mechanism
and adequate covering of the prosthesis

The Knee 30 (2021) 337-343
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Development history of endoprosthesis :

Prosthetic Assembly Mode
Prosthetic fixation Method

Prosthetic movement Mode

eview
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Prosthetic Assembly Mode : modular prosthesis

Advantage

Disadvantage

A Immediate availability

A Intraoperative flexibility
Distal Femoral Assembly

A Cheaper
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A Breakage of connection between
the modular components

A The micromotion between the
various components may cause
more wear particles to be
produced, which could lead to
subsequent osteolysis and aseptic
loosening




Prosthetic Assembly Mode : customized prosthe:

Advantage Disadvantage

A Matching : extremely large bone A Time-consuming
defect or the severely deformed
bone

A EXpensive




Prosthetic fixation method :

Biological fixation :

Geometry (polygonal shape)

Surface coating (porous or biological coating) to achieve the
initial fixation and secondary osseointegration

Sufficient press-fit intraoperative

Because of huge bone defects, conventional prosthetic stems
often cannot meet the needs

Advances in Segmental Endoprosthetic Reconstruction for
Extremity Tumors: A Review of Contemporary
Designs and Techniques

Brian T. Palumbo, MD, Eric R. Henderson, MD, John S. Groundland, MS, David Cheong, MD,
Elisa Pala, MD, G. Douglas Letson, MD, and Pietro Ruggieri, MD, PhD



Prosthetic fixation method :

Hydroxyapatite collar :
Prosthesis-bone junction

nducing bony ingrowth onto the collar
Prevent the entry of wear particles

==) Prevent aseptic loosening

Clinical Orthopaedics
Clin Orthop Relat Res (2015) 473:1505-1514 and Related Researclf’
DOI 10.1007/s11999-014-4116-6 “A Publcation of The Association of Bone and Joint Surgeons®
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Hydroxyapatite-coated Collars Reduce Radiolucent Line
Progression in Cemented Distal Femoral Bone Tumor Implants

Melanie J. Coathup BSc, PhD, Anish Sanghrajka MBBS, BS,

William J. Aston BSc, MBBS, Panagiotis D. Gikas MBBS, BSc, MD, PhD,
Robin C. Pollock MBBS, BSc, Stephen R. Cannon MA, MCh Orth,

John A. Skinner MBBS, Timothy W. R. Briggs MBBS, MChOrth,
Gordon W. Blunn BSc, PhD



Prosthetic movement Mode :

Rotating hinge structure :
Allows knee joint to obtain flexion, extension, and axis rotation

Reduction of the torsional stress on the prosthesis stem and
the polyethylene bushing

When most of the stable structures(muscles and ligaments) are
removed, the rotating hinge prosthesis cannot provide
sufficient joint stability



Prosthetic movement Mode :

Fixed hinge prosthesis indications:
Elderly patients with poor muscle strength

Patients with extensive muscle resection

Review
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Case : Female: 27 year Barpsteabsteosarcoma




‘Case : Female: 27 year Barosteabsteosarcoma




Functional results :

New Insights into Surgical Treatment of Spinal Metastases — Original Article

Technology in Cancer Research &

Treatment

Postoperative Functional Assessment in Yome 2z 10

Patients with Tumors Around the Knee eTopub ol perissions

Treated with Endoprosthetic Reconstruction:  crsamscmhondie

A Multicenter Retrospective Cohort Study > Sage

Yun-long Zhao, MD', Hao-ran Zhang, MDZ# (0, Jing-yu Zhang, MD',

and Yong-cheng Hu, MD, PhD'
Table 2. Mean Functional Score Related to Follow-up Time

1 month 3 months 6 months 12 months 24 months
MSTS (%) Mean score (Mean + SD) 67.0+9.2 70.8+9.3 76.1+9.5 80.6 +9.7 81.4+98
Case number 144 141 134 132 125

TESS (%) Mean score (Mean + SD) 71.2+8.5 74.1 +8.7 78.8+9.5 82.7+9.4 83.6+9.7
Case number 152 149 142 139 133

MSTS, musculoskeletal tumor society; TESS, Toronto extremity salvage score



‘ Functional results :

I I N

MSTS 37.6% 30.4% 18.4% 13.6%

TESS 40.6% 32.4% 18% 9%

The current study found that patients had an overall favourable
knee functional outcome (mean MSTS: 81.4%, mean TESS:
83.6%; 68% and 73% of patients received ‘perfect or good!
MSTS and TESS scores) at the final follow-up. Age <35
years, distal femoral prosthesis, and bone resection length
<14 ¢m were independently associated with better functional
outcome.
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Treating Tumor Around the Knee in Adults: A Systematic Review of
the Literature Over the Past 30 Years
Liang Haijie, MD *°, Li Dasen, MD *®, Ji Tao, MD *", Yang Yi, MD * ",
Tang Xiaodong, MD *°, Guo Wei, MD, PhD "~
Table 1
Pooled Analysis of Literatures on Implant Survival of Distal Femoral and Proximal Tibial Endoprostheses.*

Implant Survival Overall Cemented Cementless Fixed Hinge Rotating Hinge

Distal femoral endoprostheses

Number of literatures 26 11 7 10 14

Number of cases 3810 1416 431 810 1151

5-y survival, mean (range) (%) 78.3 (25-94) 81.6 (66-94) 86.1 (73-90) 78.4 (57-94) 78.6 (25-94)

10-y survival, mean (range) (% 70.1 (48-94) 69.6 (52-94) 73.5 (65-80) 61.7 (48-80) 77.7 (58-94)

15-y survival, mean (range) (% 61.6 (44-94) 57.7 (50-94) [ 51.1 (44-80) 70.9 (52-94)

20-y survival, mean (range) (% 38.3 (30-55) 40.6 (37-53) / 45.8 (36-53) 48.7

25-y survival, mean (range) (% 36.2 (32-42) 36.2 (32-42) / / 422
Proximal tibial endoprostheses

Number of literatures 14 5 5 4 7

Number of cases 1632 471 396 194 501

5-y survival, mean (range) (%) 75.0 (54-94) 80.2 (68-94) 77.7 (59-82) 71.4 (68-82) 78.1 (54-94)

10-y survival, mean (range) (%) 60.0 (37-86) 53.3 (37-86) 72.7 (40-78) 48.4 (39-78) 70.3 (52-86)

15-y survival, mean (range) (%) 55.3 (25-70) 45.0 (25-70) / 25 68.6 (66-70)

20-y survival, mean (range) (%) 25.1 (21-37) 29.2 (25-41) / 25 37.0

2 The mean implant survival was calculated as frequency-weighted means.




Complications :

Complication rates : 5to 10 times higher than that of
conventional TKR

Particularities : younger and active patients /
Immunosuppression / more bone and soft tissue resection /
longer operation time

Complications tend to gradually Increase with the prolongation
of Iimplantation time
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Complications : Henderson classification

ype-1 : soft-tissue failures or instability
ype-2 : aseptic loosening

ype-3 : structural failures

ype-4 : periprosthetic infections
Type-5 : tumoral progression




‘ Complications : softssue failures or instability

Table 2
Pooled Analysis of Literatures on Complication Profiles of Distal Femoral and Proximal Tibial Endoprostheses.

Overall Cemented Cementless P Value Fixed Hinge Rotating Hinge P Value
Distal femoral endoprostheses
Number of literatures 33 12 11 12 17
Follow-up duration, mean (mo) 809 78.5 64.7 64.6 74.8
Soft tissue failure (%) (cases) 8.9 (277/3111) 6.8 (37/542) 8.9 (59/661) >.05 10 (59/592) 12.5 (85/679) >.05
Aseptic loosening (%) (cases) 8.8 (389/4413) 9.3 (147/1574) 7.2 (57/793) >.05 7.7 (97/1258) 9.5(121/1270) >.05
Structural failure (%) (cases)
Implant breakage 4.6 (213/4638) 3.5 (62/1784) 5.7 (40/701) 012 3.1 (44/1420) 4.6 (54/1174) 046
Periprosthetic fracture 2.3 (54/2382) 1.6 (21/1305) 3.5 (24/679) .006 2.5 (28/1103) 3.7 (31/839) >.05
Bushing wear 13.0 (287/2212) 18.3 (138/754) 10.4 (57/549) <.001 20.8 (97/466) 7.4 (83/1122) <.001
Infection (%) (cases) 8.5 (395/4675) 5.8 (109/1894) 9.0 (65/721) .003 4.4 (55/1236) 10.2 (125/1220) <.001
Tumor progression (%) (cases) 5.9 (224/3779) 6.2 (106/1716) 7.3 (49/671) >.05 6.3 (72/1146) 7.2 (72/1006) >.05
Proximal tibial endoprostheses
Number of literatures 15 6 6 5 7
Number of cases 1713 716 417 439 501
Follow-up duration (mean) (mo) 92.5 94.1 91.7 804 97.0
Soft tissue failure (%) (cases) 5.1 (50/987) 13.5 (13/96) 8 (28]351) >.05 18.2 (8/44) 8.2 (24/291) 037
Aseptic loosening (%) (cases) 7.3 (104/1424) 10.1 (47/466) 6.7 (28/417) >.05 8.7 (38/439) 6.9 (25/363) >.05
Structural failure (%) (cases)
Implant breakage 4.2 (70/1653) 3.5 (25/716) 3.8 (15/396) >.05 2.7 (12/439) 3.9 (18/462) >.05
Periprosthetic fracture 0.9 (6/637) 0.8 (3/371) 0(0/44) >.05 0.7 (2/289) 0.8 (1/126) >.05
Bushing wear 10.8 (77/715) 15.2 (67/441) 7.2 (10/139) 014 16.5 (23/139) 15.6 (37/237) >.05
Infection (%) (cases) 16.8 (277/1653) 15.2 (109/716) 14.1 (56/396) >.05 14.9 (80/538) 12.9 (47/363) >.05
Tumor progression (%) (cases) 5.5 (80/1456) 5.9 (31/522) 6.2 (22/355) >,05 3.5 (12/344) 6.9 (25/360) 04
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Complications typel: saissue failures or instabilit

Does not necessarily lead to revision of an endoprosthesis

The most common :
Superficial wound-related problem
Usually managed by debridement

Others : patellofemoral subluxation, Rupture of the extensor
mechanism (in proximal tibia)



‘ Case :

A Female : 35 year old
A Recurrence of GCT







Case




Complications type?2 : aseptic loosening

The most common cause of prosthetic failure during mid-term
and long-term follow-up

It increases with the prolonging of implanting time whether the
prosthetic stem is cemented or uncemented

It Is caused by a variety of factors



Complications type?2 : aseptic loosening

Application and Development of
Megaprostheses in Limb Salvage for Bone sgepub comlourralspermisions
Tumors Around the Knee Joint Seace

Hao-ran Zhang'

Table |. Literature review of different outcome on tumor surrounding the knee reconstructed with tumor prosthesis in the past 10 years.

Implant survival

(%) Complications, n (%)

Follow-up (mo)
Study Publication year Location and no Cemented/cementless Fx/RT-H S5y 10y I5y Typel Type2 Type3 Type4 Type5
Schwartz et al'® 2010 186 dF 186 cemented 186 RT-H 96 87.7 772 é1.6 13 (7) 22 (11.8) 10(54) 6(3.2) 13(7)
Matsumine et al*° 2011 69 dF 69 cemented 69 RT-H 57 85 60 / 7 (10) 7 (10) 8(l1.6) 7(10) 10(14.5)
Bergin et al’® 2012 104 dF 104 cemented 104 RT-H 67 76.1 733 628 / 5(48) 6(57) 12(115) 1(I)
Coathup et al*’ 2013 61 dF 6l cemented 61 RT-H 102 885 844 / 8 (13) 5(82) 349 349 6(998)
Healey et al** 2013 82 dF 82 cementless 82 RT-H 43 85 80 [ 8(9.8) 5¢(.1) 0(0 0(0)
Batta et al** 2014 69 dF 69 cementless 69 RT-H 124 727 646 548 3(43) 9(13) 3(43) 5(72) 229
Nakamura et al*' 2014 82 dF 17 cemented; 65 cementless 82 RT-H 6l 80 57 / 6(73) 5(6.1) 6(73) 7(85 11134
Pala et al’ 2015 187 dF; 60 pT 22 cemented; 225 cementless 247 RT-H 48 68 [ [ 2185 14(57) 0(0) 23 (9.3) 14 (5.7)
Miiller et al*’ 2016 23 pT 10 cemented; 13 cementless 23 RT-H 62 788 788 |/ | (43) 0(0) 0 (0) 3(13) | (4.3)
Pala et al® 2016 687 dF 687 cementless 491 Fx-H; 196 RT-H 95 76 70 57 41 (6) 33(48) 26 (3.8) 57(83) 28(4.1)
Hu et al*' 2017 82 dF; 24 pT 56 cemented; 50 cementless 106 RT-H 89 83 68 63 I (.9) 5(47) 7(66) 7(66) 3(28)
Zhang et al*® 2018 76 dF; 32 pT 108 cemented 108 RT-H 532 777 544 |/ I (.9) 8(74) 3(27) 546 4(3.7
Yilmaz et al*® 2019 49 dF; 26 pT / 75 RT-H 96 / / I 22(293) 5(67) 6(8) 8 (10.6) 19 (25.3)
Zhang et al*® 2019 19 dF; 58 pT 177 cemented |9 Fx-H; 158 RT-H 92 / / / 2(1.1y 22(124) 3(1.7) 12(68) 5(28)
Piakong et al*’ 2020 195 dF 195 cemented / 78 74 64 49 | 14(7.2) [/ 19 (0.7) |/
Zhang et al'® 2020 142 dF; 72 pT 214 cemented 27 Fx-H; 187 RT-H 85 886 74.1 483 2(9) 26(12.1) 4(19) 13 (6l) 5(23)
Bukowski et al*® 2021 15 dF 115 cemented 15 Fx-H / 883 807 / 4(35 326 14(122) 13(11.3) 543)
Karaismailoglu et al'” 2021 77 dF; 41 pT 63 cemented; 55 cementless 66 Fx-H; 52 RT-H  / 78 / I 7(5.9 19((lel) / /
Ogura et al** 2021 214 dF 76 cemented; 138 cementless 214 RT-H / 774 699 657 0(0) 39 (18.2) 26 (12.1) 40 (187) 3 (14
Gusho et al*® 2021 57 dF 52 cemented; 5 cementless 57 RT-H 45.7 88 635 / 0 (0) 3(53) 3(53) 3(.3 0¢0
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Table 2
Pooled Analysis of Literatures on Complication Profiles of Distal Femoral and Proximal Tibial Endoprostheses.
Overall Cemented Cementless P Value Fixed Hinge Rotating Hinge P Value
Distal femoral endoprostheses
Number of literatures 33 12 11 12 17
Follow-up duration, mean (mo) 80.9 78.5 64.7 64.6 74.8
Soft tissue failure (%) (cases) 8.9 (277/3111) 6.8 (37/542) 8.9 (59/661) >.05 10 (59/592) 12.5 (85/679) >.05
Aseptic loosening (%) (cases) 8.8 (389/4413) 9.3 (147/1574) 7.2 (57[793) >.05 7.7 (97/1258) 9.5(121/1270) >.05
Structural failure (%) (cases)
Implant breakage 4.6 (213/4638) 3.5(62/1784) 5.7 (40(701) 012 3.1 (44/1420) 4.6 (54/1174) .046
Periprosthetic fracture 2.3 (54/2382) 1.6 (21/1305) 3.5(24/679) 006 2.5(28/1103) 3.7 (31/839) >.05
Bushing wear 13.0 (287/2212) 18.3 (138/754) 10.4 (57/549) <.001 20.8 (97/466) 7.4 (83/1122) <.001
Infection (%) (cases) 8.5 (395/4675) 5.8(109/1894) 9.0 (65/721) .003 4.4 (55/1236) 10.2 (125/1220) <.001
Tumor progression (%) (cases) 5.9 (224/3779) 6.2 (106/1716) 7.3 (49/671) >.05 6.3 (72/1146) 7.2 (72/1006) >.05
Proximal tibial endoprostheses
Number of literatures 15 6 6 5 7
Number of cases 1713 716 417 439 501
Follow-up duration (mean) (mo) 92.5 94.1 91.7 804 97.0
Soft tissue failure (%) (cases) 5.1 (50/987) 13.5(13/96) 8 (28]351) >.05 18.2 (8/44) 8.2 (24/291) .037
Aseptic loosening (%) (cases) 7.3 (104/1424) 10.1 (47/466) 6.7 (28/417) >.05 8.7 (38/439) 6.9 (25/363) >.05
Structural failure (%) (cases)
Implant breakage 4.2 (70/1653) 3.5(25/716) 3.8 (15/396) >.05 2.7 (12/439) 3.9(18/462) >.05
Periprosthetic fracture 09 (6/637) 0.8 (3/371) 0 (0/44) >.05 0.7 (2/289) 0.8 (1/126) >.05
Bushing wear 10.8 (77/715) 15.2 (67/441) 7.2 (10/139) 014 16.5 (23/139) 15.6 (37/237) >.05
Infection (%) (cases) 16.8 (277/1653) 15.2 (109/716) 14.1 (56/396) >.05 14.9 (80/538) 12.9 (47/363) >.05
Tumor progression (%) (cases) 5.5 (80/1456) 5.9(31/522) 6.2 (22/355) >.05 3.5(12/344) 6.9 (25/360) .04




Complications type?2 : aseptic loosening

The rotating hinge structure helps to reduce the occurrence of
aseptic loosening

HA collar at the prosthesis-bone junction successfully reduce
aseptic loosening

No obvious difference in the incidence of aseptic loosening
between cemented and cementless endoprostheses



Complications type?2 : aseptic loosening

Risk factors for aseptic loosening

The degree of anastomosis between the stem and medullary
cavity : diameter, length, and curvature

Overweight
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‘ Complications type?2 : aseptic loosening

Zhang et al. Journal of Orthopaedic Surgery and Research (2019) 14:352 .
https://doi.org/10.1186/513018-019-1423-3 Journal of OrThOpaedlc

Surgery and Research

RESEARCH ARTICLE Open Access

Establishment and validation of a @
nomogram model for aseptic loosening
after tumor prosthetic replacement around

the knee: a retrospective analysis

Hao-ran Zhang'", Feng Wang?', Xiong-gang Yang?, Ming-you Xu? Rui-gi Qiao? Ji-kai Li, Yun-long Zhao?,
Cheng-gang Pang?, Xiu-chun Yu? and Yong-cheng Hu'"

Conclusions: A nomogram model was developed for predicting the prosthetic survival rate without aseptic
loosening. Patients with distal femoral tumors and those who are applied with fixed hinge and short-stem
prostheses are more likely to beexposed to aseptic loosening.




Complications type?2 : aseptic loosening

Recommendations for Reduction of the Loosening

Decrease : Bone/stem ratio

The apex of the medullary stem as far as 3 cm from the
maximum point of anterior femoral arch

Stem matching curvature
© 2022 THE AuTHORS. ORTHOPAEDIC SURGERY PUBLISHED BY T1anjiN HospiTaL AND Joun WiLEy & Sons AustraLia, LD,
Normal alignment

Radiographic Assessment of Aseptic Loosening
of Tumor-Type Knee Prosthesis in Distal Femur

Zi-ming Li, MM, Xiu-chun Yu, MD?, Kai Zheng, MD?



‘ Complications typea3 : structural failures

Implant breakage 4.6

Periprosthetic fracture 2.3

Bushing wear 13
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Complications typea3 : structural failures

Implant breakage
Always requires revision of the stem component

The factors affecting implant breakage

Size, geometry, design, material and manufacturing
technology of prosthesis

Remaining muscle strength



Complications typea3 : structural failures

Periprosthetic fracture
Occur during prosthesis replacement surgery or after trauma
Locations : mostly at the tip of the prosthetic stem

Risk factors : local osteoporosis, loosening of stem,

nonneutral position of stem, straight stem, mismatch between
the stem and medullary cavity



Complications type3 : structural failures

Bushing wear

Generally considered a minor complication although
It requires additional operations for bushing exchange

The risk of bushing wear depends on : loading and torsional
stress at the metal-bushing interface and the abradabillity of
the bushing materials

Rotating hinge : reduced the incidence of bushing wear



Complications type4 : periprosthetic infections

Difficult and devastating complication

Often leads to implant removal and even limb amputation
Infection rate : ranges from 8% to 15%

Infection rate following revision surgeries . can be up to 60%

The risk for amputation due to infection of tumor prostheses
ranges from 23.5% to 87%



