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Abstract

Aim:

It’s a well-known fact that heat generated from high power orthopaedic trauma tools causes
thermal osteonecrosis leading to early loosening and implant failure. So, the aim of our study is

to prove that all burr robotic assisted TKA does not result in early aseptic loosening or failure

due to thermal osteonecrosis.

Keywords-robotic knee replacement, thermal osteonecrosis, all burr, aseptic loosening, knee
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Introduction:

Total knee arthroplasty (TKA) is currently the most promising and successful treatment for
patients with end-stage knee osteoarthritis [1]. TKA had demonstrated success rate between 91%
and 98% at 10 to 26 years[2]There are three ways to do TKA namely conventional, navigated
and robotic assisted [3]Reasons for the failure of TKA are multi factorial like poly wear, bad
bone preparation, bad cementing, malposition of components, instability, lack of bone coverage,
infection, etc [4]1t’s a well-known fact that high power orthopaedic tools causes bone damage
due to tremendous heat generation from drill or burr causing thermal osteonecrosis leading to
early loosening and implant failure [5,6].Similarly in Robotic assisted all burr TKA, heat
generation leads to osteonecrosis as per study done in bovine [7,8]. So far to the best of our
knowledge no in-vitro study had been done to prove whether this thermal osteonecrosis by all
burr leads to early aseptic component loosening.

So, the aim of our study is to prove that all burr robotic assisted TKA does not cause early

loosening or failure due to thermal osteonecrosis.

Method and materials:

This is a retrospective study done on 30 knees operated between December 2018 to June 2019.
Total 17 patients (30 knees) were involved, 7 males and 10 females with a mean age of 67years.
Patients with grade IV osteoarthritis of knee underwent All Burr Robotic Assisted TKA at RNH
Hospital, a recognised Centre for Robotic Joint Replacement and Sports Medicine. All patients
were operated by senior surgeon (MSL) using Navio Robotic System. Inclusion criteria were
primary and secondary osteoarthritis of the knee operated in that period of time. Exclusion
criteria were revision knee replacement, partial knee replacement and conventional TKA.
Preoperatively all patients underwent standard anteroposterior and lateral knee radiographs along
with weight bearing scanogram. Postoperatively all patients underwent radiographic screening
on 1% ;3 and 28" month.

All the patients were operated by using a medial para- patellar approach. The NAVIO robotics-
assisted surgical system involves handheld robotics with an intuitive CT-free registration and
patient-specific planning processor. The NAVIO software guides surgeon in creating implant
plan that localises components and balance soft tissue and using handheld instrument with

multiple control modes to help the surgeon to precisely create 3D model of bone for implantation
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of tibial and femoral components. The system tracks the patient’s limb and the hand-held high-
speed milling or burring tool attached to its arm of 5 mm diameter, stopping or retracting the burr
to keep the surgeon within the defined limits of the implant resection. This burring system
generates tremendous amount of heat So, to prevent thermal osteonecrosis internal water-cooling
and continuous irrigation is integrated into the milling tool to prevent thermal osteonecrosis. The
resected surface of bone is as flat as obtained after saw cut-provided burr is used properly in
circumferential manner. The digital angel is then used to recheck the cut surface. After
completing milling, trial implants were placed, and soft tissues were balanced. The final
components were then inserted manually after cement application.

To assess aseptic loosening and radiolucent lines below tibial and femoral component, we have
used a modern system approved by the Knee Society membership, which ensured proper
radiographic documentation of coronal and sagittal implant alignment, fixation interface integrity
with respect to radiolucent lines and osteolysis, and a zonal classification system to document
precise deficiency locations. Data was analysed by Meneghini Modern Knee Society
Radiographic Evaluation System (figure 1) for implant risk “criteria” or “scores’ [9].

Results:

Out of 30 cases only two cases showed asymptomatic radiolucent line(ARL), one in tibia and
one in femur (table 1).Similarly out of the 30 cases none had showed ARL at mean follow up of
28.9 month (Fig 2 ) except in two patients of which one patient had femoral component ARL
seen in zone 3a and in another patient ARL was seen in tibial component in zone 1(Fig 3). This
is not of significance as p value is 0.609 (table2)

Discussion:

Total knee arthroplasty (TKA) is currently the most promising and successful treatment for
patients with end-stage knee osteoarthritis around the globe [1]. Aseptic loosening is one of the
most common cause for failure of TKA. The National Joint Registry (NJR) from England,
Wales, Northern Ireland and the Isle of Man reported 35.0% of all single stage revision TKA
were due to aseptic loosening[1].Material properties of implants, bearing surface, fixation
method, implant modularity, osteonecrosis, etc are the important factors related to the
development of aseptic loosening.[2]

Osteonecrosis or bone death can occur due to heat generated from high powered orthopaedic

tools [5]. Currently, it is agreed that bones exposed to temperature of >47°C for 60 seconds or
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longer are at risk of osteonecrosis [6]. This leaves the implant exposed to necrotic tissue,
reducing bone-implant incorporation, as well as healing processes [7,8]. Although thermal
osteonecrosis has been well described in literature most studies are drill based, as drills are the
most commonly used tool in orthopaedics and dentistry; a field where thermal osteonecrosis is a
prominent problem [10,11,12]. As bone drilling is a significant part of routine orthopaedic and
trauma surgery so heat generated with drill causes osteonecrosis and this is one of the reason for
aseptic loosening of plate fixation [13,14]. Robotic computer assisted surgical devices favour the
use of a burr over a saw blade for bone resection, as burrs provide more accurate bone
preparation than saws. As these devices are newly developed, little research has been carried out
into the effects of burring on bone. The amount of heat generated by an orthopaedic drill or burr
has been found to be positively correlated with the extent of thermal damage done to bone
[15].Study done by Res and Roe et al on bovine femora showed that without irrigation, sawing
and burring bone generate temperatures which were high enough to cause irreversible
histological changes to bone, including cell death. Bones were burred with a Navio PFSTM
handheld robotic device (Blue Belt Technologies Inc.), which was connected to an Ansbach
console. Identical spherical burrs of 6mm diameter were used throughout the duration of this
study [15] .They concluded although the temperatures were high enough to cause osteonecrosis
and this temperature can be reduced by applying a cooling agent to the cut surface, so it is
advised that cooled saline should be used in orthopaedic procedures such as TKA while burring
and sawing the bone. If irrigation is unavailable, intermittent bone cutting is suggested, to
prevent onset of osteonecrosis.

So far to the best of our knowledge no in-vitro study had been done to prove whether this
thermal osteonecrosis by burr leads to early aseptic component loosening. So, our study had
proved that all burr robotic assisted TKA does not causes early loosening or failure due to
thermal osteonecrosis if proper cooling system is used. Limitation of our study is small sample
size, short term follow up and also it’s not correlated with clinical outcome.

Conclusion:

Our study had proved that all burr robotic assisted TKA does not causes early aseptic loosening
or failure due to thermal osteonecrosis.

On behalf of all authors, the corresponding author states that there is no conflict of interest.

391



IREAS International Journal of Scientific Engineering and Applied Science (IJSEAS) — Volume-8, Issue-5, May 2022

ISSN: 2395-3470
WWww.ijseas.com

n_]ap

JA w»
B -]
Lateral
C

Figure and Table Legends

Figure 1 . (A) Coronal and (B) sagittal radiographic schematic of keeled and two-peg implants
with zones for documentation of radiolucent lines and osteolysis. (C) Sagittal plane radio-
graphic schematic of femoral implant with zones denoted for documentation radiolucent lines
and osteolysis.e Zone 1: medial baseplatee Zone 2: lateral baseplates Zone 3: central keel/stem
region (“M” and “L” designate the respective regions of the central keel)s Zone 4: Revision TKA
Stem Extension (“M” and “L” designate the respective regions of the stem extension) ¢ Zone 5:
inferior aspect of tibial keel/stem Tibial Component Lateral View: Zone 1. anterior baseplate
Zone 2: posterior baseplate Zone 3: central keel/stem/peg fixation region (“A” and “P” designate
the respective regions of the central keel) Zone 4: Revision TKA Stem Extension (“A” and “P”
designate the respective regions of the stem extension) Zone 5: inferior aspect of tibial keel/stem

Femoral Component Lateral Zone 1: anterior flange Zone 2: posterior flange Zone3: central
box/peg/distal fixation region(“A” and “P” designate the respective chamfers if visible) Zone 4:
Revision TKA Stem Extension (“M” and “L” designate the respective regions of the stem
extension on the AP view “A” and “P” designate the respective regions of the stem extension on
the lateral view.(Figure courtesy from Meneghini Modern Knee Society Radiographic
Evaluation System[9])
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Fig 2 : 24 months post-operative Anterio-posterior and Lateral knee radiographs of one patient
not showing any radiolucent lines.

Fig 3 : 28 months post-operative Anterio-posterior radiograph showing ARL in tibia (zone 1) and
Lateral knee radiographs showing ARL in femur (zone 3a) in two different patient

References

1)Guo EW, Sayeed Z, Padela MT, Qazi M, Zekaj M, Schaefer P, Darwiche HF (2018).
Improving Total Joint Replacement with Continuous Quality Improvement Methods and
Tools. Orthop Clin North Am. Oct;49(4):397-403.

2). Pradhan NR, Gambhis A, Porter ML (2006). Survivorship analysis of 3234 primary knee
arthroplasties implanted over a 26-year period: a study of eight different implant designs. Knee;
13:7-11.

3)Picard F, Deep K, Jenny JY (2016) . Current state of the art in total knee arthroplasty computer
navigation. Knee Surg Sports Traumatol Arthrosc ;24:3565-74

4)Daines BK, Dennis DA. Management of bone defects in revision total knee arthroplasty
(2013). Instr Course Lect ; 62:341-8.

393



IREAS International Journal of Scientific Engineering and Applied Science (IJSEAS) — Volume-8, Issue-5, May 2022

ISSN: 2395-3470
WWww.ijseas.com

5)Berman AT, Reid JS, Yanicko DR, Sih GC, MR Z (1984): Thermally induced bone necrosis
in rabbits: relation to implant failure in humans. Clinical Orthopaedics. 186:284-292.

6) Krause WR (1987) : Orthogonal bone cutting saw design and operating characteristics. J
BiomechEng. 109:263-271.

7) Karaca, F., Aksakal, B., Kom, M (2011) . Influence of orthopaedic drilling parameters on
temperature and histopathology of bovine tibia: An in vitro study. Med Eng Phys; 33: 1221-7

8) James, T.P., Chang, G., Micucci, S., Sagar, A., Smith, E.L (2014). Effect of applied force and
blade speed on histopathology of bone drilling resection by sagittal saw. Med Eng and Phys; 36:
364-70

9)Meneghini RM, et al (2015): Development of a Modern Knee Society Radiographic
Evaluation System and Methodology for Total Knee Arthroplasty, J Arthroplasty

10) Eriksson, R.A, Albrektsson, T (1984). The effect of heat on bone regeneration: An
experimental study in the rabbit using the bone growth chamber. J Oral Maxillofac Surg 42: 705-
11

11)Lee, J.E., Rabin, Y., Ozdoganlar, O.B (2011). A new thermal model for bone drilling with
applications to orthopaedic surgery. Med Eng Phys; 33: 1234-44

12) Birkenfeld, F., Becker, M.E., Kurz, B., Harder, S., Kern, M and Lucius, M (2010). Changes
in human mandibular bone morphology after heat application. Ann Anat; 192: 227-31

13) Toksvig-Larson, S., Ryd, L (1989). Temperature elevation during knee arthroplasty. Acta
Orthop Scan; 60(4): 439-442

14) Toksvig-Larson, S., Ryd ,L., Lindstrand (1991), A. On the problem of heat generation in
bone cutting. Studies on the effect of liquid cooling. J Bone Joint Surg; 73-B

15) Karaca, F., Aksakal, B., Kom, M (2011). Influence of orthopaedic drilling parameters on
temperature and histopathology of bovine tibia: An in vitro study. Med Eng Phys; 33: 1221-7

394



