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Abstract

Purpose Spontaneous subchondral osteonecrosis of the

knee joint confined to a localized area of one condyle can

occur after arthroscopic procedures. Meniscal tears,

arthroscopic meniscectomy, and radiofrequency chondro-

plasty are aetiological factors in the development of oste-

onecrosis. The aim of this study was to investigate whether

the incidence of osteonecrosis increased when mechanical

or radiofrequency chondroplasty was used in conjunction

with arthroscopic meniscectomy.

Methods In this prospective clinical trial, arthroscopic

meniscectomy was the primary treatment in 75 patients

(mean age 40 ± 13) with stage II and III degenerative

changes on the articular cartilage. Patients had to meet the

following criteria: 1) have preoperative MRI and plain film

radiographs showing no evidence of osteonecrosis; 2) be

symptomatic for at least 6 weeks before the preoperative

MRI; and 3) have arthroscopically confirmed stage II or III

chondral lesion. A preoperative MRI was performed for all

patients. For treatment of chondral lesions, debridement

with a shaver or chondroplasty with a monopolar RF

energy system was used. Patients were divided into three

treatment groups. Partial meniscectomy of the medial or

lateral (or both) menisci was performed on all patients, but

patients in group 2 additionally received mechanical

debridement of the chondral lesion, and those in group 3

were additionally treated with RF chondroplasty. Patients

in group 1 were treated with partial meniscectomy alone.

Patients were re-examined after 6 months, at which time a

repeat MRI was performed.

Results Development of osteonecrosis was detected dur-

ing the postoperative MRIs of five patients: two in group 1,

two in group 2, and one in group 3.

Conclusion The addition of mechanical or RF chondroplasty

to meniscectomy did not increase the number of patients with

osteonecrosis. Also, RF chondroplasty, which is commonly

proposed to be an aetiological factor, resulted in a decrease in

the number of patients that developed osteonecrosis.

Level of evidence II.
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Introduction

Spontaneous osteonecrosis of the knee joint is a disease

characterized by ischaemic necrosis of bone marrow and

the trabecular cortex of the subchondral bone [8]. Osteo-

necrosis of the knee joint has been reported to occur after

arthroscopic procedures [1, 6, 7, 16, 20, 21, 23]. It has been

suggested that several arthroscopic interventions can result

in the development of osteonecrosis, including meniscec-

tomy and radiofrequency (RF) chondroplasty [2, 4, 5, 7, 12,

15]. Although these and other causes have been proposed,

the exact aetiology of osteonecrosis is not certain.

Arthroscopic meniscectomy has long been considered

to be a causative intervention in the development of
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osteonecrosis [1, 4, 7]. However, many studies have more

recently focused on the possible effects of radiofrequency

chondroplasty. It has been suggested that the thermal heating

effect of radiofrequency is a causative factor in the devel-

opment of osteonecrosis [10, 12, 13]. Also, the presence of

meniscal tears, which alter the load distribution in the knee,

has been associated with osteonecrosis [4]. Whether the

meniscectomy procedure alone results in osteonecrosis or

whether the addition of mechanical and radiofrequency

chondroplasty contributes to the condition is still unknown.

The aim of this study was to investigate whether there

was an increased incidence of osteonecrosis when a

mechanical or radiofrequency chondroplasty was per-

formed in addition to arthroscopic meniscectomy. It was

hypothesized that neither mechanical nor radiofrequency

chondroplasty would increase the incidence of osteone-

crosis of the knee joint more than arthroscopic

meniscectomy.

Materials and methods

In this prospective clinical study, arthroscopic meniscec-

tomy was the main treatment modality. Meniscectomy was

carried out on 75 patients: 41 females and 34 males, with a

mean age of 40 ± 13 years. All patients had a preoperative

diagnosis of a meniscal tear and underwent arthroscopic

meniscectomy. During arthroscopic intervention, patients

who had a single stage II or III lesion on their femoral

condylar (according to the Outerbridge classification)

received further chondroplasty debridement, either

mechanically with a shaver or through radiofrequency

ablation [18].

Patient enrolment criteria were as follows: (1) a preop-

erative MRI showing a meniscal tear; (2) clinical exami-

nation findings consistent with a meniscal tear; (3) no

evidence of osteonecrosis on preoperative MRI; (4)

symptoms lasting for at least 6 weeks before the preoper-

ative MRI; and (5) an arthroscopically confirmed meniscal

tear and an Outerbridge stage II or III femoral chondral

lesion. Patients with findings of osteonecrosis on preoper-

ative MRI, abnormal lower extremity mechanical axis,

ligamentous instability, osteochondritis dissecans, rheu-

matoid arthritis, metabolic diseases, and those with a his-

tory of steroid use and alcohol abuse were excluded from

the study.

Qualifying patients were consecutively enrolled into

three treatment groups until the each group contained 25

subjects. Patients in the three treatment groups received the

following interventions: group 1—only arthroscopic men-

iscectomy; group 2—arthroscopic meniscectomy plus

mechanical debridement with a shaver; and group 3—

arthroscopic meniscectomy plus radiofrequency ablation.

In group 2, the chondral fibrillations and loosened car-

tilage were debrided with a shaver used in oscillating mode

at a speed of 2,400 rpm. In group 3, chondral lesions were

debrided and sealed with the monopolar RF energy system

(Lightwave Suction Ablator-2000 S, Conmed, FL, USA)

with a side effect probe. Based on the recommendation by

the manufacturer, the power of the monopolar equipment

was set at the 75 W soft tissue ablation mode. The system

was used in non-contact mode and in the paintbrush

manner.

Patients were re-examined after 6 months, and MRIs

(using 1.5 T scanners, PHILIPS, Intera) were performed to

assess the presence of postoperative osteonecrosis. The

criteria for the diagnosis of osteonecrosis on an MRI

included a discrete area of low-intensity signal on the

femoral condyle in the T1-weighted images, a low-signal

intensity area in the centre of the lesion, plus a high-

intensity signal around the margins in the T2-weighted

images, presumably due to oedema [8, 9, 14, 19]. Using the

method of Lotke, the size of the osteonecrotic lesion was

measured on the T1-weighted images as the area of low-

signal intensity (referred to as a percentage of the diameter

of the medial femoral condyle) [12].

This study was approved by the Kırıkkale University

Medical Faculty Committee of Research Ethics.

Statistical analysis

Power analysis and sample size calculations were com-

puted before this study was initiated. A total sample size of

75 subjects with 25 in each treatment group achieve a

power of at least 0.80 based on an assumption of 2 %

incidence of postarthroscopy meniscectomy reported in

previous studies [3, 5].

A Kruskal–Wallis (nonparametric one-way analysis of

variance) test was applied to assess the interaction between

treatment modality and development of osteonecrosis. If an

effect was noted, Mann–Whitney tests were performed to

assess the differences between the three treatment groups.

P values lower than 0.05 were used to determine signifi-

cance. All tests were performed using the statistical eval-

uation software package SPSS, version 17 (SPSS Inc.,

Chicago, IL).

Results

Seventy-five patients were treated arthroscopically in this

study. The primary end-point of this study was the visu-

alization of an area suggestive of osteonecrosis on post-

operative MRI that was not evident on preoperative MRI.

Postoperative osteonecrosis was detected in two patients in

group 1, two patients in group 2, and only one patient in
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group 3 (Fig. 1). The mean size of the osteonecrosis (as

visualized on the MRI), with regard to the whole femoral

condyle, was measured as 25 % for group 1 and 30 % for

groups 2 and 3. No statistically significant differences were

found between groups in regard to the development of

osteonecrosis.

The intra-articular characteristics of the affected patients

are reported in Table 1. Patients who developed osteone-

crosis had either a complex or a horizontal meniscal tear.

None of the patients with radial and longitudinal meniscal

tears developed osteonecrosis. Only one patient had oste-

onecrosis at a site other than the chondral lesion, and this

patient had increasing pain at the time of the first MRI. The

other four patients were satisfied with the treatment of their

diseases. They had no worsening pain after the operation

and experienced no activity-related pain within 8 months

of the procedure.

Discussion

The most important finding of this study is that the addition

of either mechanical or radiofrequency chondroplasty to

arthroscopic meniscectomy did not increase the incidence

of subchondral osteonecrosis. Postmeniscectomy osteone-

crosis develops independently from the surgical procedure

applied.

Since the suggestion was made of a relationship between

meniscal tears and osteonecrosis [17], the problem con-

tinues to be unsolved. Previous case reports of osteone-

crosis related this pathology with meniscal tears [11, 17]

and with meniscectomy [1, 7, 9, 15, 20, 23]; thereafter,

research focused on the causative effect of laser and RF

chondroplasty and meniscectomy [4, 6, 21]. More recently,

clinical reports have determined that RF chondroplasty is

not a causative factor [3, 5].

To date, studies have not clarified the aetiology of

osteonecrosis that develops after arthroscopic surgery.

Although still unproven, it has been hypothesized that

osteonecrosis in the presence of meniscal tears is due to the

altered load distribution in the knee joint [4]. This alter-

ation results in increased tibiofemoral contact pressure,

leading to micro-fracturing and fissuring of the chondral

tissue, which results in subchondral intraosseous leakage of

synovial fluid [21]. There is an increased incidence of

meniscal tears in the presence of osteonecrosis [8, 11, 14,

17], but it is not clear whether the incidence of osteone-

crosis increases when there are meniscal tears. As there is

no increased incidence of osteonecrosis in any of the

treatment groups in this study, and also no proof of any

correlation between meniscal tears, meniscectomy, chon-

droplasty, and osteonecrosis, we can speculate that osteo-

necrosis is the end result of the same mechanism initiated

by various factors in all patients [5].

Of the patients who developed osteonecrosis, four had

complex meniscal tears and one had a horizontal meniscal

tear. Both types of tears occur as a result of repetitive

trauma and degenerative changes. They occupy a larger

portion of the meniscus and commonly necessitate wider

meniscal resections. Complex and horizontal meniscal

tears and their treatment alter the load distribution more

than radial and longitudinal tears. This further suggests that

altered load distribution may be the underlying causative

factor.

Fig. 1 Postoperative magnetic resonance images of a 49-year-old

woman operated for an complex tear of the posterior horn of the

medial meniscus. a T1-weighted magnetic resonance image depicts

the subchondral lesion demonstrating a low-signal intensity area at

the medial femoral condyle. b T2-weighted magnetic resonance

image depicts the same lesion above with a low-signal intensity in the

centre surrounded with a high-signal intensity area. The surrounding

high-signal intensity area is actually the bone marrow oedema

surrounding the necrotic subchondral tissue
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Barber and Iwasko [3], in their randomized, controlled

trial, compared patients treated with mechanical and

monopolar RF chondroplasty. Of the 60 patients treated for

grade III femoral chondral lesions, no cases of osteone-

crosis were seen during a postoperative MRI at 12 months.

The only abnormality was subchondral oedema in four

patients (two in each treatment group). Meniscal tears were

detected in 41 of their patients; 38 were treated by men-

iscectomy; and three were treated by repair.

The findings of the present study contradict those of the

work by Barber et al. with respect to the timing of the

postoperative MRI. The timing of the postoperative MRI

may be the reason why they have not observed osteone-

crosis in their series. It is possible that subchondral bone

changes could have occurred during the early postoperative

period and subsided between 6 and 12 months. If so, it is

probable that subchondral osteonecrosis occurs after

arthroscopic knee procedures and heals without interven-

tion, leaving only bone marrow oedema at 12 months.

The heat effect on the fluid medium and the direct

transfer of energy to subchondral bone were previously

thought to be the explanatory mechanism of RF treatment

causing osteonecrosis [2, 4, 5, 10, 12, 13, 15]. Our results

do not support this claim and instead suggest that stopping

or decreasing the use of RF is not warranted. RF chon-

droplasty can be used for shrinking, smoothing of the joint

surface, sealing, and debridement by controlled application

of heat for the treatment of grade II and III chondromalacia

[22]. RF provides advantages over mechanical chondro-

plasty, as it results in smoother surface architecture, limited

injury to adjacent untreated cartilage tissue, and easier

avoidance of iatrogenic damage. In addition, defective

cartilage can be more rapidly and easily countered, which

results in shortened operative time [10, 13]. Compared to

mechanical shaving, debridement with RF results in less

chondrocyte death [24], and patients report fewer clinical

symptoms at the postoperative period [25].

There is one limitation to this study. A monopolar RF

probe was used for treatment; treatment results with a bipolar

RF probe may be different. However, we consider that the

use of a monopolar RF probe is in accordance with our aim as

it delivers more energy to the subchondral bone [22].

The aetiology of postarthroscopy osteonecrosis is proba-

bly multifactorial. The addition of mechanical debridement

and RF chondroplasty to arthroscopic partial meniscectomy

did not increase the number of patients who developed

osteonecrosis. The results of this study demonstrated that the

presence of a meniscal tear and performing an arthroscopic

meniscectomy may have more impact than above two factors

on the development of postoperative osteonecrosis.

Conclusion

Postarthroscopy osteonecrosis is probably an end result of

several impending factors. The addition of two of these

factors, mechanical and RF chondroplasty, to arthroscopic

meniscectomy did not increase the number of patients who

developed postoperative osteonecrosis. Further in vivo

studies must be planned to understand the aetiology,

pathology, and natural course of osteonecrosis.
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