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Abstract 25 

Background: Osteonecrosis of the lateral femoral condyle is a rare condition, and the optimal surgical 26 

management for extensive, deep lesions in young or active patients remains a matter of debate. Both 27 

unicompartmental knee arthroplasty and total knee arthroplasty raise concerns regarding implant longevity in 28 

this population, making joint-preserving surgical strategies desirable. 29 

Case presentation: A 52-year-old man with a history of 10-year corticosteroid use was presented with pain on 30 

the lateral side of his left knee. Massive osteonecrosis of the lateral femoral condyle (approximately 25 × 30 × 31 

15 mm), with concomitant mild valgus malalignment (hip-knee-ankle angle 4°) and a horizontal tear of the 32 

lateral meniscus was detected with the radiographical and computed tomography examinations. The patient 33 

underwent a combination of autologous osteochondral en bloc transplantation (OCET) of a mass graft which 34 

was harvested from the medial trochlea (approximately 20 × 25 × 18 mm) and fixed with four double-35 

threaded screws, arthroscopic lateral meniscus repair, and medial closing-wedge distal femoral osteotomy 36 

(DFO) with a correction angle of 5°. At two years postoperatively, we confirmed solid union at both the 37 



4 

 

osteotomy and graft sites with no loss of alignment correction (femorotibial angle 176°, hip-knee-ankle angle 38 

-2°), and observed marked improvement in his knee pain, the visual analogue scale score, and all subscales of 39 

the Knee Injury and Osteoarthritis Outcome Score. 40 

Conclusions: The combination of OCET and DFO were shown to be an effective and reliable joint-preserving 41 

treatment strategy for extensive and deep osteonecrosis of the lateral femoral condyle with concomitant valgus 42 

malalignment in young, active patients, while the long-term follow-up is necessary to evaluate durability. 43 

 44 

Key words 45 

Osteonecrosis of the knee, osteochondral transplantation, autograft, distal femoral osteotomy, joint 46 

preservation, case report 47 

 48 
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Osteonecrosis of the knee was first described by Ahlbäck et al. in 1968 as a condition characterized by 50 

sudden-onset knee pain [1]. It predominantly affects adults over 50 years of age, presenting with severe 51 

nocturnal pain and pain on weight-bearing. The medial femoral condyle is most commonly occurred with 52 

more than 80% of cases, followed by the lateral femoral condyle, and the proximal tibia [2, 3]. It is rare, but 53 

occurs in bilateral knees [2, 3]. Osteonecrosis of the knee is classified as primary (idiopathic) or secondary. 54 

Primary osteonecrosis is thought to arise from microvascular injury associated with osteoporosis or 55 

subchondral insufficiency fractures, as well as from meniscal injury or instability that causes uneven load 56 

distribution and increased mechanical stress on the subchondral bone [2-6]. Secondary osteonecrosis, in 57 

contrast, is associated with systemic conditions such as corticosteroid use, alcohol abuse, and 58 

hemoglobinopathies; it may present bilateral knees and can extend into the metaphysis [1, 5, 7]. 59 

Radiographic staging of osteonecrosis of the knee has been proposed by Koshino et al. [8, 9], and is widely 60 

used to guide treatment decisions. Conservative treatment is considered effective when the necrotic lesion 61 

involves less than 40% of the condylar width; however, surgical intervention is recommended when necrosis 62 
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exceeds 40% or when it progressed to the secondary osteoarthritis, with periarticular osteotomy, 63 

unicompartmental knee arthroplasty (UKA), and total knee arthroplasty (TKA) [5, 8-10]. 64 

Lateral femoral condyle osteonecrosis is substantially less common than medial condyle involvement, and 65 

reports of treatment strategies for lateral condyle disease are limited, with no clear guidelines established. 66 

Furthermore, in young or highly active patients, both UKA and TKA raise concerns regarding implant 67 

longevity and the potential need for future revision surgery will be considered [11-15]. 68 

Recently, periarticular osteotomy has been performed for lateral femoral condyle osteonecrosis and lateral-69 

compartment osteoarthritis in younger patients, with favorable outcomes [16-22]. In addition, core 70 

decompression and osteochondral plug transplantation (mosaicplasty) have been reported as effective 71 

treatments targeting focal necrosis; however, extensive necrosis can be difficult to address with these 72 

techniques alone [23-25]. For focal cartilage defects, microfracture is generally indicated for lesions smaller 73 

than 2 cm², while mosaicplasty is considered effective for lesions of 2–4 cm²; however, both techniques have 74 

limitations for larger defects [3]. In our experience, the combination of osteochondral en bloc transplantation 75 
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(OCET) and opening-wedge high tibial osteotomy has yielded favorable outcomes for extensive osteonecrosis 76 

of the medial femoral condyle with varus malalignment. 77 

Here we report a case of extensive and massive osteonecrosis of the lateral femoral condyle successfully 78 

treated with a combination of OCET and distal femoral osteotomy (DFO), with satisfactory short-term 79 

outcomes. 80 

 81 

Case Presentation 82 

A 52-year-old man who had been diagnosed with Crohn's disease at the age of 20 and received corticosteroid 83 

therapy for approximately 10 years. Although the disease was in remission without any symptoms, however, 84 

he suffered from left knee pain at the age of 50 and was referred to our institution. 85 

On physical examination, the left knee was swollen with tenderness on the lateral joint line level, and a 86 

patellar ballottement sign was observed. The knee range of motion (ROM) was 0° in extension and 140° in 87 

flexion in both sides. The McMurray test was positive on the lateral side of the left knee. The visual analogue 88 
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scale (VAS) score was 80/100 mm, and the Knee Injury and Osteoarthritis Outcome Score (KOOS) was 60.7 89 

in symptoms, 77.8 in pain, 92.6 in activities of daily living, 60.0 in sport/recreation, and 50.0 in quality of life. 90 

Plain radiographs revealed osteonecrosis of the lateral femoral condyle classified as Koshino stage 2. The 91 

lateral femorotibial angle (FTA) and the hip-knee-ankle (HKA) angle were 174° and 0° on the right, and 92 

169° and 4° on the left, respectively [Fig. 1]. Computed tomography (CT) imaging demonstrated an 93 

osteonecrotic lesion measuring approximately 25 × 30 in size and 15 mm in depth at the lateral femoral 94 

condyle [Fig. 2]. Magnetic resonance imaging (MRI) revealed low intensity area on T1-weighted imaging 95 

and a high intensity area on T2-weighted imaging at the same site, along with a horizontal tear of the lateral 96 

meniscus involving the middle and posterior thirds of the meniscus. No significant abnormalities were 97 

identified in the medial compartment [Fig. 3]. Based on these findings, the patient was diagnosed with 98 

osteonecrosis of the lateral femoral condyle, lateral meniscus tear, and valgus knee deformity. As the 99 

conservative treatment including medications and physical therapy over three months was not effective, 100 

surgical treatment was performed. 101 
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Arthroscopic inspection of the both medial and lateral compartment revealed early degenerative changes with 102 

mild fissuring [Fig. 4a, b]. Arthroscopic surgery of the lateral meniscus was then performed using an all-inside 103 

suture technique with two stitches.  104 

Following the arthroscopic procedures, a medial parapatellar arthrotomy was performed, and a medial closing-105 

wedge DFO was performed with a correction angle of 5°, fixed using a TomoFix medial distal femur plate 106 

(DePuy Synthes, USA). 107 

Autologous osteochondral reconstruction was subsequently performed. Intraoperative inspection revealed a 108 

cartilage defect measuring approximately 20 × 25 mm on the articular surface of the lateral femoral condyle 109 

[Fig. 4c]. An en bloc osteochondral autograft measuring approximately 20 × 25 × 18 mm was harvested from 110 

on the edge of the medial trochlea [Fig. 4d], and after thorough debridement of the necrotic tissue, the graft 111 

was transplanted into the defect and secured with four double-threaded screws [Fig. 4e]. The donor site was 112 

filled with the cancellous bone obtained from the resection of DFO and fixed with two cancellous screws. 113 
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Postoperatively, the knee ROM was restricted and partial weight-bearing were allowed for eight weeks, with 114 

full ROM and weight-bearing permitted at nine weeks postoperatively. Plain radiographs at three months 115 

demonstrated no screw loosening, hinge fracture, or correction loss with FTA of 176° and HKA angle of -2° 116 

[Fig. 5]. At two years postoperatively, full knee ROM was maintained. Plain radiographs and CT imaging 117 

confirmed solid union at both the osteotomy site and the graft site, indicating that the corrected lower 118 

extremity alignment was maintained [Fig. 6]. No progression of osteoarthritis on both medial and lateral 119 

tibiofemoral compartments, as well as the patellofemoral compartment, screw loosening at the graft site, or 120 

complications at the donor site was observed [Fig. 7]. The VAS score improved to be 0/100 mm, and all of 121 

KOOS items improved to be 89.3 in symptoms, 100 in pain, 100 in activity of daily living, 100 in 122 

sports/recreation, and 100 in quality of life. 123 

 124 

Discussion 125 
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OCET and DFO were performed to the middle age patient with massive osteonecrosis of lateral femoral 126 

condyle, and the short-term outcomes were sufficient. 127 

Corticosteroid use is a well-recognized cause of secondary osteonecrosis of the knee. In the present case, the 128 

contralateral knee showed neutral to slight varus alignment, whereas only the affected knee demonstrated 129 

valgus deformity. This discrepancy suggests that corticosteroid-induced osteonecrosis or cartilage damage 130 

may have initially occurred in the lateral femoral condyle, leading to progressive valgus malalignment and 131 

subsequent lateral meniscus injury, which in turn further increased mechanical stress on the lateral 132 

compartment and accelerated the progression of osteonecrosis. However, as the knee joints were not evaluated 133 

prior to the onset of symptoms, the precise chronological sequence of these pathological changes could not be 134 

determined. 135 

Osteochondral transplantation is a joint-preserving procedure that enables articular surface reconstruction with 136 

hyaline cartilage. Unlike TKA or UKA, which permanently limit high-impact activities, osteochondral 137 

transplantation does not require long-term activity restrictions once graft incorporation is achieved, making it 138 
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particularly advantageous for young and physically active patients [24]. However, for extensive or deep 139 

osteonecrotic lesions, conventional osteochondral plug transplantation (i.e., mosaicplasty) using multiple 140 

small cylindrical grafts may be insufficient, as it inevitably leaves interfragmentary gaps filled with 141 

fibrocartilage. The OCET technique employed in this case utilizes a single, large osteochondral block, 142 

allowing complete coverage of a wide defect with a continuous hyaline cartilage surface and rigid screw 143 

fixation for immediate mechanical stability [26]. Furthermore, although DFO effectively reduces mechanical 144 

load on the lateral compartment, osteotomy alone does not address the damaged articular surface itself. In 145 

cases of extensive osteonecrosis, residual stress on the necrotic lesion may persist even after alignment 146 

correction, potentially leading to recurrent pain or recurrence of valgus deformity. OCET was therefore 147 

performed concomitantly to reconstruct the articular surface and minimize the risk of disease progression. 148 

Osteochondral allografting has demonstrated a survivorship of 89% at a mean follow-up of 5.6 years in 149 

femoral condyle osteonecrosis [26], and we believe that autologous en bloc transplantation offers comparable 150 

biological integration with the additional advantage of no immunological concerns.  151 
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The present patient also exhibited mild valgus malalignment; therefore, DFO was performed concomitantly to 152 

reduce mechanical load on the lateral compartment and protect the transplanted graft. DFO is a joint-153 

preserving procedure that effectively unloads the lateral compartment in valgus knees, with favorable 154 

outcomes reported in young, active patients [19, 27, 28]. While postoperative limb alignment within ±3° of 155 

the mechanical axis is generally associated with good clinical outcomes, reoperation rates of approximately 156 

10–40%, including conversion to TKA, have been reported at ten-year follow-up [15, 27, 29]. A recent 157 

systematic review also emphasized that TKA conversion after DFO is technically more demanding than 158 

primary TKA, primarily due to altered bone anatomy and ligamentous imbalance [29]. Considering the 159 

patient's age and activity level, we avoided overcorrection to prevent excessive loading of the medial 160 

compartment, while ensuring sufficient unloading of the lateral compartment to protect the transplanted graft. 161 

The postoperative alignment of -2° in HKA angle also preserved physiological bone morphology, which 162 

would facilitate soft-tissue balancing should future arthroplasty become necessary. 163 
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In this case, a combination of OCET, meniscal repair, and DFO was employed to address the complex 164 

pathology of lateral meniscus tear, valgus malalignment, and extensive osteonecrosis, yielding favorable 165 

short-term outcomes. Our goal was not only to delay arthroplasty but also to restore the articular surface and 166 

achieve a full return to activity without the activity restrictions associated with arthroplasty. In fact, the patient 167 

regained full sports and recreational function postoperatively (KOOS sport/recreation improving from 60 to 168 

100). Although the alignment correction by DFO raises concern for potential progression of the pre-existing 169 

medial compartment osteoarthritis, this trade-off was considered acceptable given the functional benefit 170 

achieved. In addition, the possibility of future degenerative changes at the osteochondral donor site cannot be 171 

excluded. Although harvesting a large graft from the medial trochlea raises concerns regarding donor-site 172 

morbidity, our strategy of back-filling the defect with the autologous bone wedge derived from the DFO 173 

procedure effectively preserved the patellofemoral joint structure. At the two-year follow-up, no radiographic 174 

progression of osteoarthritis or clinical patellofemoral pain was observed, confirming the safety of this donor-175 

site management. Long-term follow-up with careful monitoring of alignment changes and the progression of 176 

medial compartment osteoarthritis will be necessary. 177 
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 178 

Conclusion 179 

We report a case of extensive, deep osteonecrosis of the lateral femoral condyle with concomitant mild valgus 180 

malalignment, treated successfully with a combination of OCET and DFO. Although the follow-up period 181 

remains limited to two years, favorable clinical outcomes were achieved. 182 

 183 

List of abbreviations 184 

UKA: unicompartmental knee arthroplasty 185 

TKA: total knee arthroplasty 186 

OCET: osteochondral en bloc transplantation 187 

DFO: distal femoral osteotomy 188 

ROM: range of motion 189 

VAS: visual analogue scale 190 
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Figure legends 360 

Fig. 1: Preoperative plain radiographs. (a) Anteroposterior view showing a radiolucent lesion in the lateral 361 

femoral condyle (Koshino stage 2). (b) Lateral view. (c) Weight-bearing long-leg radiograph showing a hip-362 

knee-ankle (HKA) angle of 4° (valgus). 363 
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Fig. 2: Preoperative computed tomography (CT). (a) Coronal view. (b) Sagittal view showing an extensive 364 

osteonecrotic lesion (approx. 25 × 30 × 15 mm) in the lateral femoral condyle. 365 

Fig. 3: Preoperative magnetic resonance imaging (MRI). (a) Coronal T2-weighted image. (b) Sagittal T2-366 

weighted image demonstrating the necrotic lesion and a horizontal tear of the lateral meniscus. 367 

Fig. 4: Intraoperative photographs. (a) Arthroscopic view of the medial compartment fissuring. (b) 368 

Arthroscopic view of the lateral compartment fissuring. (c) The osteonecrotic lesion on the lateral femoral 369 

condyle. (d) The osteochondral block harvested from the trochlea. (e) Final appearance of the transplanted 370 

graft secured with screws. 371 

Fig. 5: Plain radiographs at three months postoperatively. (a) Anteroposterior view. (b) Lateral view. (c) 372 

Weight-bearing long-leg radiograph showing maintained alignment (FTA 176°, HKA angle -2°) with no screw 373 

loosening or hinge fracture. 374 

Fig. 6: Plain radiographs at two years postoperatively. (a) Anteroposterior view. (b) Lateral view. (c) Weight-375 

bearing long-leg radiograph showing maintained alignment (FTA 176°, HKA angle -2°). 376 
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Fig. 7. CT images at two years postoperatively. (a) Coronal view. (b) Sagittal view confirming solid union of 377 

the graft and osteotomy site with no joint space narrowing at the donor site. 378 
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