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Introduction
A common and validated technique for painful medial 
compartmental osteoarthritis of the knee with varus deformity is 
the open-wedge high tibial osteotomy (OWHTO) [1, 2]. The 
purpose of OWHTO is to correct the malalignment creating a 
medial gap, which can be filled with autologous, homologous, 
heterologous, or synthetic grafts or which can be left empty [3, 4, 
5, 6, 7]. The main complication of OWHTO is the limited bone 
graft integration rate [8]. Autologous bone grafts are a good 
option due to their  osteogenic,  osteoinductive,  and 
osteoconductive effects [9, 10]. They also have some 
disadvantages, such as prolonged surgical time and donor site 

morbidity [11, 12]. Heterologous bone grafts represent a valid 
alternative to autologous bone grafts because they do not come 
with donor site morbidity. However, despite treatment, the 
potential risk of disease transmission still remains [3, 13]. 
Therefore, synthetic bone substitutes, such as bioglass, acrylic 
bone cement, tricalcium phosphate (TCP), and hydroxyapatite 
(HA), are increasingly used [5, 14, 15]. HA is widely used due to 
its good biocompatibility and the absence of an inflammatory 
reaction [16, 17]. Nanomolecular technologies have allowed the 
development of biocompatible compounds that can be used as 
bone substitutes, one of which is the nanohydroxyapatite 
(NHA) [18, 19]. The NHA has osteoconductive properties and 
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Introduction: The open-wedge high tibial osteotomy (OWHTO) is a common technique for the treatment of medial compartmental 
osteoarthritis of the knee. There are many options to fill the osteotomy site gap. The autologous graft donor site morbidity can be avoided using 
heterologous bone grafts which represent a valid alternative.

Conclusion: The in vivo histology of the graft site after 3 years has shown that heterologous bone is a safe and valid choice as a scaffold for bone 
regeneration. Augmentation with NHA bone paste achieved good osteoinduction without an inflammatory reaction and good integration of the 
bone substitute insert.

Case Presentation: This case report is about a 52-year-old male with knee osteoarthritis and varus deformity. Due to stiffness, swelling, and 
painful limitation during daily life activities, the patient underwent OWHTO. The osteotomy gap was filled with an equine cancellous bone 
wedge and nanohydroxyapatite (NHA) bone paste augmentation. After 3 years, the OWTHO was converted to total knee arthroplasty and a 
bone biopsy of the previous graft site was performed. The histological examination presented non-viable bone areas surrounded by viable bone 
without inflammatory cells, suggesting the presence of residual non-viable bone from the bone substitute graft.
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Case Presentation

accelerates bone growth and remodeling [20, 21, 22]. This is a 
case of in vivo histological examination of the graft site 3 years 
after OWHTO with an equine cancellous bone wedge and 
NHA bone paste augmentation.

Patient information
A 52-year-old Caucasian male presented in our department in 
March 2015 with a 5-year history of increasing stiffness, 
swelling, deformity, and range of motion (ROM) limitation of 
his right knee, with painful limitation during daily life activities. 
He did not report any previous trauma, knee sprain, or surgery. 
The patient reported several treatments in the past years (i.e., 
physical therapy, painkillers, hyaluronic acid injections, and 
steroid injections), with partial and temporary benefits.

Therapeutic intervention
A kinematics-based image-free navigation system with HTO 
software was used. The bone substitute graft was a dehydrated 
equine cancellous bone wedge (Osteoplant; Bioteck, Italy) and 
NHA bone paste augmentation (Nanostim Synthetic Bone 
Paste; Medtronic, Tennessee). The fixation was performed 
using a Position HTO Plate. Post-operative radiographs showed 
correction of the varus deformity. The patient was dismissed 
from hospital 2 days after surgery with a knee brace and non-
weight-bearing. The patient followed a standard rehabilitation 
protocol, the knee brace was kept in full extension for the first 2 
weeks and unlocked during the following 2 weeks; at the 4th 
week, it was removed. After 6 weeks, partial weight-bearing with 

Physical examination revealed varus deformity of the knee, 
painful ROM limitation, quadriceps muscular atrophy, and 
diffuse pain at palpation. Radiographic examination showed 

moderate-severe osteoarthritis of the knee with varus deformity 
(Fig. 1). Considering the patient’s young age and his request for 
less invasive surgery than total knee arthroplasty (TKA), an 
OWHTO was suggested. The patient was thoroughly informed 
of the risks, benefits, and low long-term success rate.
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Figure 1: Preoperative X-ray image: standing AP and lateral view showing moderate-severe 
osteoarthritis with varus deformity.

Figure 2: Three-year follow-up X-ray image: standing AP and lateral view showing tibial osteotomy 
consolidation and moderate-severe osteoarthritis.

Figure 3: Light microscopy of hematoxylin-eosin-stained sample. (a) Non-vital bone; (b) vital 
bone; no inflammatory infiltrate (original magnification ×200).

Figure 4: Sample visualization with polarized light microscopy. (a) Non-vital bone; (b) vital bone; 
no inflammatory infiltrate (original magnification ×200).



Conclusion
The in vivo histology after 3 years has shown that heterologous 

OWHTO has recently become less popular due to the 
development of TKA, but it still represents a valid choice in 
relatively young and active patients, thanks to good results in 
lesions limited to the medial compartment with varus 
deformity and fewer complications than other techniques [1]. 
Badawy et al. have recently reported that previous high tibial 
osteotomy do not impact the revision rate of TKA compared to 
primary TKA [23]. Historically, Insall et al. reported that 23% 
of patients who were submitted to OWHTO underwent 
conversion to TKA [24]. More recently, however, Kim et al., in a 
meta-analysis, reported 91.6% as the mean 10-year survival rate 
for OWHTO [25]. Nevertheless, OWHTO also presents 
complications such as delayed healing and loss of correction 
[8]. The use of filling grafts has always been the most preferred 
solution for reducing this complication [3]. Autologous bone 
graft is still a valid choice; however, iliac crest harvesting entails 
some risks such as pain, thigh hypoesthesia, infection, and 

discomfort [11, 12]. For this reason, synthetic bone substitutes, 
such as bioglass, acrylic bone cement, TCP and HA, are 
increasingly being used [5, 14, 15]. The histological findings in 
this case report are consistent with results of the CT study 
conducted by Conteduca et al. using the same bone substitutes; 
at 12-month follow-up, better osseointegration of the xenograft 
was demonstrated when NHA bone paste was added to the graft 
[26]. Histological comparison between allogeneic bone chips 
and HA chips as a gap filler in OWHTO made by Lee et al. 
showed an inferior absorbability of HA chips. However, the 
author observed mature lamelliform bone in a more significant 
amount than the HA residues in the radiological unabsorbed 
area. Clinical and radiological results after OWHTO were 
similar between the allogeneic bone chips and HA chips [27]. 
Koshino et al. have radiographically and histologically analyzed 
bone growth in HA wedges used in OWHTO within 36 months 
from implantation. Biopsies showed significant bone growth 
within 300 µm from the interface. However, the radiodensity of 
the HA wedge did not change during follow-up [16]. Similarly, 
the use of dehydrated equine cancellous bone wedge and NHA 
bone paste augmentation did not show absorption areas, and a 
good osteoinduction was achieved.
There is not any other relevant literature concerning human in 
vivo histological examination of the bone substitutes used in 
this case report.

In this case, a bone biopsy of the graft site was performed 3 years 
after the osteotomy, when a revision to TKA was required. 
Histological examination using optical microscopy with HE-
stained specimen presented no inflammatory cells within the 
sample, suggesting that there were no active remodeling 
processes. Non-viable bone areas were highlighted, surrounded 
by viable bone areas, probably due to the residual presence of 
the graft.

In a histological study of animal samples (rats), Kubasiewicz-
Ross et al. analyzed osteoconductive potential and regeneration 
of bone defects treated with NHA. The histomorphometric 
analysis showed a greater amount of bone regenerated in the 
NHA group than in the control group. Furthermore, no 
particles of the NHA material were found after 8 weeks [28]. In 
this case, residual graft areas were still present at 3 years without 
inf lammator y reaction. Okazaki et  al .  analy zed the 
osteoinductive function of HA in an animal model (rats) with 
collagen-induced arthritis. The bone formation around the HA 
block was more significant in the arthritis group than in the 
control group, suggesting that it might be enhanced even in 
conditions associated with highly activated bone turnover [29].

Discussion

crutches was initiated. Full weight-bearing was permitted in the 
8th post-operative week. No intraoperative or post-operative 
complications occurred. Finalizing the rehabilitation protocol, 
the patient reported complete symptoms resolution and 
returned to daily life activities. We did not report any 
complications during clinical and radiographic follow-up.

Follow-up and outcomes
At 3-year follow-up, the patient revealed a progressive clinical 
worsening with stiffness, swelling, and pain that did not 
respond to medical therapy. Physical examination revealed 
ROM painful limitation, diffuse pain at palpation, and 
quadriceps muscular atrophy. Radiographs showed good 
healing of the osteotomy with moderate-severe osteoarthritis 
(Fig. 2). Due to the patient’s symptoms, the tibial osteotomy 
was converted to TKA. During the revision surgery, a bone 
biopsy of the bone graft site was performed after plate removal. 
The sample was decalcified using a histological decalcifying 
agent and cut into 4 µm thick sections using a microtome. The 
sections were stained with hematoxylin-eosin (HE) and 
observed at x200, with both polarized light and light 
microscopy. In Fig. 3 and 4, the same region is shown under light 
microscopy and under polarized light. Histological findings 
were as follows: Non-viable bone areas surrounded by viable 
bone tissue, no inflammatory cells detected around the non-
viable bone areas. These findings suggest the presence of 
residual non-viable bone from the bone substitute graft. 
Augmentation with NHA bone paste achieved good 
osteoinduction, the absence of inflammatory infiltrates showed 
good integration of the bone substitute insert.
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bone is a safe and valid choice as a scaffold for bone 
regeneration. Augmentation with NHA bone paste showed 
good consolidation, also displaying good osteoinduction and 
partial replacement of the heterologous bone graft.

Clinical Message

The use of dehydrated equine cancellous bone wedge and 
NHA bone paste as a gap filler in OWHTO is a safe and valid 
alternative to autografts and other type of heterografts.
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