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Purpose: This study aimed to demonstrate the application of orthotopic bone flap
transplantation with a fibula transplantation (OBFT-FT) in open-wedge high tibial
osteotomy (OW-HTO) and to assess the effect of OBFT-FT on gap healing.
Patients and methods: From January to July 2020, 18 patients who underwent
OW-HTO with OBFT-FT were reviewed for this study. Demographics,
postoperative complications, and radiological and clinical outcomes of
patients were collected. Finally, the clinical outcomes of patients were analyzed.
Results: A total of 14 patients were included in this study. The average age and body
mass index were 59.6 + 9.2 years and 28.1 + 4.5 kg/m?, respectively. The average
correction angle and gap width were 9.5+ 1.8° and 10.2 + 2.7 mm, respectively.
The rates of radiological gap healing at sixth week, third month, and sixth month
were 429%, 85.7%, and 100%, respectively. The mean Lysholm score,
International Knee Documentation Committee score, and visual analog scale
scores at sixth-month follow-up were significantly better than the preoperative
scores (p<0.001, p<0.001, p=0.001, respectively). And, no delayed union or
non-union, collapse, loss of correction, or surgical site infection were found.
Conclusions: As a new technique for autologous bone graft, the OBFT-FT could
be successfully applied in the treatment of gap healing after OW-HTO, and
excellent radiological and clinical outcomes could be seen on patients’ short-
term follow-up.

KEYWORDS

open-wedge high tibial osteotomy, autologous bone grafting, osteotomy gap, proximal
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Introduction

High tibial osteotomy (HTO) is a reliable surgical option for patients with medial
compartment knee joint osteoarthritis (MCKOA) and varus deformity (1-4). Currently,
medial open-wedge high tibial osteotomy (OW-HTO) is more popular than the lateral
closed-wedge high tibial osteotomy (CW-HTO) for providing better bone stock
preservation, more predictable and adjustable correction, and more minimally invasive
surgical exposure, damage to the proximal tibiofibular joint, fibular nerve palsy, and so
on (5, 6). However, osteotomy gap is an inevitable disadvantage of the OW-HTO causing
delayed union, non-union, collapse, and loss of correction (7). It was reported that the
mean time for patients to obtain radiological bone healing without bone graft ranges
from 3 to 7.2 months (8-11). To accelerate the healing of the osteotomy gap, various gap
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TABLE 1 Patient demographic data and radiographic data.

vaables __ Number

Age (years), mean + SD 59.6+9.2
Gender (male), no. (%) 3 (214)
BMI, mean + SD 28.1+45
Correction angle (°), mean + SD 95+1.8
Gap width (mm), mean + SD 102+2.7

Lateral hinge fracture, n (%) 1(7.1)

fillers are used, such as autologous bone graft, allogeneic bone graft,
and graft substitutes (12).

Autologous bone grafting harvested mainly from the iliac crest
graft is currently recognized as one of the most effective and
popular methods for the healing of osteotomy gap with its
osteogenic, osteoinductive, and osteoconductive capacities (7, 13).
But it has been reported that harvesting morbidities can range
from 0.76% to 26%, and significant challenges are presented in
terms of prolonged pain, increased bleeding, and operation time.
Allograft can offer osteoconductive properties without donor site
morbidities, but it lacks osteogenic properties and results in slower
bone union (14). In addition, it has the disadvantages of requiring
specialist storage, carrying with it a donor requirement, and having
the potential risk of developing surgical site infection, immunologic
reaction, or disease transmission (15, 16). Some surgeons prefer to
use synthetic bone substitutes, although the disadvantages of
synthetic bone substitutes including increased costs and increased
risks of delayed union or non-union cannot be ignored (7).

Proximal fibular osteotomy is an effective method for
treatment of early knee osteoarthritis (17-19). In addition, it has
been confirmed that the pain relief and improvement are
statistically significant (20). Due to fewer complications and easy
operation, proximal fibular osteotomy is recommended in any
treatment algorithm for MCKOA (21, 22). Meanwhile, the
excised fibula serves as an ideal gap filler for filling the
osteotomy gap in OW-HTO. This technique presents excellent
biological properties and provides stable mechanical support.

The question regarding osteotomy gap fillers in OW-HTO that still
exists is whether there is one material that can offer faster bone union
and ensure less pertinent adverse events. To enhance the healing of
the osteotomy gap and improve initial mechanical stability, we
propose a new technique called orthotopic bone flap transplantation
with a fibula transplantation (OBFT-FT) in OW-HTO. The
purposes of this study were to demonstrate the application of
OBFT-FT in OW-HTO and to assess its effect on gap healing.

Patients and methods

This retrospective study was carried out in a tertiary university
hospital. From January to July 2020, 18 patients who underwent
OW-HTO with OBFT-FT in our department were included. The
approval of the Institutional Review Board of the Hebei Medical
University Third Affiliation was obtained, and the consent of all
patients was obtained. The inclusion criteria were as follows: (1)
stable knee with MCKOA in a varus morphotype requiring
OW-HTO; and (2) OBFT-FT was applied in OW-HTO. The
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exclusion criteria were as follows: (1) Ahlbdck grade >3, (2) varus
alignment >15° varus, (3) flexion contracture >15° or further
flexion <90°, (4) lateral compartment arthritis or patellofemoral
arthritis, and (5) patients lost to follow-up.

After excluding 4 patients according to the inclusion and
exclusion criteria, 14 patients (14 knees) were ultimately included
in this study. The patient demographic data and radiographic
data are presented in Table 1. The average age and body mass
index (BMI) were 59.6+92 vyears and 28.1+4.5kg/m?
respectively. The average correction angle and gap width were
9.5+1.8° and 10.2 +2.7 mm, respectively. Lateral hinge fracture
was defined as discontinuity or a callus on the lateral cortex of
the osteotomy site, and the incidence of it was 7.1%.

Surgical technique

The patient is placed supine on a radiolucent operating table.
After anesthesia, routine skin preparation and draping were
performed and the proximal femoral tourniquet was inflated to
280 mmHg.

First, a proximal fibula osteotomy was conducted. A fibula
posterolateral approach was adopted between the posterior and
lateral muscles of the lower leg. A 3-cm longitudinal incision was
made at the posterolateral side of the leg, 6-8 cm below the fibulae
capitulum. The fibula was exposed through the gap between the
peroneus longus and soleus muscles. The perifibular soft tissue was
separated by a periosteal detacher. Under the protection of two
bread boards, the 1.5 cm section of the fibula was cut off with a
pendulum saw, and wrapped in a wet gauze (Figures 1A-C). After
the OW-HTO was performed, the osteotomy was fixed with a
four-point support plate (Figure 1D). The plate is from Shandong
Weigao Orthopedic Material Co., Ltd. Its quality management
system complies with GB/T 19001-2016 idt ISO 9001:2015. And
the target postoperative mechanical axis was set as passing through
62.5% from the medial side of the tibial condyle (23).

Lastly, the orthotopic bone flap transplantation and fibula
transplantation were performed on both sides of the osteotomy
gap. A Kirschner-wire 1.0 mm in diameter was used for a U-
shaped osteotomy of the tibia at the upper edge of the osteotomy
gap below the plate, with an area of 0.5 cm x 1.0 cm and a height
1.5 cm (Figure 2A). The remaining bone tissue was chiseled out
with an osteotome for about 6 mm and the orthotopic bone flap
was pushed into the osteotomy gap (Figures 2B,C), then half of
the fibula was implanted into the gap left by the orthotopic bone
flap (Figure 2D). As mentioned previously, the U-shaped
osteotomy was performed on the tibia at the lower edge of the
osteotomy space above the plate, and the remaining fibula was
implanted (Figures 2E,F).

Postoperative rehabilitation

All patients were encouraged to begin tolerable range of

activities and passive motion and muscle strengthening

exercises on the day after operation. Partial weight-bearing
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FIGURE 1

Open-wedge high tibial osteotomy and proximal fibular osteotomy. (A) Exposure of the fibula, (B) the 1.5-cm fibula is cut off with a pendulum saw, (C)
the intraoperative radiograph of proximal fibular osteotomy, and (D) the osteotomy is fixed with a four-point support plate.

4

with the help of a walker was permitted for 1 week post-
operatively. The time to full weight-bearing was dependent
upon the patient’s tolerance for weight-bearing activities after
the sixth week.

Data collection

Follow-up visits at the outpatient department were scheduled at
the following intervals: sixth week, third month, and sixth month
post-operatively. Radiographic and functional outcomes were
evaluated. Radiographic outcomes were determined using
anteroposterior and lateral radiograph of the knee. Osteotomy
filling index (OFI) was used to evaluate gap healing required
according to Brosset et al. (10). OFI was assessed by dividing the
osteotomy length into four zones (Figure 3). When the bridging
callus was more than half of the osteotomy gap (zone 2), it was
called radiological bone union. Clinical evaluation was performed
using International Knee Documentation Committee (IKDC),
Lysholm score, and visual analog scale (VAS) preoperatively and

at the sixth-month follow-up.

Statistical analysis

The data of clinical outcomes were analyzed by SPSS 23.0
software. Continuous variables were shown as the means +SD.
Student’s t test or Mann-Whitney U test was employed to
compare the difference between preoperative and postoperative
data. And, statistical significance was defined as p < 0.05.

Results

The ratios of radiological bone union during follow-up are
provided in Table 2. Radiological gap healing was observed in six
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patients (42.9%) at 6 weeks after surgery, and that ratio increased
to 85.7% (12 cases) at 3 months. All patients presented with
radiological bone union at the 6-month follow-up. The functional
outcomes at preoperative and at the sixth-month follow-up are
provided in Table 3. The mean Lysholm Score, IKDC Score, and
VAS scores at sixth-month follow-up were significantly better than
taken preoperatively (p<0.001, p<0.001, p=0.001,
respectively). And no delayed union or non-union, collapse, loss

those

of correction, and surgical site infection were found.

Discussion

Osteotomy gap is a major disadvantage of OW-HTO as it
causes different complications. Some surgeons prefer to keep it
vacant, and the others tend to fill it with various materials.
However, it has been reported that the excellent management of
the osteotomy gap could facilitate the gap healing after OW-
HTO to help recover initial mechanical stability and permit early
weight-bearing, which are vital for the prevention of hardware
failure, delayed or non-union, surgical incision infection, deep
vein thrombosis, and loss of correction (7, 24-26). Therefore,
various operative techniques and gap fillers have been adopted to
accelerate gap healing after OW-HTO. In the present study,
OBFT-FT as one new technique of autologous bone graft was
used to promote the gap healing after HTO. Satisfactory results
in all patients were observed in terms of both radiological
outcomes and functional outcomes.

The process of osteotomy gap healing occurs from the lateral
hinge to medial cortex of the tibia after OW-HTO. radiological
bone union is assessed by the visible callus achieving 50%-75%
(zone 3) of the osteotomy gap according to Brosset et al. (10)
Although no consensus has been reported on the time of gap
union in previous studies, most studies insisted that average
healing time was >3 months (7, 9). Jung et al. reported that the

frontiersin.org


https://doi.org/10.3389/fsurg.2024.1337668
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Gong et al.

10.3389/fsurg.2024.1337668

FIGURE 2
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The procedure of the OBFT-FT. (A) A Kirschner-wire 1.0 mm in diameter was used to conduct the U-shaped osteotomy, (B) the remaining bone tissue
was chiseled out with an osteotome for about 6 mm, (C) the orthotopic bone flap was performed, (D) half of the fibula was implanted into the gap, (E)
contralateral U-shaped osteotomy, and (F) the intraoperative radiograph after OBFT-FT.

mean time of radiological bone union in patients without gap fillers
was 7.2+ 3.2 months according to their studies (8). Staubli and
Jacob reported that 6-18 months were required for the new bone
filling in 75% of the gap (27). While Staubli and Jacob reported
that more than 75% of the gap filling with the new bone
occurred within 6 months in their study. In addition, the healing
of the osteotomy gap is affected by the size of the gap, and larger
correction angles need more time to heal. Fucentese et al.
observed that patients with smaller gap sizes demonstrated a
higher degree of bone union, which improved over time (31).
Furthermore, the study of Goshima et al. has shown that the

Frontiers in Surgery

large osteotomy gap was an independent risk factor for the
delayed bone healing after OW-HTO (28). Delayed union and
non-union are disastrous complications after OW-HTO, which
could be seen in 6.6%-15% and 1.6%-7.0% of cases, respectively
(10, 28-30). Fucentese et al. reported that gap filler was a
significant accelerating factor for bone union in their study (31).
Meanwhile, bone grafting has been actively recommended in
OW-HTO for
especially for patients with correction angles >10° (9, 32).
Autograft is identified as the gold standard for the filling of
osteotomy gaps (12). The most common material of autologous

preventing delayed union and non-union,
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FIGURE 3

The osteotomy length was divided into four zones on the
anteroposterior radiograph. When the bridging callus was more
than half of the osteotomy gap (zone 2), it was called radiological
bone union.

TABLE 2 Ratio of radiological gap healing during follow-up.

Follow-up visit Radiological gap healing, n (%)

6 weeks 6 (42.9)
3 months 12 (85.7)
6 months 14 (100)

TABLE 3 Functional outcomes.

Variables Preoperative | 6 months | P-value
Lysholm score, mean + SD 59.2+83 82.4+63 <0.001
IKDC score 449 +9.6 69.2+8.2 <0.001
VAS scores, mean + SD 49+1.7 29+1.5 0.001

bone graft is the iliac crest graft, the other materials include distal
femoral cancellous bone graft and autologous osteophyte graft (31,
33, 34). Autologous iliac crest graft can provide osteogenesis
properties and structural support, the potential negative
comorbidities and additional intraoperative operations make it
controversial. Moyad and Minas et al. reported the technique of
distal femoral cancellous bone graft, in which a cylindrical
autologous bone graft was extracted from medial femoral condyle
at the level of adductor tubercle (35). Jung et al. combined the
distal femoral cancellous bone graft and f-tricalcium phosphate
to promote the healing of osteotomy gap after OW-HTO, and
satisfactory radiological and clinical outcomes were observed (8).
In view of the limited studies on the application of distal femoral
cancellous bone graft in OW-HTO, the safety, efficiency, and
mid- or long-term effects on the femoral condyle should be
further observed. Akiyama et al. proposed the technique of

autologous osteophyte graft, which was only applied in 11
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patients with OW-HTO (34). The autologous osteophyte was
harvested from the knee by arthroscopy. The potential risks of
damaging the cruciate ligament, meniscus, and cartilage are its
major disadvantages.

Compared with the above autologous bone techniques, OBFT-
FT has the following advantages: (a) the operation of OBFT-FT is
simple, and it has a short learning curve. Both orthotopic bone flap
technique and proximal fibular osteotomy are easy to operate.
Proximal fibular accompanied with fewer
complications and is easily executed. The operative approach

osteotomy is

passing through the gap between the peroneus longus and soleus
muscles is intuitive, and there are no important nerves, blood
vessels around. (b) It provides excellent osteogenic properties and
stable structural support. The orthotopic bone flap can exist as a
framework for bony ingrowth. And the abundant cancellous
bone provides osteoprogenitor cells, bone morphogenetic
proteins, and growth factors, which can promote the formation
of new bone. The removed fibula belongs to the cortical bone,
the transplantation of which is conducive to keep the mechanical
stability. (c) It can avoid most of the potential donor site
morbidities in autograft. The major disadvantages of autologous
iliac crest graft are donor site morbidities, including hematoma,
seroma, postoperative pain, dysesthesia, surgical incision
infection, vascular injury, and iliac crest fracture (36). However,
the additional donor site is not required in OBFT-FT. With a
simple operation and intuitive surgical approach, the
complications of proximal fibular osteotomy are extremely rare.
And no relative complication of the OBFT-FT was discovered in
the present study. (d) It does not increase the economic burden
of patients.

In this study, the mean gap size was 10.2+2.7 mm, which
was similar to the findings of Slevin et al. (7). They reviewed
1,421 patients with OW-HTO and found a mean gap size of
9.8 mm. And the present study showed an excellent radiological
gap healing rate at the sixth-week and third-month follow-ups
(42.9% and 85.7%, respectively). The process of gap healing in
our study is faster than in previous studies. Park et al. reported
that the rates of radiological gap healing without gap fillers at 6
weeks and 3 months were 22.7% and 74.6% in their study (9).
Siboni et al. reported 87.8% of cases showed bone union at a
mean of 5+3 months (37). Fucentese et al. reported that the
rate of osseous gap healing was 40.1% at the third month (31).
In addition, all of the patients who were observed showed good
clinical outcomes during the sixth-month follow-up period,
which was consistent with previous studies (31, 8). In the
present study, the Lysholm score, IKDC score, and VAS scores
improved (p<0.001, p<0.001, p=0.001,

respectively) at the sixth-month follow-up when compared with

significantly

those prior to the operation.

Limitation
There were several limitations in this study. First, it was a

retrospective, non-randomized control trial, and non-comparative
study. But we proposed a new autograft technique for OW-HTO,
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and we observed its efficiency by radiological and clinical
evaluation, which could help us master the short-term outcomes
of this technique. Second, the sample size was limited. Third, the
degree of gap healing was evaluated by anteroposterior
radiographs. The two- dimensional radiographs could not
accurately reflect the gap healing in three dimensions. Computed
tomography is an ideal method to evaluate the degree of gap
healing without increasing the patient’s radiation. In the future,
the studies on OW-HTO with or without OBFT-FT or

autogenous iliac graft will be conducted.

Conclusion

As a new technique for autologous bone graft, the OBFT-FT
could be successfully applied in the treatment of gap healing
after OW-HTO, and excellent radiological and clinical outcomes
could be seen in short-term follow-up.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by
Institutional Review Board of the Third Hospital of Hebei
Medical University. The studies were conducted in accordance
with the local legislation and institutional requirements. The
written informed consent to

participants provided their

participate in this study.

Author contributions

YG: Writing - original draft, Writing - review & editing, Data
curation, Formal Analysis, Investigation, Methodology, Validation.
LJ: Writing - original draft, Writing - review & editing,
Investigation, Software, Supervision. YW: Writing - original
draft, Data curation, Project administration, Writing — review &
editing. BL: Formal Analysis, Data curation, Writing - original
draft. PS: Data curation, Writing - original draft, Formal

References

1. Goshima K, Sawaguchi T, Shigemoto K, Iwai S, Fujita K, Kataoka T, et al.
Factors associated with patient satisfaction after opening-wedge high tibial
osteotomy. Orthop ] Sports Med. (2020) 8(11):2325967120967964. doi: 10.1177/
2325967120967964

2. Cao Z, Mai X, Wang J, Feng E, Huang Y. Unicompartmental knee arthroplasty vs
high tibial osteotomy for knee osteoarthritis: a systematic review and meta-analysis.
J Arthroplasty. (2018) 33(3):952-9. doi: 10.1016/j.arth.2017.10.025

Frontiers in Surgery

10.3389/fsurg.2024.1337668

Analysis. ZZ: Writing - original draft, Investigation, Resources.
PY: Writing - review & editing, Formal Analysis, Data curation.
KZ: Writing - original draft, Writing - review & editing,
Funding acquisition, Supervision, Validation, Visualization. LM:
Methodology, Writing - original draft, Writing - review &
Validation,
Visualization. WC: Investigation, Resources, Writing - review &

editing,  Funding  acquisition,  Supervision,
editing. YZ: Supervision, Validation, Visualization, Writing -

original draft, Writing — review & editing.

Funding

The authors declare financial support was received for the
research, authorship, and/or publication of this article.

This work was supported by the National Natural Science
Foundation of China (Grant No. 82202683), the Natural Science
Foundation of Hebei Province (Grant No. H2022206362), Project
of Hebei Provincial Department of Science and Technology
(Grant No. 20377791D), and the Health Commission of Hebei
Province (Grant No. 20240310).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fsurg.2024.

1337668/full#supplementary-material

3. Han SB, Lee JH, Kim SG, Cui CG, Suh DW, Lee SY, et al. Patient-reported
outcomes correlate with functional scores after opening-wedge high tibial
osteotomy: a clinical study. Int Orthop. (2018) 42(5):1067-74. doi: 10.1007/s00264-
017-3614-z

4. Wang W, Ding R, Zhang N, Hernigou P. Subchondral bone cysts regress after
correction of malalignment in knee osteoarthritis: comply with Wolff's law. Int
Orthop. (2021) 45(2):445-1. doi: 10.1007/500264-020-04809-1

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fsurg.2024.1337668/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fsurg.2024.1337668/full#supplementary-material
https://doi.org/10.1177/2325967120967964
https://doi.org/10.1177/2325967120967964
https://doi.org/10.1016/j.arth.2017.10.025
https://doi.org/10.1007/s00264-017-3614-z
https://doi.org/10.1007/s00264-017-3614-z
https://doi.org/10.1007/s00264-020-04809-1
https://doi.org/10.3389/fsurg.2024.1337668
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Gong et al.

5. Duivenvoorden T, van Diggele P, Reijman M, Bos PK, van Egmond ], Bierma-
Zeinstra SMA, et al. Adverse events and survival after closing- and opening-wedge
high tibial osteotomy: a comparative study of 412 patients. Knee Surg Sports
Traumatol Arthrosc. (2017) 25(3):895-901. doi: 10.1007/s00167-015-3644-2

6. Schubert I, Ferner F, Dickschas J. The effect of open-wedge and closed-wedge
high tibial osteotomies on the tibial posterior slope—a study of two hundred
seventy-nine cases. Int Orthop. (2020) 44(6):1077-82. doi: 10.1007/s00264-020-
04499-9

7. Slevin O, Ayeni OR, Hinterwimmer S, Tischer T, Feucht MJ, Hirschmann MT.
The role of bone void fillers in medial opening wedge high tibial osteotomy: a
systematic review. Knee Surg Sports Traumatol Arthrosc. (2016) 24(11):3584-98.
doi: 10.1007/s00167-016-4297-5

8. Jung WH, Takeuchi R, Kim DH, Nag R. Faster union rate and better clinical
outcomes using autologous bone graft after medial opening wedge high tibial
osteotomy. Knee Surg Sports Traumatol Arthrosc. (2020) 28(5):1380-7. doi: 10.1007/
s00167-019-05463-w

9. Park HJ, Kang SB, Chang MJ, Chang CB, Jung WH, Jin H. Association of gap
healing with angle of correction after opening-wedge high tibial osteotomy without
bone grafting. Orthop ] Sports Med. (2021) 9(5):23259671211002289. doi: 10.1177/
23259671211002289

10. Brosset T, Pasquier G, Migaud H, Gougeon F. Opening wedge high tibial
osteotomy Igerformed without filling the defect but with locking plate fixation
(TomoFix™) and early weight-bearing: prospective evaluation of bone union,
precision and maintenance of correction in 51 cases. Orthop Traumatol Surg Res.
(2011) 97(7):705-11. doi: 10.1016/j.0tsr.2011.06.011

11. Zorzi AR, da Silva HG, Muszkat C, Marques LC, Cliquet A Jr, de Miranda JB.
Opening-wedge high tibial osteotomy with and without bone graft. Artif Organs.
(2011) 35(3):301-7. doi: 10.1111/j.1525-1594.2010.01058.x

12. Lash NJ, Feller JA, Batty LM, Wasiak J, Richmond AK. Bone grafts and bone
substitutes for opening-wedge osteotomies of the knee: a systematic review.
Arthroscopy. (2015) 31(4):720-30. doi: 10.1016/j.arthro.2014.09.011

13. Ulucakdy C, Yapar A, Vural A, Ozer H. Is iliac autogenous graft augmentation
in medial open wedge high tibial osteotomies superior to no augmentation in terms of
bone healing? Jt Dis Relat Surg. (2020) 31(2):360-6. doi: 10.5606/ehc.2020.73408

14. Finkemeier CG. Bone-grafting and bone-graft substitutes. ] Bone Joint Surg Am.
(2002) 84(3):454-64. doi: 10.2106/00004623-200203000-00020

15. Kawata M, Jo T, Taketomi S, Inui H, Yamagami R, Matsui H, et al. Type of bone
graft and primary diagnosis were associated with nosocomial surgical site infection
after high tibial osteotomy: analysis of a national database. Knee Surg Sports
Traumatol Arthrosc. (2021) 29(2):429-36. doi: 10.1007/s00167-020-05943-4

16. Zamborsky R, Svec A, Bohac M, Kilian M, Kokavec M. Infection in bone
allograft transplants. Exp Clin Transplant. (2016) 14(5):484-90.

17. Wang J, Lv HZ, Chen W, Fan MK, Li M, Zhang YZ. Anatomical adaptation of
fibula and its mechanism of proximal partial fibulectomy associated with medial
compartment knee osteoarthritis. Orthop Surg. (2019) 11(2):204-11. doi: 10.1111/0s.
12437

18. Wang TR, Wang HD, Chen W, Yu TB, Qin Y, Zhang YZ. Proximal fibular
osteotomy alleviates medial compartment knee osteoarthritis in a mouse model. Int
Orthop. (2020) 44(6):1107-13. doi: 10.1007/s00264-020-04497-x

19. Wang X, Wei L, Lv Z, Zhao B, Duan Z, Wu W, et al. Proximal fibular osteotomy:
a new surgery for pain relief and improvement of joint function in patients with knee
osteoarthritis. J Int Med Res. (2017) 45(1):282-9. doi: 10.1177/0300060516676630

20. Sugianto JA, Hadipranata T, Lazarus G, Amrullah AH. Proximal fibular
osteotomy for the management of medial compartment knee osteoarthritis: a
systematic review and meta-analysis. Knee. (2021) 28:169-85. doi: 10.1016/j.knee.
2020.11.020

21. Deng X, Chen W, Zhao K, Zhu J, Hu H, Cheng X, et al. Changes in patellar
height and posterior tibial slope angle following uniplanar medial opening wedge
high tibial osteotomy using a novel wedge-shaped spacer implanation concurrent

Frontiers in Surgery

07

10.3389/fsurg.2024.1337668

with proximal partial fibulectomy. Int Orthop. (2021) 45(1):109-15. doi: 10.1007/
500264-020-04786-5

22. Prakash L, Dhar SA. Proximal fibular osteotomy: biomechanics, indications,
technique, and results. Orthopedics. (2020) 43(6):627-31. doi: 10.3928/01477447-
20200812-02

23. Dugdale TW, Noyes FR, Styer D. Preoperative planning for high tibial
osteotomy. The effect of lateral tibiofemoral separation and tibiofemoral length.
Clin Orthop Relat Res. (1992) 274:248-64. doi: 10.1097/00003086-199201000-00025

24. Brinkman JM, Lobenhoffer P, Agneskirchner JD, Staubli AE, Wymenga AB, van
Heerwaarden RJ. Osteotomies around the knee: patient selection, stability of fixation
and bone healing in high tibial osteotomies. /] Bone Joint Surg Br. (2008) 90
(12):1548-57. doi: 10.1302/0301-620X.90B12.21198

25. El-Assal MA, Khalifa YE, Abdel-Hamid MM, Said HG, Bakr HM. Opening-
wedge high tibial osteotomy without bone graft. Knee Surg Sports Traumatol
Arthros. (2010) 18(7):961-6. doi: 10.1007/s00167-010-1104-6

26. Schroter S, Gonser CE, Konstantinidis L, Helwig P, Albrecht D. High
complication rate after biplanar open wedge high tibial osteotomy stabilized with a
new spacer plate (position HTO plate) without bone substitute. Arthroscopy. (2011)
27(5):644-52. doi: 10.1016/j.arthro.2011.01.008

27. Staubli AE, Jacob HA. Evolution of open-wedge high-tibial osteotomy: experience
with a special angular stable device for internal fixation without interposition
material. Int Orthop. (2010) 34(2):167-72. doi: 10.1007/500264-009-0902-2

28. Goshima K, Sawaguchi T, Shigemoto K, Iwai S, Nakanishi A, Inoue D. Large
opening gaps, unstable hinge fractures, and osteotomy line below the safe zone
cause delayed bone healing after open-wedge high tibial osteotomy. Knee Surg
Sports Traumatol Arthrosc. (2019) 27(4):1291-8. doi: 10.1007/s00167-018-5334-3

29. Kobayashi H, Akamatsu Y, Kumagai K, Kusayama Y, Saito T. Radiographic and
computed tomographic evaluation of bone union after medial opening wedge high
tibial osteotomy with filling gap. Knee. (2017) 24(5):1108-17. doi: 10.1016/j.knee.
2017.06.002

30. Meidinger G, Imhoff AB, Paul ], Kirchhoff C, Sauerschnig M, Hinterwimmer S.
May smokers and overweight patients be treated with a medial open-wedge HTO?
Risk factors for non-union. Knee Surg Sports Traumatol Arthrosc. (2011) 19
(3):333-9. doi: 10.1007/s00167-010-1335-6

31. Fucentese SF, Tscholl PM, Sutter R, Brucker PU, Meyer DC, Koch PP. Bone
autografting in medial open wedge high tibial osteotomy results in improved
osseous gap healing on computed tomography, but no functional advantage: a
prospective, randomised, controlled trial. Knee Surg Sports Traumatol Arthrosc.
(2019) 27(9):2951-7. doi: 10.1007/s00167-018-5285-8

32. Ren YM, Duan YH, Sun YB, Yang T, Hou WY, Zhu RS, et al. Opening-wedge
high tibial osteotomy using autograft versus allograft: a systematic review and meta-
analysis. ] Knee Surg. (2020) 33(6):565-75. doi: 10.1055/5-0039-1681065

33. Kim JH, Jung WH, Jeon SS, Kim JH. Combination of cylindrical
autologous bone grafting technique with a metallic block insertion in open-
wedge high tibial osteotomy. Arthrosc Tech. (2021) 10(2):e367-73. doi: 10.
1016/j.eats.2020.10.012

34. Akiyama T, Okazaki K, Mawatari T, Ikemura S, Nakamura S. Autologous
osteophyte grafting for open-wedge high tibial osteotomy. Arthrosc Tech. (2016) 5
(5):€989-95. doi: 10.1016/j.eats.2016.04.026

35. Moyad TF, Minas T. Opening wedge high tibial osteotomy: a novel technique for
harvesting autograft bone. J Knee Surg. (2008) 21(1):80-4. doi: 10.1055/s-0030-
1247799

36. Calori GM, Colombo M, Mazza EL, Mazzola S, Malagoli E, Mineo GV.
Incidence of donor site morbidity following harvesting from iliac crest or RIA graft.
Injury. (2014) 45(Suppl 6):S116-20. doi: 10.1016/j.injury.2014.10.034

37. Siboni R, Beaufils P, Boisrenoult P, Steltzlen C, Pujol N. Opening-wedge high
tibial osteotomy without bone grafting in severe varus osteoarthritic knee. Rate and
risk factors of non-union in 41 cases. Orthop Traumatol Surg Re. (2018) 104
(4):473-6. doi: 10.1016/j.0tsr.2018.01.014

frontiersin.org


https://doi.org/10.1007/s00167-015-3644-2
https://doi.org/10.1007/s00264-020-04499-9
https://doi.org/10.1007/s00264-020-04499-9
https://doi.org/10.1007/s00167-016-4297-5
https://doi.org/10.1007/s00167-019-05463-w
https://doi.org/10.1007/s00167-019-05463-w
https://doi.org/10.1177/23259671211002289
https://doi.org/10.1177/23259671211002289
https://doi.org/10.1016/j.otsr.2011.06.011
https://doi.org/10.1111/j.1525-1594.2010.01058.x
https://doi.org/10.1016/j.arthro.2014.09.011
https://doi.org/10.5606/ehc.2020.73408
https://doi.org/10.2106/00004623-200203000-00020
https://doi.org/10.1007/s00167-020-05943-4
https://doi.org/10.1111/os.12437
https://doi.org/10.1111/os.12437
https://doi.org/10.1007/s00264-020-04497-x
https://doi.org/10.1177/0300060516676630
https://doi.org/10.1016/j.knee.2020.11.020
https://doi.org/10.1016/j.knee.2020.11.020
https://doi.org/10.1007/s00264-020-04786-5
https://doi.org/10.1007/s00264-020-04786-5
https://doi.org/10.3928/01477447-20200812-02
https://doi.org/10.3928/01477447-20200812-02
https://doi.org/10.1097/00003086-199201000-00025
https://doi.org/10.1302/0301-620X.90B12.21198
https://doi.org/10.1007/s00167-010-1104-6
https://doi.org/10.1016/j.arthro.2011.01.008
https://doi.org/10.1007/s00264-009-0902-2
https://doi.org/10.1007/s00167-018-5334-3
https://doi.org/10.1016/j.knee.2017.06.002
https://doi.org/10.1016/j.knee.2017.06.002
https://doi.org/10.1007/s00167-010-1335-6
https://doi.org/10.1007/s00167-018-5285-8
https://doi.org/10.1055/s-0039-1681065
https://doi.org/10.1016/j.eats.2020.10.012
https://doi.org/10.1016/j.eats.2020.10.012
https://doi.org/10.1016/j.eats.2016.04.026
https://doi.org/10.1055/s-0030-1247799
https://doi.org/10.1055/s-0030-1247799
https://doi.org/10.1016/j.injury.2014.10.034
https://doi.org/10.1016/j.otsr.2018.01.014
https://doi.org/10.3389/fsurg.2024.1337668
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	A new technique of autologous bone grafting for open-wedge high tibial osteotomy
	Introduction
	Patients and methods
	Surgical technique
	Postoperative rehabilitation
	Data collection
	Statistical analysis

	Results
	Discussion
	Limitation

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


