
THE EFFECT OF COMBINED BONE MARROW ASPIRATE, LIPOASPIRATE, AND 
PLATELET-RICH PLASMA INJECTIONS ON PAIN, FUNCTION, AND PERCEIVED 
CHANGE AMONGST INDIVIDUALS WITH SEVERE KNEE OSTEOARTHRITIS

Morey J. Kolber
Department of Physical Therapy, Nova Southeastern University, Fort, Lauderdale, FL, USA 
Joseph Purita
Institute of Regenerative Medicine, Boca Raton, FL, USA
José Fabio Santos Duarte Lana
The Bone and Cartilage Institute, Cidade Nova, Indaiatuba/SP, Brazil
Paul A. Salamh
University of Indianapolis, Indianapolis, IN, USA
William J. Hanney
School of Kinesiology & Physical Therapy, University of Central Florida, Orlando, FL, USA

Author for correspondence: Morey J. Kolber: kolber@nova.edu

Submitted: 29 April 2021. Accepted: 20 August 2021. Published: 5 October 2021

Abstract
Background: Owing to a paucity of research on minimally processed orthobiologics, we sought to investi-
gate the efficacy of minimally processed bone marrow aspirate (BMA) and fat graft with a leukocyte-rich, 
platelet-rich plasma (PRP) intra-articular injection series on pain, function, and global rating of change
(GROC) among patients with severe knee osteoarthritis (OA).
Methods: Thirty-one adults (23 females and 8 males, mean age 67 years) with clinical and radiographic 
evidence of knee OA (Kellgren–Lawrence ≥ 3) were included. During the initial visit, patients were exam-
ined and administered the patient-specific functional scale (PSFS) and a numerical pain rating scale ranging 
from 0 to 10. Patients then underwent procedures to obtain 4–6 mL of PRP, a minimally processed 6 mL 
fat graft, and 10 mL of BMA. Patients returned twice over 6-week intervals for booster PRP injections. At 
each follow-up (F1 and F2), the GROC questionnaire and prior outcome measures were completed. 
Results: Patients returned at an average of 41 days for the second PRP (F1) and 90 days from initial visit for 
the third PRP injection (F2). Friedman Chi Square analysis indicated statistically significant improvements 
in pain (best and worst) and PSFS from initial to F1 and F2 (P ≤ 0.001). Post hoc Wilcoxon signed-ranks 
analysis with Bonferroni correction identified improvement from initial to F1 and F2, as well as F1–F2 for 
pain, PSFS, and GROC (P ≤ 0.013). Effect sizes ranged from r = 0.32 to 0.51. Change, based on established 
minimum clinically important differences, indicated pain, GROC, and PSFS met thresholds at F2. 
Conclusion: A minimally processed fat graft with BMA and a series of three PRP injections improved 
pain and function among individuals with severe knee OA who were previously recalcitrant to conservative 
care. Although results indicated significant improvement, clinically important change did not occur until 
F2. A one-arm design is a limitation of this study.
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Abstract
Femoral osteotomy is performed for osteonecrosis of the femoral head to prevent the progression of col-
lapse and promote the repair process by transposing the necrotic lesion to the nonweight-bearing portion. 
The purpose of this review article was to summarize the current knowledge on two types of femoral oste-
otomy: transtrochanteric anterior or posterior rotational osteotomy and transtrochanteric curved varus oste-
otomy, both of which are currently performed for osteonecrosis, mainly in Japan and Korea. Osteotomy can 
be expected to cure osteonecrosis, and no matter how much the durability of artificial joints improves, there 
will always be young patients for whom the procedure is indicated. We should continue to verify the results
of this surgery and refine the techniques involved.
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CONCEPT OF FEMORAL OSTEOTOMY

In the natural course of osteonecrosis of the 
femoral head (ONFH), a subchondral fracture 
occurs depending on the size and location of the 
necrotic lesion, resulting in femoral head collapse.1 
The presence of a collapsed necrotic lesion in the 
weight-bearing area often results in further progres-
sion of collapse due to continuous loading, followed 
by secondary osteoarthritis that eventually necessi-
tates replacement arthroplasty no matter how young 
the patient is. On the other hand, when the necrotic 
lesion is located in the nonweight-bearing part of the 
femoral head, it will not collapse.2 Accordingly, the 
concept of femoral osteotomy is to prevent the pro-
gression of collapse and promote the repair process 
by transposing the necrotic lesion to the nonweight-
bearing portion.

INDICATION FOR FEMORAL OSTEOTOMY

A necessary condition for osteotomy is the pres-
ence of a sufficiently intact articular surface on the 
anterior, posterior, or lateral portion of the femoral 
head. This can be assessed based on the postopera-
tive intact ratio, defined as the ratio of the trans-
posed intact articular surface of the femoral head 
to the weight-bearing surface of the acetabulum 
(Figure  1).3,4 In general, a minimum postoperative 
intact ratio of at least 34% is necessary to prevent 
progressive collapse.4 The type of osteotomy is 
 determined based on the location of the intact area.

Osteotomy is not generally indicated during the 
asymptomatic pre-collapse stages, such as ARCO 
stages I and II.5 The procedure is ideally performed 
shortly after the onset of pain and when the  occurrence 
of collapse is suggested by radiological findings such 
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Figure 1. A method for estimating the postoperative intact ratio using preoperative radiographs (an example 
involving transtrochanteric anterior rotational osteotomy). (A) On a preoperative anteroposterior radio-
graph, the load-bearing portion of the left acetabulum is shown by the white curved line. The black arrow 
indicates about 40% point of the load-bearing portion of the acetabulum. The black dotted line indicates the 
femoral neck axis. (B) A preoperative lateral view of the left femoral head. The posterior articular surface 
of the femoral head is intact. (C) A mirror image of the lateral view (Figure B). The black line indicates the 
femoral neck axis. The white curved line indicates the posterior intact articular surface of the femoral head. 
(D) Figure A is superimposed onto a rotated version of Figure C. The posterior intact articular surface of the 
femoral head occupies over 40% point of the load-bearing portion of the acetabulum with intended varus 
angulation of the femoral neck axis.

as signs of subchondral fracture on radiographs or 
bone marrow edema on magnetic resonance imaging 
(MRI).6,7 At the latest, surgery should be performed 
before radiographs show joint space narrowing.

As the durability of artificial joints has improved, 
osteotomy is now indicated for patients below 50 
years of age who meet the above conditions and who 
wish to undergo joint-preserving surgery. Currently, 
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femoral osteotomy is not widely performed outside 
Asian countries. One disadvantage of this procedure 
is the lengthy postoperative rehabilitation required; 
countries in which such rehabilitation is not feasi-
ble, either due to the medical system or to patient 
expectations, are unlikely to offer this surgery.

TRANSTROCHANTERIC ROTATIONAL 
OSTEOTOMY

Indication and preoperative planning
Transtrochanteric anterior rotational osteotomy 

(ARO) (Figure 2)8 is indicated when at least one-
third of the posterior articular surface is intact on 
a lateral radiograph and oblique axial MRI scans 
(Figure 3). The postoperative intact ratio after ARO 
can be estimated preoperatively using a mirror 

Figure 2. A three-dimensional model of transtro-
chanteric rotational osteotomy.

Figure 3. (A) A preoperative lateral view of the left 
femoral head. The posterior articular surface of the 
femoral head looks intact (asterisk). (B) An oblique 
axial view of magnetic resonance imaging. The pos-
terior articular surface of the femora head is con-
firmed to be intact (asterisk).

image of the lateral view (Figure 1). Based on the 
results of a recent study examining factors affecting 
joint space narrowing after ARO, a postoperative 
intact ratio of 40% or higher is targeted.9 If the esti-
mated postoperative intact ratio is less than 40%, 
the degree of intentional varus angulation necessary 
to achieve an intact ratio of 40% is examined.10 The 
intertrochanteric osteotomy plane, defined by the 
two intertrochanteric osteotomy lines, is decided 
based on the degrees of intentional varus angulation 
and preoperative femoral anteversion.10,11 In order 
to achieve a sufficient postoperative intact ratio and 
to maintain femoral anteversion, three-dimensional 
CT-based simulation is useful.11 To enable preopera-
tive planning even in the absence of simulation soft-
ware, approximation equations for determining the 
two osteotomy lines have been developed based on 
simulation data.11

In contrast with ARO, posterior rotational oste-
otomy (PRO) (Figure 2)12 is indicated when at least 
one-third of the anterior articular surface is intact 
on a lateral radiograph and oblique axial MRI 
scans. Unlike ARO, posterior rotation makes it pos-
sible for a proximal bone fragment that includes the 
femoral head to be moved without stretching the 
nutrient vessels, thus allowing rotation of more than 
90 degrees.13 Therefore, PRO is indicated, if the 
anteroinferior portion of the femoral head is intact 
(Figure 4). The postoperative intact ratio after PRO 
is estimated preoperatively using the lateral view. 
The target value for the postoperative intact ratio 
is 37% or higher based on the results of a previ-
ous study.14 As with ARO, the two intertrochanteric 
osteotomy lines are determined by considering the 
degrees of intentional varus angulation and preop-
erative femoral anteversion.10,15 Three-dimensional 
CT-based simulation is useful for preoperative 
planning, especially in complicated cases requiring 
more than 90 degrees rotation.15 The approxima-
tion equations for determining the two osteotomy 
lines have also been developed based on simulation 
data.15

In PRO, the collapsed necrotic lesion is posi-
tioned within the acetabulum after surgery,12 and 
therefore this procedure is considered to be more 
advantageous in terms of joint stability than ARO 
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(Table 1). Therefore, if there are indications for both 
surgeries, PRO is recommended.

Operative and postoperative protocols
According to the original method,10 transtrochan-

teric rotational osteotomy is performed in the fol-
lowing order: (i) osteotomy of the greater trochanter, 
(ii) circumferential capsular exposure and capsulot-
omy, (iii) intertrochanteric osteotomy, (iv) 90-degree 
anterior rotation or 90- to 130-degree posterior 

rotation of the proximal fragment, (v) fixation of the 
intertrochanteric osteotomy site, and (vi) reattach-
ment of the greater trochanter. Before the intertro-
chanteric osteotomy, two Kirschner wires oriented 
perpendicularly to the femoral neck are inserted into 
the intertrochanteric region through the cut surface 
of the greater trochanter. The intertrochanteric oste-
otomy plane is determined radiographically based 
on preoperative planning. During this procedure, it 
is important to preserve the posterior column artery, 
which is a branch of the medial femoral circumflex 
artery that supplies nutrients to the femoral head. 
The posterior column artery is located in the adipose 
tissue underneath the quadratus femoris muscle. It 
is important to never expose or release the poste-
rior column artery. When the obturator externus is 
exposed and released to rotate the proximal frag-
ment, careful and minimal release of the quadratus 
femoris muscle is recommended. In addition, during 
anterior rotation of the proximal fragment, attention 
must be paid to the location of the posterior column 
artery to avoid excessive tension on the artery.

The postoperative protocol is performed as 
 follows: Use of a wheelchair begins around 2 days 
after surgery, and passive range-of-motion exercises 
begin 5 days after surgery. Nonweight-bearing is 
continued until 5 weeks after surgery, at which time 
patients are allowed to start walking exercises with 
partial weight-bearing. Full weight-bearing is per-
mitted approximately 4 to 6 months after surgery.

Surgical outcomes
Since 1978, when this technique was first intro-

duced, many case series studies have been reported. 
In the past, there were several reports from Europe 
and the United States,16–18 but recently there have 
only been reports from Asia, mainly from Japan and 
Korea.19–22 The 10-year joint preservation rates have 
been reported to be around 60–80% (Table 2).19–22 
Since one study reported that the 5-year preserva-
tion rate of 41 conservatively managed collapsed hip 
joints was about 50%,19 it is likely that transtrochan-
teric rotational osteotomy effectively preserves hip 
joints (Figure 5).

Regarding patient satisfaction levels, several stud-
ies have assessed patient-reported outcomes.19,23 In a 

Figure 4. A coronal magnetic resonance imaging 
view. High-degree transtrochanteric posterior rota-
tional osteotomy is indicated if the anteroinferior 
portion of the femoral head (asterisk) is intact.

Table 1. Indications for Different Osteotomies and 
their Advantages and Disadvantages

Indications 
(location of 
the intact 
area) Advantages

Dis- 
advantages

ARO Posterior area Invasive**
PRO Anterior area Joint  stability*
TCVO Lateral area Less 

 invasive***

ARO, anterior rotational osteotomy; PRO, transtrochanteric pos-
terior rotational osteotomy; TCVO, transtrochanteric curved var-
us osteotomy. *Advantages compared to ARO. **Disadvantages 
compared to TCVO. ***Advantages compared to ARO or PRO.
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prospective case series study with a short-term fol-
low-up ranging from 1 to 6 years, significant improve-
ments in hip joint function after ARO were shown by 
the self-reported Oxford Hip Score and the Physical 
Component Summary Score of Short Form-36.23 In 
a case series study with a minimum follow-up of 10 
years, the presence of osteoarthritic changes after 
ARO was found to be significantly associated with 
poor scores on both the Oxford Hip Score and the 
Short Form-12 Health Survey Physical Component 
Summary,19 indicating that the presence of osteo-
arthritic changes can lead to lower satisfaction even 
among patients with long-term hip survival after ARO.

Tips for long-term success
An appropriate indication, accurate surgical 

techniques, and strict postoperative management are 
all essential for successful outcomes.

In 1992, Sugioka reported that the outcomes 
of ARO were chiefly dependent on the transposed 
intact area, which should occupy more than 36% 
of the acetabular weight-bearing area as a result of 
adequate rotation and intentional varus position.3 In 
2000, Miyanishi et al. demonstrated that a minimum 
postoperative intact ratio of 34% was required after 
transtrochanteric rotational osteotomy to prevent 
progressive collapse of the transposed intact area 
of the femoral head over a 10-year period.4 Thus, a 
postoperative intact ratio of more than 34% is indis-
pensable for surgical success.

Some patients treated by transtrochanteric rota-
tional osteotomy show gradual progression of joint 
space narrowing without progressive collapse of 
the transposed intact area, even though the postop-
erative intact ratio is over 34%. Subsequent studies 
have suggested that several factors are associated 
with joint space narrowing after transtrochanteric 
rotational osteotomy. Zhao et al. reported that a suf-
ficient postoperative intact ratio was one of the main 
influences on the progression of joint space narrow-
ing after ARO (cutoff point, 39.2%)8 and PRO (cutoff 
point, 36.8%),14 indicating that to prevent joint 
space narrowing, the postoperative intact ratio must 
be higher than that needed to prevent progressive 
collapse of the transposed intact area of the femoral 
head. Furthermore, Hisatome et al. demonstrated a 
significant correlation between progressive collapse 
of anteriorly transposed necrotic lesions and joint 
space narrowing after ARO.24 Kubo et al. reported 
that the preoperative level of collapse (cutoff point, 

Table 2. Results of Transtrochanteric Rotational Osteotomy
Authors (published year) Number (hips) Follow-up duration Survival rate Endpoint: Conversion to THA
Kawano et al. (2020) 95 Minimum 10 years 85.4% at 10 years
Morita et al. (2017) 111 18.2 (3–26) years 59% at 15 years
Ha et al. (2010) 113 51.3 (36–108) Months 63.4% at 110 months
Biswal et al. (2009) 60 84 (18–156) Months 82% at 132 months
Rijnen et al. (2005) 26 8.7 (6.6–10) years 56% at 7 years

Figure 5. An anteroposterior radiograph of the left 
hip joint 9 years after transtrochanteric anterior rota-
tional osteotomy. A sufficient portion of the weight-
bearing area is intact, with no joint space narrowing.
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2.98 mm) was independently associated with pro-
gressive collapse of the transposed necrotic lesion 
after ARO.25 Accordingly, surgeons should pay 
attention not only to the postoperative intact ratio 
but also to the preoperative level of collapse. Based 
on these results, an attempt has been made to pre-
vent progressive collapse with re-sphericalization 
during transtrochanteric rotational osteotomy using 
calcium phosphate cement filling.26

TRANSTROCHANTERIC CURVED VARUS 
OSTEOTOMY

Indication and preoperative planning
Transtrochanteric curved varus osteotomy (CVO) 

(Figure 6)27 is indicated when the lateral articular 
surface is intact on an anteroposterior radiograph 
(Figure 7A). Preoperatively, the postoperative intact 
ratio after CVO can be estimated using a preoperative 
anteroposterior hip radiograph in maximum abduc-
tion (Figure 7B). A previous study demonstrated 
that the cutoff points of the postoperative intact ratio 
to prevent the progression of collapse and to pre-
vent both the progression of collapse and joint-space 
narrowing were 33.6% and 41.9%, respectively.28 
Passive abduction of the hip of <20° is considered a 
contraindication for this procedure due to the risk of 
postoperative adduction contracture.

Based on the fact that CVO is relatively less 
invasive than transtrochanteric rotational osteotomy, 

CVO is preferentially selected in patients who meet 
the criteria for both CVO and transtrochanteric rota-
tional osteotomy.

Operative and postoperative protocol
According to the original method,27,28 CVO is 

performed in the following order: (i) exposure of 
the lesser trochanter and lateral area of the inter-
trochanteric crest, (ii) attachment of the crescentic 
guide (Figure 8),28 (iii) intertrochanteric osteotomy, 
(iv) achievement of the planned degree (about 20–30 
 degrees) of varus displacement of the proximal 

Figure 7. (A) A preoperative anteroposterior 
 radiograph. The lateral articular surface of the left 
femoral head is intact (asterisk). (B) A preoperative 
anteroposterior hip radiograph in maximum abduc-
tion estimates a postoperative intact ratio of more 
than 50% (black arrow).

Figure 8. A crescentic guide for transtrochanteric 
curved varus osteotomy.

Figure 6. A three-dimensional model of transtro-
chanteric curved varus osteotomy.
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 fragment, and (v) fixation of the intertrochanteric 
osteotomy site. The crescentic guide is attached lat-
eral to the intertrochanteric crest under fluoroscopic 
control to preserve the nutrient artery that arises 
from the medial femoral circumflex artery. An inter-
trochanteric curved osteotomy is made in the sagittal 
plane, perpendicular to the coronal plane (Figure 9).

The postoperative protocol is the same as that 
mentioned above in the section on transtrochanteric 
rotational osteotomy.

Surgical outcomes
Several case series studies have been reported 

from Japan and Korea, with 10-year joint preserva-
tion rates of around 80–90% (Table 3; Figure 8).28–31 
A recent case series study demonstrated that patient-
reported functional outcomes and sporting activities 

Figure 9. An anteroposterior radiograph of the 
left hip joint 6 years after transtrochanteric curved 
varus osteotomy. A sufficient portion of the weight- 
bearing area is intact, with no joint space narrowing.

Table 3. Results of Transtrochanteric Curved Varus Osteotomy
Authors (published year) Number (hips) Follow-up duration Survival rate Endpoint: Conversion to THA
Osawa et al. (2020) 65 11.5 (5–18) Years 91.8% at 10 years
Lee et al. (2017) 65 7.7 (5–11) years 89.2% at 9 years
Hamanishi et al. (2014) 53 75 (12–196) Months 52/53 hips
Zhao et al. (2010) 73 12.4 (5–31.1) years 67/73 hips

in patients <50 years old who underwent CVO or 
total hip arthroplasty were comparable after a mean 
follow-up period of 10 years.29

Although CVO is designed to minimize leg short-
ening, postoperative leg length discrepancy can still 
occur. Ikemura et al. demonstrated that the mean post-
operative leg length discrepancy after CVO was 13 
(4 to 25) mm, and the size of the discrepancy showed 
a strong correlation with varus angulation.32 A recent 
report indicated that to avoid leg shortening after 
CVO, the central position of the osteotomy arc should 
not be lateral to the center of the femoral head.33

Tips for long-term success
Although the indications for CVO and the eval-

uation of its outcomes have been determined only 
by anteroposterior hip radiograph, a recent study 
showed that anterior localization of the necrotic 
lesion was associated with a risk of progressive 
collapse of the anterior necrotic lesion after CVO, 
resulting in subsequent osteoarthritic changes.34 
This means that the outcomes of CVO could be 
improved by preoperatively evaluating not only the 
extent of the lateral intact area but also the extent 
of the anterior necrotic lesion. Transtrochanteric 
ARO may be a reasonable procedure in these cases 
if the posterior intact area of the femoral head is 
sufficient.

DISCUSSION

Surgical strategy of joint-preserving surgery for 
ONFH depends on the stage of the disease. In the 
pre-collapse stage (asymptomatic stage), the purpose 
of the treatment is to prevent the occurrence of col-
lapse. On the other hand, in the early stages after col-
lapse, the goal of the treatment is to prevent further 
collapse progression and thereby achieve pain relief. 
We believe that the femoral osteotomy techniques 



Femoral osteotomies for osteonecrosis

Bio Ortho J Vol 3(SP1):e9–e18; November 1, 2021.
This open access article is licensed under Creative Commons Attribution 4.0 International

(CC BY 4.0). http://creativecommons.org/licenses/by/4.0 © Motomura G, Nakashima Y 

e16

presented in this review article are established sur-
geries that should be considered as treatment options 
in the early stages after collapse, depending on the 
size and location of the necrotic lesion.

The indications for surgery comprise the most 
important factor contributing to successful  osteotomy. 
The postoperative intact ratio, defined as the ratio of 
the transposed intact articular surface of the femoral 
head to the weight-bearing surface of the acetabu-
lum, has been proven to be a reliable indicator for the 
prognosis of femoral osteotomies.9,14,28 By examining 
the ratio preoperatively using X-rays and MRI, it is 
possible to determine if osteotomy is indicated.

Although strict postoperative management is 
considered to be essential for successful outcomes 
in femoral osteotomy, the long hospital stay that is 
necessary is an important issue. Even if osteotomy 
is indicated, some patients may choose total hip 
arthroplasty due to its shorter hospitalization period. 
It is necessary to pursue the possibility of shortening 
the time before loading.

SUMMARY

Osteotomy can be expected to cure osteonecro-
sis,35 and no matter how much the durability of arti-
ficial joints improves, there will always be young 
patients for whom it is indicated. We need to con-
tinue to verify the results of the surgery and refine 
the techniques involved.
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