
Introduction 

Bone-patellar tendon-bone (BPTB) autograft remains the com­
mon graft choice in anterior cruciate ligament (ACL) reconstruc­
tions1,2), although the hamstring graft has been more commonly 
used recently. Due to the high initial tensile strength3), strong 
primary fixation, and early osseous integration of the bone plugs 

in the tunnels, BPTB autograft is preferred for high-demand 
patients, such as athletes and laborers4). Despite its biomechani­
cal advantages, use of BPTB autograft has been associated with 
donor site morbidity, presenting as anterior knee pain (AKP) and 
sensory disturbances. Additionally, BPTB autograft is often un­
suitable in patients whose careers demand regular kneeling5-8). An 
untreated bone plug donor site with no bone formation causes 
severe tenderness, making it difficult for the patient to kneel. For 
prevention of such morbidity, autologous bone transplantation 
to the donor site is recommended9), although it is concerned that 
protrusion or deformity of the transplanted site might have an 
adverse effect. Although management of the BPTB donor site in 
ACL reconstruction remains debatable, bone substitutes, such 
as beta-tricalcium phosphate (β-TCP), may also be used as bone 
void fillers10) in order to eliminate the possibility of further donor 
site morbidity associated with autologous bone graft. The use 
of β-TCP block is advantageous because there are no reported 
complications at other bone donor sites and it can construct can­
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cellous bone structure after its absorption and integration with 
surrounding bone structure with time. However, the integration 
speed and the size at the time of final bone structure construction 
cannot be predicted. 

Therefore, in this study, we investigated the incidence of ante­
rior knee symptoms and the speed of the graft integration after 
the use of β-TCP as a void filler in BPTB-ACL reconstruction 
according to the presence of initial protrusion of β-TCP block 
to determine whether those outcomes are affected by the initial 
graft protrusion. We hypothesized that BPTB donor site morbid­
ity and adverse effects would increase when a large-size β-TCP 
block was used as a bone void filler.

Materials and Methods

1. Patients
A total of 140 reconstructions performed by the Y. K. were in­

cluded in this study. OSferion® (Olympus Terumo Biomaterials 
Corp., Tokyo, Japan) β-TCP block with 75% porosity was used to 
fill the patellar defect following ACL reconstruction with BPTB 
autograft from February 2013 to September 2016 at Nihon Uni­
versity Hospital. Among them, 84 knees from 84 patients (53 
male and 31 female patients) who could be followed up for at 
least 1 year postoperatively were studied retrospectively. Seventy-
seven of the procedures were primary reconstructions, and seven 
were revisions due to synthetic graft failure. The mean age of the 
patients was 29.6±11.8 years, ranging from 14 to 57 years. Pa­
tients excluded from the study were those with a past history or 
postoperative complications, such as patella fracture (n=2). 

2. Intervention and Comparison
The graft harvest for all patients was performed using the fol­

lowing steps: The patient was positioned supine with a lateral 
post placed just proximal to the knee, at the level of a padded 
tourniquet, and a foot roll was used to prevent the hip from 
externally rotated and to maintain knee flexion at 90°. A pneu­
matic tourniquet was generally not used; it was applied when it 
was needed to be inflated intraoperatively. Longitudinal double 
incisions, approximately 25 mm each, were made over the infe­
rior pole of the patella and over the area just medial to the tibial 
tubercle (Fig. 1). The incisions were performed layer by layer up 
to the patellar tendon. The paratenon was identified, incised lon­
gitudinally, and dissected both medially and laterally. A 10 mm 
graft was marked and incised from the central third of the patel­
lar tendon. The patellar bone block was marked at a length of 12 
mm from the inferior pole and a width of 10 mm. An osteotomy 

of the patellar bone block was performed using an oscillating 
saw at an angle of approximately 100° from the coronal plane to 
create a thickness of approximately 5 mm. The osteotomy was 
completed using a curved osteotome. The tibial bone block was 
harvested in a similar fashion distally from the most proximal 
portion of the tibial tubercle. The tibial bone block was marked at 
a length of 15 mm from the most proximal part of tibial insertion 
of the patella tendon and at a width of 10 mm. A β-TCP block, 
shaped like a baseball home plate with a length of 12 mm and a 
width of 10 mm was placed into the patellar donor site (Fig. 2). 
In all cases, the anterior protrusion height of the graft did not ex­
ceed 2 mm, and the inferior protrusion did not exceed the distal 
end of the original patella; the anterior graft protrusion was not 
intentional. After copious irrigation, the medial and lateral thirds 
of the patellar tendon were sutured together using a 3-0 polyglac­
tin 910 (Vicryl®; Ethicon Inc., Somerville, NJ, USA) sutures. The 
paratenon was repaired using the same sutures.

The extent of protrusion of the graft used to fill the bone void 
was investigated. Computed tomography (CT) of the operated 
knee was performed 1 week postoperatively; multi-planar recon­
struction of the CT images showed the position of the implanted 
β-TCP block relative to the patella. On the basis of the protrusion 
of the grafted β-TCP block from the anterior surface of the patella, 
the samples were classified into two groups: a protrusion group 
(n=31) (Fig. 3A) and a non-protrusion group (n=53) (Fig. 3B). 

Fig. 1. Our incision approach. Longitudinal double incisions of approxi­
mately 25 mm each are made over the inferior pole of the patella and the 
area just medial to the tibial tubercle.
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3. Outcome Measures
Patients were followed up at 1, 3, 6, 9, and 12 months postoper­

atively. During each follow-up, radiographs were taken to assess 
the integration of the β-TCP block with the surrounding bone. 
The integration of the β-TCP block was defined as an unclear 
boundary between the β-TCP block and the surrounding cancel­
lous bone due to absorption of the artificial bone. The following 
five subjective symptoms were also checked 12 months postoper­
atively: (1) AKP during activities of daily living; (2) AKP during 
sports activities; (3) sensory abnormality around a graft donor 
site; (4) kneeling pain; and (5) patellofemoral crepitus. The pa­

tients were asked to answer with a yes or a no for each symptom 
except for kneeling pain. A three-grade evaluation was made for 
assessing kneeling pain as follows: pain-free or almost pain-free 
was graded as “mild”; kneeling possible despite pain, as “moder­
ate”; and kneeling impossible because of severe pain, as “severe”. 
Presence of an audible grinding noise and/or palpable vibrations 
around the patella11) was considered as patellofemoral crepitus.

4. Statistical Analysis
Pearson chi-square test was performed to compare the anterior 

knee symptoms and the time of β-TCP block absorption between 

Fig. 2. The beta-tricalcium phosphate block is shaped like a baseball home plate and is placed into the patellar donor site.

Fig. 3. Axial computed tomography of the 
knee showing protrusion of the graft (A) 
and the graft without protrusion (B). Based 
on this information, all cases were classified 
into two groups: a protrusion group (n=31) 
and a non-protrusion group (n=53).
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the two groups. Statistical significance was set at p<0.05. All sta­
tistical data were calculated using the statistical software package 
SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA).

Results

AKP during activities of daily living was found in 5 out of 84 
knees (6.0%); there was no significant difference in the incidence 
between the non-protrusion and protrusion groups (7.5% vs. 
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Fig. 4. Comparison of the incidences of anterior knee symptoms and patellar deformity after anterior cruciate ligament reconstruction between the 
non-protrusion group and the protrusion group. (A) Incidence of anterior knee pain (AKP) during activities of daily living. (B) Incidence of AKP 
during sports. (C) Incidence of kneeling pain. (D) Incidence of sensory disturbance. (E) Incidence of patellofemoral joint crepitus. (F) Incidence of 
patellar deformity.
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3.2%; p=0.491) (Fig. 4A).
AKP during sports was found in 12 of 84 knees (14.3%); there was 

no significant difference in the incidence between the non-protru­
sion and protrusion groups (18.9% vs. 6.5%; p=0.117) (Fig. 4B).

Kneeling pain was found in 15 of 84 knees (severe: 1 knee, 1.2%; 
moderate: 14 knees, 16.7%). There was no significant difference 
in the incidence of kneeling pain between the non-protrusion 
group (severe: 1 knee, 1.9%; moderate: 9 knees, 17.0%) and the 
protrusion group (severe: 0 knee, 0%; moderate: 5 knees, 16.1%) 
(p=0.857) (Fig. 4C).

Sensory disturbance around the donor site was found in 6 of 84 
knees (7.1%). No significant difference in the incidence of sen­
sory disturbance was observed between the non-protrusion and 
protrusion groups (7.5% vs. 6.3%; p=0.737) (Fig. 4D).

Patellofemoral crepitus was found in 12 of 84 knees (14.3%); the 
incidence was significantly higher in the non-protrusion group 
(11 of 53 knees, 20.8%) than that in the protrusion group (1 of 31 
knees, 3.2%) (p=0.027) (Fig. 4E).

Patellar deformity was found in 4 of 84 knees (4.8%). No sig­
nificant difference in the incidence of patellar deformity was ob­
served between the non-protrusion and protrusion groups (3.8% 
vs. 6.5%; p=0.578) (Fig. 4F).

The integration of the β-TCP block with the surrounding bone 
was found in 35 knees at 3 months, in 39 knees at 6 months, in 6 
knees at 9 months, and in 1 knee at 12 months after the surgery. 
The non-protrusion group demonstrated β-TCP block integra­
tion in 21 knees at 3 months, 27 knees at 6 months, 3 knees at 9 
months, and 1 knee at 12 months; the protrusion group demon­
strated it in 14 knees at 3 months, 12 knees at 6 months, and 3 
knees at 9 months. However, no significant difference in integra­
tion time was observed between the non-protrusion and protru­
sion groups (p=0.619).

Discussion

The present study compared the anterior knee conditions be­
tween the two groups classified by the presence of protrusion of 
β-TCP implanted into the patella bone plug donor site immedi­
ately after ACL reconstruction. The present study demonstrated 
that anterior knee symptoms were not adversely affected by 
protrusion of β-TCP that was used as a bone void filler. A previ­
ous study showed that untreated bone plug donor site adversely 
affected anterior knee symptoms9). Therefore, transplantation of 
autologous bone or artificial bone as bone void fillers into the do­
nor site has been recommended. However, it has been suggested 
that protrusion of the transplanted artificial bone might have an 

adverse effect. 
The present study showed that except for patellofemoral crepi­

tus, there were no significant differences in anterior knee com­
plaints between the protrusion and non-protrusion groups. This 
may be because the protruded β-TCP integrated within several 
months. In this study, the absorption of most β-TCP blocks was 
observed within 6 months. We believe that integration of β-TCP 
block differs from that of autologous bone. It is considered that 
protrusion of a transplanted autologous bone might remain for 
a long period. Bone substitutes, such as β-TCP, have also been 
used as bone void fillers10) in order to eliminate further donor 
site morbidity associated with autologous bone grafts. In these 
cases, whether graft size contributes to a better clinical outcome 
remains unclear. The present study focused on this issue and 
investigated the difference in postoperative anterior knee com­
plaints according to the presence of β-TCP block protrusion at 
the donor site.

A BPTB harvest may be responsible for postoperative knee pain 
in 12%–50% of patients12): it damages the infragenicular branches 
of the saphenous nerve, resulting in pain in the donor site as well 
as functional restriction6). After ACL reconstruction, 40%–60% 
of patients complain of residual pain at the donor site, sensory 
disturbance, and pain in the knee on bending6,8,13). In the present 
study, <20% of all cases complained of anterior knee symptoms. 
The incidence of anterior knee complaints was lower than that 
in previous studies, which may be attributed to the β-TCP trans­
plantation in the donor site.

Management of bone void after BPTB harvest remains unclear 
in the literature as reports about donor site management are 
conflicting. Based on a systematic review of four randomized tri­
als13-15), no statistically significant or clinically relevant differences 
were found in the outcomes between patients who had the patel­
lar tendon defect closed and those who had it left open after ACL 
reconstruction with a BPTB autograft16). Likewise, a prospective 
randomized study by Brandsson et al.14) showed that suturing 
the patellar tendon defect and grafting bone at the site did not 
reduce AKP or donor site morbidity. However, some studies have 
reported that bone grafting of the patellar defect can reduce the 
incidence of these complications9,17). In the present study, all the 
patients had the patellar tendon defect closed. 

Of the subjective outcome measures that included AKP during 
activities of daily living, AKP in sports, kneeling pain, sensory 
disturbance, and patellofemoral crepitus, the incidence of patello­
femoral crepitus was significantly lower in the protrusion group. 
Patellofemoral crepitus may be caused by increased fibrous syno­
vial tissue around the patella18,19), patella baja20,21), patellar instabil­
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ity22,23), and osteoarthritis of the patellofemoral joint. Based on 
these results, we suggest that a large-sized bone void filler may 
help prevent patellofemoral crepitus by reducing friction in the 
inferior pole of the patella and prevent increased synovial prolif­
eration. 

Sensory nerve damage, specifically to the infrapatellar branch 
of the saphenous nerve, may depend on the incision approach 
to a large extent. Portland et al.24) found that 59% cases had sen­
sory loss after ACL reconstruction with a vertical incision for 
the BPTB harvest. In the present study, the incidence of sensory 
disturbance (7.1%) was relatively low, which can be attributed to 
the longitudinal double incision used in all cases. Gaudot et al.25) 
reported that this approach significantly reduced the midterm 
incidence of AKP and the occurrence of sensory disorders after 
ACL reconstruction. However, the size of the block used as a 
bone void filler does not appear to influence this incidence as no 
significant difference was found between the two groups in the 
present study.

The primary limitation of the present study was the absence of 
a control group where no graft was applied at all at the donor site 
defect. This was because the effectiveness of β-TCP block trans­
plantation as a bone void filler remains unclear, we conducted the 
study under the assumption that regardless of size, using a β-TCP 
block would be better than having no graft at all that has been 
shown to cause anterior knee symptoms9,10). In this study, integra­
tion of β-TCP was evaluated by simple X-ray performed in the 
postoperative follow-up sessions. Following integration with sur­
rounding bone tissue by absorption of β-TCP block margin after 
transplantation, osteogenesis of the artificial bone itself occurs. 
Therefore, there is possibility that the final residual bone defect in 
the protrusion group would be smaller than the non-protrusion 
group. However, we did not quantitatively evaluate the absorp­
tion of β-TCP. The study was also based on the assumption that 
the size of the defect would not affect the incidence of anterior 
knee symptoms, and all harvested grafts were the standard size as 
described in previous studies. Despite the possibility that many 
factors such as body mass index, muscle weakness, associated 
injury, and period from initial injury to surgery may affect post­
operative subjective symptoms, the present study did not analyze 
those data. Weiss and Whatman26) described that chronic insta­
bility after ACL injury may contribute to patellofemoral pain, 
which could improve after restoration of knee stability. In this 
study, we did not investigate possible causes of residual postop­
erative patellofemoral pain other than the donor site morbidity. 
However, all the patients in this study had no abnormalities of 
the patellofemoral joint preoperatively, such as patellofemoral 

osteoarthritis and patella instability. We also assumed that in the 
seven revision cases included in the study, hamstring deficiency 
due to harvesting in the primary reconstruction did not have any 
effect on the knee extensor mechanism of those patients. Further 
investigation into the relation between knee stability and the sub­
jective outcomes is crucial.

Conclusions

Except for patellofemoral crepitus, there was no significant 
difference in anterior knee complaints between the two groups 
divided according to the presence of protrusion of the β-TCP 
block transplanted immediately after ACL reconstruction. The 
incidence of patellofemoral crepitus was significantly lower in the 
protrusion group than that in the non-protrusion group.
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