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STATE OF THE ART

Orthopedic surgeries are performed daily to repair bone tissue due to traumatic
injuries, disease as ntumors, deformity, and degeneration. It is intended to correct
the osteoarticular deformations and to treat the painful joints/defect mainly due to
the cysts, the tumors of the limbs and, finally, to correct the after-effects of the
traumatisms (Andreasson et al., 2020; D'Elia et al., 2010; Dhanakodi et al., 2019;
Dragosloveanu et al., 2020; Ferguson et al., 2019; Gaiarsa et al., 2019; Heikkila et
al., 2011; Lindfors et al., 2009; Lindfors et al., 2010; Loveland et al., 2021; Pan et
al., 2018; Pernaa et al., 2011; Shrouder-Henry et al., 2019; Thordarson & Kuehn,
2003; Wang & Yeung, 2017; Zhao et al., 2020) with or without infections.

Bone is one of the most common organs affected by metastases. Metastatic bone
disease (MBD) can be caused by different primary tumors, with the highest
prevalence being from breast and prostate cancer (Phull et al., 2021; Sebghati et al.,
2021). Also, bone loss can be caused by the presence of a cyst or bone tumour that
enlarge over time, resulting in thinning of the bone. Cysts are described as cavities
filled with a benign fluid. Usually, these cysts are reported in the metaphyseal regions
of long bones (50-70%) and 85% of unicameral bone cysts occur almost exclusively
in children and adolescents (Dong et al., 2020; Noordin et al. 2018).

The treatment of tumors, cysts or even treatment-resistant infections often requires
removing bone fragments that are too large for the natural self-repair process to be
effective. Currently recommended treatment options include:
e curettage and bone-grafting
e intralesional injections with corticosteroids, bone marrow, demineralized bone
matrix
e or bone ceramic filling, PMMA bone cement, decompression, not filling
e internal fixation
e and also combinations of these (Dong et al., 2020; Deventer et al., 2021; Gava &
Engel, 2021).

After a fracture, the dead bone must be resorbed, and the new bone reformed. Bone
resorption is performed mainly by osteoclasts and new bone formation is performed
by osteoblasts. Osteoblasts line the outer surface of bones and are also present in
most bone cavities. These cells secrete a very strong protein matrix, consisting
mainly of collagen fibres. The matrix is then mineralized, and the osteoblasts become
osteocytes. Blood vessels containing mineral elements are key contributors to the
process of osteogenesis. Most bone fractures occur as a result of inconvenient or
incompetent bone regeneration.

But sometimes segmental bone fractures did not repair instinctively and require
orthopedic

operation (Ansari, 2019). Depending on the case, a repair of the fracture
(osteosynthesis) by nail, plate, screw will be carried out with or without graft. In
some cases (complex fracture of the elderly, risk of bone necrosis of the head, etc.)
replacement by partial or total shoulder prosthesis will be chosen (Marongiu et al.,
2020; Martin et al., 2021).
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Abstract

Purpose Multiple different materials are used for filling bone defects following bone—patellar tendon—bone (BPTB) graft
ACL reconstruction surgery. The theoretical objective being to minimize kneeling pain, improve clinical outcomes and reduce
anterior knee pain following surgery. The impact of these materials is assessed in this study.

Methods A prospective monocentric cohort study was conducted from January 2018 to March 2020. There were 128 skel-
etally mature athletic patients who underwent ACL reconstruction using the same arthroscopic-assisted BPTB technique,
with a minimum follow-up of two years identified in our database. After obtaining approval from the local ethics committee,
102 patients were included in the study. Patients were divided into three groups based on type of bone substitute. The Bioac-
tive glass 45S5 ceramic Glassbone™ (GB), collagen and hydroxyapatite bone void filler in sponge form Collapat® II (CP),
and treated human bone graft Osteopure®(OP) bone substitutes were used according to availability. Clinical evaluation of
patients at follow-up was performed using the WebSurvey software. A questionnaire completed in the 2nd post-operative year
included three items: The ability to kneel, the presence of donor site pain, and the palpation of a defect. Another assessment
tool included the IKDC subjective score and Lysholm score. These two tools were completed by patients preoperatively, and
postoperatively on three occasions (6 months, 1 year, and 2 years).

Results A total of 102 patients were included in this study. In terms of Kneeling pain, the percentage of GB and CP patients’
who kneel with ease were much higher than that of OP patients (77.78%, 76.5% vs 65.6%, respectively). All three groups
experienced an important increase in IKDC and Lysholm scores. There was no difference in anterior knee pain between the
groups.

Conclusion The use of Glassbone® and Collapat II® bone substitutes reduced the incidence of kneeling pain compared to
Osteopure®. There was no influence of the bone substitute type on the functional outcome of the knee or on the anterior
knee pain at two years of follow.
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Introduction

Anterior cruciate ligament (ACL) injuries are among
the most common knee injuries, and ACL reconstruc-
tion (ACLR) is a widely performed operation [1, 2]. The
bone—patellar tendon—bone (BPTB) and hamstring tendon
autografts are two of the most commonly used autografts
for ACLR [3, 4]. Furthermore, BPTB autograft has long
been the gold standard for treatment, as its bone blocks at
both ends of the graft provide high fixation strength [5, 6].
Nevertheless, 15-60% of patients may complain of long-
term post-operative anterior knee pain during daily living
or physical activities. Kneeling pain and donor site defects
are also frequently observed [7—12].

It has been argued that patellar and tibial bone defects fol-
lowing graft harvesting are a risk factor impacting anterior
knee pain in BPTB patients. Other claims are that infrapa-
tellar nerve damage during graft harvesting is responsible
for this morbidity [13, 14]. Recently, a systematic review
showed that BTBP ACLR patients, whose bone defects were
filled, have fewer post-operative knee complaints and bet-
ter knee functional outcomes than patients treated without
defect filling [8]. The most common bone grafts used are
either autologous bone grafts, allogeneic bone grafts or
synthetic substitutes [15—17]. Nonetheless, no study has
compared the outcomes of different types of bone graft in
terms of kneeling and functional outcomes in BTBP ACLR
patients.

Such bone grafting options include the Bioactive glass
4585 ceramic, such as Glassbone® (GB); collagen and
hydroxyapatite bone void filler in sponge form, such as Col-
lapat [I® (CP), and treated human bone graft, such as Oste-
opure® (OP).

This cohort study aimed to investigate the influence of
these bone graft types on kneeling and knee functional out-
comes. The hypothesis was that there was no superiority of
one substitute over another.

Materials and methods

A prospective single-center cohort study of the French
prospective ACL Study [FAST] (NCT02511158) was per-
formed, including all patients who performed ACLR using
BPTB autograft between 2018 and 2020 by 4 senior sur-
geons. The study was approved by the local ethics committee
(Comité de Protection des Personnes IDF VI), and informed
consent was obtained from all patients. A retrospective
analysis of the prospectively filled data, with a minimum
follow-up of two years was performed. One hundred and
two patients undergoing ACL reconstruction using BPTB

@ Springer

40

autograft were assessed. Clinical evaluation of patients at
follow-up was performed by the surgeons and data was
entered in the WebSurvey software. The inclusion criteria
were ACL reconstruction using the BTBP technique, ath-
letes, a minimum of two years of post-operative follow-up
and an age over 18 years. Exclusion criteria were associ-
ated knee ligament injury requiring surgical treatment,
chondropathy of grade III or higher involving the trochlea
or the patella, immune rheumatologic pathologies, preexist-
ing anterior knee pain, and prior surgery on the same knee.
Patients were divided into three groups according to bone
substitute type. Three different bone substitutes were used
according to availability at the time of surgery: Glassbone™,
Collapat® II, and Osteopure®. The timeline is detailed in
Fig. 1.

Bone substitutes

Osteopure® is a bone allograft harvested from a resected
live human femoral head, and treated by sterilization at
25 kGy.

Glassbone® is a bioactive glass which is 100% synthetic,
biocompatible, and osteoconductive and can integrate with
the bone and soft tissue as a defect filler (Fig. 2). It is com-
posed of a mixture of oxides (45% Si0O,, 24.5% CaO, 25.5%,
Na,O, and 6% P,05 in weight %) [18-25].

Collapat® II is a bone void filler presented in spongy
form. It is composed of a collagen structure in which
hydroxyapatite granules are dispersed. The granules of
hydroxyapatite give the material its osteoconductive prop-
erties [23].

Patient follow-up and data collection

Three tools were used for data collection at various time
points. First, a questionnaire assessed the international knee
documentation committee (IKDC) [24] subjective score
and Lysholm score [25]. These two tools were completed
by patients at four time points: first pre-operatively, and at
6 months, one year and two years postoperatively. Another
standardized questionnaire was sent by email to the partici-
pants 4 months postoperatively. This was repeated at the
6 months, one year and two years marks following surgery.
This questionnaire was made available online via a link to
the WebSurvey software (websurvey.fr). If patients failed to
answer, a first reminder was made via email, and a second
by telephone call. Finally, a questionnaire was sent at the
second post-operative year. It evaluated 3 items: The ability
to kneel assessed by the subsection of Hacken’s question-
naire [26], the presence of donor site pain during sports or
daily activities assessed by the Numerical Rating Scales
(NRS) [27], and the sensation of a defect at the donor site.
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Fig. 1 Flowchart showing the
distribution of patients into
three groups

117patients underwent
BTPT ACL-R between
Jan 2018 and march 2020

15 patients were excluded
( patellar or trocheal
chondropathy grade Ill or
above n= 6,
associated knee ligament
surgery n=5
loss of follow up n=4

102 patients were
included

36 patients had
GlassBONE ™
bone graft

GP Group

Fig.2 Intra-operative photograph showing the patellar defect being
filled with Glassbone allograft

41

34 patients had 32 patients had
COLLAPAT® Il bone Osteopure™
graft bone graft
CP Group OP Group

No formal sample size calculation was done. All eligible
patients who underwent ACLR BPTB graft between 2018
and 2020 at our institution were included in the study.

Surgical protocol

Under spinal anesthesia, BPTB autografts were used to
reconstruct the ACL. A 9 cm para median incision was
performed, the paratenon was dissected carefully, and the
a middle third of the patellar tendon was harvested with
approximately 10X 10X 20 mm bone blocks from the patella
and tibia. The ACL remnant was preserved. The tibial bone
tunnel was prepared to be 10 mm in diameter. The tibial
tunnel was created with a specific guide (Acufex; Smith &
Nephew). The femoral tunnel was 10 mm in diameter and
placed at the origin of the native ACL, on the medial sur-
face of the lateral femoral condyle using an inside-out tech-
nique. The BTB autograft was fixed in the femoral tunnel
with a non-absorbable interference screw (Softsilk; Smith
& Nephew) or absorbable pins using the RigidFix system
(DePuy Synthes, Mitek rigid fix), depending on surgeon pref-
erence. After tensioning the graft, the patellar bone block

@ Springer



European Journal of Orthopaedic Surgery & Traumatology

was stabilized in the tibial tunnel with another interference
bioabsorbable screw (Smith & Nephew). Finally, the bony
defects were filled with the corresponding bone graft and the
paratenon was sutured over the bone substitutes.

Post-operative rehabilitation protocol

All patients underwent the same rehabilitation protocol.
Immediate full weight-bearing with an articulated brace was
allowed using crutches for the first 3 weeks to avoid unex-
pected falls. Physiotherapy for analgesia, patella mobiliza-
tion, progressive full range-of-motion exercises, and isomet-
ric quadriceps contraction exercises were allowed, with the
expectation that at one-month postoperatively, the patient
would have a normal gait, full extension and 110° of flexion.
In the case of meniscal suture, knee flexion while weight-
bearing was limited to 120° for two months postoperatively.

Statistical analysis

All statistical analyses were performed using the IBM SPSS
statistics software. Categorical variables were summarized
as frequencies and percentages. Continuous variables
were presented as means, standard deviations and ranges.
One-way ANOVA was used to compare the mean IKDC
and Lysholm scores, as well as the change in these scores
between the three groups. Repeated measures ANOVA was
used to compare the IKDC and Lysholm scores at different
time points within each group. Pearson’s Chi-square test or
Fisher exact test were used to assess the association of gen-
der, ability to kneel, and internal pain between the three
groups. All tests were two-sided and a p <0.05 was consid-
ered statistically significant.

Results

One hundred and seventeen patients underwent ACLR using
BPTB autograft. Of those, 102 (87.17%) were included in
this study, and 15 (12.83%) were excluded. Among the 102
patients, 36 (35.29%) patients were placed in the Glass-
bone® group (group 1), 34 (33.33%) in the Collapat [I®

Table 1 Patients demographic characteristics

group (group 2), and the remaining 32 (31.37%) in the
Osteopure® group (group 3). The three groups had no sig-
nificant differences in terms of age (p=0.127) and gender
(»p=0.511). The mean age was 32.17 & 8.20 years. Men rep-
resented 78.43% of the studied population. Detailed demo-
graphic characteristics are described in Table 1.

Among the 102 patients studied, 27 (26.47%) complained
of Kneeling pain. There was a significant difference between
the three groups (p =0.045), the percentage of Glassbone
and Collapat patients’ who kneel comfortably was sig-
nificantly higher than that of osteobank patients (77.78%,
76,5% vs 65.6%, respectively). Moreover, the percentage
of osteobank patients who were unable to kneel on hard
surfaces was higher than that of Glassbone and Collapat
patients (8% vs 2,78; 2.94%, respectively).

In the study population, 31 (30.39%) patients had anterior
knee pain with an average of 3.77 +1.50 on the NRS scale.
The percentage of patients experiencing anterior knee pain
was 30.56% (mean 3.64+1.03),29.41% (mean 3.80 + 1.69),
and 31.25% (mean 3.90 + 1.85) in groups 1, 2 and 3, respec-
tively (p value 0.987).

The clinical characteristics are described in Table 2.

The IKDC score was significantly improved in the three
groups compared to the pre-operative status (P <0.01), as
detailed in Table 3.

In group 1, the mean IKDC score increased from
56.67 +14.43 (range 26-84) pre-operatively to 69.22 +9.54
(range 36-86), 76.42 +9.26 (range 54—89) and 81.17 +10.61
(range 55-97) at 6 months, 1 year and 2 years postopera-
tively respectively, with a statistically significant mean
change of 24.50+ 15.64 (range (—4)-60) (»p <0.001).

In group 2, the mean IKDC score increased from
60.35 + 15.28 (range 32-90) at pre-operative to
66.65 + 14.14 (range 20-83), 74.82 +16.58 (range 26-99)
and 81.18 +15.97 (range 26-100) at 6 months, 1 year and
2 years post-operative respectively, with a statistically sig-
nificant mean change of 20.52 +15.55 (range (— 8)-55)
(p<0.001).

In group 3, the mean IKDC score increased from
53.63 + 18.38 (range 13-84) at pre-operative to
66.31 +£16.15 (range 33-95), 74.16 + 15.89 (range 39-98)
and 77.69 +16.79 (range 40-98) at 6 months, 1 year and

Overall (n=102) GlassBone Group Collapat II Group Osteobank Group P value
(n=36) (n=34) (n=32)
Age (years)  Mean=+SD (range) 32.17+8.20 (18-56) 30.36+8.38 (18-48) 34.32+7.57 (21-54) 31.91+8.36 (20-56) 0.127*
Gender n (%) Male 80 (78.43) 30 (83.33) 27 (79.41) 23 (71.88) 0.511%
Female 22 (21.57) 6 (16.67) 7 (20.59) 9(28.13)

SD: Standard deviation. *p value was calculated using one-way ANOVA. *p value was calculated using Chi-square test or Fisher exact test.

P <0.05 was considered as statistically significant
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Table 2 Patient clinical characteristics

Overall (n=102) GlassBone group Collapat II group Osteobank group P value
(n=36) (n=34) (n=32)
Kneeling n (%) No pain with kneel- 75 (73.53) 28 (77.78) 26 (76.5) 21 (65.63) 0.045%
ing
Mild pain with kneel- 13 (12.75) 6 (16.66) 5(14.71) 2 (6.25)
ing
Inability to kneel on 10 (9.80) 1(2.78) 1(2.94) 8 (25.0)
hard surfaces
Completely, unable 4(3.92) 1(2.78) 2(5.88) 1(3.12)
to kneel
Anterior knee pain No 71 (69.61) 25 (69.44) 24 (70.59) 22 (68.75) 0.987*
n (%) Yes 31(30.39) 11 (30.56) 10 (29.41) 10 (31.25)
If yes, NRS score Mean + SD (range) 3.77+£1.50 (1-7) 3.64+1.03 (2-5) 3.80+1.69 (2-7) 3.90+1.85 (1-6) 0.925%
(n=31)
Defect sensation Yes 0 0 0 0 NA
No 102 (100%) 36 (100%) 34 (100%) 32 (100%)

SD: Standard deviation. *p value was calculated using one-way ANOVA. p value was calculated using Chi-square test or Fisher exact test.

P <0.05 was considered as statistically significant

Table 3 IKDC score at each time point by type of the bone substitute groups

Overall (n=102) GlassBone group (n=36) Collapat I group (n=34) Osteobank group (n=32) P value*
Pre-operative 56.94 +16.11 (13-90) 56.67 +14.43 (26-84) 60.35 +15.28 (32-90) 53.63 +18.38 (13-84) 0.238
6 months post-op  67.45+13.37 (20-95) 69.22+9.54 (36-86) 66.65 + 14.14 (20-83) 66.31+16.15 (33-95) 0.615
1 year post-op 75.18+14.07 (26-99) 76.42+9.26 (54-89) 74.82+16.58 (26-99) 74.16 +15.89 (39-98) 0.794
2 years post-op 80.08 + 14.54 (26-100)  81.17+10.61 (55-97) 81.18+15.97 (26-100) 77.69 +16.79 (40-98) 0.537

Pre-op to 2-year
post-op change

23.14+16.99 (— 15-73)

P value® <0.001

24.50+ 15.64 (= 4)-60)

20.52415.55 (- 8)=55)  24.06+19.94 ((— 15.0)-73) 0.624

SD: Standard Deviation; IKDC: International Knee Documentation Committee. Data were expressed as mean +SD (range). *P value was calcu-
lated using one-way ANOVA. TP value was calculated using repeated measure ANOVA. P <0.05 was considered as statistically significant

2 years post-operative respectively, with a statistically sig-
nificant mean change of 24.06 +19.94 (range (- 15.0)-73)
(p<0.001).

There was no statistically significant difference in the
mean IKDC score between the three groups (p > 0.05).

The evolution of IKDC score by time in the three groups
is shown in Fig. 3.

The Lysholm score was significantly improved in the
three groups compared to the pre-operative status (p <0.01)
as detailed in Table 4.

In group 1, the mean Lysholm score increased
from 67.53 +15.18 (range 28-95) at pre-operative to
81.33 +11.26 (range 44-95), 86.53 + 10.24 (range 60-99)
and 89.78 +9.90 (range 52—-100) at 6 months, 1 year and
2 years post-operative respectively, with a statistically sig-
nificant mean change of 22.25+ 15.21 (range (— 6)—66)
(p<0.001).

In group 2, the mean Lysholm score increased
from 67.88 + 18.06 (range 15-95) at pre-operative to
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81.41+16.02 (range 22-99), 85.68 + 13.43 (31-100) and
87.18 +13.78 (range 30-100) at 6 months, 1 year and
2 years post-operative respectively, with a statistically sig-
nificant mean change of 19.29 + 14.18 (range (— 1)-80.0)
(»p<0.001).

In group 3, the mean Lysholm score increased
from 60.84 +20.61 (range 2-99) at pre-operative to
76.09 + 13.32 (range 49-100), 80.78 + 11.82 (range 56-98)
and 85.16 +12.37 (range 56—100) at 6 months, 1 year and
2 years post-operative respectively, with a statistically sig-
nificant mean change of 24.31 +21.93 (range (— 11)-80)
(p<0.001).

Similarly, to the IKDC score, no statistically significant
difference in the mean Lysholm score between the three
groups was detected (p >0.05).

The evolution of Lysholm score by time in the three
groups is shown in Fig. 4.

All patients in the study, having subjectively assessed
their knees, found no sensation of a bony defect at 2 years
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Table 4 Lysholm score at each time point by type of the bone substitute groups
Overall (n=102) GlassBone group Collapat II group Osteobank group (n=32) P value*
(n=36) (n=34)
Pre-operative 65.55+18.09 (2-99) 67.53+15.18 (28-95) 67.88+18.06 (15-95) 60.84+20.61 (2-99) 0.207
6 months postoperative ~ 79.72+13.72 (22-100)  81.33+11.26 (44-95) 81.41+16.02 (22-99) 76.09 +£13.32 (49-100)  0.198
1 year postoperative 84.44+12.02 (31-100)  86.53+10.24 (60-99) 85.68 +13.43 (31-100)  80.78 +11.82 (56-98) 0.110
2 years postoperative 87.46+12.11 (30-100)  89.78 +£9.90 (52-100) 87.18+13.78 (30-100)  85.16+12.37 (56-100)  0.290

Pre-operative to 2-year
change

P valuet

21.91+17.26 (- 11-80)

<0.001

22.25+15.21 (= 6)-66)

19.29+ 14.18 (= 1)-80.0) 24.31£21.93 ((= 11)-80) 0.497

Data were expressed as mean+SD (range). *p value was calculated using one-way ANOVA. Tp value was calculated using repeated measure

ANOVA. P <0.05 was considered as statistically significant

follow-up (Table 2). One incidence of a superficial abscess
at the surgical site was observed in group 2. In this patient,
the substitute was excized and an extra-articular debridement
was needed to manage the complication.

Discussion

This study was designed to compare outcomes of ACL
reconstruction with a BPTB autograft using one of three
bone substitutes to fill the harvested zone. The primary
finding was that the patients who received synthetic bone
grafts, (Glassbone or Collapat II) had a higher percentage
of painless kneeling compared to those who had Osteopure
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allograft filling. However, there was no significant difference
between the three groups in terms of IKDC, Lysholm, and
anterior knee pain.

Kneeling pain was evaluated using one item of Hack-
en’s questionnaire [26]. The higher incidence of kneeling
pain of patients of group 3 compared to patients from other
groups might be due to the persistent inflammatory response
or suboptimal bone consolidation caused by the Osteopure
allograft [28]. The incidence of painless kneeling in this
study was 73.53% overall, with 77.78% of the Glassbone
patients reporting no pain. After reviewing the literature,
it was found that this was higher than the study by Taylor
et al. (62%) [29] and lower than the study by Hacken et al.
(90.4%) [26]. In both of those studies, cancellous autograft
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had been used for filling the bone defects. On the other hand
Barrenius [30], Leitge [31] and Liden [32] who did not fill
the bone defects registered a higher incidence of kneeling
pain than the findings of the present study.

From a cosmetic standpoint, filling the defect with allo-
graft improves appearance, a common patient concern, and
abolishes the sensation of a bone gap or defect at the donor
site. This allows avoidance of a further patient complaint
during follow-up visits [33].

A major concern with using BPTB autograft for ACLR
is donor site morbidity, specifically anterior knee pain [26].
Surgeons have attempted to change the harvesting technique
in order to decrease this complication [12, 34], others have
elected to change the graft type, like Schande et al. who
used serum albumin-coated bone allograft [35]. Cervelline
et al. filled the donor sites with PRP gel [36]. Nelson et al.
also described a new technique for filling the defect [37].
Naresh et al. elected to fill the defects with ceramic bone
graft but the results were non-satisfactory [38]. Our study
aimed to identify the influence of different types of bone
substitutes on anterior knee pain and found similar results in
all three groups. The results are comparable to the findings
of a systematic review by Lameire et al. who showed that
filling defects decreased anterior knee pain, kneeling pain
and extension loss [8].

No study evaluated and compared the functional outcome
and donor site morbidity between Glassbone, Collapat II,
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or Osteopure bone substitutes in the BPTB ACLR popula-
tion. Although there are numerous scoring tools to quantify
ACLR patients’ results [39], IKDC and Lysholm scores were
chosen for this study, as they are standard instruments for
evaluating patients postoperatively and two of the most com-
monly reported functional outcome scores [8, 26, 40]. Both
scores in the present study showed satisfactory recovery
in all three groups without significant difference between
groups. Subjective IKDC ranged from 77 to 81 after two
years following ACLR, and the Lysholm score ranged from
85 to 90. Comparing our results to the systematic review
by Lameire et al., it is observed that the IKDC scores are
similar, but the Lysholm scores are inferior [8]. Overall,
however, it was determined that the type of bone substitute
did not affect the functional knee outcome.

There was no complication reported in terms of wound
healing except for a patient from group 2 who exhibited an
extrusion of part of the bone substitute and needed surgical
intervention. This case might be a coincidence, and conclu-
sions cannot be drawn based on a single exceptional case. It
is important to mention that this is the first study that showed
the tolerance of donor sites to Glassbone in BPTB ACLR
patients. There were no complications detected which might
be due to its bacteriostatic activity [22]. No patellar fracture
occurred in any patient of the three groups. This is similar
to the results of Alexander et al. [41].
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This study shows that the kneeling pain was higher in
Osteopure group. We can only speculate about this discrep-
ancy. Osteopure is a natural bone block which needs to be
cut into shape to fill a defect. As a rigid substitute, it is more
difficult to fully fill the defect with it compared to the other
softer substitutes (Glassbone and Collapat). Furthermore, it
is composed of cancellous bone. Perhaps the replacement
of cortical bone from the patella and tibia with spongy bone
from the bone substitute affects rigidity and therefore leads
to more pain in this patient population. Bone graft healing
is a sequential process involving inflammation revasculari-
zation, osteogenesis remodeling, and incorporation into the
host skeleton to form a mechanically efficient structure so
this process might be different between the three allograft
types. Further studies would be needed to possibly give a
more accurate response in the future.

The strengths of this study were the high response rate,
the 2-year follow-up period and the prospective administra-
tion of questionnaires.

There were, however, several limitations. First, this
was not a randomized trial, and it was not a blinded study.
Although patients may have been blinded, the surgeons
would not have been. Furthermore, the bone substitute used
was done so based on availability, rather than random assign-
ment. Secondly, although the operations were all performed
in the same institution, different surgeons participated in the
study and performed surgery. Moreover, concomitant menis-
cus injury was not part of the exclusion criteria. This likely
affects standardization of the procedure and may cause vari-
ability in patient outcomes.

Conclusion

This study finds that there is a reduced incidence of kneeling
pain and discomfort when using bone substitutes such as
Glassbone® and Collapat [I® compared to allografts such
as Osteopure® at a 2-year follow-up. However, the choice
of bone-filling material influences neither functional knee
outcomes, nor anterior knee pain at 2 years postoperatively.
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Is a Bioceramic Glass Bone Graft Superior to Spongious
Allografts in Femoral and Tibial Benign Bone Lesions?
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Objective: this study aimed to examine the results of spongious and bioceramic bone graft applications in benign lesions of the lower extremity long bones.
Methods: Forty-seven patients, who applied to our hospital between the years 2007 and 2013; who received curettage-grafting for benign bone lesions in the
long bones carrying lower extremity weight were examined retrospectively.

Results: In the bioceramic glass bone graft group, an increased average consolidation ratio, which is statistically significant compared to the spongious
allograft group (p=0.002), was observed. When the fibrous dysplasia patients were considered a subgroup, the consolidation ratio in the bioceramic glass bone
graft group was found to be significantly high compared to the spongious allograft group (p=0.029).

Conclusion: Bioceramic glass bone grafts are bone filler materials that hold radiologically superior and clinically similar results compared to spongious
allografts. Having a statistically significant radiological consolidation success in fibrous dysplasia, which is a benign aggressive tumor, bioceramic glass bone
grafts may be thought to be capable of being an advantage option for benign aggressive tumors.

Keywords: Bioceramic glass bone graft, spongious allograft, femur, tibia, benign bone lesion

Amac: Bu calismanin amaci, alt ekstremite uzun kemiklerindeki benign lezyonlarda uygulanmig spongioz ve biyoseramik cam greftin sonuglarinin
incelenmesidir.

Yontem: 2007 ile 2013 yillari arasinda hastanemize basvuru yapmis, alt ekstremite yik tasiyan uzun kemiklerindeki iyi huylu kemik lezyonlarina yonelik
kiretaj-greftleme operasyonu yapilan kirk-yedi hasta retrospektif olarak incelendi.

Bulgular: Biyoseramik cam greft grubunda, insan kaynakli spongioz allogreft grubuna kiyasla, istatistiksel olarak anlamli, artmis ortalama konsolidasyon
orani gorilmastir (p=0,002). Fibréz displazi hastalar sub-grup olarak degerlendirildiginde; biyoseramik cam greft grubundaki konsolidasyon orani, insan
kaynakli spongioz allogreft grubuna kiyasla anlamli olarak yiiksek bulunmustur (p=0,029).
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Sonug: Biyoseramik cam greftler, insan kaynakli spongioz allogreftlerle karsilastirildiginda radyolojik olarak dstiin, klinik olarak benzer sonuclara sahip
kemik dolgu materyalleridir. Biyoseramik cam greftlerin; benign agresif timor olan fibroz displazideki radyolojik konsolidasyon basarisinin istatistiksel olarak
anlamli olmasindan dolayi, benign agresif timdrlerde avantajli bir secenek olarak distntlebilir.

Anahtar Kelimeler: Biyoseramik cam greft, spongioz allogreft, femur, tibia, benign kemik lezyonlari

Introduction

The gold standard is autogenous bone graft applications
while there are several graft material usages for treating
bone defects resulting from congenital anomalies,
diseases, tumoral lesions, atrophy, or surgical excisions. An
autogenous graft holds some difficulties such as generating
a second surgery region, risk of having a tumor, increase in
patient morbidity, and the possibility of being incapable of
obtaining the desired amount of bone graft. These situations
led researchers to seek an ideal bone graft material that
can substitute autogenous bone grafts. MacEwen first
implemented allograft in humans with the purpose of child
humerus reconstruction in 1881%. Until quite recently,
orthopedic surgeons possessed only autologous bones and
allografts as bone resources. Today, several different options
have been improved using tissue engineering applications.
Bioactive glass grafts are the products of this technology.
The recent research has served for increasing the osteo-
conductive, osteo-inductive, and osteogenic features of bone
grafts obtained via synthetic ways.

The aim of treatment in benign bone lesions is to provide
an osteo-conductive effect rather than a biological effect.
Therefore, autograft or bioceramic grafts can be used for
these lesions. The current study seeks a solution to partial
healing on spongious allografts and to shed light on the
literature. There is no previous study on this issue in our
knowledge.

Materials and Methods

In this study, patients, who applied to our hospital between
the years 2007 and 2013 and who were given curettage-
grafting for benign bone lesions in their long bones carrying
lower extremity weight were examined retrospectively after
the approval of the izmir Tepecik Education and Research
Hospital Research Ethics Committee (date: 24.11.2015,
decision no: 22).

Inclusion criteria were that the tumor was located in the femur
or tibia and was treated with curettage and grafting using

a bioceramic glass bone graft or spongious allograft. The
criteria of exclusion from the study have been determined as
lesions located were not femur and tibia; malign bone tumor,
non-ossifying fibroma (NOF), fibrous cortical defect (FCD),
and osteoid osteoma cases, severe systematic diseases,
nonattendance for follow-up.

During this period, 123 patients underwent curettage and
grafting operations. Seventy-six (62%) patients were excluded
because the tumor was outside the femur or tibia (n=63),
two patients had malignant bone tumors, eight patients had
NOF-FCD or osteoid osteoma, one patient had advanced
systemic disease, and two patients had nonattendance for
follow-up.

Forty-seven (38%) patients who did not meet the exclusion
criteria were included in the study. There were 29 patients
(62%) treated with spongious allograft in group 1, and 18
patients (38%) treated with bioceramic glass bone grafts in
group 2.

Physical examination findings, surgery
radiological findings were evaluated.

records, and

X-rays of affected bones were taken preoperatively; and the
second week, the first month, the third month, the sixth
month, the first year, and following years postoperatively for
a checkup, and their visual analogue scale (VAS)? and lower
extremity functional scale (LEFS)® scores were calculated
and evaluated.

Preoperative lesion volume and the amount of graft used
in the operation were calculated in cm?®. The lesion volume
was calculated in a computer environment on magnetic
resonance images. Additionally, patients with fibrous
dysplasia were evaluated as a subgroup.

The groups were evaluated among each other following the
staging of the tumors“.

All patientsin the study received the same surgical technique,
opening a cap on the bone, curettage of the mass, the
application of chemical cauterization with 1% formaldehyde
and 70% alcohol, respectively, each for five minutes, a lot
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of irrigation with physiological saline solution and filling
with bone graft materials. The operation was performed by
a single surgeon.

Cefazolin was given to all patients on the day of the operation
and the day after the operation in 3 equal doses of 50 mg/kg
for 2 days with the purpose of prophylaxis.

The spongious bone graft used in this study has crushed
and freeze-dried primer form (Tranzgraft by Aziyo Biologics)
while bioceramic glass bone graft has granule and bioglass
primer form. A bioceramic glass bone graft is composed of
silicon dioxide (45%), calcium oxide (24.5%), disodium oxide
(24.5%) and pyrophosphate (6%) (GlassBoneR by Noraker).

Statistical Analysis

Statistical Package for Social Sciences version 17 was used
for statistical analysis. The normality of continuous data was
evaluated with the Shapiro-Wilk test. If the distribution of
data was evaluated as normal, a t-test was used for statistical
comparison. In the case of non-normally distribution, the
Mann-Whitney U test was used. Categorical data were
compared with the Fisher exact test. A p-value <0.05 was set
as statistically significant.

Results

The study included 47 patients, 19 (40%) of whom were
males. The average age was found to be 23.08 (7-57) (Table 1).
Twenty-three of the patients had lesions located on femurs
and twenty-four located on tibias. No statistically significant
differences were found between the graft materials used
when considered in terms of age, gender, and location
(p>0.05).

Radiological consolidation success is achieved by
proportioning the volume of the consolidated region on
average 16.36 months (6-48) after curettage and grafting
was evaluated.

The average pain score (out of 10, according to VAS) at the
end of the follow-up period in the spongious graft group was
1.07+0.96 (0-3) while it was 1.0+0.84 (0-3) in the bioceramic
glass bone graft group (p=0.898).

The average lower extremity function score percentage (out
of 100, according to LEFS) at the end of the follow-up period
in the spongious graft group was 93.75+3.67% (86.25-100)
whereas it was 94.51+3% (88.75-100) in the bioceramic glass
bone graft group (p=0.581).
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The preoperative volume of tumors of the 47 patients was
43.15 (7-150) cm® on average and the average amount
of graft applied to all the patients was 58.21 (8-180) cm?
(Table 2). The average tumor volume was 45.79 cm? and the
average amount of graft used was 67.93 cm? in the spongious
allograft group, whereas the average tumor volume was
38.89 cm?® and the average amount of graft used was 42.55
cm? in the bioceramic glass bone graft group (Figure 1). The
rate of average tumor volume and the average amount of
grafts used were calculated as 62.14+17.38% (33-92) in the
spongious allograft group while they were calculated as
89.11+7.07% (70-100) in the bioceramic glass bone graft
group (p<0.001).

When we examine the consolidation ratio according to the
graft material used, 15 (52%) of the patients who received
spongious bone graft were greater than 90%; 7 (24%) were
between 80 and 90; 7 (24%) were below 80% [2 (7%) were
50%>], and 15 (83%) of the patients who received bioceramic
glass bone graft were above 90%, and 3 (17%) were between
80 and 90% (Figure 2). The average consolidation ratio at the
end of the follow-up period was 82.58+15.55% (35-98) in the
spongious graft group while it was 93.78+3.67% (87-99) in
the bioceramic glass bone group (p=0.002).

The average consolidation ratio in fibrous dysplasia, which
is a tumoral lesion with a benign aggressive course, was
identified as 71.5+7.76% (62-81) in the spongious allograft
group (n=4) whereas it was found to be 96.75+1.50% (95-98)
in the bioceramic glass bone graft group (n=4) (p=0.029).

Ten of the tumors were interpreted as stage 1; 29 were stage
2, and eight were stage 3 according to Enneking benign
tumor staging (Figure 3). In the spongious allograft group,
the statistical results between stage 1 and stage 2 were non-
significant (p=0.097); the statistical result was significant
between stages 1 and 3 (p=0.032); the statistical result was
non-significant between stages 2 and 3 (p=0.129). In the
bioceramic glass bone graft group, the statistical result was
significant between stages 1 and 2 (p=0.01); the statistical
result was non-significant between stages 1 and 3 (p=0.167),
the statistical result was significant between stages 2 and 3
(p=0.009) (Table 3).

Examples from several cases in the study are shown in
Figures 4, 5.

The graphics of the patients with the lowest consolidation
ratio identified in both groups are demonstrated in Figures
6,7
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Table 1. Demografic characteristics and scoring

Case Age Sex Pathology Stage Follow-up (month) LEFS % VAS
1 8 M FD 2 24 95.0 0
2 7 F FD 3 12 92.5 1
3 20 M SBC 1 6 93.75 1
4 28 F GSBT 2 6 88.75 3
5 51 F PS 3 6 91.25 2
6 56 F SBC 1 7 92.5 1
7 15 F FD 1 11 95.0 1
8 20 F KB 2 36 95.0 0
9 14 F ABC 3 36 91.25 2
10 47 F FD 2 6 95.0 1
11 9 M ABC 1 36 98.75 0
12 28 F SBC 2 6 93.75 1
13 18 F SBC 1 12 975 0
14 26 M SBC 1 11 93.75 1
15 16 F ABC 2 12 975 0
16 9 F FD 2 12 100.0 0
17 27 F FD 2 16 88.75 3
18 17 F SBC 1 6 95.0 1
19 24 F ABC+GSBT 2 36 93.75 1
20 11 M ABC 3 24 86.25 3
21 31 F ABC 2 6 93.75 1
22 8 F ABC 2 6 90.00 2
23 57 M GSBT 2 6 91.25 2
24 11 F SBC 2 24 96.25 1
25 16 M ABC 2 12 975 0
26 11 M ABC 2 12 96.25 1
27 45 M H 2 12 93.75 1
28 14 M FD 2 18 975 0
29 15 F L 1 7 98.75 0
30 16 F ABC 1 18 93.75 1
31 10 F ABC 2 36 92.5 1
32 18 M 0B 2 12 96.25 0
33 9 M FD 2 24 95.0 1
34 20 M ABC+GSBT 2 18 90.0 2
35 30 F L 2 48 96.25 1
36 46 F HS 2 12 93.75 1
37 19 F ABC 2 18 100.0 0

Ul
N
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Table 1. Continued

Case Age Sex Pathology Stage Follow-up (month) LEFS % VAS
38 16 M SBC 3 48 88.75 2
39 15 M EG 1 18 98.75 0
40 26 F GSBT 3 6 86.25 3
41 52 M EC 2 24 91.25 2
42 18 M FD+ABC 3 6 91.25 1
43 26 F EC 2 6 93.75 1
44 28 F L 2 6 95.0 0
45 47 F FA 2 9 91.25 2
46 13 M ABC 2 24 98.75 0
47 17 M 0B 3 12 975 1
LEFS: Lower extremity functional scale, VAS: Visuel analogue scale, F: Female, M: Male

200 1

150 1]

100 1

50 1

1 3 5 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47

B Volume of tumor
{cm3)
W Graft amount (cm3)

Figure 1. Volume of tumor and graft amount

Discussion

Bioceramic bone glass and spongious allografts are bone-
filling materials that can be used in bone tumor. In this study,
it was observed that consolidation rates were statistically
significantly higher in the bioceramic bone graft group
especially in the fibrous dysplasia group.

The ratio of the mean tumor volume and the amount of graft
applied was higher in the bioceramic glass bone graft group
compared to the other groups. This situation is thought to be
developing out of the structural features of bioceramic glass
bone graft.

In a randomized prospective study; Lindfors et al.® evaluated
twenty-five patients in a total of two groups with benign
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bone lesions, in one that they used bioceramic glass bone
graft and autograft after curettage. No difference in cavity
volume was identified between the two groups after thirty-
six months. In the following period, an increase in cortical
thickness was observed to be higher in the bioceramic glass
bone graft group compared to the autograft group. In our
study, spongious allograft was implemented instead of
autograft, and the consolidation ratio was found to be higher
in bioceramic glass bone graft compared to the spongious
allograft.

In their study, Sponer et al.®’ used bioceramic glass bone graft
in a population of one hundred six patients with benign bone
lesions, tibial plateau fractures, total hip replacement, and
bone infections. The average length of follow-up was 3.2 years.
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Table 2. Graft materials, volume and consolidation ratio

Case Graft material: Sg: 1 Bg: 2 Volume of the tumor (cm?3) Graft amount (cm?) Consolidation ratio (%)
1 1.0 150 180 81
2 2.0 83 90 98
3 1.0 96 120 92
4 1.0 60 65 95
5 2.0 82 85 99
6 2.0 98 106 96
7 2.0 15 16 98
8 1.0 14 30 82
9 1.0 50 90 35
10 1.0 20 45 72
11 1.0 13 30 92
12 1.0 11 30 93
13 2.0 30 32 98
14 1.0 10 30 94
15 1.0 32 90 93
16 2.0 8 10 95
17 2.0 26 26 96
18 2.0 40 42 94
19 1.0 29 45 88
20 1.0 22 30 72
21 1.0 18 30 92
22 1.0 24 45 66
23 2.0 70 74 87
24 2.0 7 10 92
25 2.0 22 26 88
26 1.0 54 90 82
27 2.0 27 32 91
28 1.0 38 60 71
29 2.0 32 37 93
30 2.0 27 32 95
31 1.0 10 30 97
32 1.0 12 30 96
33 1.0 42 60 62
34 1.0 54 75 83
35 1.0 26 30 74
36 2.0 28 32 92
37 1.0 25 30 98
38 1.0 43 60 44
39 1.0 16 30 97
40 1.0 143 180 92
41 1.0 115 150 91
42 1.0 67 90 88
43 1.0 72 105 82
44 2.0 39 42 92
45 2.0 52 58 88
46 1.0 62 90 91
47 2.0 14 16 96
Sg: Spongious allogreft, Bg: Bioceramic glass bone graft
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Figure 2. Consolidation range by graft materials

20
15 4
10 - \ D»
Stage 3
> Stage 2
0 ¥ i
— Stage 1
Spongious allograft ' I
Bioceramic glass bone
graft
W Stage 1
MW Stage 2
Stage 3

Figure 3. Enneking staging

Table 3. Comparison of consolidation rate

Consolidationrate

Stage | Spongious allograft Bioceramic glass bone graft
1 93.75+£2.36% (92-97) 95.67+2.06% (93-98)
2 84.45£10.78% (62-98) | 91.22+3.11% (87-96)
3 66.2+25.69% (35-92) 97.67+1.53% (96-99)
128
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}

Figure 4. Spongious allograft samples

Figure 5. Bioceramic bone graft samples

Figure 6. Patient sample with lowest consolidation rate of
spongious allograft
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Figure 7. Patient sample with lowest

No a patient possessed radiological findings revealing a
soft tissue reaction, periosteal reaction or irritation, or bone
loss. Radiographs displayed that trabecula persisted on
bioactive glass. In our study, as well, bioceramic glass bone
graft was used only on benign bone lesions; and there was
no radiological evidence of soft tissue reaction, periosteal
reaction or irritation, or bone loss, which shows consistency
with this study.

Sponer et al.” followed seventeen patients with long
bone diaphyseal defects for 7 years and ascertained that
bioceramic glass bone grafts are impractical in diaphyseal
defects but they can be convenient bone filler materials in
metaphyseal defects. In our study, 8 of the patients who were
given bioceramic glass bone graft had mass located in the
diaphyseal region and ten had the mass in the metaphyseal
region. No significant difference was identified when the
average consolidation ratios were statistically compared as
diaphyseal and metaphyseal regions (p=0.972).

In one of their research, Sponer and Urban® concluded
that bioceramic glass bone grafts can be recommended
for especially metaphyseal defects instead of autograft and
allografts that are frequently used on patients with the
juvenile bone cyst. In our study, as well, results were fruitful
on the patient group of bioceramic glass bone graft used on
the juvenile age group.

Schepers et al.*), in their study, evaluated the use of bioactive
glass particles as fillers on bone lesions and compared them
to two hydroxyapatite (HA) materials (calcitite and interpore

200). The osteoconductive effect was observed to be stronger
in the cases of bioactive glass. When bioactive glasses are
applied, they form a porous matrix that helps osteogenic
cells develop by connecting to collagen, growth factors,
and fibrin. They have absorbable and nonabsorbable types.
They cannot be used with antibiotics or mixtures of bone-
building increaser materials. They are more durable than
HA implantsto,

It was demonstrated in Day et al.*? research that bioactive
glass-ceramics raise the secretion of angiogenic growth
factors in vitro and escalate the formation of new vessels.

Lin et al.™® detected in their study that bioactive glass is
gradually biodegraded and absorbed by the living bone. An
optic microscope used in histological examination revealed
that osteocytes grow into bioactive glass. Microscopic
examination was not performed in our study, but it was found
to be clinically and radiologically compatible with this study.

Study Limitations

This study has some limitations. The most important
limitation is its retrospective design. The other important
limitation is that the number of included patients was quite
Low.

Conclusion

Bioceramic glass bone grafts are bone filler materials
that possess radiologically superior and clinically similar
findings compared to spongious allografts. The statistically
significant radiological consolidation success of bioceramic
glass bone grafts on FD, which is a benign aggressive tumor,
causes the thought that they can be a good option toward the
devastating effects of benign aggressive tumors. Bioceramic
glass bone grafts are available to be used for adults and
children. They can substitute spongious allografts and other
modalities. Early results are promising. More comprehensive
and long-term monitoring studies are required for more
precise results.
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Osteoid osteoma is a benign bone tumor that usually grows in the long bones of the body and arises from
osteoblasts and some components of osteoclasts. It represents the third most frequent type of benign bone
tumors, accounting for 11% to 14% of the tumors. The entity usually involves the proximal femur and tibia.
It has also been reported in the hand, especially the scaphoid, capitate, and proximal phalanx. The most
common symptom is pain, usually during the night, relieved by the use of salicylates and nonsteroidal anti-
inflammatory drugs. To date, only 5 cases involving the trapezium have been reported. This article de-
scribes a rare case of a large (1.3 cm) osteoid osteoma of the trapezium in a young male patient treated
surgically with resection and curettage of the osteoid and provides a review of the existing literature.

Copyright © 2022, THE AUTHORS. Published by Elsevier Inc. on behalf of The American Society for Surgery of the Hand.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Osteoid osteoma is the third most frequent type of all benign
bone tumors, accounting for 11% to 14% of the tumors."? The most
common loci are the femur and tibia.> Although the involvement of
hand bones is more unusual, the most frequently involved bones
are scaphoid and capitate.* The most common clinical presentation
is pain, usually during the night, relieved by salicylates and
nonsteroidal anti-inflammatory drugs (NSAIDs). The diagnosis is
generally made with a computed tomography (CT) scan that detects
the topical “nidus” surrounded by a sclerotic reaction. A definitive
diagnosis is made with histological examination. The natural his-
tory reveals that osteoid osteomas should regress spontaneously
within 6—15 years or by conservative treatment with NSAIDs for
30—40 months.” ’ Conservative treatment must thus be consid-
ered for tumors where the osteoma is not easily accessible. The
surgical management is the excision of the nidus that must be
removed completely for the pain to resolve.**° When the lesion is
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received by the authors related directly or indirectly to the subject of this article.
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big, the excision can be followed by bone grafting or internal fix-
ation.!” Other described techniques are radiofrequency ablation,
cryoablation, and laser thermocoagulation.'"'? Among these tech-
niques, CT-guided radiofrequency ablation is often the treatment of
choice for osteoid osteoma."

There have been several published cases of trapezium osteoid
osteoma, and all of them were treated by excision and eventually
cancellous bone graft. The first osteoid osteoma of the trapezium
was described by Hundley'# in 1976 in a 16-year-old boy with long-
lasting wrist pain without a precise diagnosis. The patient was
treated with surgical excision with instant pain relief after surgery.
In this case report, we describe the case of a young male patient
with a 1.3-cm osteoid osteoma treated surgically with resection of
the osteoid nidus and curettage of the sclerotic rib and bone defect
filled with bioactive glass. Bioactive glass is a bone substitute used
clinically as a space filler or for regenerative purposes. The filler
effect improves when granules are moistened with blood or saline
implantation into the defect."” It has osteoconductive properties,
does not increase the risk of infection and avoids the donor
morbidity of graft harvest.”>~'° The investigation was performed in
compliance with the Declaration of Helsinki and the guidelines for
Good Clinical Practice. The patient provided written informed
consent for both surgery and follow-up. The follow-up study pro-
tocol was approved by the internal ethics committee.

2589-5141/Copyright © 2022, THE AUTHORS. Published by Elsevier Inc. on behalf of The American Society for Surgery of the Hand. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
Clinical Outcomes Before and After Surgery
Clinical Examination Test Before Surgery T30 After Surgery T60 After Surgery
Pinch test score 5 kg 15 kg 20 kg
Kapanji score 5 9 9
Visual analog scale score 7 0 0
Table 2

Michigan Hand Outcomes Questionnaire Scores of the Patient

Brief Michigan Outcomes

Before Surgery

T30 After Surgery

T60 After Surgery

Overall, how well did your hand(s) work during
the past week?

How was the sensation (feeling) in your hand(s)
during the past week?

How difficult was it for you to hold a frying pan
during the last week?

How difficult was it for you to button a shirt or
blouse during the past week?

In the past 4 weeks, how often were you unable
to do your work because of problems with
your hand(s)/wrist(s)

In the past 4 weeks, how often did you take
longer to do tasks in your work because of
problems with your hand(s)/wrist(s)

How often did the pain in your hands/wrists
interfere with your daily activities?

Describe the pain in your hand(s)/wrist(s) in the
past week?

I am satisfied with the look of my hands
The appearance of my hands interferes with my
normal daily activities

In the past week, how satisfied were you with
the motion of your fingers?

In the past week, how satisfied were you with
the motion of your wrist?

Normalization

Function (1 very good to 5 very poor)

5 4 2
4 4 2
Daily activities (1 not at all difficult to 5 very difficult)
4 4 2
4 4 2
Workly activities (1 always to 5 never)
3 3 5
3 3 5
Pain (1 very mild to 5 very severe)

5 3 2

5 4 2
Aesthetics (1 strongly agree to 5 strongly disagree)

1 1 1

1 1 1
Satisfaction (1 very satisfied to 5 very dissatisfied)

5 3 2

5 4 2

31.25% 37.5% 70.83%

Case Report

A 19-year-old man was referred to our hospital with a history of
intense pain localized at the right thumb basal joint for 1 year. The
pain was characterized as dull and persistent and was not relieved
with NSAIDs. During the first visit, the patient demonstrated
limited thumb opposition with a Kapanji score of 5, a weak pinch
test with 5-kg strength (20 kg on the other hand), and difficulty in
daily activities.’® His visual analog scale (VAS) was 7, and the
Michigan Hand Outcomes Questionnaire showed a value of 31.25%,
with a high compromission of daily activities and pain (Table 1,2).%!
X-rays were negative for pathology (Fig. 1). Magnetic resonance
imaging (MRI) showed an intense signal corresponding to the tra-
pezium and a diffuse edema of the surrounding tissue (Fig. 2). A
subsequent CT scan (Fig. 3) showed the typical image of the osteoid
osteoma, with the presence of the sclerotic nidus surrounded by a
cortical reaction. At this point, the patient was counseled on sur-
gery for enucleation of the tumor and grafting with bioglass.

For the surgical procedure, we accessed the tumor with an S
incision made on the radial volar side of the first ray. We deroofed
the trapezium, isolating the osteoid nidus and the sclerotic bone
through a trail of holes made by K-wires (Fig. 4) and taking care not
to interrupt the cortex of the trapezium. After enucleation of the
nidus with the help of curettes, we filled the bone defect with

bioglass mixed with fresh blood (Fig. 5). We reconstructed the
capsule, closed the wound leaving a drain, and applied a short arm
cast with the thumb included for 4 weeks. The lesion was sent for
definitive histological examination, which gave us the diagnosis of
osteoid osteoma (Fig. 6).

We followed up with the patient clinically and radiologically
monthly for the first 3 months and at 1 year after surgery to rule out
exclude recurrence. In the follow-up, we reported the VAS, pinch
test, and Kapanji scores (Table 1). At the latest follow-up. the VAS,
Pinch test, and Kapanji scores improved (P < .05). For the subjective
evaluation of the functional and aesthetic outcomes, the authors
administered the brief Michigan Hand Outcomes Questionnaire to
the patient (Table 2). The brief Michigan Hand Outcomes Ques-
tionnaire global score showed slightly better, but not significant,
results at 30 days after surgery (37.5%, P = .633), whereas it
significantly showed improvement at 60 days after surgery (70.83%,
P =.01).

Discussion

Osteoid osteoma is a benign osteoblastic lesion accompanied
by severe pain relieved by salicylates and NSAIDs. It is frequent in
individuals aged 10—20 years and in males.>” The most common
locations are the femur and tibia, followed by the small bones of
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Figure 1. X-ray examinations from months before and after surgery and at 30 days of follow-up. A—C Radiographs before surgery. The trapezium is quite similar in both hands, both
in the anteroposterior and lateral view. A Anteroposterior view showing the standard trapezium. B Okay sign view showing the normal trapezium. C Magnified view of the tra-
pezium. D—F Radiographs taken in the operating room at the end of the procedure with the cast including metacarpophalangeal joint. A hyperintense image of the trapezium is
observed, which is due to the active bioglass applied in the bone cavity. D Anteroposterior view showing the trapezium filled with bioglass. The trapezium appears hyperintense. E
Oblique view showing the trapezium filled with bioglass. F Magnified view of the trapezium. G—I Thirty days after surgery. The trapezium density is similar to that of the normal
bone, demonstrating how bioglass is going to integrate. Note that some parts of the active bioglass outside the trapezium will be absorbed in the following months. G Ante-
roposterior view showing the trapezium filled with bioglass. H Oblique view showing the trapezium filled with bioglass. I Magnified view of the trapezium. J One-year follow-up
(front view). The appearance of the trapezius is similar to that of a normal trapezius in terms of density and joint relationships with the other carpals. K One-year follow-up (lateral
view). The appearance of the trapezius is similar to that of a normal trapezius in terms of density and joint relationships with the other carpals.
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Study Date:
Study Time:0!

[LP] [AL]

Figure 2. A Sagittal and B longitudinal views of the MRI examination performed before surgery. The bone aspect is better represented in the CT examination; in fact, the nidus,
sclerotic area, and erosion are not visible. The bone edema and flogistic perilesional tissues are visible on the MRI scan.

A

B

Figure 3. Computed tomography performed before surgery. The erosive aspect of the lesion in A longitudinal view and the nidus and sclerotic perilesional area in the B sagittal view
are shown. The CT examination is the most accurate imaging examination for suspecting osteoid osteoma.

the hand, feet, and spine.® It can be found in the bone cortex,
subcortical, intracortical, and intraperitoneal, and can rarely occur
with more nidi in 1 or more bones.>?? The reason for remission
after the use of NSAIDs is that nidus osteoblasts display a diffusion
of cyclooxygenase-2, an enzyme important for prostaglandin
production, in particular prostaglandin E2.?> This enzyme is the
main cause of pain and explains why the tumor is so responsive to
cyclooxygenase-2 inhibitors (NSAIDs).”* This lesion can be
confused with osteoblastoma, a similar tumor of bigger size,
usually more than 1.5 cm.”?® This tumor is characterized by
irregular sclerosis, and the nidus is not well-defined.?® It does not
typically regress and does not respond to NSAIDs.>’ Another
important condition that can be confused with osteoid osteoma is
Brodie’s abscess.?? Plain radiographs are usually the first exami-
nations performed and can show a small radiolucent area, corre-
sponding to the nidus, surrounded by a sclerotic bone area.
However, if the tumor is intramedullary, it may not show the
surrounding bone sclerosis.”® The diagnosis of osteoid osteoma is
usually suspected when CT scans show the nidus. A highly specific
and sensitive finding in diagnosis is the presence of fine, low
density, linear, vascular channels surrounding the osteoid

osteoma.?® Furthermore, CT has better accuracy than plain radi-
ography and MRI.3%®! Magnetic resonance imaging is usually the
first examination performed and can show a small radiolucent
area, corresponding to the nidus, surrounded by a sclerotic bone
area. However, if the tumor is intramedullary located, it may not
show that surrounding bone sclerosis.?® Although not as useful, an
MRI examination can clearly show bone marrow edema and
periarticular fluid. Care must be taken because the reactive soft
tissue mass can be misinterpreted as a malignant tumor of the soft
tissue or osteomyelitis.*>** Thus, MRI images should not be
assessed without CT and x-ray image references.** Bone scintig-
raphy shows a vascular nidus in the arterial phase with a delayed
phase within the surrounding reactive bones; the nidus is usually
more intense, and the reactive bone is less intense; this is known
as the “double density sign,” and it is diagnostic of osteoid oste-
oma.>>% In 2010, Bostan et al*” described a case of osteoid oste-
oma in a 25-year-old patient with a 12-month history of wrist
pain, which occurred particularly at night. The patient was
initially treated with orthoses and NSAIDs without success. At the
clinical examination, swelling was observed over the dorsoradial
aspect of the hand. CT examination showed the sclerotic nidus
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Figure 4. Demolitive part of the surgery. A Drawing of surgical access. B Exposure of the tumor. C Deroofing. A trail was made through several drills performed with 1-mm K-wires.

D Isolation of the tumor. E Trapezium with bone loss. F Tumor size of 1.3 cm.

Figure 5. Reconstructive part made with bioactive glass. A Bioglass granules are mixed with fresh blood cells. B Filler of bone loss with bioglass granules. C Coverage of the granules
with glass bone putty (45S5 bioglass plus a binder made with polyethylene glycol and glycerol). D Complete application of bioglass. E Hand after surgery sutured with a drainage in

situ. F Short arm cast including the thumb.

surrounded by a radiolucent osteoid tissue, and MRI examination
showed bone marrow edema associated with a focal lesion of the
trapezium hypointense. The patient was treated with excisional
biopsy, and after surgery, the patient had immediate pain
improvement, and no recurrence was observed in follow-up.>” In
2017, Park et al*® described an osteoid osteoma tumor in a 29-
year-old patient initially treated for calcification periarthritis
with several steroid injections until follow-up, debridement with
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no effect, until an ulnar deviated x-ray examination showed a
sclerotic bone lesion, suspicious for osteoid osteoma and treated
with curettage. The patient experienced immediate improvement
in clinical pain and no recurrence at a 1-year follow-up. In 2017,
Roberts et al*? described a case of a 34-year-old woman with
osteoid osteoma initially confused with carpometacarpal arthritis.
In this case, an MRI scan showed a hypointense circular lesion
along the dorsal aspect of the trapezium, and a CT study was
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Figure 6. The nidus as the well-defined area made of irregular bone trabeculae of different mineralization A, usually surrounded by the osteoblast cells B, is shown.

conducted to better characterize the lesion. The lesion was treated
with curettage, and the diagnosis was confirmed by histopathol-
ogy. After excision, the patient experienced complete pain relief
and did not have any recurrence.*® In this study, because of the
unusually large tumor size of 1.3 cm, we filled the bone loss with
bioactive glass to avoid donor morbidity in such a young patient.
There are many kinds of bioactive glasses, and we elected to use
GlassBONE (Noraker) in 2 different formulations, “granules” to fill
the bone defect and “putty,” a formulation with glycol poly-
ethylene and glycerol, which grants ligand property useful for
roofing the filled area.*° Bioglass is a bone substitute, first used in
hand surgery by Hench et al*! in 1967; it is a bioactive material
that can bond to the bone because of a specific chemical reaction.
A bioactive material does not cause minimal rejection, is recog-
nized as a biological material, and bonds with the tissue for me-
chanical interference. It is composed of silicon dioxide, calcium
oxide, sodium oxide, and phosphoric anhydride; the equilibrium
among these components makes the bioglass active. The gold
standard of bioactive glass is the 45S5 (comprising 45% of silicon
dioxide, 24.5% of sodium oxide, 24.5% of calcium oxide, and 6% of
phosphorus pentoxide).*> When the bioactive glass is in contact
with biological fluids, several chemical reactions cause silicon
hydrolysis, creating a silica gel layer similar to the bone hy-
droxyapatite (carbonated hydroxyapatite). The carbonated hy-
droxyapatite layer absorbs growth factors; these factors attract
the M2 macrophages that promote lesion healing and attract
staminal mesenchymal cells, which become the osteoblasts.*?
This process starts generating and depositing proteins of the
extracellular bone matrix (collagen 1).4>*4 To conclude, bioactive
glass causes osteoblasts and osteocytes to spread along the glass
surface; this means that the material is mainly osteo-
conductive.*>*® In this study, after the tumor excision, the bone
loss had to be filled, and we chose a bioglass to avoid donor site
morbidity.

Conclusion

Analyzing the reports in the literature, we can conclude that
osteoid osteoma should be suspected when a patient presents with
long-lasting wrist pain with unclear diagnosis, associated with
radial side tenderness surrounding the thumb, night pain respon-
sive to NSAIDs, and negative x-rays. The approach has to start with
a clinical examination, including the Kapandji test, which shows a
reduction of thumb opposition compared with the contralateral
hand. Although x-rays can be negative, a CT scan can provide us
with the most accurate image of a nidus, whereas an MRI image can
show bone edema and surrounding tissue inflammation and
exclude other pathologies. A definitive diagnosis is made by

histological examination. In our opinion, the best treatment is the
curettage of the osteoid osteoma, avoiding trapeziectomy if the
carpometacarpal joint is not involved. If the lesion is larger in size,
bone grafting, bone substitutes, or bioglass can be useful. The pa-
tient typically shows pain relief after surgery and should be fol-
lowed monthly for 3 months after surgery, and at 6 months to a
year with a CT scan to rule out recurrence, then new clinical and
radiological control after 3 months and a final control made with CT
examination after other 6 months to exclude recurrence.
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Langerhans cell histiocytosis (LCH) is a proliferative disease of
histiocytic cells with a granulomatous appearance that generally
affects children. The etiology of LCH is still unknown. However, it
has been associated with exposure to certain solvents, smoking,
and a family history of cancer, thyroid disease, or LCH." Its esti-
mated annual prevalence is of 1 case per 560,000 adults.?’ Three
forms of presentation have been described: located in the skeleton
as solitary or multiple eosinophilic granuloma, chronic dissemi-
nated disease such as Hand-Schueller-Christian disease, and acute
subacute diffuse disease such as Letterer-Siwe disease.®

In the adult population, LCH frequently presents as a lytic bone
lesion.">?” It may appear in short bones, ribs, pelvis, vertebral
bodies, clavicle, and scapula. It may also develop in the diaphysis
of long bones. However, the location of LCH in the hands and feet
is very uncommon, and its presence in the clavicle is extremely
rare.”’

The diagnosis can be confirmed with a core needle biopsy. An
extension study should be made to detect any systemic diseases or
dissemination. Various therapeutic options have been used in the
management of LCH depending on the severity of the disease.
These options have ranged from observation to chemotherapy,
surgery, radiotherapy, photodynamic therapy, immunotherapy, and
stem cell transplant."'®

The use of low doses of radiotherapy has been found to achieve
good results.'” A combination of vinblastine and steroids has also
been used for the treatment of LCH; however, no standard
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chemotherapy has been established for the management of LCH in
adults.>® Nevertheless, a surgical resection with clean margins is
usually the recommended treatment.

On the other hand, the use of three-dimensional (3D) printing
represents a technological advance that is progressively becoming
more popular in orthopedic surgery and traumatology. This tech-
nique is increasingly being used in surgical planning and in the
reproduction of predesigned templates that serve as osteotomy
guides in joint replacement procedures.>!>17:20-24

In this study, we present a novel application for 3D printing in
orthopedic surgery, using a 3D printed porous titanium graft for the
treatment of a bone defect after an extensive resection of the
middle third of the clavicle in a patient with LCH.

Case report

The patient was a previously healthy 37-year-old man who
worked as a maintenance laborer, with no known drug allergies,
and smoker of 20 cigarettes per day. He previously attended the
emergency department of another hospital presenting with a 3-
week history of shoulder pain. An x-ray of the clavicle was
performed in which a small lytic lesion appears on the middle
third of the clavicle (Fig. 1, A). However, this lesion was not
initially detected, and the patient was treated with oral analge-
sics and discharged. Two months later, the patient presented in
our center with a 3-month history of left clavicular pain and
swelling without previous trauma. Clinical examination revealed
a tender mass located on the left supraclavicular fossa associated
with local edema. The patient was febrile, and the active and
passive mobilization of his left shoulder was painful. However,
the neurovascular examination of the left upper extremity was

2666-6391/© 2021 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder & Elbow Surgeons. This is an open access article under the CC BY-NC-ND license
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Figure 1 (A) A well-defined lytic lesion involving the middle third of the left clavicle. (B) This lesion evolved into a pathological fracture. (C) Postoperative radiological control after
initial intralesional resection, curettage, and osteosynthesis. (D) A 3D reconstruction of the clavicle which included the previously synthesized fracture and the tumoral lesion; the

red lines mark the planned resection margins. 3D, three-dimensional.

normal. This patient provided consent for publication of this case
report.

Plain x-rays revealed an evolved and displaced pathological
fracture involving the middle third of the left clavicle associated
with a well-defined 2.5-cm lytic lesion. The tumor appeared to
spare bone cortices (Fig. 1, B). The blood tests showed a mild white
cell count increase (23 x 10 ~ 9/ L), an unaltered c-reactive protein,
and negative tumor markers.

Given the pathological nature of the fracture and the smoking
history of the patient, our initial differential diagnosis was of
metastasis vs. bone cyst. Accordingly, a chest x-ray was performed
showing no evidence of any pulmonary disease.

The patient was then subjected to an intralesional resection and
curettage, and samples were collected for pathological analysis. The
bone defect was then filled with synthetic and bioactive bone graft
substitute (GlassBONE, Noraker, France), and the fracture synthe-
sized with an anatomical clavicular plate (DePuy Synthes, Rayn-
ham, MA, USA). Postoperative x-rays showed a satisfactory
reduction of the fracture (Fig. 1, C). The pathological analysis
confirmed the diagnosis of LCH (ie, eosinophilic granuloma sub-
type). Then, a positron emission tomography—computer tomogra-
phy was performed to detect any other possible lesions. The
positron emission tomography—computer tomography revealed
the presence of pathological trace uptake in the middle third of the
left clavicle (SUV max 4.15). No other metabolic abnormalities were
detected.

The case was then presented in our institutional musculoskel-
etal tumor committee to determine the best therapeutic strategy.
Several options were considered including observation, wide
resection with oncological margins followed by reosteosynthesis
using an autologous bone graft, radiotherapy, and wide resection
followed by a clavicular reconstruction using a 3D printed porous
titanium graft “pseudo-prosthesis”. After taking in consideration
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the patient's age and the tumor's location and after discussing the
available options with the patient, we decided to proceed with the
clavicular reconstruction using a 3D printed “pseudo-prosthesis”.

Description of the surgical technique
Implant design

We contacted the 3D design company 4DiMedical (Ortoplus,
Malaga, Spain). A fine-cut computer tomography scan was then
performed to make a detailed 3D reconstruction of the clavicle
which included the previously synthesized bone and the 2.5-cm
tumoral lesion (Fig. 1, D). Then, a customized cutting template
was printed to perform the clavicular osteotomy with clean 14-mm
proximal and distal oncological margins. The cutting template was
adapted to a 1.3-mm saw blade and included holes for its fixation
with 1.8-mm Kirschner wires (Fig. 2, A and B).

We then printed a 3D porous titanium pseudo-prosthesis
resembling the size and shape of the resected area. Its trabecular
titanium structure was designed to facilitate bone growth through
the implant (Fig. 2, C and D). This pseudo-prosthesis also included a
medial and lateral intramedullary fin to provide additional rota-
tional stability.

Surgical intervention

The patient was subjected to a brachial plexus block of the left
upper extremity. The patient was then positioned in a “chair bed”
position. A longitudinal incision was made over the previous scar. A
progressive dissection was made to expose the previously used
anatomical clavicular plate (DePuy Synthes, Raynham, MA, USA).
The plate was then extracted, and the clavicle was exposed. A 3D
printed biocompatible resin (MED610) radio-opaque cutting guide
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Medial Lateral

Figure 2 (A and B) The customized cutting template was designed and printed to perform the clavicular osteotomy with clean 14-mm proximal and distal oncological margins. (C
and D) A 3D porous titanium pseudo-prosthesis with the size and shape of the resected area was designed and printed. It included a medial and lateral intramedullary fin to provide

additional rotational stability. 3D, three-dimensional.

Figure 3 (A) The cutting template was fixed on the clavicle with four 1.8-mm Krischner-wires. (B and C) The selected bone segment was removed and measured. (D) The
intramedullary canal was drilled proximally and distally using a 2-mm burr. (E) The titanium implant was placed in the bone defect. (F) The clavicle was fixed using an anatomic
clavicular plate; the implant's trabeculas were filled with a bioactive bone graft substitute.

was positioned on the clavicle and fixed with four 1.8-mm Kirshner
wires. A 62-mm long osteotomy was performed, achieving a com-
plete excision of the tumor with oncological margins (Fig. 3, A—C).
Then, the intramedullary canal was drilled proximally and distally
using a 2-mm burr. The titanium implant (Ti6AL4V) was positioned
following the “press-fit” method. Once the implant was stabilized,
the clavicle was fixed using an anatomical clavicular plate (DePuy
Synthes, Raynham, MA, USA) and locking screws. The implant's
trabeculas were filled with bioactive bone graft substitute

83

67

(GlassBONE, Noraker, France) (Fig. 3, D—F). Finally, the wound was
washed with normal saline, and the wound was closed with 2-
0 and 3-0 Vicryl.

Evolution
The final histopathology report confirmed the diagnosis of LCH

with disease-free margins. The operated extremity was immobi-
lized in a sling until the removal of the sutures 2 weeks after
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Figure 4 (A-D) Two years after surgery, the patient had a complete range of motion of the left shoulder. (E) The follow-up x-ray 2 years after surgery.

surgery. Then, pendular exercises of the shoulder and passive
physiotherapy were initiated. The operated extremity was kept
non—weight-bearing, and efforts were avoided. No postoperative
complications were observed, and the evolution of the wound was
satisfactory.

At 3 months after surgery, the patient presented with a com-
plete range of motion and no pain on palpation or mobilization. The
patient was authorized to initiate progressive loading of the oper-
ated extremity and to resume his regular physical activities. On his
last follow-up appointment, 2 years after surgery, the patient led a
normal life without any type of functional limitation; he had a
Constant score of 100 and a disabilities of the arm, shoulder, and
hand score of 2.5 (Fig. 4, A—D). His follow-up x-ray was also satis-
factory (Fig. 4, E).

Discussion

Langerhans histiocytosis is a rare disease in adults."® It is difficult
to determine its incidence in this age group because most of the
published reports have been focused on the pediatric population. In
children, LCH has been found to be more common in males (male-
female ratio of 2:1). However, in the adult population, this ratio
may vary depending on the series. According to the Rizzoli Insti-
tute,'® the diagnosis of LHC progressively decreases with age (ie,
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55% of the cases with LHC occur between 0 and 9 years, 30% be-
tween 10 and 19 years, 8% between 20 and 29 years, and 5% be-
tween 30 and 39 years). The treatment of LHC depends on the
extent of the disease and may range from curettage and cortico-
steroid injection, polymethyl methacrylate filler, to local radio-
therapy and systemic chemotherapy in certain cases.

The clavicle is a rare site of LHC.?® Most of LHC reports in the
literature involving this bone were treated by curettage of the
lesion, steroids, and plate fixation. However, relapses often
require adjuvant radiotherapy.'%?” Some authors have postulated
that a combination of surgery with localized radiotherapy would
be the best therapeutic if the presence of residual disease is
confirmed.>*

In our case, the presence of residual disease would have been an
indication for local radiotherapy. However, we believed that the
eradication of the tumor was possible without exposing the patient
to radiation if the lesion was completely resected. Therefore, we
decided to perform a second excision with oncological margins and
a subsequent reconstruction of the clavicle with the intercalary
titanium pseudo-prosthesis. The location of the lesion required a
resection that could have compromised the anatomical function
of the left upper limb.?> However, the titanjum pseudo-prosthesis
provided adequate mechanical stability and continuity and pre-
served the functionality of the clavicle.
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The use of the titanium pseudo-prosthesis avoided exposure to
radiotherapy in our relatively young patient. In a previous study,
Kriz et al determined that the possible indications for radiotherapy
in LHC would be in case of unresectable lesions, if the resection
compromised the anatomical function, recurrent or progressive
lesions, adjuvant treatment followed by incomplete or marginal
resection, as well as pain or symptoms that compromise the quality
of life.'° However, radiotherapy can induce secondary leukemias,
malignant meningiomas, osteosarcomas, and breast, lung, and
thyroid malignancies over time.>'#?"?3 This risk may persist up to
25 years after exposure. In head and neck tumors, the rates of
radiation-related tumors have been reported to be of 15% within 5
years. This prevalence is even higher in patients with breast cancer
reaching up to 50%, mainly involving the contralateral breast.
Moreover, radiation is also associated with numerous side effects
such as sore skin, fatigue, hair loss, nausea, vomiting, esophagitis,
mucositis, diarrhea, urinary and bladder changes, and headaches.®
In our opinion, the negative effects of radiation are not unremark-
able, and its use should be individualized in each case and reserved
for situations in which no other viable options are viable. Never-
theless, in our study, radiotherapy would have been considered if
the tumor recurred after the second surgical procedure.

The treatment of bone defects faces significant challenges to
preserve the functionality of the affected extremity. In this case, the
inadequate management of the bone defect could have hindered
the mobility and strength of the operated extremity and altered its
cosmetic appearance.'? Several methods have been traditionally
used for the reconstruction of bone defects in orthopedic surgery.
These include leaving the bone defect and the use of bone allografts
and vascularized bone grafts. However, the risk of bacterial infec-
tion has been estimated to be of 11.7% for large allografts and 0.7%
for small grafts.”® The use of bone allografts could also result in
nonunion rates in approximately 21% of the cases.”’ Moreover,
vascularized bone allografts are technically demanding and are
associated with a significant morbidity on the donor site.”*!! Thus,
the use of 3D printing in orthopedic surgery and traumatology
could become an additional surgical option in the management of
complex fracture reconstructions. Moreover, this technique could
provide accurate bone cutting guides in oncological surgery that
could help perform precise osteotomies with disease-free margins
based on preoperative imaging. It could also help produce
customized osteosynthesis plates and print replicates of the oper-
ated bone."” In addition, it could be used to replace bone segments
with implants of an equal size, shape, and volume. This could be
particularly easier to achieve in cases affecting small bones,
exposed to lower mechanical demands. In this case, the implant
successfully replaced the bone defect of the clavicle, preserving its
continuity and original length. Consequently, the strength and
functionality of the affected extremity were preserved. Moreover,
the empty spaces within the trabecular structure of the implant
could facilitate the formation of woven bone. These spaces may be
also filled with bone substitutes to enhance the osteogenesis
process.

Finally, the use of 3D printing to reproduce intercalary segments
for the replacement of bone defects is a promising field that needs
further development. This new technique could provide an addi-
tional therapeutic tool that could minimize the morbidity associ-
ated with other conventional treatments.

Conclusion
The use of a 3D printed pseudo-prosthesis achieved an excellent

clinical and functional outcome in the treatment of a large bone
defect, after a resection of an LCH of the clavicle. 3D printed
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pseudo-prostheses could be useful instruments for the treatment of
bone defects after large bone resections in musculoskeletal tumors.
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ABSTRACT
INTRODUCTION: Bone defects caused tumors sometimes may not heal with bone tissue. In such cases, bone

defects may need to be filled with bone graft materials to facilitate or start healing. The purpose of our study is to
compare results of glass graft (GG) (GlassBone NORAKER) and tricalcium phosphate (TCP) grafts that we use in
benign bone cysts clinically and radiologically.

METHODS: 41 patients with benign bone tumors (mostly simple bone cysts (SBC) and aneurysmal bone cysts
(ABC) had been treated between either glass graft or tricalcium phosphate graft between 2013-2015. Patients were
divided into two groups as those treated with GG and TCP grafts. Graft consolidation evaluated radiologically with
x-rays monthly.

RESULTS: There were 20 men and 21 women (51.2%) with a mean age of 22.0 years (range 14-32 years). In
patients using GG, compared to patients using TCP, radiological consolidation was observed faster between 14 .-
16. months (p = 0.0001).

DISCUSSION AND CONCLUSION: We conclude that in the treatment of benign bone tumors GlassBone can be
used as an alternative to tricalcium phosphate grafts. We also noticed that patients treated with GlassBone showed
a faster rate of fusion radiologically.

Keywords: bioactive glass, tricalcium phosphate, bone tumor

INTRODUCTION

Bone defects caused by trauma or pathological events are major clinical and socioeconomic problems. [1] Bone
grafts are one of the surgical procedures used in bone regeneration in orthopedic surgery. [2] More than 2 million
bone grafting procedures are performed worldwide each year, which is the most common tissue transplantation
procedure after blood transfusion. [3]

During the last 40 years, regenerative medicine researchers have focused on producing materials that resemble
bone properties and are not resorbable.[4] Autologous bone grafts are used as the gold standard for bone defects.
It is preferred because it has a high osteogenic capacity, does not cause immunological reactions, and does not
cause virus infections such as HIV and HBV. However, autografts have complications such as graft failure and
morbidity (chronic pain, wound problems, blood loss, etc.). Complications such as infectious diseases and
immunological rejection are also present in allografts. [5-7] These complications in allografts and autografts highlight
biomaterials as grafts.

There are many different types of bone grafts available on the market, and orthopedists can choose from a variety
of grafts, including ceramics, bioactive glasses, demineralized bone matrix, allograft, and bone morphogenetic
proteins.

Bioceramics have been used as classical bone grafts for the last 40 years. [8] GG (Glass Graft) and TCP (Tricalcium
Phosphate) grafts are ceramic-based grafts commonly used in bioengineering. In addition, GGs are grafts with
osteoconductive and antibacterial properties. [9,10]

In this study, we aimed to retrospectively analyze the clinical and radiological results of GG and TCP grafts used in
the treatment of common benign bone tumors.

MATERIAL AND METHOD

In this study, patients who were treated with GG or TCP grafts between January 2013 and December 2015 and
diagnosed with SBC, ABC or other benign bone tumors in histopathological examination were analyzed
retrospectively. The Helsinki Declaration Principles were followed in the study. 41 of 47 patients were included in
the study, 6 patients were excluded because of a follow-up period of less than one year. All patients' history, clinical
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examination findings and radiological examinations such as direct radiography and MRI were examined. 21 of the
patients were female and 20 were male. The patients were divided into 2 groups as those who were grafted with
GG or TCP graft after curettage and cauterization. GG was used in 22 patients (53.6%) and TCP was used in 19
patients (Table 1). The size of the tumor was measured by X-ray or MRI. The patients were operated in Ankara
Atatlirk Training and Research Hospital. Curettage materials taken during the surgery were sent for
histopathological examination to confirm the diagnosis in these patients, who were confident that they were clinically
and radiologically benign before the operation. Histo-pathologically, it was classified as aneurysmal bone cysts
(ABC) (12 patients), simple bone cyst (SBC) (10 patients), and other benign bone tumor (19 patients). In the
operation, an oval lid was removed from the cortex with the help of a drill and osteotome. After the tumor was
carefully removed with a curette, curettage, burr and cautery were applied to the cavity wall. The cavity was filled
with GG or TCP grafts. The filled cavity was closed with a piece of cortex that was opened to reach the tumor. The
mean hospital stay was 1.5 days (range 1 to 3 days). Tumor types classified by histopathological examination and
location are shown in Table 1. On the 15th day after discharge, the patients were called to the outpatient clinic to
have their sutures removed and then for monthly check-ups and evaluated clinically and radiologically.

Statistical Analysis

The conformity of the continuous numerical variables in the study to the normal distribution was examined using
the ShapiroWilks test. For the representation of numeric variables, median (interquartile range), mean * standard
deviation, and minimum; maximum descriptive statistics were used. Number (n) and percentage (%) were given in
the representation of categorical variables.

Fisherexact test and Yates chi-square tests were used to examine the difference of categorical variables in the
study groups, and Mann Whitney U test was used to compare numerical variable values.

The relationship between numerical variables was examined with the Spearmanrocorrelation coefficient. In the case
of a significant relationship, if the correlation coefficient is between 0.00 - 0.19, "no relationship or negligible low
relationship”, "weak (low) relationship" between 0.20 - 0.39, "moderate relationship" between 0.40 - 0.69, 0.70 -
0.89 It was interpreted as "strong (high) relationship™ in the range of 0.90 - 1.0 and "very strong relationship" in the

range of 0.90 - 1.0.

IBM SPSS Statistics 21.0 (IBM Corp. Released 2012. IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY:
IBM Corp.) and MSExcel 2007 programs were used for statistical analysis and graphics. Statistical significance
level was accepted as p<0.05.

RESULTS

In this study, there were 41 patients, 20 male and 21 female
(561.2%), with a mean age of 22.0 (14-32 years). The mean follow-
up period of the patients was 44 months (range 12 to 86 months).

The mean tumor volume measured by X-ray and MRI was 20.7
cm3 (SD 17.7) in GG patients and 19.5 cm3 (SD 20.2) in TCP
grafts.

3 patients were operated for the second time due to growing
residual cysts and 1 patient due to infection. Of these patients, 2
were treated with GG and 2 with TCP graft. TCP graft was used in
the infected patient. The same grafts were used in the second
surgeries.

The union was evaluated clinically by pain relief and radiologically
by X-ray. Radiological union was seen in all patients, including
patients who were reoperated at 3 months. Compared to the
patients who used TCP, in the patients who used GG, 14th-16th
days. It was observed that radiological consolidation was faster Figure 1: ABC located proximal to the right humerus

between months (p= 0.0001). in a 14-year-old male patient a) direct radiograph of

a lobulated septal cystic lesion extending from the
At the end of the 16th month, there was no statistically significant proximal humerus to the diaphysis b) post-operative
cavity in the X-Ray of the patients who used GG compared to radiograph after curettage + allograft (glass graft) c)

. L . t tive 10th th radi h; graft fusion i;
preoperatively. (p:0.01) There was a significant difference between ﬁs)g:n?p erative mont radiograpn, graft usion 1S
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the patients who used GG and TCP grafts so far. (p:0.01) However, there was no difference between these two
groups after 36 months. (p:0.78)

Table 1: Demographic Data of Patients

Total
Data N= 41
Gender, n (%)
Male 20 (48,8)
Female 21 (51,2)
Age, year
Mean 22.0
Median (min-max) 24 (14.0-32.0)
Direction, n (%)
Left 22 (53.6)
Right 19 (46.4)
Graft used, n (%)
Glass graft, SBC 6 (14.6)
TCP graft, SBC 4 (9.7)
Glass graft, ABC 6 (14.6)
TCP graft, ABC 6 (14.6)
TCP Benign Bone Tumor 9(21.9)
Glass Graft Benign Bone 10 (24.3)
Tumor Figure 2: ABC located in the left clavicle in a 40-year-old female
patient. A) direct radiograph of a septal cystic lesion extending to the
- - diaphysis in the distal clavicle on direct X-ray b) Post-operative direct
Tracking Time, months X-ray after curettage + allograft (tricalcium phosphate) c) Post-
Average 54.0 operative 4th month X-ray
Median (min-max) 57 (12.0-126.0)

SBC: Simple bone cyst, ABC: Aneurysmal bone cyst
TCP: Tricalcium phosphate

DISCUSSION

When the data of our country are examined, simple bone cyst is the third most common benign bone tumor (14%)
after osteochondroma and enchondroma, and aneurysmal bone cyst (9%) is one of the most common benign bone
tumors [11].

Benign bone tumors are usually treated by curettage and filling of the defect. Bone cement, synthetic bone graft,
allograft bone and autograft bone are currently used for defects. Bone cement does not preserve bone stock. In
addition, hardened cement does not have the same biomechanical properties as bone [12]. Allografts have risks of
infectious disease, deep infection and nonunion. [13] Autologous bone grafts are used as the gold standard for
bone defects. It is preferred because it has a high osteogenic capacity, does not cause immunological reactions,
and does not cause virus infections such as HIV and HBV. However, autografts have complications such as graft
failure and morbidity (such as chronic pain, wound problems, blood loss). Because of these complications, synthetic
grafts are preferred.

The risk of infectious disease is eliminated with the use of synthetic grafts, and the use of synthetic grafts does not
cause donor site morbidity. Other advantages are that they can be obtained in unlimited quantities and provide
sufficient mechanical support to allow early functional rehabilitation. It is also known that synthetic grafts are
biocompatible and used for the reconstruction of large bone defects. [14] Ideal bone graft is expected to show
osteoconductive and osteoinductive properties, as in autologous bone graft. Also, synthetic grafts are readily
available without the risk of viral or bacterial contamination. These grafts should be easy to apply, cost effective
and should not be immunogenic. [15]

In addition to their osteoconductive properties, GGs have more osteostimulative properties than TCP grafts.[16]
GGs also have antibacterial properties that activate angiogenesis. [17]
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Our aim in this study was to compare the consolidation time of the graft to the bone radiologically in patients in
whom we used TCP graft and GG in the defect of benign bone tumors.

Ewaniev et al. retrospectively reviewed 24 patients with benign bone tumors that they operated between 2007 and
2012. Bone defects formed after intralesional curettage were reconstructed with “Pro-Dense (Calcium Sulfate—
Calcium Phosphate Synthetic Bone Graft Composite)”. They found that complete radiological resorption and new
bone formation with Pro-Dense were typically seen at 5 months postoperatively [18]. Saikia et al, they studied 24
patients who had been reconstructed with a TCP graft or HA (hydroxyapatite). HA was used in 20 of 24 patients
and beta TCP was used in 4 patients, and the mean time to union was found to be 9 months (6-18 months) [19].

Linfors et al, they compared the results of 25 patients who used GG and autograft for benign bone tumors. They
observed that union started at 12 months in patients who used GG, and there was a significant difference according
to the preoperative situation at 24 months. In patients who used autograft, it was observed that there was
consolidation in 12 months and there was no bone space. [20]

When the studies in our country are examined, Celebi et al, in their study comparing cancellous graft and synthetic
graft, they achieved an average union time of 149 days for synthetic grafts and 103 days for cancellous grafts. And
this difference was statistically significant [7]. In our country, the results of graft use have been reported in many
studies [21].

In our study, the consolidation time of the graft was statistically faster in patients who used GG up to 36 months.
However, we observed that there was no clinical or radiological difference after 36 months. We think that graft
consolidation is earlier because GG activates angiogenesis.

This study had some limitations. The study was a retrospective analysis, and the number of patients was relatively
small. However, prospective randomized studies with long-term follow-up are needed to better understand these
grafts.

CONCLUSION

As a result, glass grafts can be used as an alternative to tricalcium phosphate grafts in the treatment of benign bone
tumors. In addition, radiologically faster fusion is seen in patients treated with glass grafts.

There is no conflict of interest between the authors.
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Background:

Chronic osteomyelitis is a disease usually of infectious origin. The main cause is post-traumatic, it affects the
bone tissue and surrounding tissue, the most frequent causative agent is Staphylococcus aureus. The most
affected bone is the tibia. Case description: A 42-year-old male with a diagnosis of chronic tibia osteomyelitis,
with sequelae of previous surgical interventions, multiple antibiotic treatments, and type IV B classification by
Cierny-Mader. Methods: Two-stage surgical management was chosen. Firstly, extensive bone and soft tissue
debridement, placement of cement beads medicated with amikacin in the medullary cavity and osteoclast system
for irrigation with vancomycin. In the second stage, free fibular bone grafting, fixation and stabilization with
screws, bioactive glass placement in areas of interface between stabilized fibula and posterior tibial cortex.
Results: Before a multitratada chronic osteomyelitis it is necessary to individualize and evaluate treatment
alternatives, in this case the surgical management in two time, the use of medication beads, bone graft and the
use of bioactive glass, achieved a complete eradication of the infection and favorable clinical evolution with
optimal functional recovery of affected limb.

Key words: Chronic osteomyelitis, Tibia, Bioactive glass.

I. Introduction

Osteomyelitis is defined as an inflammation of the bone caused by an infectious agent.' The main cause of
chronic osteomyelitis is Staphylococcus aureus.” Lee and Waldvogel classify osteomyelitis as acute, subacute
and chronic, hematogenous or contiguous, and with or without vascular deficiency. The Cierny-Mader
classification includes pathological and impermeable approaches.’

The incidence of osteomyelitis is variable. Hilal et al indicate 21.8 cases per 100,000 person-years.6 It affects
men in a greater percentage, mean age is 52 years, the most frequently affected bone is the tibia, the most
common cause was post-traumatic.>*"*

The diagnosis of osteomyelitis is based on the clinical history, physical examination, result of laboratory and
imaging studies.” Surgical treatment should include radical debridement, removal of dead tissue, soft tissue
reconstruction, and restoration of bone stability.'” Current surgical treatment of chronic osteomyelitis is
commonly with surgical implantation of polymethylmethacrylate (PMMA), mixed with antibiotics, in the
affected anatomical area, after extensive debridement and pulse lavage. These PMMA beads are removed in a

1
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second surgical procedure.'''>'*'® The gold standard for bone defect restoration is still considered autologous
bone grafting.

But it is not free of complications.'> Bone graft substitutes are commonly used to replace and regenerate bone
loss due to trauma, infection, disease, or to provide stability around implanted devices.'*'> In this context, bone
graft biomaterials current generation are an alternative treatment and are designed to stimulate specific cellular
responses at the cellular and molecular level.'”*' Characteristics of biomaterials: Bioactivity any interaction or
effect that the materials have on cells. Biocompatibility, absence of cytotoxic, genotoxic effects or immune
response. Osteoconductive and osteoinductive involves exchanges of ions with biological fluids that allow the
formation of a mineral layer, a direct biological coupling between the biomaterial and the bone.'>'***The release
of biomaterials will stimulate the incorporation and proliferation of stem cells, resulting in the differentiation
and proliferation of osteoblasts.'® The release of ions such as sodium, calcium, and silicon increase the local pH
and osmotic pressure, guaranteeing antibacterial properties.'* '° There are various bioactive glass compositions
on the market. In this case, Glass Bone (BG) 45S5 was used. It is a biomaterial with properties that meets the
aforementioned characteristics.'®'""*

1I. Clinical Case

42-year-old male patient, peasant occupation. He went to the traumatology and orthopedics outpatient service
for presenting fetid secretion and ulcer at the pretibial level of the left leg. Anamnesis: current illness begins at
the age of 22 years in an acute and insidious way with increased volume and pain in the metaphyseal region of
the left tibia, he was subjected to surgical toilets on three occasions and the application of multiple antibiotics
for prolonged periods without improvement. Physical examination: presence of fistulas in the proximal
metaphyseal region 1 cm in diameter, both with communication to the spinal canal and with active, purulent and
fetid exudate. Paraclinical Hb 13mg/dl, HTC 30%, Cr 2.3mg/dl, Urea 40mg/dl, culture of E. coli wound exudate
sensitive to moxifloxacin and amikacin, anteroposterior and lateral X-ray of the left leg showing anterior
cortical condensation from proximal metaphyseal region to the distal third of the tibial diaphysis with the
presence of a lytic zone of approximately 3 cm in the proximal metaphyseal region. After these findings, it was
classified as chronic tibial osteomyelitis type IV B according to the host with added systemic disease chronic
renal failure (CRF). Definitive surgical treatment in 2 stages was chosen.(fig. 1)

Fig 1.A:Fistulas in the proximal metaphyseal region. B: AP and lateral radiography of the left tibia, lytic area in
the tibial metaphyseal region and anterior bone condensation up to the distal diphyseal region.
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In the first stage, an anterior linear hemidiaphysectomy is performed up to the proximal region at the
metaphyseal level with resection of sequestered bone tissue up to the region of the anterior tibial tuberosis,

medullary evacuation of said anatomical region, obtaining abundant fetid yellowish secretion, scarification of
the medullary canal until tissue is obtained. bleeding bone, amikacin-medicated cement beads were placed in the
medullary cavity and intramedullary osteoclysis system for irrigation with 100ml physiological solution plus 1g
of vancomycin every 24 hours for 10 days.*(fig.2)

Fig 2. A: Anterior cortical resection. B: Osteoclysis system and PMMA medicated with amikacin.

In the second surgical stage, the non-vascularized free fibula is taken, the fibula is obtained with the desired
length and it is presented in the exposed medullary canal, fixation and stabilization is carried out with 4.5
titanium screws with the placement of 4 of a standard 30mm measurement. Subsequently, the bioactive glass is
placed in interface areas between the stabilized fibula and the posterior cortical bone of the tibia along its entire
length, as well as the total filling of the medullary cavity in the metaphyseal region (16 grams of 1mm bioactive
glass were used), the surgical wound is closed, and remains hospitalized, amikacin 250mg every 12 hours and
Moxifloxacin 400mg every 24 hours are applied. He was discharged from the hospital 5 days after the second
surgical intervention with a wound in the healing phase, fistulas closed without expense, antibiotic moxifloxacin
400mg po every 24 hours, for 6 months, and monthly liver function test controls. One month later, the patient
presented clean healed surgical wounds, closed fistulas, no signs of infection, full range of motion, muscle
hypotrophy, radiographic control with graft in the integration phase, no signs of instability of the osteosynthesis
material, PFH in normal parameters, continued with moxifloxacin 400mg every 24 hours and rehabilitation
exercises. Last assessment 3 months later, the patient was already walking without support and laboratory tests
within normal parameters. (fig3)
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Fig 3. A: Closure of fistulas and surgical wound without evidence of exudates. B: Bone osseointegration of the
fibula in the tibia.

I11. Conclusion

Chronic osteomyelitis is a complicated infection to treat, most cases management involves a multidisciplinary
approach, the primary care provider plays a key role in the initial diagnosis and coordination with other
specialists. Surgical treatment is the essential part of treatment, complementation with adequate antibiotic
treatment significantly improves the success rate. The treatment must be individualized and assess the available
management alternatives, assessing the cost benefit. Treatment strategies depend on several factors:
characteristics of the host, the segment involved, the size of the lesion, the location of the lesion, and the
substitute or support material to be used. Several studies have shown that management with bone graft material
alone is associated with different cure rates ranging between 60 and 90%, however, there are problems with the
use of bone autografts such as insufficient amount of graft, post-surgical morbidity in donor area, infections and
hemorrhage mainly. The concept of polytherapy gains strength in the orthopedic field and consists of
simultaneously implanting two or three fundamental components for healing. Combination therapy is a logical
option, especially in elderly individuals with associated comorbidities and a limited capacity for tissue
regeneration. For these reasons mentioned before a chronic osteomyelitis of the tibia that did not evolve
correctly after previous surgical treatments and before a patient with added systemic disease, a two-stage
surgical treatment was decided. The polytherapy concept is also taken into account. An extensive surgical
debridement was performed, PMMA impregnated with amikacin was applied, an osteoclysis system with
vancomycin irrigation in the second stage, an autologous fibular graft was performed and bioactive glass was
applied, with which a complete eradication of infection and recovery of limb function. In the 12-month follow-
up, the patient shows no signs of infection with recovery of 90% of the function of the affected limb.
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Saving the lower limb with GlassBONE™ - Successful surgical
revision of pseudarthrosis after infected open proximal tibia
fracture type IIIC with bioactive glass grafting - A case report
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ARTICLE INFO ABSTRACT
Keywords: Background: The management of bone defect due to trauma or surgical debridement is a current
BAG problem in orthopedic trauma surgery, often complicated by infection and bone nonunion. The

Bone nonunion

graft is one of the most challenging variables in surgical treatment. Bioactive Glass (BAG) as a
Tibia fracture

biocompatible and osteogenic product is a promising bone substitute showing good results in
maxillo-facial-, spine surgery and treatment of osteomyelitis. Surprisingly, there is very little data
on BAG use in trauma surgery.

Case presentation: A 51-year-old male patient, involved in a motorcycle accident, suffered an open
proximal tibia fracture, type IIIC, of the left leg. Patient was admitted in January of 2013 to a
general orthopedic department for surgical treatment. After several surgical revisions due to
infection, vascular damage, and bone nonunion, the patient was successfully treated with Mas-
quelet therapy followed by GlassBONE™ grafting (GlassBONE™ 45S5; Norarker). The patient
demonstrated excellent results over the course of a two-year follow-up.

Conclusions: In our experience, GlassBONE™ 4585 has proven to be an effective bone substitute
even in difficult grafting conditions, including multiple surgical revisions for bone nonunion and
infection. In our case, at the end of 2 years and 3 months of follow-up, the patient reported no
pain, and had no signs of infection. Bone union and full weight bearing was achieved.

This case report is oriented by the CARE guidelines for clinical case reports; the patient gave
consent for publication.

Background

Bone fractures account for the most widespread trauma in humans [1]. The management of bone defect and bone loss due to
fracture or surgical debridement is a current problem in orthopedic trauma surgery. Bone loss usually requires grafting and implan-
tation of stabilizing material, elevating the risk of infection and subsequently the risk of bone nonunion [2]. Bone nonunion leads to
diminution of quality of life and even disability posing a vast impact on health systems and economies. A recent review of Schlund et al.
found that 10-15% of patients experienced impaired fracture healing or even bone nonunion after bone injury [3]. In open fractures,
the risk of nonunion is reported to be more than 30% [4]. In a study on 104 tibial shaft fractures, Karladani showed a relative risk of
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Fig. 1. Clinical aspect and anterior-posterior view (ap view) of leg axis showing varus deformity before Masquelet therapy.

8.2% of open fractures to develop nonunion [5].

The surgical management of bone defect has been addressed in a variety of ways, including bone-transfer, free soft-tissue flaps or
antibiotic loaded polymethylmethacrylate (PMMA) [6,7]. Autologous bone grafting is limited by the amount of graft material
accessible for harvest and large bone defects may not be able to be sufficiently filled. For example, some patients who have already
undergone harvesting from both iliac crests and/or harvesting via reamer-irrigator- aspirator (RIA), may not be candidates for bone
grafting due to anatomical reasons. In addition, autologous bone grafting requires a second surgical intervention, posing postoperative
risks including infection, pain and serious cosmetic anomalies [8,9]. The main disadvantages of PMMA application include its multiple
resistances and the requirement of additional intervention resulting in potential risk of associated complications and morbidities
[10,11].

There is a need of a bone substitute that does not require harvesting, which is biocompatible, carries no risk of viral or bacterial
disease transmission, has unlimited availability, and provides stable restitution of the bone. BAG, a biomaterial of the ceramic family,
seems to meet these requirements in mechanical strength, biodegradability, and its osteoinductive and osteointegrative properties
[12,13]. BAG induces the formation of hydroxyapatite by releasing calcium ions, responsible for its osteostimulative effect. In addition,
it has an osteoconductive effect allowing bone to grow on its surface [14-16]. In our clinical case, we used the original form of BAG,
GlassBONE™ (NORARKER) for grafting. GlassBONE™, belonging to the SiO2-Na20-Ca0O-P205 system (Bioglass) was invented by Dr.
Larry Hench in the late 1960s and is a degradable, bioactive glass (glass that activates specific responses of cells) with the ground-
breaking characteristic to bond to bone [17-19]. 45S5 is the base of many variants of bioactive ceramics including S53P4 BAG, which
is a promising BAG. This BAG is currently involved in a clinical trial comparing the outcome of two different treatment strategies
involving nonunion of the tibia and femur. One group is treated with S53P4 BAG grafting after Masquelet therapy, the other group is
treated in the regular way with autologous bone- and tricalcium phosphate grafting [20]. Open fractures with large skin lesions
(greater than 5 cm), as we are presenting in our case report, are known to have a 5.7 times greater risk of delayed healing or nonunion
than fractures with no skin injury [2]. In trauma surgery, the risk of infection is also elevated by the implantation of foreign material
(fixation material) [21]. BAG could be an attractive biomaterial in trauma surgery due to its osteoconductive and osteostimulative
effects as well as its antimicrobial properties. Bacterial adhesion and proliferation are inhibited with BAG due to increase of the local
pH and elevation of osmotic pressure by release of sodium and calcium ions and phosphorus salts [22]. The great advantage of this
local bactericidal action, without the addition of synthetical antibiotic, is that no bacterial resistance will be created, and no adverse
reactions should be seen.
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Fig. 2. ap- and lateral view of left leg before Masquelet therapy.

1. step:

Material removal + bacteriological samples
cement spacer

antibiotic therapy

2. step:
Extensive auto-and allograft (GlassBONE ™) +BMP
plate fixation via medial approach

Fig. 3. Therapy plan.

Case presentation

We report the case of a 51-year-old male who presented with an open proximal tibia fracture type IIIC of the left leg due to a
motorcycle accident in January 2013. For three years, (between the initial surgery in January 2013 until March 2016) the patient
underwent several surgical revisions to correct and combat vascular damage, bone nonunion and infection. Even after numerous
attempts to achieve healing, patient’s result was unsatisfying, as once again, nonunion and infection of the fracture site was noted.
Successful treatment was finally initiated in September 2016 by Masquelet therapy followed by GlassBONE™ grafting in a second
procedure showing excellent results upon 2-year follow-up.

A 51-year-old male was addressed to the orthopedic department (France) to receive medical treatment of an open proximal tibia
fracture type IIIC of the left leg. Medical history: smoker, no diseases, no regular medication. The immediate surgery in January 2013
consisted of open reduction and internal plate fixation (lateral LCP, antero-lateral approach) and vascular bypass of popliteal artery.
The postoperative phase was complicated by severe wound healing disorder, leading to septic osteitis with skin necrosis and bone
exposition in March 2013. Treatment consisted of medial gastrocnemius muscle flap and skin graft at University Hospital. The tissue
samples taken during surgery were positive for staphylococcus multi-r, Enterobacter cloacae multi-r and enterococcus species multi-r.
Antibiotic therapy with Vancomycin and Co-trimoxazole (Trimethoprim/Sulfamethoxazole) was initiated. In December 2013 fracture
of fixation material occurred leading to the necessity of several surgical revisions between December 2013 and October 2014,
including material changement, decortication and partial resection of the tibia. In the two surgical revisions (January and October
2014) the same initial surgical approach (antero-lateral) was used. Internal fixation was performed as initially with lateral LCP.
Allograft (half femoral head, Tissue Bank of France and OSTEOpure™, European Cell and Tissue Bank), and autograft (iliac crest) with
Bone Morphogenetic Proteins (BMP) substitution were performed.

One year later, despite repeated surgical revisions and antibiotic treatment, the wound was inflammatory with subcutaneous
collection without fistulation. X-ray and CT-scan performed in September 2015 showed that bone union was still not achieved. In
addition, severe tibial varus deformation (10°) at the fracture site was noted (Figs. 1, 2). The suspected underlying infectious process
was confirmed by bone scintigraphy in December 2015 with fixation at the site of fracture and surrounding soft tissues.

The final treatment we are presenting in this case was preoperatively confirmed by a pluridisciplinary meeting in April 2016.
Treatment strategy consisted of a two-step therapy (Masquelet-therapy followed by auto- and GlassBONE™.-grafting and plate fixation
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Fig. 5. ap- and lateral view of left knee after GlassBONE grafting and plate fixation.

via different surgical approach (medial approach to proximal tibia)) (Fig. 3).

Preoperative exams were performed: Scintigraphy with polynuclear cells marked with 99mTc- HMPAO confirmed an osteo-
infection at the lateral side of left tibia. As an additional complication, (in March 2016) preoperative C.T. angio and vascular
Doppler ultrasound revealed a lower limb arteriopathy with stenosis (>70%) of the left inferior popliteal artery. This required pre-
operative vascular surgery in order to prime the vascular conditions for Masquelet and grafting surgery. Angioplasty of the left inferior
popliteal artery was performed in June 2016 with good results. No complications, no stenosis was found during the follow-up.

Step one: material removal and Masquelet therapy

In September 2016, the first step of treatment was performed (Centre Hospitalier Saint Joseph Saint Luc, Lyon, France). Material
associated to partial resection of the tibia was removed and a cement spacer was put in place. Provisory osteosynthesis via clamp was
performed (Fig. 4). Multiple bacteriological samples were taken including PCR analysis. During surgery, due to correction of the varus,
damage of popliteal artery occurred necessitating a venous bypass by allograft. Intraoperative thrombosis of the venous bypass was
successfully managed by thrombectomy in the immediate postoperative suites. Subsequent postoperative evolution was positive (C.T.
angio confirming good collateral flow despite repeated thrombosis of the venous bypass. There was no indication for revascularization,
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Fig. 7. Lateral view of leg at 1 month, 6 months and 24 months postoperatively.

but medical treatment prescribed with Acide acétylsalicylique 75 mg per day). Antibiotic therapy with Tazocilline + Vancomycin was
initiated until reception of negative bacteriological samples. The patient left hospital on day 20 in good physical condition. Bacteri-
ological samples were negative; no weight bearing was allowed.

Step two

Three months later, in January 2017, second surgical procedure (Centre Hospitalier Saint Joseph Saint Luc, Lyon, France) was
performed without complications. Via medial approach, the cement spacer was removed, respecting the induced membrane. Again,
multiple bacteriological samples were taken including PCR analysis. The bone defect was filled with extensive auto- and allograft (Iliac
crest, GlassBONE™) within the borders of induced membrane and fixed via medial LCP (Fig. 5). Postoperatively, the patient received
antibiotic therapy for 5 days (Vancomycin) until the reception of the bacteriological analysis, showing negative results in all samples.
The patient left hospital on day 7 in good condition without weight bearing. Clinical and radiological follow-up was performed on
months 1, 3, 4, 6, 10 and 27 post operatively.

Control 1-month post operatively showed good results. Radiographically there was no secondary displacement of material,
consolidation was beginning. Bacteriological samples and PCR were negative. There was no pain or sign of infection. Progressive
weight bearing (15 kg) was started, adding 10 kg each week. During the following clinical controls, (3, 4, 6, and 10 months post
operatively) the patient showed an excellent clinical evolution. Radiographically progressive homogenization of the graft and bone
consolidation was noted with no material loosening. At 6 months postoperatively, the patient was able to regain half-time work
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Fig. 8. CT-scan: ap and lateral view of left leg 18 months postoperatively.

Fig. 9. Clinical aspect and ap view of leg axis 24 months postoperatively.
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activity. Pain at the antero-lateral side of the left tibia of ischemic character, due to the poor vascular status, was reported only after
extensive walking or standing (>2 h). At 10-month postoperative evaluation, clinical status was still very satisfying. The pain
symptomatology did not restrict the patient’s daily life activities. Radiographically, bone consolidation was found and there was no
deformity of axe nor signs of material loosening. 2 years postoperatively, radiographs and CT-scan showed transformation of the
GlassBONE™ into bone and perfect bone consolidation with no material loosening (Figs. 6, 7, 8, 9). Clinical exam was very satisfying:
no limping and walking was possible without crutches. The walking distance however was limited (pausing each 300 m) due to
vascular claudication on peripheral obliterative arteriopathy.

Discussion and conclusions

In our case, a patient presenting with multiple complications after initial surgery of an open fracture of the proximal tibia was
finally successfully treated with BAG grafting. This in a terrain of high risk as open fractures with large skin lesions are known to have a
5.7 times greater risk of delayed healing or result in nonunion than fractures with no skin injury [2]. There is little long-term data on
BAG in long bones. Good results were shown in a case report of remodeling of the tibia after grafting a large cavity of the proximal tibia
in treatment of fibrous dysplasia with BAG-hydroxyapatite (70% and 30% iliac crest). In the 13-year follow-up, the Swedish study
group showed excellent clinical and radiographical results and histological degradation of BAG (no more BAG material in bone biopsy
13 years after grafting) [6]. BAG also shows good results in repairing bone defects of benign neoplasm. In a 2-year follow-up, 34
patients with larger bone defects (ranging from 3 x 2 x 1 cmto 11 x 3.5 x 3 cm) were grafted with a mixture of BAG and autogenous
red bone marrow with rare complications. Bone remodeling was achieved 6 to 10 months postoperatively, and radiographically the
majority of the implanted BAG was absorbed [23].

Another interesting point to take into consideration concerning our case is the area of fracture. Bone defects in metaphyseal area
differ from the diaphyseal area concerning the mechanical environment and challenges. In contrast to a metaphyseal bone defect,
where filling of greater cavities, reestablishing a support for the joint surface, and regaining bone stock are the primary objectives, in
diaphyseal bone defect, repairing the cortical continuity is the main goal. There is clinical evidence that the filled defects in metaphysis
heal faster when filled than when left open [24,25].

GlassBONE™ provides the quality of giving initial support and filling. It is available in granules and is therefore suitable for any size
and form of cavities. Furthermore, it is subsequently resorbed and provides osteoconduction for new, in-growing bone [26]. In addition
to variations concerning the mechanical environment and its challenges, there are several studies indicating a difference in the process
of fracture healing in metaphyseal bone compared to the diaphysis. Inoue et Al. compared the bone repair mechanism of the meta-
physis and the diaphysis of the mouse tibia. This study showed that in the metaphysis, the fracture was filled with newly formed bone
produced from the bone marrow without detection of a cartilage formation on the periosteal side. This was contrary to the diaphysis,
where cartilage was formed at the fracture site and then subsequently replaced by bone on the periosteal side. Furthermore, the study
indicated that after injury, osteogenic markers in the bone marrow and medullary callus appeared earlier in metaphysis than in the
diaphysis [27]. In addition, the metaphyseal region is rich in cancellous bone and contains more mesenchymal stem cells with high
osteogenic potential [28]. This fact might suggest that the metaphyseal region is more efficient in providing mesenchymal stem cells to
the injured bone marrow than the diaphyseal region. This condition might also have played a beneficial role for the successful bone-
union in our case since the site of pseudarthrosis was mainly situated in the metaphyseal region. The Glassbone-autograft mixture was
consequently placed in a favorable area regarding mesenchymal stem cell availability. In addition, based on the well-studied expe-
riences with Masquelet-therapy in long bone defects, we suppose that the graft effectively consolidated since it was surrounded by the
induced pseudo membrane, known to express osteoinductive growth factor molecules, comprised of osteoprogenitor cells, which
stimulate osteogenesis [29-31].

A critical point of our case report is that we mostly utilized x-ray for measurement of union and bone healing while SPECT could be
a more precise but also noninvasive method for showing an increase in the rate of mineral metabolism and remodeling of the cortex.

In our case, we grafted with a mixture of BAG and autograft relying on established trauma surgery experience. However, there
should be more investigation regarding whether the use of BAG alone or in combination with autograft is superior (being interesting in
many cases where autograft harvesting is complicated). A promising clinical trial that started in 2018 compares the treatment of
nonunion of the tibia and femur with S53P4 BAG grafting alone in Masquelet therapy to regular combined grafting of autologous bone
and tricalcium phosphate [20].
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am h entlyvatlbmoi tEe dessegz *Ee gB hislom3 as snwsecnentg sntnre- nshB tEe stam ar- prove- nre am - ralmaBe tnwes 3 ere
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