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Autologous Iliac Bone Graft Compared with Biphasic
Hydroxyapatite and Calcium Sulfate Cement for the
Treatment of Bone Defects in Tibial Plateau Fractures

A Prospective, Randomized, Open-Label, Multicenter Study

Alexander Hofmann, MD, PhD, Stanislav Gorbulev, PhD, Thorsten Guehring, MD, PhD, Arndt Peter Schulz, MD, PhD,
Rupert Schupfner, MD, Michael Raschke, MD, PhD, Stefan Huber-Wagner, MD, PhD, and Pol Maria Rommens, MD, PhD, on
behalf of the CERTiFy Study Group*

Background: Bone-graft substitutes are commonly used for the augmentation of traumatic bone defects in tibial plateau
fractures. However, their clinical performance compared with that of autologous bone-grafting, the gold standard in bone
defect reconstruction, still remains under debate. This study investigates the differences in quality of life, pain, and radio-
graphic outcomes in the treatment of tibial plateau fracture-associated bone defects with either autologous bone grafts or a
bioresorbable hydroxyapatite and calcium sulfate cement (CERAMENT BONE VOID FILLER [CBVF]; BONESUPPORT).

Methods: In this study, 135 patients with acute depression and split-depression fractures of the proximal part of the tibia
(OTA/AO types 41-B2 and 41-B3) were enrolled in a prospective, controlled, randomized, multicenter trial including 20 hospitals
in Germany. Patients were randomized to receive either autologous iliac bone graft or CBVF for reconstruction of the bone defect.
The primary outcome measures were the Short Form (SF)-12 version 2 Physical Component Summary (PCS) score at week 26
(the study was designed to show noninferiority of the CBVF with regard to the PCS with a prespecified margin of —5 points) and
the pain level at 26 weeks postoperatively measured by a visual analog scale (VAS). The secondary outcomes were the SF-12
version 2 Mental Component Summary (MCS) and SF-12 PCS scores at weeks 1, 6, and 12 and bone-healing on radiographs.

Results: Age, sex, fixation methods, and fracture pattern were comparable in both groups. There were no significant
differences (p > 0.05) in the SF-12 PCS or VAS scores at postoperative week 26. There was a significant reduction of blood
loss (p=0.007) and pain levels (p = 0.008) at postoperative day 1 in the CBVF group. The rates of fracture-healing, defect
remodeling, and articular subsidence were not significantly different (p > 0.05) in both groups.

Conclusions: Bioresorbable CBVF was noninferior to autologous bone graft with regard to both patient-reported and
radiographic outcomes in tibial plateau fractures of OTA/AO types 41-B2 and 41-B3.

Level of Evidence: Therapeutic Level I. See Instructions for Authors for a complete description of levels of evidence.

recommended material to fill bone defects in tibial
plateau fractures'’. Despite the wide acceptance of au-
tologous iliac bone graft as the gold standard’, some reports

3 utologous iliac bone graft has been the most frequently

*CERTIiFy Study Group members are listed in a Note at the end of the article.

have shown that 0.76% to 39% of cases sustain complications
at the harvest site that are capable of negatively influencing
functional outcome; these include pain, hematoma, infection,
and nerve injury"”’. Additionally, both operative duration and
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TABLE | Demographic Characteristics of the Intention-to-Treat Population

Variable Autologous lliac Bone-Graft Group (N = 68) CBVF Group (N = 65) Total (N = 133) P Value
Age (yr) 0.7358%*
Mean and std. dev. 46.3 £ 11.2 470+ 124 46.7 £ 12.0
Minimum 18.0 18.0 18.0
Quartile 1 345 37.0 37.0
Median 48.0 49.0 49.0
Quartile 3 54.0 58.0 56.0
Maximum 65.0 66.0 66.0
Missing 0 0 0
Sex 0.8190+t
Female¥f 39 (57.4%) 36 (55.4%) 75 (56.4%)
MaleF 29 (42.6%) 29 (44.6%) 58 (43.6%)
Ethnicity 0.2169t
Caucasian¥ 67 (98.5%) 63 (96.9%) 130 (97.7%)
African¥ 1 (1.5%) 0 (0.0%) 1 (0.8%)
Othert 0 (0.0%) 2 (3.1%) 2 (1.5%)
*T test. TChi-square test. ¥The values are given as the number of patients, with the percentage in parentheses.

length of stay may be prolonged following bone-graft harvest*®. | increasing number of synthetic bone-graft substitutes becom-
To overcome such shortcomings, a large number of synthetic | ing available, the debate on their clinical performance in com-
bone-graft substitutes have been developed. However, with an | parison with autologous bone-grafting is ongoing.

TABLE Il Time Points and Type of Assessment

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7
(Day —7 to O): (Day 0): Day of (Day 1 (Day 7 (Week 6 (Week 12 (Week 26
Screening Surgery [+ 1 day]) [+ 3 days]) [+ 1 week) [+ 2 weeks]) [+ 3 weeks])

First patient enrolled April
24,2013

Informed consent, X
demography, medical

history, physical

examination, radiographic

assessment, randomization

Surgery (autologous iliac X
bone graft or CBVF) and
procedure information

Adverse events X X X
Device symptoms reported X

Clinical examination

SF-12 X

Pain (VAS) X X
Assessment of other

outcome measures

End of the trial X

Last patient enrolled
November 27, 2017

Last follow-up completed
June 8, 2018

X X X X X X
X X X X X X
X X X X X X
X X X X X X
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Enrolled (n=135)
—+ Excluded before randomization (n=2)

[ Randomized (n=133) ]
[ Analyzed ITT (n=133) |

AIBG (n=68) CBVF (n=65)

Dropouts until Week 26 (n=14)

«  Withdrawal IC (n=1)

Lost to Follow up (n=7)
Other therapy (n=4)
Other reason (n=1)

Poor compliance/other therapy (n=1)

Dropouts until Week 26 (n=7)

Withdrawal IC (n=1)

Lost to Follow up (n=2)

Lost to Follow up/poor compliance (n=1)
Lost to Follow up/other reason (n=1)

Other therapy (n=2)

4

[ Completed (n=112) |

Study completed (n= 54)

Fig. 1

Y

[ Analyzed miTT (n=1 OB) ] Study completed (n= 58)

{ Analyzed PP (n=95) ]

CONSORT flowchart of the study population. AIBG = autologous iliac bone graft, ITT = intention to treat, IC = informed consent, mITT= modified intention to

treat, and PP = per protocol.

Surprisingly, given the large number of available synthetic
bone-graft substitutes, to our knowledge, there have currently
been a limited number of randomized controlled trials (RCTs)
that have reported evidence outcomes following the use of these
substitutes’. We know of only 3 RCTs that have been published on
tibial plateau fractures comparing clinical outcomes and fracture
union rates with autologous iliac bone graft and synthetic bone-
graft substitutes”™'. The outcomes used in most studies on syn-
thetic bone-graft substitutes relate to the quality of the surgical
reconstruction rather than to the biological and biomechani-
cal characteristics of synthetic bone-graft substitutes. Far more
importantly, none of the published studies investigated patient-
reported outcome measures such as pain and quality of life.

We hypothesized that the reconstruction of tibial plateau
fracture-associated bone defects using synthetic bone-graft
substitutes will be noninferior to that using autologous iliac
bone graft with regard to both patient-reported outcome mea-
sures and radiographic outcomes. This RCT has been designed
as a multicenter, prospective, randomized, controlled, open-
label, clinical, noninferiority trial comparing these parameters in
patients with well-defined, low-energy OTA/AO" type 41-B2
and 41-B3 fractures.

Materials and Methods

he study design and implementation followed the Con-

solidated Standards of Reporting Trials (CONSORT)
statement guidelines. The study protocol was prospectively de-
signed and published previously”. Twenty orthopaedic trauma
centers in Germany participated in the study. The study was
approved by the ethical committee of Rhineland-Palatinate as well
as by all local institutional review boards. This study was registered
at ClinicalTrials.gov (NCT01828905). The trial was conducted in
cooperation with the Interdisciplinary Center for Clinical Trials

(IZKS) Mainz, which provided support in trial coordination,
biometry, data management, and clinical monitoring.

Eligibility Criteria

Patients who were between 18 and 65 years of age and had
sustained an isolated, acute, traumatic, closed, depression-type,
proximal tibial fracture classified as OTA/AO type 41-B2 or
41-B3 (Schatzker type II or III) requiring reconstruction of the
metaphyseal bone defect were prospectively enrolled in the
study and were randomly allocated to 1 of the 2 study groups
(Table I). Patients were excluded if they had any of the fol-
lowing: more than a single isolated injury, compartment syn-
drome, previous iliac crest bone-graft harvest, soft-tissue
compromise or local infection, chronic pain, malignancy, rheu-
matoid arthritis, chronic cortisone therapy, questionable frac-
ture classification, or unstable medical or surgical conditions
that may have prevented safe and complete study participation.
Device-related contraindications were strictly respected.

Randomization

The randomization list was created with permuted blocks of
length 4 or 6. After informed consent, patients were randomized
with a 1:1 ratio using a web-based randomization tool. Ran-
domization was stratified by age group (18 to 39 years and 40 to
65 years) and sex.

Surgical Technique

The study sites followed their preferred locally established pro-
tocols for pain management according to the World Health
Organization standard. Open reduction and internal fixation
was performed through a standard anterolateral approach using
screws and a buttress plate after reduction of the depressed
articular surface. The choice of fixation method (locking plates
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TABLE Il Study Cohort: Regular End of Study and Dropouts Until Week 26*

Autologous lliac

Bone-Graft CBVF Groupt Not Randomizedt Totalt
Groupt (N = 68) (N=65) (N=2) (N=135)
Written consent available 68 (100.0%) 65 (100.0%) 2 (100.0%) 135 (100.0%)
Safety population 62 (91.2%) 62 (95.4%) 0 (0.0%) 124 (91.9%)
Intention-to-treat population 68 (100.0%) 65 (100.0%) 0 (0.0%) 133 (98.5%)
Modified intention-to-treat population 52 (76.5%) 56 (86.2%) 0 (0.0%) 108 (80.0%)
Per-protocol population 47 (69.1%) 48 (73.8%) 0 (0.0%) 95 (70.4%)
No. of patients with major protocol violations 5 (7.4%) 8 (12.3%) 0 (0.0%) 13 (9.6%)
No. of patients with study termination 14 (20.6%) 7 (10.8%) 2 (100.0%) 23 (17.0%)
Total no. of major protocol violations¥ 24 (100.0%) 19 (100.0%) 0 (0.0%) 43 (100.0%)
Violation of inclusion criteria 3 (12.5%) 5 (26.3%) 0 (0.0%) 8 (18.6%)
Meeting any exclusion criteria 3(12.5%) 3(15.8%) 0 (0.0%) 6 (14.0%)
Time interval between visit 2 (day O, surgery) 18 (75.0%) 11 (57.9%) 0 (0.0%) 29 (67.4%)
and visit 7 (week 26) is not 23 to 29 weeks§
Regular end of study 54 (79.4%) 58 (89.2%) 0 (0.0%) 112 (83.0%)
Reasons for study termination¥
Withdrawal of informed consent 1(6.7%) 1(11.1%) 0 (0.0%) 2 (7.7%)
Poor compliance 1(6.7%) 1(11.1%) 0 (0.0%) 2 (7.7%)
Lost to follow-up 7 (50.0%) 4 (44.4%) 0 (0.0%) 11 (42.3%)
Other interfering therapy of the study participant 4 (28.6%) 2 (22.2%) 0 (0.0%) 6 (26.9%)
Screening error 0 (0.0%) 0 (0.0%) 1 (50.0%) 1 (3.8%)
Administrative or regulatory reasons 0 (0.0%) 0 (0.0%) 1 (50.0%) 1 (3.8%)
Other 1(6.7%) 1(11.1%) 0 (0.0%) 2 (7.7%)

*The analysis set was the enrolled population (n = 135). TThe values are given as the number of patients, with the percentage in parentheses.
FThere were multiple entries possible for this category. §This category included cases in which 1 or both visits did not take place.

compared with non-locking plates) was left to the surgeon’s
preference. The bone defect remaining after the reduction of the
depressed articular fragments was reconstructed according to the
result of randomization either with autologous iliac bone graft or
with synthetic bone-graft substitute. In the first group, autolo-
gous bone grafts were harvested from the ipsilateral anterior part
of the iliac crest following a well-established surgical technique
currently presented by Shaw et al.".

In the second group, CERAMENT BONE VOID FILLER
(CBVF; BONESUPPORT) was used. CBVF is a bioresorbable
synthetic bone-graft substitute, consisting of 60% calcium
sulfate and 40% hydroxyapatite with an initial porosity of 40%
to 50% and a mean pore size of <1 mm. It has been previously
investigated in preclinical studies''® and clinical studies'".
The preparation strictly followed the manufacturer’s instruc-
tions for use. Prior to implantation, bone defects were carefully

TABLE IV Fracture Types of the Intention-to-Treat Population* (N = 133)

Classification Autologous lliac Bone-Graft Groupt (N = 68) CBVF Groupt (N = 65) Totalt (N = 133)
OTA/AO 41-B2.1 8 (11.8%) 7 (10.8%) 15 (11.3%)
OTA/AO 41-B2.2 11 (16.2%) 10 (15.4%) 21 (15.8%)
OTA/AO 41-B2.3 2 (2.9%) 2 (3.1%) 4 (3.0%)
OTA/AO 41-B3.1 35 (51.5%) 26 (40.0%) 61 (45.9%)
OTA/AO 41-B3.2 4 (5.9%) 9 (13.8%) 13 (9.8%)
OTA/AO 41-B3.3 8 (11.8%) 10 (15.4%) 18 (13.5%)
Other 0 (0.0%) 1 (1.5%) 1 (0.8%)

*P = 0.6064, chi-square test. TThe values are given as the number of patients, with the percentage in parentheses.
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TABLE V Surgical Parameters of the Intention-to-Treat Population (N = 133)

Variable Autologous lliac Bone-Graft Group (N=68) CBVF Group (N =65) Total (N =133) P Value
Could the planned surgery be performed? 0.7131*
Yest 62 (93.9%) 62 (95.4%) 124 (94.7%)
Not 4 (6.1%) 3 (4.6%) 7 (5.3%)
Missingt 2 6] 2
Delay from injury to open reduction 0.2110%
and internal fixation
No. of patients 62 62 124
Mean and std. dev. (days) 6.9+42 6.0+4.0 6.4+4.1
Duration of surgery 0.2689F
No. of patients 62 62 124
Mean and std. dev. (min) 112.1 +41.6 104.3 + 36.5 108.2 + 39.2
Minimum (min) 46.0 50.0 46.0
Quartile 1 (min) 80.0 75.0 78.5
Median (min) 102.0 98.0 100.0
Quartile 3 (min) 139.0 131.0 133.0
Maximum (min) 210.0 215.0 215.0
Missingt 6 3 9
Blood loss 0.0007%
No. of patients 60 59 119
Mean and std. dev. (mL) 196 + 160 109 + 110 153 + 144
Minimum (mL) 0.0 0.0 0.0
Quartile 1 (mL) 85.0 15.0 50.0
Median (mL) 200.0 100.0 100.0
Quartile 3 (mL) 250.0 150.0 200.0
Maximum (mL) 850.0 400.0 850.0
Missing T 8 6 14
Fracture reduction 0.0420*
Closed reduction and fixationt 0 (0%) 4 (6.5%) 4 (3.2%)
Open reduction and fixationt 62 (100%) 58 (93.5%) 120 (96.8%)
Missingt 6 3 9
Osteosynthesis material
Lag screws 0.0309*
Yest 38 (61.3%) 49 (79.0%) 87 (70.2%)
Not 24 (38.7%) 13 (21.0%) 37 (29.8%)
Missingt 6 3 9
Buttress plates 0.5139*
Yest 15 (24.2%) 12 (19.4%) 27 (21.8%)
Not 47 (75.8%) 50 (80.6%) 97 (78.2%)
Missingt 6 3 9
Kirschner wires 0.4545*
Yest 8 (12.9%) 11 (17.7%) 19 (15.3%)
Not 54 (87.1%) 51 (82.3%) 105 (84.7%)
Missingt 6 3 9
Angle stable plate 0.2998*
Yest 49 (79.0%) 44 (71.0%) 93 (75.0%)
Not 13 (21.0%) 18 (29.0%) 31 (25.0%)
Missingt 6 3 9
continued
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TABLE V (continued)

Variable Autologous lliac Bone-Graft Group (N=68) CBVF Group (N =65) Total (N =133) P Value
Other 0.5589*
Yest 2 (3.2%) 1 (1.6%) 3 (2.4%)
Not 60 (96.8%) 61 (98.4%) 121 (97.6%)
Missingt 6 3 9
*Chi-square test. TThe values are given as the number of patients, with or without the percentage in parentheses. §T test.

cleaned. During application of CBVE, a tourniquet was applied
to avoid mixture of the material with blood and to allow proper
curing of the cement. Drains were routinely used at the donor
site and the tibial plateau wound. The duration of the surgical
procedure (incision to suture time) and blood loss were mea-
sured and were recorded in the surgical notes.

Postoperatively, all patients were mobilized with as-
sistive devices and were allowed toe-touch weight-bearing for
6 weeks. Thereafter, progressive weight-bearing was permitted
on the basis of the surgeon’s judgment. Clinical evaluation and
trial documentation consisted of 7 visits: screening (visit 1),
intervention (visit 2), and 5 follow-up examinations (visits 3 to
7) until week 26 (Table II)".

Outcome Measures

The primary outcome measures evaluated were the Short Form
(SF)-12 version 2 Physical Component Summary (PCS) score
at week 26 (the PCS uses the scores of 12 questions and ranges
from 0 to 100, where a 0-point score indicates the lowest level

of physical health and a score of 100 points indicates the highest
level of physical health) and the visual analog scale (VAS) for
pain at week 26 (the VAS uses values from 0 [no pain] to 10
[worst pain ever]). We also assessed the VAS score at 1, 6, and
12 weeks in addition to the original study protocol registered
at ClinicalTrials.gov to detect differences in pain levels over a
whole period of 26 weeks.

The secondary outcome measures evaluated were the SF-
12 version 2 Mental Component Summary (MCS) scores at 1,
6, and 12 weeks (the MCS score ranges from 0 to 100 points
[from the lowest to the highest level of mental health]); SF-12
PCS scores at 1, 6, and 12 weeks; and bone-healing evaluated
on radiographs. Utilization of costs of care-related resources
was a secondary outcome of the original study protocol reg-
istered at ClinicalTrials.gov, but we did not report the results of
this measure, because the precise calculation was not available
for a sufficient number of patients.

All adverse events were evaluated and were recorded
according to the principles of good clinical practice.
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SF-12 PCS scores in the intention-to-treat population (n = 133). AIBG = autologous iliac bone graft. The whiskers represent the minimum and the maximum,

the circles represent outliers, and the diamonds represent the mean.
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TABLE VI ANCOVA for SF-12 PCS in the Per-Protocol

Population (N = 95) at Week 26

Effect SF-12 PCS* P Value
Autologous iliac bone graft 46.9 (44.0 to 49.9)
CBVF 47.1 (44.1 t0 50.1)
Difference between —0.1(-3.9t03.7)
treatments
Covariate
PCS score at screening 0.2688
Age group 0.2680
Sex 0.4604
Treatment 0.9579
*The values are given as the mean, with the 95% Cl in parentheses.

Radiographic Evaluation

Radiographs were made according to the standard proce-
dure. No additional radiographs were made specifically for the
purpose of the study. Available radiographs were pseudony-
mized by the participating centers and were sent for evaluation,
which was performed by a single radiologist specialized in
orthopaedic trauma, who was blinded to the kind of material
used.

The radiographs were reviewed in chronological order
to identify any subsidence of the articular surface according
to the Rasmussen score®, which was assessed over a period
of 26 weeks. Fracture-healing, bone-defect remodeling, and

AUTOLOGOUS ILIAC BONE GRAFT COMPARED WITH BIPHASIC
HYDROXYAPATITE AND CALCIUM SULFATE CEMENT

lack of resorption or premature resorption of the material
were investigated using the Jerosch score’ over a period of
26 weeks.

Statistical Analysis

With regard to the sample size calculation, a previous cohort of
patients with tibial plateau fractures treated in the Department
of Orthopaedics and Traumatology of the University Medical
Center Mainz was used for calculation of the sample size. In
this cohort, the SF-12 PCS score showed a standard deviation
of 10 points. The noninferiority margin of half of the standard
deviation was chosen, corresponding to 5 points on the scale
(range, 0 to 100). A shifted 2-sample t test with a 1-sided
significance level of 2.5% and a power of 80% required 128
patients to show noninferiority. After assuming that 5% of
randomized patients would be ineligible for per-protocol
analysis, 136 patients were planned for randomization.

The confirmatory efficacy analysis was planned by em-
ploying a hierarchical testing procedure. The differences be-
tween the SF-12 PCS scores were tested by analysis of
covariance (ANCOVA) with the SF-12 PCS score at week 26 as
the independent variable; the age group (18 to 39 years and 40
to 65 years), sex, and treatment as fixed effects; and the SF-12
PCS score at screening as a covariate. Noninferiority of CBVF
was concluded if the adjusted 2-sided 95% confidence interval
(CI) of the treatment effect was entirely above the prespecified
noninferiority margin of —5. The primary outcome of the
SF-12 PCS score at week 26 was analyzed in the per-protocol
population; it was repeated for the intention-to-treat popula-
tion in a secondary analysis. Pain VAS underwent confirmatory

104 T o -
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Visit 5: Week 6 Visit 6: Week 12 Visit 7: Week 26

Pain score (VAS) in the intention-to-treat population (n = 133). AIBG = autologous iliac bone graft. The whiskers represent the minimum and the maximum,

the circles represent outliers, and the diamonds represent the mean.
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Fig. 4

SF-12 MCS scores in the intention-to-treat population (n = 133). AIBG = autologous iliac bone graft. The whiskers indicate the minimum and the maximum,

the circles indicate outliers, and the diamonds represent the mean.

testing as the other primary outcome using a Wilcoxon-
Mann-Whitney U test with a 2-sided significance level of 5%.
Analysis was performed primarily for the intention-to-treat
population. All other testing was exploratory and utilized the
t test, Wilcoxon-Mann-Whitney U test, and chi-square test,
as required.

Results
Study Population
In this study, 135 patients were enrolled (Fig. 1). Demo-

graphic data of the study population are summarized in
Table I. Two patients were excluded, resulting in an intention-
to-treat population of 133 patients (Table III). One of the
excluded patients was treated by a surgeon who had no good
clinical practice certification. The second patient was
excluded because an incorrect version of the SF-12 ques-
tionnaire was accidentally used. The modified intent-to-treat
population was defined as patients with a valid SF-12 assess-
ment at baseline and after 26 weeks, resulting in a population
of 108 patients (52 in the autologous iliac bone-graft group
and 56 patients in the CBVF group) (Fig. 1). The per-protocol
population, defined as patients completing the study without
major protocol deviations, included 95 patients (47 in the
autologous iliac bone-graft group and 48 patients in the CBVF
group). The reasons for exclusion from the per-protocol and
intention-to-treat populations are listed in Figure 1.

Most of the fractures were OTA/AO type 41-B3.1 (n =

61) and OTA/AO type 41-B2.2 (n = 21) (Table IV). There were
no significant differences in the fracture type distribution
between the groups.

Surgical Treatment

The mean duration (and standard deviation) of the surgical
procedure was 112 £ 42 minutes in the autologous iliac bone
graft group and 104 £ 36 minutes in the CBVF group (p = 0.27;
t test) (Table V). The mean blood loss was 196 + 160 mL in
the autologous iliac bone-graft group and 109 + 110 mL in the
CBVF group (p = 0.0007; t test) (Table V). According to the
volumes of CBVF needed to fill the bone voids, the mean defect
size was 5.8 mL (range, 1 to 18 mL). In most cases, locking
plates were used (93 locking plates [75%] compared with 31
non-locking plates), with a similar distribution in both groups
(Table V). The mean length of hospital stay was 11 £ 6.2 days
(median, 9 days [range, 3 to 37 days]) in the modified intention-
to-treat population, with no significant difference between the
autologous iliac bone-graft group (11.0 + 5.7 days) and the
CBVF group (11.1 + 6.6 days) (p = 0.88; t test).

Outcomes

At 26 weeks, the noninferiority of the CBVF group compared
with the autologous iliac bone-graft group could be demon-
strated for the primary outcomes of the SF-12 PCS score
(Fig. 2, Table VI) and the VAS for pain (Fig. 3).

We also evaluated the secondary outcomes of this study:
the SF-12 PCS and MCS scores at 1, 6, and 12 weeks and bone-
healing on radiographs. The results of the SF-12 PCS score
showed similar courses in both groups, beginning with 42
points in the autologous iliac bone-graft group and 43
points in the CBVF group on average, with a decrease on
day 7 and a steady recovery during the later follow-up.
The adjusted treatment difference was — 0.1 (95% CI, —3.95
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TABLE VII Adverse Events in the Safety Population (N = 124) Coded According to MedDRA Terminology*

Autologous lliac Bone-Graft
Groupt

CBVF Groupt

Totalt

Patients with

Patients with

Patients with

Patients Adverse Events Patients Adverse Events Patients Adverse Events
System Organ Class or Preferred Term (N=62) (N =58) (N =62) (N =52) (N =124) (N =110)
Subjects with any adverse event 32 (51.6%) 58 (100.0%) 8 (45.2%) 2 (100.0%) 0 (48.4%) 110 (100.0%)
Gastrointestinal disorders 8 (12.9%) 11 (19.0%) 4 (6.5%) 6 (11.5%) 2 (9.7%) 7 (15.5%)
Constipation 4 (6.5%) 4 (6.9%) 1 (1.6%) 1 (1.9%) 5 (4.0%) 5 (4.5%)
Flatulence 1 (1.6%) 1 (1.7%) 2 (3.2%) 2 (3.8%) 3 (2.4%) 3(2.7%)
Lip blister 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Nausea 4 (6.4%) 4 (6.9%) 2 (3.2%) 3 (5.8%) 6 (4.8%) 7 (6.4%)
Vomiting 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Injury, poisoning, and procedural 7 (11.3%) 8 (13.8%) 8 (12.9%) 8 (15.4%) 15 (12.1%) 16 (14.5%)
complications
Bone comminution 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Fall 2 (3.2%) 2 (3.4%) 1 (1.6%) 1 (1.9%) 3(2.4%) 3(2.7%)
Fracture displacement 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Fracture nonunion 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Joint dislocation 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Postprocedural hematoma 1 (1.6%) 1 (1.7%) 1 (1.6%) 1 (1.9%) 2 (1.6%) 2 (1.8%)
Procedural complication 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Procedural nausea 1 (1.6%) 1 (1.7%) 1 (1.6%) 1 (1.9%) 2 (1.6%) 2 (1.8%)
Procedural vomiting 1 (1.6%) 1(1.7%) 1 (1.6%) 1 (1.9%) 2 (1.6%) 2 (1.8%)
Seroma 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Prolonged wound-healing 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Musculoskeletal and connective tissue 7 (11.3%) 7 (12.1%) 6 (9.7%) 9 (17.3%) 3 (10.5%) 6 (14.5%)
disorders
Arthralgia 1 (1.6%) 1 (1.7%) 1 (1.6%) 2 (3.8%) 2 (1.6%) 3(2.7%)
Arthrofibrosis 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Compartment syndrome 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Joint swelling 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Musculoskeletal pain 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Musculoskeletal stiffness 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Osteoarthritis 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Osteopenia 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Pain in extremity 4 (6.4%) 4 (6.9%) 0 (0.0%) 0 (0.0%) 4 (3.2%) 4 (3.6%)
Synovitis 0 (0.0%) 0 (0.0%) 2 (3.2%) 2 (3.8%) 2 (1.6%) 2 (1.8%)
General disorders and administration 5 (8.1%) 6 (10.3%) 6 (9.7%) 7 (13.5%) 1 (8.9%) 13 (11.8%)
site conditions
Catheter site pain 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Feeling abnormal 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Impaired healing 1 (1.6%) 1 (1.7%) 2 (3.2%) 2 (3.8%) 3(2.4%) 3(2.7%)
Implant site inflammation 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Edema 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Pyrexia 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Secretion discharge 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Swelling 3 (4.8%) 3 (5.2%) 0 (0.0%) 0 (0.0%) 3(2.4%) 3(2.7%)
Tenderness 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Infections and infestations 5 (8.1%) 6 (10.3%) 3 (4.8%) 3(5.7%) 8 (6.5%) 9 (8.2%)

continued
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TABLE VII (continued)

Autologous lliac Bone-Graft
Groupt CBVF Groupt Totalt
Patients with Patients with Patients with
Patients Adverse Events Patients Adverse Events Patients Adverse Events
System Organ Class or Preferred Term (N=62) (N =58) (N =62) (N =52) (N =124) (N =110)
Diverticulitis 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Gastrointestinal infection 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Infected bite 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Nasopharyngitis 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Upper respiratory tract infection 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Urinary tract infection 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Wound infection 1 (1.6%) 2 (3.4%) 1 (1.6%) 1 (1.9%) 2 (1.6%) 3(2.7%)
Nervous system disorders 3 (4.8%) 3 (5.2%) 6 (9.7%) 6 (11.5%) 9 (7.3%) 9 (8.2%)
Dizziness 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Dysesthesia 1 (1.6%) 1 (1.7%) 1 (1.6%) 1 (1.9%) 2 (1.6%) 2 (1.8%)
Ischemic cerebral infarction 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Paresthesia 2 (3.2%) 2 (3.4%) 1 (1.6%) 1 (1.9%) 3 (2.4%) 3(2.7%)
Sensory disturbance 0 (0.0%) 0 (0.0%) 2 (3.2%) 2 (3.8%) 2 (1.6%) 2 (1.8%)
Psychiatric disorders 5 (8.1%) 5 (8.6%) 3 (4.8%) 3(5.7%) 8 (6.5%) 8 (7.3%)
Depression 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Insomnia 1 (1.6%) 1 (1.7%) 2 (3.2%) 2 (3.8%) 3(2.4%) 3(2.7%)
Sleep disorder 3 (4.8%) 3 (5.2%) 1 (1.6%) 1 (1.9%) 4 (3.2%) 4 (3.6%)
Vascular disorders 3 (4.8%) 3 (5.2%) 3 (4.8%) 4 (7.7%) 6 (4.8%) 7 (6.4%)
Circulatory collapse 2 (3.2%) 2 (3.4%) 0 (0.0%) 0 (0.0%) 2 (1.6%) 2 (1.8%)
Deep vein thrombosis 1 (1.6%) 1 (1.7%) 2 (3.2%) 2 (3.8%) 3 (2.4%) 3(2.7%)
Hypertension 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Peripheral artery aneurysm 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Skin and subcutaneous tissue disorders 2 (3.2%) 2 (3.4%) 2 (3.2%) 2 (3.8%) 4 (3.2%) 4 (3.6%)
Erythema 1 (1.6%) 1 (1.7%) 1 (1.6%) 1 (1.9%) 2 (1.6%) 2 (1.8%)
Rash 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Skin warmth 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Neoplasms: benign, malignant, and 2 (3.2%) 2 (3.4%) 1 (1.6%) 1 (1.9%) 3(2.4%) 3(2.7%)
unspecified (including cysts and polyps)
Basal cell carcinoma 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Invasive ductal breast carcinoma 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Laryngeal cancer 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Metabolism and nutrition disorders 2 (3.2%) 2 (3.4%) 0 (0.0%) 0 (0.0%) 2 (1.6%) 2 (1.8%)
Hypokalemia 2 (3.2%) 2 (3.4%) 0 (0.0%) 0 (0.0%) 2 (1.6%) 2 (1.8%)
Blood and lymphatic system disorders 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Hemorrhagic anemia 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Cardiac disorders 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Cardiovascular disorder 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Immune system disorders 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Drug hypersensitivity 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Investigations 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Body temperature increased 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Respiratory, thoracic, and mediastinal 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
disorders
continued
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TABLE VIl (continued)

Groupt

Autologous lliac Bone-Graft

CBVF Groupt Totalt

Patients with

Patients with Patients with

Patients Adverse Events Patients Adverse Events Patients Adverse Events
System Organ Class or Preferred Term (N=62) (N =58) (N =62) (N =52) (N =124) (N =110)
Oropharyngeal pain 0 (0.0%) 0 (0.0%) 1 (1.6%) 1 (1.9%) 1 (0.8%) 1 (0.9%)
Surgical and medical procedures 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)
Open reduction of fracture 1 (1.6%) 1 (1.7%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 1 (0.9%)

percentage in parentheses.

*MedDRA® the Medical Dictionary for Regulatory Activities terminology is the international medical terminology developed under the auspices of the
International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH). MedDRA® trademark is registered by
IFPMA (the International Federation of Pharmaceutical Manufacturers & Associations) on behalf of ICH. With use of MedDRA terminology, clinical
signs and symptoms associated with possible complications of the surgical intervention were assessed at every study visit. All other adverse events
were reported freely and were documented using a standard adverse event form together with intensity, relationship to study treatment, required
actions, and outcome. Laboratory tests and vital signs were not included in the standard case report form. However, if they were considered
abnormal by the treating surgeon, they had to be documented as an adverse event. TThe values are given as the number of patients, with the

to 3.75), located entirely above the prespecified —5 non-
inferiority margin. The results were mirrored in the
intention-to-treat population (treatment difference, 0.15
[95% CI, —3.44 to 3.74]).

The SF-12 MCS score at week 26 showed similar courses
in both groups; the mean values were around 60 points without
any differences between the groups (Fig. 4). There were no

differences in the rates of procedure-associated complications
between the groups (Table VII*).

The radiographic assessment revealed excellent and
good results in >80% of all patients in both groups (Table
VIII, Fig. 5). The results were fair only in 7 patients in the
autologous iliac bone-graft group and 8 patients in the CBVF
group, according to the Rasmussen score. The differences

TABLE VIII Radiographic Outcomes in the Intention-to-Treat Population (N = 133) According to the Rasmussen Score*

Autologous lliac Bone-Graft
Variable Groupt (N = 68) CBVF Groupt (N = 65) Totalt (N = 133) P Value¥
Joint-line depression 0.9144
None 21 (32.8%) 21 (36.2%) 42 (34.4%)
<6 mm 41 (64.1%) 35 (60.3%) 76 (62.3%)
6 to 10 mm 2 (3.1%) 2 (3.4%) 4 (3.3%)
Condylar widening 0.3232
None 12 (18.7%) 11 (19.0%) 23 (18.8%)
<6 mm 52 (81.2%) 45 (77.6%) 97 (79.5%)
6 to 10 mm 0 (0.0%) 2 (3.4%) 2 (1.6%)
Varus and valgus angulation 0.4371
None 22 (34.4%) 26 (44.8%) 48 (39.3%)
<10° 36 (56.2%) 26 (44.8%) 62 (50.8%)
10° to 20° 6 (9.4%) 6 (10.3%) 12 (9.8%)
Sum: score and grade 0.1109
7 to 12 (fair) 7 (11.0%) 8 (13.7%) 15 (13.3%)
13 to 17 (good)! 21 (32.8%) 8 (13.8%) 29 (23.8%)
18 (excellent) 36 (56.3%) 42 (71.4%) 78 (63.9%)
Missing 4 7 11
*The Rasmussen score assesses articular subsidence (none, <6 mm, 6 to 10 mm), condylar widening (none, <6 mm, 6 to 10 mm), and varus or
valgus deviation (none, <10°, 10° to 20°), which allows for grading the outcomes in excellent, good, fair, or poor. 1The values are given as the number
of patients, with the percentage in parentheses. $Chi-square test.
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Pre-operative

Pre-operative CT

AIBG

CBVF

Fig. 5
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Post-operative 26 weeks

Representative radiographs showing the follow-up of a split-depression-type tibial plateau fracture (OTA/AO 41-B3, Schatzker type 2) in the autologous iliac
bone-graft (AIBG) group and a depression-type tibial plateau fracture (OTA/AO 41-B2, Schatzker type 3) in the CBVF group. At the final follow-up visit, both
fractures were healed without any complications (Rasmussen score, 18 points). The AIBG is visible in the postoperative radiograph directly underneath
the lag screws. In the CBVF group, the radiopaque area in the lateral metaphysis corresponds to the lohexol contrast agent in the applied bone cement. lohexol
diffuses away from the cement within 2 to 3 days and does not impair the assessment of the bone defect healing at later time points. At 26 weeks, bone defect
healing with directional formation of bone trabecula was noticed in the standard anteroposterior radiograph in both groups (Jerosch score, 5 points).

between the groups were not significant. Fracture union was
observed in all patients. At week 26, remodeling of the bone
defects with either nondirectional (R2) or directional (R3)
trabecular structures was detected in >80% of all patients in
each group (Table IX). The differences between the groups
were not significant.

We also assessed the VAS scores at 1, 6, and 12 weeks in
addition to the original study protocol. The mean VAS score
was 2 points in both groups at visit 1, increased on the first
postoperative day, and decreased until week 6. At 6 months,
there was no significant difference between the groups in the
VAS for pain (Fig. 3). The only significant difference was found
on the first postoperative day, when the mean VAS was 4.8
points in the autologous iliac bone-graft group and 3.7 points
in the CBVF group (p = 0.0079).

Discussion
atient-reported outcome measures have become the stan-
dard measure for treatment effectiveness following surgical
procedures™?’, because they reflect the patient’s perception of

an abnormal physical or emotional state and are not reported
by an observer. Perception of health and well-being (quality of
life), although the most subjective of all patient-reported
outcome measure elements, reflects patient recovery at the
highest hierarchical level*. The most commonly used patient-
reported outcome measures include pain scales (VAS)* and
quality-of-life questionnaires such as the SF-12, SF-36, and
EQ-5D (EuroQol 5-Dimensions). In this study, we showed
that the use of bioresorbable hydroxyapatite and calcium
sulfate biomaterial for augmentation of bone defects in
OTA/AO 41-B2 and OTA/AO 41-B3 fractures is noninferior
to autologous iliac crest bone in terms of patient-reported
functional outcomes and pain levels at 26 weeks. There were
also no significant differences in the SF-12 MCS score,
fracture-healing and bone-defect healing, complication rates,
and numbers of adverse events between the 2 groups. The use
of CBVF was associated with lower pain levels and reduced
blood loss on the first postoperative day.

In 2008, Russell et al. published an RCT on 120 patients
with tibial plateau fractures randomized to receive either
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TABLE IX Bone-Defect Healing in the Intention-to-Treat Population (N = 133) According to the Jerosch Score*

Autologous lliac
Bone-Graft Groupt CBVF Groupt Totalt
Visit and Stage of Remodeling (N =68) (N =65) (N=133) P Value¥
Visit 5: week 6 0.6612
RO (no bone remodeling visible) 1 (1.8%) 3 (5.9%) 4 (3.8%)
R1 (beginning bone remodeling with periosteal bridging) 27 (50.0%) 24 (47.1%) 51 (48.6%)
R2 (bone remodeling with nondirectional trabecular structure) 21 (38.9%) 21 (41.2%) 42 (40.0%)
R3 (complete bone remodeling with directional trabecular 5 (9.3%) 3 (5.9%) 8 (7.6%)
structure)
Missing 14 14 28
Visit 7: week 26 0.2306
R1 (beginning bone remodeling with periosteal bridging) 9 (18.0%) 5 (10.4%) 14 (14.3%)
R2 (bone remodeling with nondirectional trabecular structure) 26 (52.0%) 33 (68.7%) 59 (60.2%)
R3 (complete bone remodeling with directional trabecular 15 (30.0%) 10 (20.8%) 25 (25.5%)
structure)
Missing 18 17 35
*The Jerosch score assesses osteolysis, premature resorption of the graft (1 point), unchanged size of the void, no resorption of the bone graft (2
points), beginning marginal bone-defect remodeling (3 points), bone-defect remodeling with nondirectional formation of trabeculae (4 points), and
bone-defect remodeling with directional formation of trabeculae (5 points). TThe values are given as the number of patients, with or without the
percentage in parentheses. ¥Chi-square test.

autologous iliac bone graft or a calcium phosphate cement'.
Both study groups showed similar union rates and time to
union. Interestingly, there was a significantly higher rate of
articular subsidence in the bone-graft group. In an RCT
including 20 patients with tibial plateau fractures, Jénsson
and Mjoberg used either porous titanium granules or autol-
ogous iliac bone graft”. Articular subsidence was lower and
operative time was shorter when titanium granules were used.
There were no significant differences between the 2 groups in
terms of knee pain or functional outcome at 12 months.
However, patients with autologous iliac bone graft experi-
enced pain at the donor site. In these studies, the indication
for bone void augmentation was to prevent articular subsi-
dence and to promote bone-healing. These studies provided
evidence for the effectiveness of the material to justify its use.
Our results indicate that CBVF is noninferior to autologous
iliac bone graft for bone void augmentation in fractures of the
tibial plateau.

The primary strengths of this trial are the strict inclusion
and exclusion criteria for the selection of patients with a well-
defined fracture type, the large number of patients recruited,
and the high rate of follow-up. By focusing on patients with an
isolated tibial plateau fracture, we believe that the possible bias
associated with multiple injuries has been reduced and the
effect of the bone-harvesting procedure afforded greater weight
in the study design.

One main limitation of this study was that our results
reflected the early patient-reported outcome measures at
26 weeks. With a longer follow-up, patients might have ex-
hibited a deterioration of the assessed parameters. The sec-
ond important limitation was the unavoidable lack of

blinding of both surgeon and patient. Despite our best
efforts, 11 patients were lost to follow-up. Bone-grafting may
not always be necessary in the treatment of fractures of the
tibial plateau. The indication for bone-defect augmentation
was confirmed by the most experienced surgeon in the
respective study centers prior to randomization. However, we
cannot entirely exclude all possibility of selection bias
influencing the results. The assessment of bone-defect heal-
ing was performed using conventional radiographs, which do
not allow a precise assessment of articular subsidence or
bone remodeling. Postoperative computed tomography (CT)
scans were not obtained, as they were not considered the
standard of care, but might have allowed more accurate
measurements of both the amount of subsidence and bone
defect remodeling. However, we believe that the requirement
that an experienced radiologist reliably identified the differ-
ent grades of the Rasmussen score obviated this concern.
Although the radiologist was blinded as to treatment group,
we cannot fully exclude his ability to detect the type of
treatment on the radiograph, resulting in an element of de-
tection bias. Tibial plateau fractures may be associated with
concomitant ligamentous injury, which was not assessed in
magnetic resonance imaging (MRI) preoperatively because it
was not considered to be the standard of care. Therefore, we
cannot exclude possible functional deficits due to a con-
comitant ligamentous injury resulting in some degree of
assessment bias. The intake of pain medication was not
measured. However, it might have been helpful for the vali-
dation of pain assessment.

In conclusion, this prospective, multicenter, randomized
trial showed noninferiority of CBVF compared with autologous
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iliac bone graft in tibial plateau fractures, with noninferior
patient-reported outcomes. B

Note: *The CERTiFy (CERament BVF-Treatment in Tibial Fractures) Study Group includes: Onays Al Sadi,
MD, University Centre for Orthopaedics and Trauma Surgery, Dresden, Germany; Hagen Andruszkow, MD,
PhD, Department of Trauma and Reconstructive Surgery, University Hospital RWTH Aachen, Aachen,
Germany; Charlotte Arand, MD, Department of Orthopedics and Traumatology, University Medical Center
Mainz, Mainz, Germany; Peter Biberthaler, MD, PhD, Department of Trauma Surgery, University of Munich,
Munich, Germany; Tim Danko, MD, Department of Traumatology and Orthopaedics, Westpfalz-Clinics
Kaiserslautern, Kaiserslautern, Germany; Michael Diefenbeck, MD, PhD, BONESUPPORT AB, Lund,
Sweden; Sven-Oliver Dietz, MD, PhD, Department of Orthopedics and Traumatology, University Medical
Center Mainz, Mainz, Germany; Jochen Franke, MD, BG Traumacenter Ludwigshafen, Ludwigshafen,
Germany; Holger Freischmidt, MD, BG Traumacenter Ludwigshafen, Ludwigshafen, Germany; Stephan
Frosch, MD, Department of Trauma Surgery, Plastic and Reconstructive Surgery, University Medical Centre
Gottingen, Gottingen, Germany; Erol Gercek, MD, PhD, Center for Trauma and Orthopedic Surgery, Ge-
meinschaftsklinikum Mittelrhein, Evangelischer Stift Koblenz, Germany; Matthias Geyer, MD, Department
of Trauma Surgery, GPR-Klinikum, Riisselsheim, Germany; Martin Glombitza, MD, Department of Septic
Surgery, BG Traumacenter Duisburg, Duisburg, Germany; Marc Hanschen, MD, PhD, Department of
Trauma Surgery, University of Munich, Munich, Germany; Matthias Hansen, MD, PhD, Department of
Trauma Surgery, Hochtaunus-Kliniken Bad Homburg, Bad Homburg, Germany; Martin Henri Hessmann,
MD, PhD, Department of Orthopedics and Trauma Surgery, Academic Teaching Hospital, Fulda, Germany;
Martijn Hofman, MD, Department of Trauma and Reconstructive Surgery, University Hospital RWTH
Aachen, Aachen, Germany; Martin Holst, TFS Trial Form Support, Hamburg, Germany; Abdul Assim
Kamand, MD, Department of Trauma Surgery, Hochtaunus-Kliniken Bad Homburg, Bad Homburg, Ger-
many; Christian Kleber, MD, PhD, University Centre for Orthopaedics and Trauma Surgery, Dresden,
Germany; Kai Kronfeld, Interdisciplinary Center for Clinical Trials (IZKS), University Medical Center Mainz,
Mainz, Germany; Ingo Marzi, MD, PhD, Department of Trauma, Hand and Reconstructive Surgery, Uni-
versity Hospital, Frankfurt, Germany; Simon Meier, MD, Department of Trauma, Hand and Reconstructive
Surgery, University Hospital, Frankfurt, Germany; Michael Mller, MD, PhD, Department of Trauma Sur-
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