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Fixation augmentation using calcium-phosphate bone substitute
improves outcomes of complex tibial plateau fractures. A matched,
cohort study
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Abstract

Introduction Injectable cements have been developed to improve fixation’s stability and thus obtainearly returnto adequate joint
function. We aimed to compare post-operative radiographic and clinical outcomes of patients suffering from a complex tibial
plateau fracture (TPF) fixed with calcium-phosphate bone substitutes (CPBS) augmentation to a matched group of patients with
identical fracture pattern, treated with the same fixation’s type, but augmented with bonegrafting.

Methods After local ethic committee approval, we retrospectively identified inaprospectively collected database, patients with
complex comminuted metaphyseal and epiphysial bicondylar TPF (Schatzker type V1) admitted in our emergency department
between January 2011 and December 2013. From those, 23 patients (14 males, 9 females) were treated with CPBS (Quickset-
CP®, Graftys, Aix-en-Provence, France) fixation augmentation. Patients’ mean age were 44.4 years. We then created a control
group using a 1:1 matching process on gender, age, fracture pattern, and method of fixation. Patients were evaluated prospec-
tively at 3, 6, and then every six months using radiographic (AP/ML views) and clinical criteria (knee osteoarthritis outcomes
score (KOOS) and EuroQOL-5D).

Results Articular step-off and variation of articular step-off were significantly lower in the CPBS groups (mean step-off 1.4 +1.9
(0.5-6.5 mm) and mean step-off A = 0.3 + 0.4 (0.5-2.2 mm)) than in the control group (mean step-off 3.6 £ 2.1 (1-7.5 mm) and
mean step-off A=2.2 £ 2 (0.5-7 mm) p <0.01). At last follow-up, patients of the control group presented a higher rate of step-off >

2 mm and step-off A > 2 mm (respectively, 56 and 35%) than patients of the CPBS group (26 and 9%). Odd ratio of, respectively,
3.6 (95% CI (1.08-12.7) and p =0.03) and 5.6 (95% CI (1.04-30.1) and p = 0.03).At mean follow-up of 29 months, KOOS pain
subscore was significantly better in patients of the CPBS group (85.3 £ 12.1) than in control patients (74.2 £ 10.4 and p = 0.03).
Conclusion The present study demonstrates that calcium-phosphate bone substitute used as synthesis augmentation improves
mid-term radiological outcomes of patients suffering from complex tibial plateau fracture. Series reporting outcomes from a
larger number of patients and longer follow-up must confirm clinical benefits and safety of this method.
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Introduction

* Matthieu Ollivier Tibial plateau fractures (TPF) are complex intra-articular and
ollivier.matthieu@yahoo.fr metaphyseal lesions, accounting for 5-8% of all fractures of
the lower leg [1]. To prevent post-traumatic arthritis and stiff-
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epiphyseal vascularization, thus compromising post-operative
outcome [5].

To reduce soft tissue complications and deep infections, ex-
ternal fixation have been advocated; however, this technique is
associated with high rates of non-union and pin track infections
[6-8]. Recent developments in the techniques of internal fixa-
tion, including development of locked plating with raft screws
and minimal invasive techniques have substantially decreased
the complication rates observed [9-13]. However, secondary
loss of reduction remains a thorny issue [14-17]. Injectable ce-
ments have been developed to improve fixation’s stability and
thus obtain early return to adequate joint function [14]. Several
recent studies have demonstrated that calcium-phosphate bone
substitutes (CPBS) has a superior capability than cancellous
bone grafts to prevent articular subsidence [18-21]. We hypoth-
esized that the use of CPBS instead of bone grafting in complex
TPF would prevent from articular subsidence.

In this study, we aimed to compare post-operative radio-
graphic and clinical outcomes of patients, suffering from a
complex TPF (Schatzker V1), fixed with CPBS augmentation
to a matched group of patients with identical fracture pattern,
treated with the same fixation’s type, but augmented with
bone grafting.

Patients and methods

After local ethic committee approval, we retrospectively iden-
tified in a prospectively collected database, patients with com-
plex comminuted metaphyseal and epiphysial bicondylar TPF
(Schatzker type VI, AO/OTA type 41 C2 and C3) admitted in
our emergency department between January 2011 and
December 2013. For this study, inclusion criteria were patients
age between 18 and 85 years, presenting an acute, closed,
bicondylar metaphyseal, and epiphysial multi-fragmentary

(Schatzker type VI, AO/OTA type 41 C2 and C3) TPF. The
exclusion criteria were skeletally immature patients, pathologi-
cal fractures, and significant pre-existing degenerative joint dis-

ease, severe systemic illness that contraindicated surgery or a
neurological condition that would interfere with rehabilitation.
From the 67 patients meeting both inclusion and exclusion
criteria, we then identified 23 TPF treated with a CPBS (in-
jectable resorbable Bone substitute, Quickset-CP®, Graftys,

Aix en provence, France) fixation augmentation. Patients

mean age was 44.4 + 10.7 years (18-71), 14 of them being
males and nine females.

In the same database, a control group of patients were se-
lected for having similar inclusion criteria but a different
osteosynthesis augmentation based on allogeneic or
autogeneic bone grafting. Those control patients were then
included following a 1:1 matching process on gender, age
(5 years), fracture pattern (AO classification), and type of

fixation (dual plates or plate + screws).



proce- dures; all patients were operated-on in a supine
position, with the injured leg in semiflexion. Twenty-one
patients had surgery performed within 48 h. A staged
protocol for soft tissue man- agement was used in the other
25 patients; the fracture was initially stabilized using
transcalcaneal traction device and con- verted to open
reduction and internal fixation (ORIF) after the skin wrinkle
sign was observed as described by Egol et al. [22]. In both
groups, all surgeries consisted of the following stan-
dardized surgical steps in each case: (1) As recommended
by Freeman et al. [23], medial column restoration was
performed first with either a medial incision starting on
posteromedial border of the tibial metaphysis or a more
central incision cen- tered on the tibial tuberosity. (2)
Reduction of the fragment and temporary fixation was done
using K-wires. (3) The surgeon decided either to fix the
fracture using a locking plate (LCP® Depuy-synthes Inc.,
Warsaw, IN, USA or Perilocking® Zimmer Inc., Warsaw,
IN, USA) or screws depending on the fracture pattern. (4)
An anterolateral approach (through either a second skin
incision or the same central incision) of the lateral articular
surface was then performed including a transverse sub-
meniscal arthrotomy allowing direct visualization of the
articular surface’s reduction. (5) Depressed fragments
were elevated and supported with a compression clamp or
tempo- rary K-wires to obtain anatomic reduction. (6) As on
the me- dial side and depending on the fracture pattern, a
locking plate (LCP® Depuy-synthes Inc., Warsaw,
IN, USA) or Perilocking® Zimmer Inc., Warsaw, IN,
USA) or cannulated cancellous bone screws were used. (7)
Meniscus, cruciate lig- aments, and tibial spines injuries
were repaired when possible.

(8) Augmentation of the fixation was performed using 16
cm® of CPBS or morcelized bone allograft or autograft to
fill the metaphyseal defect. (9) Finally, watertight closures
were per- formed in layers with drain aloof from the
grafted zone. Fluoroscopy was used at each step to assess
reduction.

All patients had a similar postoperative regimen: the
post- operative mobilization scheme included toe-touch
weight bearing using two crutches for four to six weeks,
followed by progressive increase to obtain a full-weight
bearing at three months; active knee motion was
encouraged on the third day after surgery.
Thromboprophylaxis (low molecular weight heparin
(tinzaparin 4.500 1U)) was administered in subcutane- ous
route post-operatively until full -eight bearing was autho-
rized. The first injection was performed at the hospital the
day after the operation and then by a nurse at home or in
the rehabilitation facility (Figs. 1, 2, 3, 4, 5 and 6).

The data collection pre-operatively included demo-
graphics, mechanism of injury, initial fracture pattern,
time to surgery, and method of fixation (Table 1).

Patients were evaluated prospectively at three, six and
then every six months. Radiographic outcomes were
assessed using weight-bearing (when possible) anterior-

defined as painless



Fig. 1shoudl appearat the end of methods part. thanks... Clinical case:
40-year-old patient. Closed Schatzker 6 TPF. Pre-operative x-rays

full-weight bearing and radiological union as the presence of
bridging callous of two cortices visible on two x-ray views
(evidence of presence of bone healing by direct or indirect
means in at least two planes on x-ray). Potential articular
step(s)-off, medial proximal tibial angle (MPTA), posterior
proximal tibial angle (PPTA), tibial plateau widening
(TPW), existence of post-traumatic arthritis, and structural
void filler support were noticed and summarized using
Heyney-Redfern (H-R) scale at last available follow-up [24].
Patients were also evaluated clinically in order to identify
treatment complication and appreciate range of motion,

Fig. 2 Clinical case: 40-year-old patient. Closed Schatzker 6 TPF. Pre-
operative CT SCAN

rehabilitation using the knee osteoarthritis outcomes score
(KOOS) and EuroQOL-5D [25, 26].

This study sample size (min 20 patients/groups) was de-
signed to detect a 2-mm difference (reported standard devia-
tion 2.5 mm) in terms of articular step-off between groups
with alpha=0.05 and 1-b =0.8.

Normality of distributions was tested using Kolmogoroff-
Smirnofftest; parametric tests were used to compare normally
distributed parameters (paired student t test: demographic pa-
rameters, radiological outcomes); Wilcoxon tests were used to
compare clinical scores; and Fisher exact tests were used to
compare categorical parameters. All statistical analysis as-
sumed two-tailed test, PASW Statistics version 20 (SPSS,
IBM Inc., Chicago, Illinois) was used. The threshold for sta-
tistical significance was set at p <0.05.

Results

No patient was lost to follow-up at mean follow-up 29.3 +
11.2 months (12-44).

Radiographic outcomes

Post-operatively and at last follow-up, we found no difference
between groups in terms of MPTA, PPTA, structural void

Fig. 3 Clinical case: 40-year-old patient. Closed Schatzker 6 TPF. Pre-
operative CT SCAN: 3D reconstructions



Fig. 4 Clinical case: 40-year-old patient. Closed Schatzker 6 TPF. Post-
operative x-rays

support, TPW, or evidence of arthritis (Tables 2 and 3).
However, articular step-off and variation (post-operative to
last follow-up) of articular step-off were significantly lower
in the CPBS groups (mean step-off 1.4 + 1.9 (0.5-6.5 mm)
and mean step-off A = 0.3 £ 0.4 (0.5-2.2 mm)) than in the
control group ((mean step-off 3.6 £2.1 (1-7.5 mm) and mean
step-off A=2.2+2 (0.5-7 mm) and both p <0.01).
The mean H-R score was 12.3 + 3.8 points in the CPBS

group at the time of the last radiographic evaluation.

At last follow-up, patients of the control group presented a
higher rate of step-off > 2 mm (56%) than patients of the CPBS
group (26%), odd ratio 3.6 (95% CI (1.08-12.7) and p = 0.03).

At last follow-up, patients of the control group pre-
sented a higher rate of step-off delta >2 mm (35%)
than patients of the CPBS group (9%), Odd ratio 5.6
(95% CI (1.04-30.1) and p = 0.03).

Clinical outcomes

At mean follow-up 29 months, KOOS symptoms, activity of
daily living, sports/recreational activities, and quality of live

Fig. 5 Clinical case: 40-year-old patient. Closed Schatzker 6 TPF. CT
SCAN at last follow-up

Fig. 6 Clinical case: 40-year-old patient. Closed Schatzker 6 TPF.
Photographs illustrating the range of motion at last follow-up

subscoresaswellas EuroQOL-5D evaluations were similarin
both groups (Table 4). We found significant difference be-
tween groups in terms of KOOS pain subscore, as patients
of the CPBS group presented lower pain score (85.3 + 12.1
range (50-100)) than control patients (74.2 £10.4 (45-100),
p=0.03). All of the patients with ongoing professional activ-
ities before the trauma (34 patients) have resumed their pro-
fessional activities at least one year after surgery.

Complication

We found no difference in terms of complications rate (CR)
between CPBS group (CR = 22%; 5/23) and control group
(CR=17%; 4/23) (p=0.4). Superficial wound infection oc-
curred in five cases (three in CPBS group and two in control
group, all of them were classified as Tscherne grade 2 or
more), all patients were managed and healed with a course
of oral antibiotics for a week. Deep infection occurred in
two patients; the first case was a 40-year-old male of the
CPBS group with persistent wound drainage 15 days after
trauma which was treated with debridement (a methy-S staph.
Aureus was found), and antibiotic course for six weeks (bone
union was achieved radiologically and clinically at 5 months).
The second patient was a 51-year-old active smoker, female,
that presented a non-union and wound complication
six months after trauma due to the deep infection (bone biop-
sy revealed a Methy-S staph. Aureus deep infection); she was



Table 1 Pre-operative patients’
demographics, fracture patterns,
and procedure details

Parameters CBPS group (n=23) Control group (n=23) p value
Age (years) 43.9+ 10.3 (21-72) 448 +11.3 (18-71) 0.7
Gender (M/F) 14/9 14/9 NA
Fracture pattern AO 41 C2 17 17 NA
AO41C3 6 6
Tscherne classification 0 2 1 0.5
1 10 12
2 8 8
3 3 2
Mechanism of injury Sport: 9 Sport: 7 0.5
Vehicle collision: 13 Vehicle collision: 16
Fall: 1
Time to surgery (days) 4.7+£3.9 (0-11) 3.9+4.6 (0-14) 0.3
Patients with time to 10 11
surgery < 48h
Fixation 0.8
Dual plating 14 13
Plate + screws 9 10
Augmentation type CBPS 23 Bone allograft 10 NA
Bone autograft 13

treated with debridement, plate removal, and external fixator
for six weeks, then treated as a septic bone non-union. We
found two cases of thromboembolic complications in this

Table 2 post-operative
radiographic analysis

series (one ineach group, both were deep vein thrombosis that
required curative treatment based on low molecular weight
heparin (tinzaparin 10.000 1U).

Parameters CBPS Control p value
Articular step-off (mm) 1.1+1.2(0.5-6) 1.4+15(0.5-5) 0.7*
Number 18 17 0.2*
<2mm 4 6
2-5mm 1
>5mm
MPTA (°) 87.2+7.1(78-92) 86.4+9.1(77-92) 0.6*
Number 17 16 0.8*
85°-90° 5 6
80°-84° or 91°-94° 1 1
< 80°or > 94°
PPTA (°) 7.1+4.3(1-10) 7.6 £3.7 (3-10) 0.4"
Number
6°-12° 15 17 0.7*
3°-5° or 13°-15° 7 6
<3°or>15° 1
Structural void support
Number
Sufficient 19 15 0.2*
Partial 4 7
Insufficient 1
Time to union (months) 52+1.1(4-7) 4815 (3-7) 0.6"

Articular step-off: If more than one, due to fragmentation, the biggest one is reported here
MPTA medial proximal tibial angle, PPTA posterior proximal tibial angle

“Paired student t test
#Exact 2 x 3 Fisher



Table 3 Radiograpnic analysis at

last follow-up Parameters CBPS Control p value
Articular step-off (mm) 1.4+ 1.9 (0.5-6.5 mm) 3.6+2.1(1-7.5 mm) 0.001*

Variation A (mm) 0.3+£0.4 (0.5-2 mm) 2.2+£2(0.5-7 mm) 0.0001*
Number

<2mm 17 10 0.08*

2-5mm 5 11

>5 mm 1 2
MPTA (°) 86.5 £ 7.3(77-92) 85+ 9.3 (77-91) 0.09*
Variation A (mm) 0.8+£0.7 (0-2) 1.2+1.1(0-4) 0.1*
Number

85°-90° 16 15 097

80°-84° or 91°-94° 5 5

< 80° or >94° 2 3
PPTA (°) 7.3+4.1(3-10) 8.1+3.4 (4-12) 0.3*
Variation A (mm) 0.2+0.5(0-2) 0.7 +0.8 (0-3) 0.8"
Number

6°-12° 15 16

3°-5° or 13°-15° 7 7

<3°or>15° 1
Structural void support
Number

Sufficient 18 13 0.1"

Partial 5 9

Insufficient 2
Global tibial plateau widening (mm) 1+1.2(0-3) 1.3+1.4(0-3.5) 0.7
Post-traumatic arthritis (nb) 1 2 0.6

Table 4 Clinical outcomes
evaluation at last follow-up

Avrticular step-off: if more than one, due to fragmentation, the biggest one is reported here

Tibial plateau widening: variation of the distance measured between two parallel lines (both perpendicular tothe
join line) that pass from the most lateral and most medial part of the tibial plateau

MPTA medial proximal tibial angle, PPTA posterior proximal tibial angle

*Paired student t test
#Exact 2 x 3 Fisher

Scores Parameters CPBS group Control group p value

KOOS (points)  Pain 85.3£12.1(50-100) 74.2+10.4 (45-100)  0.03
Symptoms 82.4 7.4 (55-100) 77.1 6.5 (50-100) 0.06*
ADL 84.1 £12.7 (65-100) 80 £11.4 (55-100) 0.2*
Sports 65.5+12.4(35-100) 61.4+15.3(35-100) 0.2*
QOL 71.8 £9.5 (65-100) 68.9 +11.4 (55-100) 0.3*

EuroQOI 5D Health state scale (points) 91 £12 (80-100) 85 19 (74-100) 0.07*
Mobility (number - %) 3 5 0.6
Self-care (number-%) 0 1 1
Usual activities (number-%) 3 4 1
Pain (number - %) 5 11 0.1
Anxiety depression 1 3 0.6

(number - %)

For EuroQOL-5D, numbers (%) reported are number of patients that report moderate to extreme issues regarding

the parameters

KOOS knee injury and osteoarthritis outcome score, ADL activity of daily living, QOL quality of life



Discussion

The main finding of this study is that TPF treated with ORIF
and CPBSaugmentationresultinbetterradiological outcomes
than TPF operated-on with the same synthesis but augmented
with bone grafting.

Several limitations can be outlined in our study. First, the
retrospective design of the series limits extrapolation of our
results, butthe prevalence of Schatzker V1 tibial fracture inthe
general population also limits a prospective data collection
with a sufficient number of patients. Our sample size allowed
us to compare radiological parameters between groups but
might be not enough to evaluate clinical outcomes, morbidity,
and revision rate. We performed a secondary power analysis,
and our sample size was sufficient to detect the minimum
clinically important differences regarding KOOS and
EuroQOL scoring system. Moreover, we did not randomize
fixation and augmentation process, but retrospectively
matched patient based on surgeons’ decision during surgery.
Thus, patients were selected to receive one- or two-stage op-
erative fixation based on the severity of their soft tissue pre-
sentation more than from a protocol decision. Complex TPF
management is quite impossible to systematize due to of their
different clinical and radiological presentations.

Concerning the modality of bone grafting in the control
group, our extensive use of allogeneic bone graft to fill bone
loss in knee revision have led some surgeons in our institution

Table 5 Results of different series from the literature

to propose itas an alternative to autologous bone graft in case
of complex bone trauma as presented in this study. This dual-
ity led to potential bias due to two different types of graft inthe
control group.

We intended to evaluate post-operative outcomes of pa-
tients suffering from Schatzker V1 tibial fracture, depending
onthe type of sfixation augmentationA techniques (CPBS and
bone grafting). Regarding radiological outcomes, we found
that mean articular step-off was significantly lower, ata mean
follow-up of 29 months, in the CPBS groups than in the con-
trol group. Some authors have shown that resorbable calcium-
phosphate cement provides more support of the articular sur-
face than does cancellous bone grafting. Two cadaveric stud-
ies demonstrated that in Schatzker type-11 fracture, the rate of
displacement was 68% lower for subchondral defects filled
with calcium-phosphate cement than for those filled with can-
cellous bone graft. In an animal model, Welch et al. [27] also
concluded that collapse and resorption of the autogenous graft
material occurred almost immediately in the post-operative
period, conducing to an articular collapse and a fixation fail-
ure. The collapse was significantly lower with calcium-
phosphate cement compared to cancellous bone grafting
(p<0.05). Ourresults are also consistent with recent literature
comparing these two types of augmentations [14, 19]. Our
results are poorer regarding the rate of articular step-off >
2 mm, as compared to the Russel et al. and Simpson et al.
study. However, we included only Schatzker 6 fractures while

Studies Series Mean Age (range) FU Type of fracture Radiographic analysis  Infection rate
Simpson et al.[14] 26 patients: 51.5 (21-71) 12 months  AO: Mean step-off = 4 0%
-13BG B2.2=3,B3.1=10 vs 0.7 mm
- 13 CBPS (SRS)
Trenholm et al.[18] 20 specimens: Schatzker: Mean step-off:
- 10 autogreffes 1=1,11=52, 3.8vs1.2mm
- 10 CBPS (BSM) =26,V =11,
V=28,VI=2
Russel et al. [19] 119 patients: 43 12 months Step-off > 2 mm: 1.2%
-38BG 30 vs 9%
- 82 CBPS
Bajammal et al. 455 patients N/A Schatzker: Reduction failure: n/a
(meta-analysis) [20] 1=1,11=52, CPBS vs BG RR 0.7
I=26,1vV=11,
V=28 VI=2
Goff et al. 672 patients 50 (15-89) Step-off > 2 mm: Stratisfied by
(meta-analysis) [21] - 8.6% bone substitute graft type:
-5.4% HA - 3.4% bone
- 3.7%CPBS substitute
- 11%calciumsulfate -5.4% HA
-2.9% CPBS
- 5.4% calcium
sulfate
Our study 46 patients: 44.4 (18-71) 29 months  Schatzker VI =46 Step-off > 2 mm: 15%
-23BG 56% BG
- 23CPBS 26% CBPS




these two authors studied all type of fractures [14, 19] of
which only a few complex TPF (n = 2 for Russel etal. [19],
n=0 for Simpson et al. [14]). Our follow-up was 29 months
while the mean follow-up of these two studies was one year.

With the number available, we did not find any difference
between groups regarding clinical outcomes (except for pain
subscore of the KOOS), these results are consistent with the
literature, as no study demonstrates clinical superiority of re-
sorbable cement on autologous bone grafting. However, di-
versity of scoring systems used by other authors complicates
comparison of our clinical outcomes [20, 21]. The results of
these studies are summarized in Table 5.

The total complication rates were similar between groups in
our retrospective evaluation; high rate of complications have
been described based on initial soft tissue damage and fixation
technique. Deep wound infection is often observed in patients
with high energy trauma: with dual plates through two incisions
in the series of Jiang et al., an incidence of 4.7% deep infection
was reported [28]. Despite using staged management with a
temporary traction wire in high-risk patients, we found seven
sepsis in our series: five superficial and two deep infections.

The present study demonstrates that calcium-phosphate
bone substitute used as synthesis augmentation improves mid-
terms radiological outcomes of patients suffering from complex
TPF. Series reporting outcomes from a larger number of pa-
tients and longer follow-up must confirm clinical benefits and
safety of this method as compared to autologous bone grafting.
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