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Standard procedure for monosegmental anterior 
spondylodesis often combines anterior stabilization 
with autologous iliac crest graft. Recent publications 
defined a minimum size of the graft as a technical 
specification for this procedure. The cross sectional 
area of the graft to be transplanted should be at least 
23.9% of the cross sectional area of the vertebral 
 bodies to be fused.
We investigated whether the required minimum size 
of autologous graft, as identified both experimentally 
and clinically, is compatible with the anatomical 
 conditions in central european patients.
Computed tomography scans (n = 348) of polytrau-
matized patients were obtained in the course of initial 
diagnosis. The scans were evaluated for vertebral 
body size and the possible size of autologous bone 
graft in the region of the anterior superior iliac crest. 
The evaluation of 348 CT scans demonstrated that 
95% of the quantified iliac crest grafts would achieve 
the size recommended for anterior spinal fusion be-
tween T10 and T12. In 90% of all cases the planned 
iliac crest graft exceeded the size limit of 23,9% be-
tween concerning the endplates T10 and L2. In 85% 
the planned iliac crest graft exceeded the size limit of 
23,9% between T10 and L3.
The recommendation to take this value into account 
for monosegmental anterior spondylodesis should 
gain in importance in clinical practice.

Keywords : spinal fusion ; autologous bone graft ; 
 spondylodesis ; graft failure.

InTroduCTIon

Diseases of the spinal column are highly relevant 
to society today. A total number of 200,000 spinal 
fusions with bone grafting are performed annually 
in the USA alone (29). This high number of spine 
interventions underlines the recommendation that 
surgery should be preferred over a non-surgical 
 procedure in the management of spinal instability, 
especially because the outcome after surgery is 
significantlybetterthanafteranon-surgicalproce-
dure (8).

A method commonly applied to stabilize the 
spine is monosegmental, anterior spondylodesis of 
the spinal column. The desired fusion of motion 
segments can be achieved by insertion of autolo-
gous, allogenic or xenogenic bone graft between the 
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vertebral bodies to be fused. Other materials and 
systems, for example, titanium or PEEK cages have 
gradually gained in importance and have already 
entered clinical practice. Nevertheless, monoseg-
mental spondylodesis with autologous, tricortical 
iliac crest graft currently remains a frequently used 
clinical standard in many hospitals (15,21,24).

Despite the positive properties of autologous ma-
terial in terms of osteogenesis, osteoinduction and 
osteoconduction, the number of patients reporting 
to the clinic after radiologically successful anterior 
spondylodesis to complain of persistent symptoms 
in the affected region of the spine is not negligible. 
Depending on the patient collective under investi-
gation this number can amount to 33% of all surgi-
cally treated patients (12). Partial healing, lysis or 
graft fractures are some of the possible explanations 
for these persisting symptoms (5).

Numerous guidelines and recommendations for 
harvesting and implantation of the graft can be 
found in the literature. For example, if a graft is 
 implanted in so-called “graft inlay technique“ it is 
especially important to adhere to the “tongue- in-
grooveprinciple“,i.e.toensureoptimalform-fitbe-
tween the graft and the graft bed (1,13). In addition, 
it is also important that harvested and transplanted 
graft should extend beyond the median sagittal 

plane of the vertebral body (13). More recently a 
minimum cross sectional area of the graft to be 
transplantedwasdefined.Thisvalueisrelatedtothe
surface areas of the endplates of the vertebrae to be 
fused (16). Compliance with these recommendations 
should culminate in optimal incorporation of the 
graft and, simultaneously, minimize the risk of par-
tial incorporation, lysis or graft fracture. The recom-
mendation is of a purely technical nature and should 
be followed by the surgeon at the pre-operative 
planning stage of any intervention for spinal fusion. 
Therecommendationconcerningthedefinedmini-
mum cross sectional area of the graft to be harvested 
does however depend on the available anatomical 
bone stock of the individual patient, a factor on 
whichthesurgeonhasnoinfluence.

This study therefore aimed to answer the ques-
tion whether the minimum size of autologous graft 
as determined by retrospective animal and clinical 
investigation can be endorsed with regard to indi-
vidualiliacbonestockandthusfindacceptanceasa
valuable recommendation for clinical practice.

MaTerIaL and MeThods

A total of 348 64-MDCTs (Multi Detector Computed 
Tomography, Somatom Sensation, Siemens, Erlangen 

Fig. 1a-b. — Axial layer of a spinal section with and without marked L3 endplate

a b
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Germany) of hospital patients were analyzed retrospec-
tively. The CT scans were obtained in the period from 
August 2008 to August 2009 as part of the routine radio-
logical diagnostics of polytraumatized patients. Average 
patient age was 45 years (min. 18 years, max. 92 years). 
CT is currently the standard procedure for evaluation and 
analysis of bone structures (18,19,22,23,30). The exclusion 
criteria for this study were fractures of the iliac crest and 
the thoracolumbar junction (Th10-L3) and previous 
 surgeries or injuries to the thoracolumbar junction or the 
pelvis. 

For the purpose of analysis the surface areas of the 
endplates of the intervertebral space were calculated 
from the axial layers of the CT scan. The measurements 
extended from T10 (inferior endplate) to L3 (superior 
endplate). This distance was chosen because more than 
2/3rds of all spine fractures seen in clinical practice are 
located within this range (27).Morphometricquantifica-
tion of cross sectional area was performed with a 
 radiology software package (IMPAX EE R20 V, Agfa 
Healthcare, Belgium) (Fig. 1a-b).

The anterior superior iliac crest on the right side was 
measured at a defined position to determine possible
graft size. Even if bone graft harvesting is mostly per-
formed on the left superior iliac crest, we measured the 
superior iliac crest on the right side, since there are no 
significantdifferencesbetweenthesizeoftherightand
the left iliac crest (4). To this end the specific layer in
which the anterior superior iliac crest was located was 
selected from the axial layers of the pelvis since the iliac 

crest represents the typical site of clinical graft harvest-
ingandhasbeenidentifiedthroughresearchastheopti-
mal autologous donor site (7). A line was then drawn 
from the superior anterior iliac spine parallel to the iliac 
crest extending 30 mm in a posterior direction. At the 
end of this reference line and at right angles to it a line 
was drawn from the internal to the external wall of the 
iliac crest. The area within this outline was then calcu-
lated by application of the area measurement tool of the 
radiologysoftware(Fig.2a-b).Thegraftdefinedinthis
way  corresponds to the so-called Bailey-Badgley tall 
wedge as described in 1973 by White et al. (2).

Analysis of the results was performed with SPSS  
for Windows (Version 18.0). The variable under 
 investigation was the ratio of graft to vertebral body cross 
sectional area. 

resuLTs

The evaluation of 348 CT scans demonstrated 
that95%of thequantified iliaccrestgraftswould
achieve the minimum size recommended for ante-
rior spinal fusion between T10 and T12, i.e. they 
occupy at least 23.9% of the area of the vertebral 
bodies to be fused (Table I and II).

In 90% of all cases the planned iliac crest graft 
exceeded the size limit of 23,9% between con-
cerning the endplates T10 and L2. In 85% of all 
cases the planned iliac crest graft exceeded the 

Fig. 2a-b. — Axial layer of the pelvis with and without coloration of the graft to be harvested
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standard for monosegmental vertebral body fu-
sion (13,21,24).

One disadvantage of monosegmental vertebral 
body fusion by means of autologous tricortical iliac 
crest graft can be a very high graft failure rate. In-
corporation rates for bone grafts after vertebral 
body fusion as reported in the literature range from 
65 to 100% (5,6,11,13-15), which implies a failure rate 
up to 35%. Furthermore, the data on graft fracture 
rates have to be viewed critically since the incidence 
of graft fractures evading easy detection is probably 
distinctly higher than has so far been diagnosed by 
clinical methods (30). On the other hand, it should be 
noted that the reported spondylodeses and published 
outcomes were all performed without reference to 
the recommendations of a size limit of autologous 
iliac crest graft as described by Kubosch et al. (16,17).

Another disadvantage is the widely discussed and 
published issue of donor site morbidity related to 
harvesting tricortical iliac crest graft. It is a  problem, 

size limit of 23,9% between T10 and L3 (Table I 
and II).

The average values including the descriptive 
 statistics for each vertebra for T10 and L3 are given 
in table III.

In the performed subgroup analysis between male 
andfemale,nosignificantdifferenceswerefound.

dIsCussIon

The current literature contains numerous publica-
tions on anterior spondylodesis and the outcome in 
relationtospecifictypesofimplants (17,28,31). The 
advantages and disadvantages of tricortical iliac 
crest grafts and their biomechanical properties have 
also been discussed extensively (3,26). Nevertheless, 
despite the widespread application of alternative 
materials such as titanium and PEEK cages in daily 
clinical routine, autologous tricortical iliac crest 
grafts in many publications are recommended as the 

Table I. — Percentage area of superior endplate (SEP) that would be covered by a potential autologous graft (P1). Percentile 
distribution for vertebra T10 to L3. Note the grey marked fields which do not exceed the 23,9% limit

Percentile %P1/seP_T10 %P1/seP_T11 %P1/seP_T12 %P1/seP_L1 %P1/seP_L2 %P1/seP_L3
5.00 33.40 28.83 26.07 24.27 22.59 21.58
10.00 36.36 32.20 28.58 26.27 24.84 23.73
15.00 38.41 34.27 30.10 27.95 26.54 25.29
20.00 40.45 35.29 31.45 29.09 27.67 26.28
25.00 41.66 37.13 32.98 30.25 28.75 27.60
30.00 43.57 38.15 34.23 31.67 29.95 28.51
35.00 45.24 39.80 35.19 32.71 30.68 29.39
40.00 46.48 41.09 36.24 33.78 31.80 30.04
45.00 48.36 42.50 37.44 34.56 32.67 31.19
50.00 50.20 43.43 38.73 35.60 33.63 32.20
55.00 52.14 45.32 40.08 36.63 34.58 33.03
60.00 53.61 46.77 41.11 38.02 35.46 33.86
65.00 54.79 48.88 42.82 39.24 36.30 34.82
70.00 57.03 49.95 44.08 40.47 37.90 36.41
75.00 59.14 51.40 45.48 41.63 39.43 37.33
80.00 61.14 53.61 47.11 43.45 41.25 38.56
85.00 63.88 55.30 49.54 45.42 42.42 40.57
90.00 67.90 58.78 52.73 47.74 44.19 42.35
95.00 73.50 64.53 57.10 51.38 47.16 45.82
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 clinical practice. The results derived from our retro-
spective data analysis indicate that the recommen-
dationcanbeconfirmedvirtuallywithoutreserva-
tionforthelowerthoracicspine.Someflexibilityis
unavoidable at the mid lumbar spine. This is due to 
the shape and width of the lumbar vertebral bodies, 
which increase from cranial to caudal in human in-
dividuals (20,25). Accordingly, the size ratio between 
the endplates and the iliac crest graft changes so that 
adherence to the recommended minimum size can-
not be achieved in every individual patient.

For the lower lumbar spine the anterior superior 
iliac spine could be a less suitable harvesting site for 
autologous iliac crest graft intended for monoseg-
mental spondylodesis because bone mass at that 
 location is limited and cannot provide the recom-
mended size of graft for fusion of a motion segment. 
In these cases, the use of alternative materials such 
as titanium or PEEK cages should be considered. 
Another alternative is to harvest two iliac crest 
grafts that can be inserted between the vertebrae to 

which the surgeon can only minimize by taking ad-
equate care when performing the procedure. There 
are additional recommendations with regard to the 
suitability of instruments for harvesting these grafts 
that focus on preventing other associated risks such 
as biomechanical weakening of the graft (10).

In our opinion, the advantages of autologous 
 tricortical iliac crest graft clearly outweigh the 
disadvantages.Specifically,autologousgraft indu-
bitable prevails over any form of titanium or PEEK 
cage or xenogenic material in terms of osteogenesis, 
osteoinduction and osteoconduction.

It therefore is necessary to focus on the positive 
properties of this material and to attempt to mini-
mize known risks by optimizing surgical technique. 
The aim of this study therefore was to clarify wheth-
er the anatomical conditions in the adult population 
permit a graft harvesting procedure which follows 
the recommended size ratio between iliac crest graft 
and cross sectional areas of the adjacent endplates 
of the vertebral bodies to be fused in patients in 

Table II. — Percentage area of inferior endplate (IEP) that would be covered by a potential autologous graft (P1). Percentile 
distribution for vertebra T10 to L3. Note the grey marked fields which do not exceed the 23,9% limit

Percentile %P1/IeP_T10 %P1/IeP_T11 %P1/IeP_T12 %P1/IeP_L1 %P1/IeP_L2 %P1/IeP_L3
5.00 29.50 26.10 24.70 22.95 21.84 20.91
10.00 31.67 28.63 27.06 25.16 24.11 23.09
15.00 33.53 30.64 28.69 26.32 25.63 24.43
20.00 35.07 32.06 30.14 28.02 26.90 25.74
25.00 36.66 33.19 31.35 29.11 27.65 26.88
30.00 37.81 34.31 32.29 29.90 28.37 27.60
35.00 39.22 35.77 33.29 30.94 29.22 28.20
40.00 40.80 36.66 34.09 31.63 30.01 28.85
45.00 41.77 37.90 35.28 32.40 30.93 29.84
50.00 43.54 39.22 36.51 33.56 32.26 30.88
55.00 44.83 40.26 37.70 34.67 33.29 32.02
60.00 46.69 41.72 38.76 35.98 34.20 32.84
65.00 48.11 42.98 40.11 37.16 35.08 33.96
70.00 49.29 44.37 41.56 38.32 36.39 35.07
75.00 51.31 45.56 42.69 39.25 37.64 36.40
80.00 53.31 47.38 44.01 41.15 38.57 37.36
85.00 55.55 49.75 46.96 43.09 40.81 38.59
90.00 57.83 52.73 50.14 44.93 42.52 40.15
95.00 63.17 57.10 52.34 47.82 44.78 43.39
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Ourresultsconfirmthat theratiorecommended
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