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Abstract
Introduction  Successful ALIF surgery depends upon achieving solid fusion, whilst avoiding significant complications. 
Herein, we present the ‘Northumbria Technique’ of combining allograft with autograft in order to achieve solid interbody 
fusion.
Materials and Methods  A single-surgeon series of 100 consecutive patients undergoing stand-alone ALIF from 2016 to 
2019 was studied. All had percutaneously harvested iliac crest bone graft (ICBG) dowels inserted into blocks of fresh frozen 
femoral head (FFFH) allograft, which were then inserted into the ALIF cages. Patients had dynamic radiographs at 4 months, 
CT at 6 months, and patient reported outcome measure scores (PROMS) throughout.
Results  One hundred patients (average age 44.8 years) were followed-up for an average of 29.1 months. Ninety-four (94%) 
patients were assessed as having fused on both CT and radiographs by an independent Radiologist. Three (3%) patients 
had abolition of movement on radiographs, but either lacked a CT scan or failed to meet Williams criteria for fusion. Two 
patients failed to attend for any imaging, so were considered not fused, and one patient had no evidence of fusion in either 
modality. There was a significant improvement in all PROMS. There were no intra-operative complications, and one patient 
had transient donor-site pain.
Conclusions  The newly described ‘Northumbria Technique’ utilises the osteoconductive characteristics of the FFFH allo-
graft, as well as the osteoinductive and osteogenic properties of the ICBG autograft. It gives high fusion rates (94–97%) and 
statistically significant improvements in PROMS, whilst avoiding the complications of harvesting a large amount of autograft 
and the huge costs of using synthetic agents.
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Introduction

Successful Anterior Lumbar Interbody Fusion (ALIF) sur-
gery depends upon achieving a solid fusion, whilst avoiding 
significant complications. ALIF places the bone graft under 
compression with the largest possible surface area for union 
and with a uniform load transfer. The reported fusion rate 
in ALIF varies from 52 [1] to 100% [2], and this depends 
on the indication for surgery, the type of bone graft used, 
and the method used in detecting the fusion (static plain 

radiographs alone versus computerised tomography (CT) 
scan alone versus combined dynamic radiographs and CT 
scan).

Recombinant Human Bone Morphogenic Protein-2 
(rhBMP-2), INFUSE Bone Graft (Medtronic Inc, Memphis, 
TN) has been commonly used to increase fusion rates [2, 
3]. Prior to 2016, rhBMP-2 was used in our unit in combi-
nation with fresh frozen femoral head (FFFH) allograft in 
ALIF procedures with excellent results [4] (Fig. 1a). Due to 
the significant shortage of rhBMP-2 in Europe at the begin-
ning of 2016, a new technique was developed to replace 
the rhBMP-2 with a core of iliac crest bone graft (ICBG) 
obtained through a minimally invasive technique.

Herein, we present the ‘Northumbria Technique’ of com-
bining the FFFH allograft with autograft in one hundred 
consecutive patients. All had percutaneously harvested 
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autograft dowels (ICBG) inserted into blocks of FFFH allo-
graft, which were then inserted into the ALIF cages. To our 
knowledge, this is the first study to report this minimally 
invasive technique of obtaining autograft in ALIF and also 
this technique of combining the autograft with the FFFH.

Materials and Methods

A retrospective review of data which was prospectively 
collected on one hundred consecutive patients who under-
went stand-alone ALIF procedures at L3-S1 (i.e. without 
posterior instrumentation) between March 2016 and August 
2019. The indications for surgery in these patients were neu-
roforaminal stenosis, recurrent disc prolapse, subtle (grade 
I) spondylolisthesis, and large central disc prolapse. Con-
traindications for stand-alone ALIF surgery in our practice 
included tumours, active infection, significant instability, 
obesity, extensive retroperitoneal surgery, and pregnancy. 
All patients had pre- and post-operative patient reported out-
come measure scores (PROMS), including visual analogue 
scores (VAS) for back and leg pain, Oswestry Disability 
Index (ODI) for low back pain questionnaires and EuroQol 
scores (EQ-5D) at 6 weeks, 4 months, 8 months and yearly 
thereafter post-operatively. The student paired t test was used 
to compare the changes from the baseline with significance 
defined as p < 0.05.

The bone graft site was checked at every follow-up 
encounter, and patients were asked specifically about pain 
or any other issues related to the donor site. The length 
of surgery, blood loss, and any intra- or post-operative 
complications were recorded. The type of cage and plate 
used was also recorded. At 4 months follow-up, patients 
had flexion/extension x-rays centred on the fused level to 
check for movement at this level by measuring the Cobb 
angle, with less than 2 degrees difference being consid-
ered to represent fusion with no movement (Simmons 

method [5]). Also, the anterior disc heights were meas-
ured with < 1 mm difference between flexion and exten-
sion being considered to represent fusion. At 5–6 months 
post-operatively, patients had a thin-slice (1 mm) CT scan 
using sagittal and coronal reconstructions to assess bony 
union (Williams criteria [6]) and this was independently 
assessed by a fellowship-trained Consultant musculoskele-
tal radiologist (RD) who was blinded to the x-ray findings. 
Complete fusion on CT scan was confirmed if the follow-
ing criteria were met: clearly visible continuous trabecular 
bone connecting the vertebral bodies, continuous bridging 
bone surrounding or within the cage, lack of lucency at 
cage margins, lack of visible fractures of cage or vertebrae, 
lack of cystic changes within adjacent endplates, lack of 
linear defects through the new bone formation, and lack 
of subsidence or dislocation.

Fusion in this trial was only confirmed when both the 
following criteria had been met: fusion was seen on the CT 
scan and no movements on the flexion/extension x-rays.

Surgical and bone grafting technique

The ALIF procedure (including the approach) was per-
formed by a single fellowship-trained Consultant ortho-
paedic spine surgeon (AK) through a retroperitoneal 
approach after splitting the rectus sheath longitudinally. 
The abdominal contents and left ureter were held using 
an Integra Omni-Tract® retractor (Omni, St. Paul, MN). 
AUS™ smooth pins (Steinmann type pins) were used 
to hold the vessels after mobilisation while performing 
the procedure. Two blocks of cancellous allograft from a 
donated FFFH were cut to the size of the graft windows 
using an oscillating saw.

Prior to March 2016, we adopted the technique described 
by the Gold Coast Spine Unit [7, 8] where rhBMP-2 sponges 
were inserted into pre-drilled 3.2 mm channels inside the 
FFFH allograft (Fig. 1a). This technique was then modified 
due to the lack of availability of rhBMP-2, by inserting a 
core of autograft into the drilled channels of each block of 
FFFH (Fig. 1b). The autograft cores were obtained by insert-
ing a 10 gauge vertebral needle (Jamshidi Needle®, Stryker) 
into the iliac crest through a 1 mm puncture wound 3–4 cm 
posterior to the anterior superior iliac spine (ASIS) (Fig. 2a). 
The Jamshidi Needle® was advanced using a mallet until 
the cortex was breached, at a 30 degree caudal angle and 
45 degree angle to the sagittal plane (Fig. 2b,c). The inner 
insert was then removed, and the needle was tapped and 
rotated inside the cancellous part of the iliac crest, and then 
withdrawn while using a syringe to apply negative pressure 
(Fig. 3). After inserting the cage, an Agesis plate® (Depuy-
Synthes) was used in all patients, and the screws inserted 
obliquely through the vertebral rim.

Fig. 1   a Combining rhBMP-2 and FFFH. b Combining ICBG and 
FFFH
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Results

One hundred consecutive patients were included in the 
trial, with 108 levels addressed with surgery. Ninety-two 
patients had surgery at one level (55 at L5/S1, 36 at L4/L5 
and one at L3/L4) and eight had two-level ALIF surgery 
(7 at L4/L5 and L5/S1, and 1 at L3/L4 and L4/L5). Three 
patients failed to attend for their CT scan (97% complete 
follow-up rate), and the average length of follow-up was 
29.1 months (7.9–49.9). The average age at surgery was 
44.8 years (30.2–74.1), and there were 63 females and 
37 males. The indications for surgery were neuroforami-
nal stenosis in 40 patients, central stenosis due to a large 
central disc prolapse with significant loss of disc height 
and lordosis in 29 patients, and recurrent disc prolapse 

in 31 patients. A Brantigan cage® (Depuy-Synthes) was 
used in 86 patients, Continental cage® Globus in 10, and 
Australis®(Prism Surgical) ALIF cage in 4. All patients 
had an Agesis®(Depuy-Synthes) plate with 4 screws. 
Blood loss was less than 150 ml in all patients. The aver-
age time for surgery was 74 min per level (60–130 min).

With three patients failing to attend for post-operative CT 
scans and a further three patients not fulfilling the CT crite-
ria for fusion [6], the overall rate of complete fusion in this 
series was 94%. One of the 100 patients (1%) complained 
of pain at the bone graft site which settled completely at 
8 weeks. At the donor site, there were no infections, neural 
injuries or haematomas. There was a statistically significant 
improvement in the average VAS for leg pain from 6.8 pre-
operatively to 2.1 at two years (p < 0.001). Similarly, there 
was a statistically significant improvement in VAS for back 

Fig. 2   a Entry point of Jamshidi 
needle 3–4 cm posterior to 
ASIS. b, c Trajectory of needle 
in iliac crest demonstrated on 
model pelvis

Fig. 3   Stages of taking the 
bone graft through a minimally 
invasive technique. a Measuring 
3–4 cm posterior to the ASIS. b 
The Jamshidi Needle® is tapped 
until the cortex is breached. c 
The inner insert is removed, 
and the needle is tapped and 
rotated inside the iliac crest. d 
The needle is withdrawn while 
using a syringe to apply nega-
tive pressure. e The inner insert 
is used to push the ICBG out of 
the needle
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pain from 7.2 pre-operatively to 2.5 at two years (p < 0.001). 
There was a statistically significant improvement in ODI 
from 49.4 pre-operatively to 19 at two years (p < 0.001). 
Similarly, EQ-5D improved from 65 pre-operatively to 84 
at two years (p < 0.001) (Fig. 4).

Discussion

The overall aims of ALIF surgery are radical discectomy 
and restoration of neuroforaminal height with direct and/or 
indirect decompression of neural structures, solid interbody 
fusion with abolition of motion, and restoration of normal 
lumbar sagittal profile. These factors should, in turn, lead to 
improvements in the patients’ function and clinical symp-
tomatology. As with previous studies [9–11], we have shown 
a case series of 100 patients where ALIF surgery led to sig-
nificant improvements in leg and back pain (VAS), global 
disability (EQ-5D), and functional (ODI) PROMS.

The ‘Northumbria Technique’ of inserting percutaneously 
harvested ICBG into FFFH allograft in the graft windows 
was a development by our team driven by the sudden lack of 
availability of rhBMP-2. We hoped the new technique would 
maintain the previously described high ALIF fusion rates 
[4] achieved with allograft and rhBMP-2, whilst reducing 
the costs and without adding the complications of donor 
site morbidity seen in previous trials using ICBG [12–15]. 
Removing the need for rhBMP-2 would also potentially 
reduce the risk of BMP-related complications such as 
radiculitis [16]. The combination of FFFH and ICBG con-
tributes to the stability of the construct (structural bone graft 
and cage) as it acts as load-bearing and load-sharing, add-
ing a mechanical advantage helping to achieve good quality 
bony fusion.

Non-union following spine fusion is multifactorial and 
negatively affects patient outcomes [1, 11]. The reported 
rate of spinal fusion varies depending on the radiological 
method used for assessing the fusion. Lower fusion rates 

were reported using fine cut CT scan compared to plain 
radiographs [17, 18]. Our use of both CT and dynamic radi-
ographs to confirm fusion should result in a more reliable 
evaluation.

Using the CT-based Williams criteria [6], we found 94 of 
the 97 patients who attended for a scan had fused. (Fig. 5). 
All of these 94 CT-confirmed fusion patients also had abo-
lition of movement on dynamic radiographs, using both 
the validated Simmons method of measuring Cobb angle 
changes, and the unvalidated anterior disc height change 
method. Notably, two of the three patients who had radio-
logical non-union on the CT scan had lost segmental move-
ment on the dynamic radiographs and were asymptomatic, 
suggesting that they were probably also fused. The other 
patient with non-union on CT had 5.5 degrees of movements 
on the dynamic x-rays and was symptomatic and so was 
definitely not united.

In this series, the CT-confirmed fusion rate was 94% (we 
considered the three patients who did not attend for their 
CT scan to have not fused). A further 3% were felt to have 
successfully fused by 4 months based on a lack of movement 
on dynamic radiographs using the Simmons method and 
measuring the anterior disc height, as well as being asymp-
tomatic. The patients who had non-union had a normal BMI.

The literature regarding ALIF surgery is extremely het-
erogenous, and so comparisons are not easily made when 
studying fusion rates. Many surgeons regard ICBG auto-
graft as the ‘Gold Standard’ bone substitute material in spine 
fusion surgery; however, fusion rates in several ALIF studies 
where ICBG was used in isolation (Tiusanen et al. [19] 81%, 
Christensen et al. [1] 76%, Cho et al. [20] 86%) were much 
lower than in this paper where the ‘Northumbria Technique’ 
was used (94–97%). Pavlov et al. [10] were able to increase 
the fusion rates by supplementing the ALIF with posterior 
instrumentation, whilst others were able to achieve high 
fusion rates by adding in synthetic bone substitutes (Chatha 
et al. [3] 94%, Rao et al. [9] 98% for 1 level, 81.5% for 2 
level ALIF). These were similar fusion rates to our described 

Fig. 4   Graphs showing the 
functional outcomes pre- and 
post-operatively
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stand-alone ALIF technique, but with the added cost and 
complication risks of posterior surgery.

Strube et al. [17] found a CT-confirmed fusion rate of 
70.6% using only fresh dried allograft in standalone ALIF. 
The combination of allograft and autograft dowels in ALIF 
surgery has been previously investigated by Newman et al. 
[21] who used x-rays only to report a 88.9% fusion rate in 
32 patients. However, using the ‘Northumbria Technique’ 
by combining osteoinductive and osteoconductive bone 
graft, we achieved a higher fusion rate with good functional 
outcomes.

Complications

In this study series, there were no intra-operative com-
plications, deep infections or incidences of symptomatic 
venous thromboembolism. Early complications included 

one superficial wound infection which was treated with 
oral antibiotics, and one retroperitoneal haematoma which 
was treated with a blood transfusion. One patient required 
surgery 40 months later for adjacent segment degeneration, 
with posterior decompression. There was one patient with a 
symptomatic non-union in this series of 100 patients, who 
continued to smoke after their surgery, despite undergoing a 
pre-operative smoking cessation course and confirming they 
had stopped smoking—they are currently awaiting revision 
surgery.

The complication rate of harvesting ICBG in the lit-
erature varies from 2.8 to 43% [12−15], and the compli-
cations include infection, seroma, meralgia paraesthetica, 
haematoma, chronic pain, hernia, additional surgery, and 
wound dehiscence. In this series, there was only one patient 
(1%) who complained of pain at the donor site, which had 
fully resolved by 8 weeks post-operatively. With no other 

Fig. 5   47 year old male, who underwent ALIF of L5/S1 for recurrent 
disc prolapse after having two discectomies with the second one com-
plicated by an incidental durotomy. He presented with back and leg 
pain. a Standing lateral x-ray shows loss of disc height and lordosis, 

b Antero-posterior x-ray after ALIF, c CT scan showing complete 
fusion, d Standing lateral x-ray after ALIF, e Flexion lateral x-ray, f 
Extension lateral x-ray
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complications reported as a result of harvesting the ICBG 
cores, this ‘Northumbria Technique’ seems to offer the 
benefits of autograft (osteoconductive, osteoinductive, and 
osteogenic) without the morbidity associated with harvest-
ing autograft.

Cost

Prior to this series of patients, our standard practice included 
filling the allograft drill channels with rhBMP-2-impreg-
nated dowels. The costs of rhBMP-2 vary throughout the 
world healthcare systems. In our hospital, before the 2016 
shortages, the cost of a large dose of rhBMP-2 (INFUSE) 
was £1750. Using the ‘Northumbria Technique’, this cost 
is substituted with the cost of the single-use Jamshidi nee-
dle®—£55 each (cost to our hospital). Extrapolating this 
over the 100 cases in this series, this represents a cost saving 
of £169,500, whilst delivering similar fusion and complica-
tion rates [4]. It is accepted that this study was not set up 
to compare costs, fusion or complication rates between two 
techniques; however, it seems reasonable to conclude that 
the ‘Northumbria Technique’ does reduce the costs of stand-
alone ALIF surgery compared to using rhBMP-2. However, 
this argument does not take into account the cost of FFFH.

Limitations

The main limitation to this trial is its retrospective study 
design, with the uncontrolled biases that this can bring. It 
is, however, a large consecutive single-surgeon series, with 
similar results to a previous series from this unit [4], and a 
high follow-up rate (97%) over an average of 29.1 months. 
Due to the lack of a control group (with just FFFH in the 
cage), it is not possible to truly ascertain the impact of the 
‘Northumbria Technique’ of inserting ICBG dowels through 
the FFFH; other than to conclude that it gives a better fusion 
rate and a lower complication rate than previous studies 
investigating just allograft in stand-alone ALIF [17, 22, 
23]. Undoubtedly, the high-volume ALIF experience of the 
author (AK) will have had an impact on the high fusion 
rate and low complication rate, and it remains to be seen if 
these rates can be reproduced by other surgeons utilising the 
‘Northumbria Technique’.

Summary

Obtaining a solid fusion is of paramount importance when 
trying to achieve good clinical outcomes following stand-
alone ALIF spine surgery. The newly described ‘Northum-
bria Technique’ involves harvesting autologous ICBG dowel 
cores and inserting them into pre-drilled channels in FFFH 
allograft, which sit in the interbody cage graft windows. It 

has been shown to give high fusion rates (94–97%) and sta-
tistically significant improvements in PROMS, whilst avoid-
ing the complications of harvesting a large amount of auto-
graft and the cost of using synthetic agents such as rhBMP-2.

Given the potential for huge cost savings to healthcare 
providers, it is recommended that further prospective ran-
domised controlled research is conducted comparing the 
outcomes and costs using a variety of different bone sub-
stitutes, including the ‘Northumbria Technique’, in spinal 
fusion surgery.
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