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Abstract 
Introduction: Lumbar fusion as low back pain treatment continues to be a 
challenge because of the multiple techniques and materials available, most 
popular techniques include Transforaminal lumbar interbody fusion (TLIF), 
Lateral lumbar interbody fusion (LLIF) and Anterior lumbar interbody fusion 
(ALIF). Successful lumbar fusion is associated with better clinical outcomes, 
and it is enhanced and targeted through the use of bone graft materials as an 
osteogenic cell binding peptide P-15, bound to an anorganic bone mineral 
(ABM). This peptide improves bone formation when used in fixation devices 
in a targeted and limited way to the implant surface by activating osteoblast 
precursor cells; by the osteogenic, osteoinductive and osteoconductive stimuli. 
The main objective of this study is to standardize the lumbar fusion process in 
the 3 techniques and achieve a more efficient and predictable lumbar fusion, 
evaluating results with radiological and clinical scales. Material and Methods: 
Patients underwent lumbar fusion with the use of P-15 Osteogenic Cell Binding 
Peptide, bound to an anorganic bone mineral (P-15/ABM) bone graft (5 cc) 
in three different techniques (TLIF, LLIF, ALIF), achieving a total of 100 lum-
bar levels. Radiological outcomes included fusion rates per Hounsfield Units 
at computed tomography (CT) scan and Lenke scale. Clinical outcomes were 
evaluated via the Oswestry Disability Index (ODI), Short Form Performance 
(SPF-36) and Visual Analog Scale (VAS and VASs) for pain and satisfaction. 
Results: 67 patients completed the 12 months follow-up, showing no differ-
ences in fusion rates between techniques. (Computed Tomography Houns-
field Units) CTHU reaches more than 200 UH at 3 months follow-up and con-
tinues fusion process till 12-month follow-up. Clinical scales showed no disa-
bility at ODI, improvement at VAS and VASs scales, absence of health re-
strictions at SPF-36 score since 6 months follow up. Conclusion: Bone graft 
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volume of 5 cc is adequate for achieving successful lumbar fusion, regardless 
of the surgical technique employed.  
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1. Introduction 

Multiple lumbar fusion techniques and materials are available for the treatment 
of lower back pain. The annual prevalence of lower back pain in the general adult 
population of the United States ranges from 10% to 30%, with a lifetime prevalence 
among American adults reaching 65% - 80%. The current challenge lies in selecting 
the appropriate technique for each patient and identifying the optimal materials, 
with the aim of providing patients with pain stability, restoration of lordosis, and 
correction of deformity. [1] 

The techniques include Transforaminal Lumbar Interbody Fusion (TLIF), Lat-
eral Lumbar Interbody Fusion (LLIF), and Anterior Lumbar Interbody Fusion 
(ALIF). TLIF offers unilateral disc access and potential direct monolateral decom-
pression, reducing perineural scar tissue formation and enabling both interbody and 
posterolateral fusion. LLIF accesses the spine between the anterior vessels and 
psoas muscles, avoiding both structures to facilitate efficient disc space clearance 
and large interbody device application. This allows for distraction for foraminal 
decompression and endplate preparation for rapid, complete fusion. ALIF ad-
vantages include achieving a complete anterior discectomy under direct visuali-
zation, following anterior longitudinal ligament (ALL) resection, and inserting 
large, lordotic cages. [2] 

Nowadays, successful lumbar fusion is associated with better clinical outcomes 
and is now enhanced and addressed through the use of bone graft materials. The 
selection of the bone graft used depends on clinical conditions and expected re-
sults. [3] 

It has been demonstrated in vitro that P-15 Osteogenic Cell Binding Peptide, 
bound to an anorganic bone mineral (P-15/ABM) enhances cell attachment and 
provides an environment that allows cell migration, cell differentiation, and mor-
phogenesis. The P-15 peptide can modulate cell number and tissue structure by 
improving viable cell attachment and regulating apoptosis. The P-15 sequence has 
been shown to accelerate the bone formation process on the surface of the inor-
ganic bone matrix. This peptide has shown to improve bone formation when used 
in fixation devices or bone defects in a targeted manner, limited to the implant sur-
face (ectopic bone growth), by activating osteoblast precursor cells. [4] [5] 

The P-15 peptide sequence has been shown to accelerate the bone formation 
process on the surface of the inorganic bone matrix. This is a notable advancement, 
as current bone graft materials typically do not contain the cellular components 
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necessary to directly stimulate osteogenesis, or new bone formation. Rather, these 
existing materials merely provide an osteoconductive scaffold, serving as a base 
upon which new bone can grow. Osteoconduction refers to the ability of a mate-
rial to support bone growth on its surface, without actively inducing the differentia-
tion of osteogenic cells. The P-15 sequence represents a significant step forward in 
overcoming the limitations of traditional osteoconductive bone graft substitutes 
by directly promoting the bone formation process. [6]-[12] 

It was known that the diameter and composition of these cages could influence 
the amount and distribution of bone graft material required. Therefore, consider-
ation of the surgical approach and strategic placement of bone graft was necessary 
to optimize the chances of achieving lumbar fusion. [13] 

The objectives of this study are to achieve faster and more efficient fusion using 
P-15/ABM bone graft, evaluate results using radiological and clinical scales, and 
determine the optimal amount of graft material required for successful lumbar 
fusion on any approach (TLIF, LLIF, ALIF). 

By establishing a standardized approach, the aim is to enhance the consistency 
and efficacy of surgical interventions, optimize the lumbar fusion process, avoid 
excessive use of bone grafts, improve patient outcomes, minimize potential com-
plications, and contribute to the advancement of spine procedures. 

2. Materials and Methods 

This is a prospective study, where information was obtained from the records and 
follow-ups of patients who underwent surgeries between May 2021 and August 
2023 by a single surgeon. The surgeries used a total of 5 cc of p-15/ABM as bone 
graft at any technique. Patients were followed clinically and radiologically for 12 
months, with their prior informed consent for the use of their information and 
follow-up data. 

The inclusion criteria for this study are all patients undergone surgical procedures 
using p-15/ABM as bone graft utilizing the following techniques: TLIF, LLIF, ALIF. 
Participants must have completed comprehensive follow-up assessments at 3, 6 and 
12 months, which included lumbar spine X-rays and computed tomography (CT) 
scans.  

Exclusion criteria for this study are patients who have undergone previous lum-
bar revision procedures, who are not eligible, and any cases lacking a minimum 
of 1 year of clinical follow-up data will be excluded.  

The surgical techniques employed in this study utilized a standardized amount 
of bone graft material. TLIF procedure involved the placement of 2.5 cc of graft 
within the intervertebral cage and an additional 2.5 cc of graft in the intersomatic 
space. The LLIF technique utilized 5 cc of graft material packed into the interver-
tebral cage. Similarly, the ALIF approach incorporated 5 cc of graft within the 
cage. (Figure 1)  

The radiological outcomes were determined using the Lenke fusion scale and 
(Computed Tomography Hounsfield Units) CTHU with a cut-off point of >200 
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UH to define fusion. The clinical outcomes were assessed through the Oswestry 
Disability Index (ODI), the Short Form Performance (SPF-36) Health Question-
naire, and the visual analogue scale for pain and satisfaction (VAS, VASS). 

 

 
Figure 1. Interbody implants for Transforaminal Lumbar Interbody Fusion (TLIF), Lateral 
Lumbar Interbody Fusion (LLIF), and Anterior Lumbar Interbody Fusion (ALIF) with 
standardized amount of bone graft material. 

Statistical Analysis 

We analyzed the parameters using Fisher's exact test, Pearson's correlation coef-
ficient (r) for linear variables, and ANOVA for differences between groups of 
quantitative variables. 

A p-value < 0.05 was considered statistically significant. All graphs, calcula-
tions, and statistical analyses were performed using GraphPad Prism software ver-
sion 10. 

3. Results 

The present study evaluated a cohort of 67 patients who underwent lumbar fusion 
treatment using p-15/ABM as bone graft, with a total of 100 lumbar levels. Clinical 
and radiological assessments reveal the distribution of surgical techniques used, 
including ALIF (15 levels), TLIF (75 levels), and LLIF (10 levels).  

Fusion rates exceeding 200 Hounsfield Units (HU) were observed in 91.29% of 
patients as early as 3 months post-operation, measured by simple lumbar spine 
computed tomography in Figure 2. 

 

 
Figure 2. Examples of fusion rate at 3 months follow up measured by CT scan. 
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The progression of fusion showed that 100% of patients achieved more than 
200 HU after 6 months, and a statistically significant p-value of 0.0036 at the 12-
month follow-up in Figure 3. 

This data suggests a high success rate in achieving bone fusion following the 
surgical procedure, with the majority of patients showing significant progress 
within the first three months and all patients reaching the desired fusion threshold 
by six months post-operation. The statistical significance at 12 months further 
supports the effectiveness of the treatment in promoting long-term fusion stability. 
 

 
Figure 3. Distribution of Hounsfield Units in the 3-, 6- and 12-month follow-up on simple 
lumbar spine tomography. 

 
Radiolucent images were observed in the implants and platforms that deter-

mine lumbar fusion on the Lenke scale, with solid fusion and frank consolidation 
(Lenke B) in 67.16% of patients at 3 months follow-up, solid fusion (Lenke A) in 
40.29% of patients at 6 months follow-up, and 92.53% of patients at 12 months 
follow-up, showing a significant difference (p ≤ 0.0001). There were no differences 
between surgical techniques employed (p = 0.0704) in relation to Hounsfield units 
in Figure 4 and Figure 5. 
 

 
Figure 4. Distribution of lumbar fusion according to the Lenke scale at 3-, 6-, and 12-month follow-up. 
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Figure 5. Correlation between techniques used and Hounsfield units with follow-up at 3-, 
6- and 12-month.  
 

 
Figure 6. SPF-36 survey scores with follow-up at 3-, 6- and 12-month. 
 

 
Figure 7. Percentages of functional limitation in the Oswestry disability index at 3-, 6- and 
12-month. 

 
Clinical results measured by pain and functionality scales have shown signifi-

cant improvement in overall health status as assessed by the SPF-36 survey. Scores 
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increased by 40 to 60 points at the 6-month follow-up. At the ODI scale, the stud-
ied population was determined to have minimal functional limitation, which cor-
related with improvements in visual analog scales for pain and satisfaction from 
3 months of follow-up onwards. These findings were statistically significant (p < 
0.0001) in Figures 6-9. 
 

 
Figure 8. Visual analogue scale of satisfaction at follow-up at 6 weeks, 3-, 6- and 12-month. 
 

 
Figure 9. Visual analogue pain scale at 6 weeks, 3-, 6- and 12-month follow-up. 

4. Discussion 

Recent advancements in spinal surgery have significantly transformed the land-
scape of surgical procedures. The introduction of novel technologies, such as im-
age-guided navigation and more sophisticated implants, has enabled surgeons to 
perform interventions with enhanced precision and minimize associated risks. 
These developments have led to improved patient outcomes and reduced recovery 
times. However, it is important to note that spinal fusion remains a critical aspect 
that is often overlooked and with different results depending on the technique and 
the combinations and quantities of grafts used. 

A diverse array of bone graft options is available for utilization in medical 
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procedures. However, it is imperative to acknowledge that certain alternatives 
present significant challenges. For instance, the iliac crest graft, despite being a 
commonly employed technique, may entail considerable pain and morbidity for 
the patient. Similarly, autografts, while representing an autologous option, are fre-
quently constrained by the quality and quantity of available osseous material. [14] 
[15] 

Since its FDA approval in Mexico, P-15/ABM has been available in 1 cc, 2.5 cc, 
5 cc, and 10 cc pouches. Our experience indicates that using less than 5 cc is in-
sufficient to fill the cages adequately, whereas using more than 5 cc results in ex-
cessive graft material and waste. 

What was observed in this generation of osteobiological agents, to which p-
15/ABM belongs, indicates that they promote accelerated bone formation. The 
general consensus has been that more graft material is better; however, p-15/ABM 
can potentially cause reactions around neurological structures, inflammation, 
seromas, and ectopic bone formation. [16] [17] This study demonstrates that ex-
cessive use is not necessary and that we can reduce its indiscriminate application. 
These findings have important implications for clinical practice, suggesting that 
healthcare providers should carefully consider the appropriate amount of p-
15/ABM to use in each individual case, rather than defaulting to larger quantities. 

There exists a growing demand from patients to regain their quality of life and 
functional status more efficiently and with reduced impact. This patient-driven 
requirement presents a challenge for healthcare professionals, who must seek in-
novative solutions to meet these needs and expectations. 

The results of this study indicate a positive trend in patient outcomes with no-
table improvements in both pain management and functional capacity, higher fu-
sion rates, and shorter time. The SPF-36 survey results suggest a substantial boost 
in patients perceived health status, while the Oswestry Disability Index demon-
strates that patients experienced only minimal functional limitations post-treat-
ment. The improvement in pain and satisfaction scores, evident from the 3-month 
mark, further supports the effectiveness of the intervention. 

Standardization of implementing p-15/ABM as a bone graft offers several key 
benefits. It provides a uniform approach that can be consistently applied, ensuring 
a more systematic and streamlined process. It is adaptable to various lumbar fu-
sion techniques as needed. Minimizes differences in outcomes that may arise from 
the selection of graft materials. This consistency can lead to more reliable and 
predictable results. Furthermore, the standardization of lumbar fusion techniques 
may potentially reduce overall expenses by enabling economies of scale and elim-
inating the need for customized approaches.  

This approach represents an important step in optimizing lumbar fusion pro-
cedures, potentially leading to improved patient outcomes and more efficient sur-
gical practices. The future of grafting procedures is increasingly focused on gene 
therapies and genetic engineering techniques. [18] Specifically, the utilization of 
growth factors such as p-15/ABM has demonstrated promising potential as an 
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alternative method for enhancing lumbar fusion and, consequently, improving 
clinical outcomes. These therapeutic approaches, based on molecular biology, 
possess the potential to overcome the limitations associated with traditional graft-
ing methods [19] [20], thereby offering more efficacious and personalized solu-
tions for patients requiring spine fusion procedures. 

As research and development in this field progresses, there will be increased use 
of these innovative therapies, which may result in improved success rates and en-
hanced quality of life for patients undergoing these procedures. We recommend 
implementing this bone graft in various spinal surgery centers. This strategy will 
include a diverse range of patients with different comorbidities and various sur-
geons, enabling us to assess whether the standardized use proposed in this study 
produces consistent clinical and radiological outcomes. 

5. Conclusions 

This study has established that a bone graft volume of 5 cc is adequate for achiev-
ing successful lumbar fusion, regardless of the surgical technique employed. The 
findings highlight the importance of this specific graft quantity in facilitating os-
seointegration and consolidation, which are essential for optimal clinical out-
comes. Furthermore, the observed improvement in fusion rates over a 3 to 12-
month period underscores the significance of monitoring patient progress post-
surgery. With consistent results across various techniques when using p15/ABM, 
surgeons are encouraged to consider this option as a reliable choice for enhancing 
fusion success. Overall, these insights not only inform surgical practices but also 
contribute to advancing research in spinal surgery. 
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p-15: 15 amino acid peptide fragment 
ABM: Anorganic Bone Mineral 
TLIF: Transforaminal Lumbar Interbody Fusion  
LLIF: Lateral Lumbar Interbody Fusion  
XLIF: Extreme Lateral Interbody Fusion 
OLIF: Oblique Lateral Interbody Fusion 
ALIF: Anterior lumbar interbody fusion 
CT: Computed Tomography 
ODI: Oswestry Disability Index 
SPF-36: Short Form Performance 
VAS: Visual Analog Scale Pain 
VASs: Visual Analog Scale Satisfaction 
CTUH: Computed Tomography Hounsfield Units 
ALL: Anterior Longitudinal Ligament  
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