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A B S T R A C T

Objective: This study aimed to describe the anatomical landmarks for intervertebral disc (IVD) percutaneous
approaches (transpedicular TPA and transannular TAA) using CT scans in humans and dogs for regenerative
medicine research.
Method: CT scans of 57 human (30 supine, 27 prone) and 49 canine (29 chondrodystrophic, 20 non-
chondrodystrophic) lumbar spines were analyzed. Morphometric data, cutaneous landmarks, and approach
angles were measured, with additional sections assessing nerve root distances from TPA routes.
Results: Over 15,000 measurements were taken, creating a comprehensive anatomical database. Significant
differences in TPA and TAA angles were noted between humans and dogs (p < 0.0001).
Conclusion: This study provides detailed anatomical landmarks for safe and effective IVD approaches, offering
valuable guidance for translational research and surgical interventions.
1. Introduction

Degenerative intervertebral disc disease (DDD) is responsible for
approximately 40 % of low back pain (LBP) [1]. Because of its
socio-economic impact related to treatments and loss of productive time
[2], recent studies have focused on improving our understanding of the
pathogenic mechanisms leading to intervertebral disc (IVD) spontaneous
degeneration and of regenerative ways of treatment [3]. Researchers
have been working on innovative therapeutic product injection
(biomaterial, regenerative cells sources, biological factors …) to regen-
erate the Nucleus pulposus (NP) [4]. The approach's choice to safely inject
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into the NP is crucial. Currently, the percutaneous dorsolateral route
under fluoroscopic control, namely transannular approach (TAA), is
considered as reference for reaching the NP by needle puncture of the
annulus fibrosus (AF) [5]. Regarding the potential risk of accelerated IVD
degeneration post-injection through the AF, new approaches have been
investigated, notably the trans-pedicular approach (TPA) [6,7] Briefly,
TPA consists in reaching the NP, without AF lesion, through the caudal
vertebra by successively crossing the pedicle, the vertebral body, and the
endplate.

In this context, validation of the feasibility on the NP routes on animal
models in order to guarantee safety is necessary before applying them to
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humans. Beyond the technical approach, the choice of animal model is
essential [8]. Animal models should mimic the human vertebral anatomy
and, if possible, present a similar IVD degeneration. The canine model is
less frequently used because of ethical questioning and its great hetero-
geneity. Nevertheless, among the breeds, chondrodystrophic dogs exhibit
spontaneous early DDD and thus could constitute a relevant model in the
context of the development of clinical tests in IVD regenerative medicine
[9–11]. Thus, canine patients could serve as an excellent preclinical
model for studying disc disease and regenerative therapeutic pathways.
Moreover, disc degeneration is highly prevalent in dogs, particularly in
chondrodystrophic breeds, leading to a significant risk of disc herniation.
The canine patient population could greatly benefit from the new treat-
ments being developed.

Therefore, knowledges about lumbar anatomy in canine and human
models is particularly relevant to anticipate potential limitations to a
future human transposition. The study of the spine in both humans and
dogs has long benefited from the superiority of Computed tomography
scan (CT-scan) over 2D radiography. Indeed, CT scanning allows for 3D
evaluation of bone structures, enabling the measurement of angles that
cannot be assessed on sagittal and frontal planes obtained by X-ray.
Moreover, it is currently the most widely used technique for detecting
IVD disorders in both species. Currently, CT-scans are primarily used for
diagnostic purposes and rarely serve as a basis for angle measurements,
as surgical landmarks are relatively consistent from one patient to
another. In dogs, since intradiscal injections are rare, these angle mea-
surements hold little significance. However, as dogs are increasingly
being used as preclinical models for regenerative disc therapy and are
even becoming targets for treatments, it is essential for surgeons to have
anatomical landmarks that allow for safe approaches to the IVD. Thus,
the aims of this study were to describe the precise anatomical landmarks
required for a safe IVD percutaneous approaches in human and canine
models, both chondrodystrophic and non-chondrodystrophic, using CT-
scan.

2. Methods

2.1. Population and group distribution

The human group (H) gathers 57 CT-scans. This group had a total of
285 vertebrae and 342 IVD and was divided into 2 groups. The first group
contained 30 Supine Position Human (SPH) CT-scans (Light Speed®,
GE Medical Systems VCT, Nice, France, helicoidal, slice thickness
0.625–1.25 mm, 120 kV, 147–451 mA). Gender repartition was 11
women (36.7 %) and 19 men (63.6 %). Mean age was 60.7 years (35–87
years). SPH are abdominal CT-scans from the “Lombonice 2005” data-
base. The second group contained 27 Prone Position Human (PPH)
CT-scans from Nantes’ database (Somaton ®, Definition AS, Siemens,
Nantes, France helicoidal, slice thickness 1.5–4 mm, 100–140 kV,
385–657 mA). Gender repartition in PPH group was 10 women (37 %)
and 17 men (63 %) Mean age was 67.3 years (25–90 years) and mean
weight was 75 kg � 18.5. PPH CT-scans were performed during inter-
ventional procedures.

The canine group consists in 49 CT-scans (343 vertebrae and 392 IVD)
from dogs consulting the veterinary clinic VetRef (Angers) and that un-
derwent a CT-scan under general anesthesia for reasons other than spinal
examination. Animals in which vertebral lesions were detected were
excluded. The first group noted LG for Labrador and Golden retriever,
contained 20 prone position CT-scans from non-chondrodystrophic me-
dium sized dogs. There were 18 Labrador and 2 Golden retrievers. Mean
age was 6.5 years (1–13 years). The group has 10 females (50 %) and 10
males (50 %). The second group, noted FB for French bulldog, contained
29 prone position CT-scans from chondrodystrophic dogs under general
anesthesia. Mean age was 4.8 years (2–9 years). They were 8 females
(27.6 %) and 21 males (72.4 %). All CT-scan were performed under
general anesthesia (Aquilion®, Toshiba, Vetref, Angers, France, helicoi-
dal, slice thickness 1–2 mm, 120 kV, 200 mA).
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2.2. Anatomical measurements

CT-scan measurements from all the bony anatomical vertebral reliefs
and IVDs have been performed as shown in Fig. 1. The image data were
analyzed and measurements were performed by a single investigator,
orthopedic surgeon trained in interpreting spinal CT scans in her daily
practice (Horos software 3.0®) (Fig. 1). These measurements are of
clinical interest for surgical approaches and the evaluation of disc
degeneration, particularly IVD cranio-caudal distance (O) allows the
evaluation of DDD, spinous process ventro-dorsal distance (P) and the
angles for the surgical approaches. The other measurements are mainly
used for comparative anatomy purposes.
2.3. Landmarks measurements

Concerning the TPA, 3 angles were measured to describe the path,
since it involves the 3 planes of space (ascending path passing through
the pedicle and reaching the Nucleus pulposus). Indeed, the trans-
pedicular approach requires drilling into the pedicles to create access
to the intervertebral disc through the vertebral body without
damaging the Annulus fibrosus while avoiding injury to adjacent
neural structures. To achieve this, it is necessary to measure three
angles (a), (b), and (c), which are measured respectively in the
sagittal, transverse, and frontal planes to determine the angulation of
the surgical instruments from the skin incision to the center of the
disc (Fig. 2).

Concerning the TAA, all measurements were performed on images
obtained in a strictly transverse plane and summarized in Fig. 3 aTAA
angle was the mean between minimal angle (l) and maximal angle (m).
Minimal (n) and maximal (o) distances between the medial line and the
cutaneous entry point for (l) and (m) were measured avoiding spinal
canal and abdominal compartment. Finally, distances between the
cutaneous entry for (l) and (m) angles and NP were measured. They were
noted (p) and (q) respectively.

2.4. Lumbar spine anatomical sagittal sections of a human and a dog in a
plane of TPA routes

To analyze the distances between the nerve roots and the TPA routes,
an additional dog was used. 4 TPA were performed ex vivo with a
Kirschner wire under radioscopy using angles previously established.
The spine was then removed, frozen and sections were performed in the
plane of the wires. For Human, a section in the theoretical sagittal plan of
the TPA was made by a virtual dissection table (Anatomage® Table 7.0 –

Milan). The distances between the Kirschner wires and the adjacent
nerve roots were measured.
2.5. Statistical analysis

The statistical analysis was performed with R software. The intra-
rater reliability was assessed using a linear mixed-effects model and
considered to be excellent if the value of the intraclass correlation coef-
ficient (ICC) was greater than 0.90. The same vertebra was measured 15
times at 24 h interval by the same investigator. Mean values and standard
deviations were calculated with Excel (Microsoft 2004).

Concerning morphometric data, no statistic test was performed to
avoid irrelevant comparison, the results provided are the average data
obtained in each model. These data have been qualitatively compared.

To compare human and canine routes, only PPH group was used in
human group because they are in the same position. The comparisons
that have been made between the models depend on the surgical pro-
cedures. Thus, for TPA, we decided to compare sagittal (a) and trans-
versal (b) angles. For TAA, (aTAA) mean angle was compared between
the 2 models. Student's t-test was applied after confirming normality and
homogeneity of variances.



Fig. 1. Measurements from all the bony anatomical vertebral reliefs and IVDs in CT-scan. a) Sagittal view: ventral vertebral body's cranio-caudal distance (A),
dorsal vertebral body's cranio-caudal distance (B), pedicle cranio-caudal distance (I), IVD cranio-caudal distance (O), spinous process ventro-dorsal distance (P),
spinous process angle (Q) and total lumbar spine length (X). b) Transversal view: cranial end-plate's latero-lateral distance (C), cranial end-plate's ventro-dorsal
distance (D), cranial end-plate's area (E), caudal end-plate's latero-lateral distance (F), caudal end-plate's ventro-dorsal distance (G) caudal end-plate's area (H),
pedicle latero-medial distance (J) pedicle ventro-dorsal distance (K), vertebral canal ventro-dorsal distance (L), vertebral canal latero-lateral distance(M), vertebral
canal area (N), lateral process medio-lateral distance (S) and latero-lateral lateral process total distance (T), cranial articular latero-lateral distance (V) and caudal
articular latero-lateral distance (W). c) Frontal view: transverse process cranio-caudal distance (R) and transverse process angle (U).

Fig. 2. Measurements of angles and surgical landmarks in a CT-scan for Trans Pedicular Approach (TPA). a) Angle (a): measured in the sagittal plane between the
direction of the surgical instrument targeting IVD's center and the transversal plane. Angle (b): measured in the transversal plane between spinous process axis and the sagittal
plane. Angle (c):measured in frontal plane between the surgical instrument axis and the transversal plane. (d): cutaneous distance between IVD's transversal plane and cutaneous
entry point in sagittal plane. (e): cutaneous distance between spinous process and cutaneous entry point. b) The cross-section is oriented in the needle plane in order tomeasure
the distance between the cutaneous entry point and the bony entry point (f), the distance between the bony entry point and the NP (g). (h): total minimal needle length (h¼ fþ
g). (i):minimal distancebetween the needleway and the spinal canal. c) ratio between the distance “bony entry point-canal edge of the transverse process” and the cranio-caudal
total transverse process distance measured in frontal plane (j), distance between the bony entry point and the articular process' lateral edge measured in transversal plane (k).
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Fig. 3. Measurement of Trans Annular
Approach angles in a CT-scan in transversal
view. Minimal angle (l) was defined by the
intersection between the medial line and the most
medial axe of reaching NP by TAA without spinal
canal disruption. Maximal angle (m) was defined
by the intersection between the medial line and
the most lateral axe of reaching NP by TAA
avoiding rib and retroperitoneal cavity. Minimal
(n) and maximal (o) distances between the medial
line and the cutaneous entry point for (l) and (m)
were measured. Distances between the cutaneous
entry for (l) and (m) angles and NP were
measured and noted (p) and (q) respectively.

Table 1
Morphometric measurements (mean and standard deviation SD) in CT scans of human group (H: blue), Labrador/Golden (LG: white) and French Bulldogs
(FB: green).

± ± ± ± ± ± ± ± ± ± ± ± ±

± ± ± ± ± ± ± ± ± ± ± ± ±

± ± ± ± ± ± ± ± ± ± ± ± ±

° °

± ± ± ± ± ± ± ± ± ± ± ± ±

± ± ± ± ± ± ± ± ± ± ± ± ±

± ± ± ± ± ± ± ± ± ± ± ± ±

A: ventral vertebral body's cranio-caudal distance. B: dorsal vertebral body's cranio-caudal distance. C: cranial end-plate's latero-lateral distance. D:cranial
end-plate's ventro-dorsal. E: cranial end-plate's area. F: caudal end-plate's latero-lateral distance. G: caudal end-plate's ventro-dorsal distance. H: caudal end-
plate's area. I:pedicle cranio-caudal distance. J: pedicle latero-medial distance. K: pedicle ventro-dorsal distance. L: vertebral canal ventro-dorsal distance.
M: vertebral canal latero-lateral distance. N:vertebral canal area. O: IVD cranio-caudal distance. P: spinous process ventro-dorsal distance. Q: spinous
process angle. R: transverse process cranio-caudal distance. S: lateral process medio-lateral distance. T:latero-lateral lateral process total distance. U:
transverse process angle. V: cranial articular latero-lateral distance. W: caudal articular latero-lateral distance. X: total lumbar spine length.
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3. Results

3.1. Anatomical measurements

CT-scan measurements from all the bony anatomical vertebral reliefs
and IVDs are presented in Table 1. Comparing the measures between
human and dogs, the cranio-caudal vertebral body distances (A and B)
were almost similar between LG group and Human. This measure was 1.8
smaller in FB group compared to Human. In dog group, vertebral bodies
were narrower (latero-lateral distance C and F) and less deep (ventro-
dorsal distance D and G) than Humans (respectively LG: 22.8 mm � 2.1,
25.7 mm � 2.5, 14.1 mm � 1.3 and 13.4 mm � 1.2, FB: 16.4 mm � 1.4,
19 mm� 1.8, 9.8 mm� 1 and 9mm� 0.9 vs H: 48.2 mm� 6.2, 51.7 mm
� 5.7, 34.2 mm � 3.5 and 34.5 mm � 3.5). Regarding pedicles, cranio-
caudal distance (I) was bigger in LG (19.9 mm � 2.9) compared to
Human (15 mm � 2.1) and almost identically between Human and BF
(13.9 mm � 1.9). Latero-medial distance of pedicles (J) was smaller in
dog group (LG: 5.3 mm � 1.6; FB: 4.3 mm � 1) compared to Human
(11.7 � 4.4). Additionally, spinal canal (L, M, N) was narrower and
spinous process (P) shorter in dogs. Size of transverse process (S and T)
was shorter in canine. Finally, size of IVD (O) in dogs appeared thinner
(LG: 7.1 mm� 2.1; FB: 6.1 mm� 1.6) than Human (10.5 mm� 3.3). For
all measurements in Human and in canine models, no difference was
found between males and females.

3.2. Routes’ comparison (TPA and TAA)

In all species, regarding the iliac wings volume, lumbo-sacral IVD
(L5-S1 or L7-S1 depending on species) was systematically inaccessible by
TPA or TAA. Interestingly, contrarily to TPA that need a cranial incli-
nation of the needle, TAA allows to target one supplemental spine level
above the lumbo-sacral IVD.
Fig. 4. Comparison of landmark measurement in human and dogs in Trans P
between SPH (supine position human in light blue) vs PPH (prone position human in
The sagittal angle (a) between LG (Labrador and Golden retriever in light green) vs F
0.96). The transversal angle (b) between LG vs FB had a significant difference (p < 0.
LG þ BF in green) and PPH had a statistically significant difference (p < 0.0001 for
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3.2.1. Trans-pedicular approach (TPA)
In Human, sagittal angle (a) was statistically different between Supine

Position Human (SPH) group and Prone Position Human (PPH)
group (respectively 40.2� � 7.8 and 36.3� � 5.8; p ¼ 0.0006) (Fig. 4).
Transversal angle (b) was different between SPH group and PPH group
(respectively 46.8� � 7.2 and 44.8� � 5.3; p < 0.0001). In canine group,
sagittal angle (a) was not statistically different between LG (Labrador
and Golden) and FB (French Bulldog) (respectively 45.5� � 2.7 and 45.5�

� 3.5; p¼ 0.96). Transversal angle (b) was statistically different between
LG and FB (respectively 47.5� � 2.2 and 49.1� � 3.5; p < 0.0001).
Statistically differences for the sagittal angle (a) were found when
comparing PPH group and canine group with p < 0.0001. Additionally, a
statistical difference of transversal angle (b) was determined between
PPH group and canine group (p < 0.0001) (Fig. 4). In the PPH group, the
cutaneous distance between the spinous process and the cutaneous entry
point was 66 mm� 21 caudally in the sagittal plane (d) and 79 mm� 19
laterally in the transversal plane (e). In the PPH group, the mean needle
length was 123 mm � 29 (h) (Table 2). For all measurements in Human
and in canine models, no difference was found between males and
females.

3.2.2. Trans-annular approach (TAA)
In Human, (aTAA) was 49� (�12.3), 48.9� (�12) and 49.2� (�12) in

H, SPH and PPH groups, respectively (Fig. 5). No statistical difference
was observed between SPH and PPH groups (p ¼ 0.77). In canine group
(aTAA) was 67.5� (�24.9), 65.2� (�26.1) and 68.8� (�24.1) for all dogs,
LG and FB groups respectively. There was no significant difference
between LG and FB (p ¼ 0.86). Comparing Human to dogs, there was a
significative difference (p < 0.0001) between aTAA of PPH group and
canine group. In the PPH group, the cutaneous distance between the
spinous process and the cutaneous entry point was 79 mm � 19 laterally
for the smaller angle (n) and the mean needle length for this cutaneous
edicular Approach (TPA). The sagittal angle (a) and the transversal angle (b)
dark blue) had significant differences (p ¼ 0.0006 and p < 0.0001 respectively).
B (French Bulldog in olive green) had no statistically significant difference (p ¼
0001). The sagittal angle (a) and transversal angle (b) between C (canine model:
both).



Table 2
TPA's measurements (mean and standard deviation SD) for human group (H), supine position human (SPH), prone position human (PPH), canine
model (C), Labrador and Golden retriever (LB) and French Bulldog (BF).

± ± ± ± ± ± ± ± ± ± ± ±

±

± ± ± ± ± ± ± ± ± ± ±

±

± ± ± ± ± ± ± ± ± ± ±

± ± ± ± ± ± ± ± ± ± ± ±

± ± ± ± ± ± ± ± ± ± ± ±

± ± ± ± ± ± ± ± ± ± ± ±

a angle: angle in the sagittal plane. b angle: angle in the transversal plane. c angle: angle in the frontal plane. d: distance between the IVD's
transversal plane and the cutaneous entry point in the sagittal plane. e: distance between the spinous process and the cutaneous entry point in the
transversal plane. f: distance between the cutaneous entry point and the bony entry point. g: distance between the bony entry point and the nucleus
pulposus. h: the total minimal needle length (h ¼ f þ g). i: the minimal distance between the needle way and the spinal canal. j: the ratio between
the distance “bony entry point-canal edge of the transverse process” and the cranio-caudal total transverse process distance measured in frontal
plane. k: the distance between the bony entry point and the articular process lateral edge measured in transversal plane.
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entry point was 111 mm � 26 laterally (h) (Table 3). For all measure-
ments in Human and in canine model, no difference was found between
males and females.

3.2.3. Intra-rater reliability
The intra-rater reliability was measured in order to ensure results’

quality. Intra-rater reliability revealed very strong agreement (ICC
>0.90) for all measures (A: 0.97, B: 0.97, C: 0.99, D: 1, E: 0.999, F: 1, G:
0.99, H: 1, I: 0.99. J: 1, K: 0.93, L: 1, M: 1, N: 1, O: 0.99, P: 0.99, Q: 0.93,
R: 0.95. S: 1, T: 1, U: 0.98, V: 1, W: 1).

4. Discussion

This study provides with precise anatomical lumbar spine values
for human and 2 canine breeds, one chondrodystrophic and one non-
Fig. 5. Comparison of landmark measurement in human and dogs in Trans Ann
differences for (aTAA) angle between SPH (supine position human in light blue) vs PP
Golden retriever in light green) versus FB (French Bulldog in olive green) (p ¼ 0.86). N
LG þ FB in green) (p < 0.001).
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chondrodystrophic (Golden/Labrador Retriever and French Bulldogs).
This database will assist future researchers in creating comparisons be-
tween the human and caninemodels, as the dog is becoming a recognized
model for disc degeneration. Human surgeons will have access to
numerical data that will allow them to safely translate well-established
human surgical procedures to a model with which they are less
familiar, to develop new regenerative therapy approaches. While mea-
surements of human spine anatomy are in accordance with the literature
[12,13], it is the first time, to our knowledge, that they are characterized
for a non-chondrodystrophic medium-sized breed (Golden/Labrador
Retriever) and a chondrodystrophic brachymorphic breed (French Bull-
dogs). Moreover, this study expands IVD routes guideline for human and
canine models. Historically, IVD percutaneous approaches were used
to perform discography replaced now by non-invasive explorations.
Recently, in the context of IVD regenerative medicine based on the
ular Approach (TAA). In Trans Annular Approach (TAA) there is no significant
H (prone position human in dark blue) (p ¼ 0.77) nor between LG (Labrador and
evertheless, there was a significant difference between PPH vs C (canine model:



Table 3
TAA's measurements (mean and standard deviation SD) for human group (H), supine position human (SPH),
prone position human (PPH), canine model (C), Labrador and Golden retriever (LB) and French Bulldog (BF).

° ° °

± ± ± ± ± ± ±

± ± ± ± ± ± ±

± ± ± ± ± ± ±

± ± ± ± ± ± ± ±

± ± ± ± ± ± ± ±

± ± ± ± ± ± ± ±

l: minimal angle between the medial line and the most medial axe of reaching the nucleus pulposus (NP)
without spinal canal disruption. m: maximal angle between the medial line and the most lateral axe of
reaching the NP avoiding rib and retroperitoneal cavity. aTAA angle: mean between l and m angles. n: dis-
tance between the medial line and the cutaneous entry point for l angle. o: distance between the medial line
and the cutaneous entry point for m angle. p: distance between the cutaneous entry point for l angle and the
NP. q: distance between the cutaneous entry point for m angle and the NP.
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injection of cells, biological factors or biomaterials into the NP, mini-
mally invasive IVD approaches arouse interest. The current “gold stan-
dard” for targeting the NP is the percutaneous dorsolateral route
involving needle puncture of the annulus fibrosus (AF) (TAA's equivalent)
[5]. However, it is now well recognized that the TAA can lead to in-depth
alteration of the mechanical properties of the AF. Such AF impairments
are known to lead to an increased risk of NP herniation and accelerated
7

IVD degeneration, as demonstrated in animal models [14] and in human
studies [15].

TPA was described by Vadal�a et al. in human and ovine models [6,16]
and considered as an alternative. Nevertheless, TPA exhibits significant
risks of secondary lesions: spinal canal disruption with possible neuro-
logical consequences, vertebral endplate's fracture and end-plate healing
defects [17]. Vertebral canal disruption risk increases when the size of
Fig. 6. Lumbar spine anatomical sagittal sections
of a human (a) and a dog (b) in a plane of TPA
routes. For the dog spine, 4 TPA were performed ex
vivo with a Kirschner wire under radioscopy using
angles (a), (b) and (c) previously established. Spines
were then removed, frozen and sections were per-
formed in the plane of the wires. For the human spine,
a section in the theoretical sagittal plan of the TPA was
made by a virtual dissection table (Anatomage®

Table 7.0 – Milan). The distances between the
Kirschner wires and the adjacent nerve roots were
measured. Adjacent nerve roots (blue circle) were at
distant from TPA (dog: 14.3 mm, human: 19 mm).
Scale bar: 20 mm.
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the animal model decrease. Vadal�a et al. suggest angles of 49.6� in the
sagittal plane and 47.5� in the frontal plane to target the NP through
caudal vertebra [6] regardless of model (ovine and human). In our study,
a higher number of measurements on a significant number of IVDs have
been defined and demonstrated TPA's orientations were not the same
between species (example for TPA's sagittal (a) angle: 36.3� for Humans
and 45.5� for dogs). These differences could be explained by the patient's
position on the operating table as demonstrated in this study (significant
difference between the TPA's sagittal angle (a) in supine position (40.2�)
and in prone position (36.3�)). Thus, preoperative planning by imaging
in prone position would avoid as much as possible vertebral canal
disruption. Furthermore, nerve roots must be considered. TPA routes
were widely distant from adjacent nerve roots, as we have shown in
anatomical sections of a human and a dog (respectively: 19 mm and 14.3
mm) (Fig. 6). Concerning TAA, Kambin's triangle [18] must be consid-
ered and the minimal TAA angle shall be chosen to avoid nerve root
injury. Technically, choosing the minimal TAA angle correspond to the
shortest needle with a smallest dead volume and facilitate NP injection.

The TAA is controversial regarding AF lesions [14,15]. O'Connell
et al. have shown that the risk of DDD induction after AF lesion
post-injection is not constant, as it depends on the ratio between the
diameter of the needle and the height of the IVD [19]. According to
Elliott et al., when the gauge of the needle is less than 40 % of the height
of the IVD, AF puncture does not induce accelerated DDD [20]. This
precaution seems easy to implement and should be systematic in clinical
practice.

These two IVD approaches appear feasible, according to relevant CT-
scan measurements. It is well known that angles measurements may
change slightly (e.g. 5 % variation for Cobb's angle) without major
clinical consequences or implications [21]. The same is true when sig-
nificant differences in angles between models are observed. However,
this study showed angles measured in TPA have small standard de-
viations, indicating it is necessary to be accurate in order to perform TPA.
It was not true for TAA: to perform a safety approach, the angle of the
needle can be within a minimal angle (l) and maximal angle (m). Thus,
performing TPA required more precision than TAA, regardless of the
model used.

This study provides lots of accurate landmarks and will guide sur-
geons, radiologists, veterinarian in their reflection before performing IVD
approaches for DDD depending on the species treated. For example,
when considering TPA canine models allow a greater margin of error in
the sagittal plane (greater cranio-caudal pedicle distance), but carries a
greater risk of spinal canal disruption (reduced latero-medial pedicle
distance) [17]. In DDD research, chondrodystrophic dogs (French Bull-
dogs) constitute a relevant veterinary model as they exhibit early DDD.
Non chondrodystrophic dogs (Golden/Labrador Retriever) could be the
control group.

5. Conclusion and perspectives

This study develops a solid database of morphometric lumbar spine
characteristics in human and canine models. By detailing anatomical
landmarks and ensuring precision in percutaneous IVD's injection
procedures in human and canine models, the study provides surgeons
and researchers with the necessary data in human and canine models to
access the IVD safely within the context of translational protocols from
preclinical in canine models to clinical human studies.
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