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Abstract 32 

Purpose: Growth-guidance spinal systems are used in children with progressive spinal 33 

deformity to reduce repeated surgical lengthening while allowing continued spinal growth. 34 

Their long-term biomechanical behaviour under cyclic loading remains insufficiently 35 

characterised. This study assessed whether diamond-like carbon coating of rods and sliding 36 

screws affects axial stiffness and local kinematics in a growth-guidance spinal system. 37 

Methods: Twelve porcine Th11–L7 spine specimens were assigned to three groups: non-38 

instrumented control, non-coated titanium alloy instrumentation, and instrumentation with 39 

diamond-like carbon-coated components. Specimens underwent 100,000 cycles of axial 40 

compression. Axial stiffness was evaluated after 100 and 100,000 cycles. Vertebral range of 41 

motion from Th12 to L6 was measured using rigid body markers, and local rod–screw interface 42 

displacements were assessed using three-dimensional digital image correlation. Results: 43 

Stiffness increased similarly in all groups up to approximately 80,000 cycles. After 100,000 44 

cycles, construct stiffness was approximately 6% lower in diamond-like carbon coated 45 

instrumentation than in non-coated titanium alloy instrumentation. In the coated construct, 46 

segmental mobility at Th12–L1 and L5–L6 remained closer to the non-instrumented condition, 47 

whereas non-coated titanium alloy instrumentation showed reduced motion at these levels. 48 

Digital image correlation demonstrated time-dependent differences in local rod–screw interface 49 

kinematics between coated and non-coated constructs. Conclusions: Diamond-like carbon 50 

coating did not increase overall construct stiffness during cyclic axial compression, but it 51 

modified local mechanical behaviour and was associated with preservation of segmental 52 

mobility at selected levels. Further studies should determine whether these effects are 53 

maintained under multi-axis loading and in long-term tribological conditions. 54 

 55 

Keywords: growth-guidance spinal system; diamond-like carbon coating; cyclic axial 56 

compression; spinal biomechanics; early-onset scoliosis 57 

 58 

1. Introduction 59 

Scoliosis is one of the most common spine disorders in children and youth aged 3 to 18 years 60 

and remains a major challenge in modern orthopaedics. Spinal deformities affect 2–3% of the 61 

population, with early childhood scoliosis affecting about 1% (ca. 1.9 million children) [16], 62 

[24]. Spine disorders may result from congenital anomalies in vertebral, nervous, or muscular 63 

system development (non-idiopathic scoliosis). Over 10 to 15% of patients are diagnosed with 64 
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adolescent scoliosis of unknown aetiology (idiopathic scoliosis); rapid progression may lead to 65 

cardiac and pulmonary disorders and, in over 95% of cases, requires surgery [6], [16] 66 

The most common method of spinal stabilization used to correct scoliosis in children is 67 

posterior transpedicular fixation. In this technique, pedicle screws and rods are inserted to 68 

reposition vertebrae and stabilize the affected spinal segment. The disadvantage of this system 69 

is markedly restricted mobility, which hinders growth in the stabilized section and often leads 70 

to staged treatment with repeated surgical lengthening during the child’s growth [10], [32]. 71 

Growth-guidance systems (GGS) for spinal stabilization are now available and, among 72 

other advantages, reduce the need for multiple surgeries while enabling control of deformity 73 

correction during growth (Shilla growth-guidance system (SGSS), Luque trolley (MLT), 74 

magnetically controlled growing rods (MCGR), and spring distraction system (SDS)). Some 75 

conventional growth-guidance systems, as well as vertical expandable prosthetic titanium rib 76 

devices, still require regular surgical distraction, which increases the burden for young patients 77 

[23]. This problem was partly addressed by magnetically controlled growing rods, but MCGR 78 

still shows a high rate of implantation-related complications, requiring revision surgery in ca. 79 

30–50% of patients after two years [20], [31]. 80 

Many of these solutions are based on transpedicular stabilization with kinematic pairs 81 

that enable relative sliding of the stabilizer components without surgical intervention [19], [21]. 82 

However, these systems are not free of defects. Friction between sliding titanium alloy 83 

components contributes to generation of wear products that can be deposited in tissues 84 

surrounding the expanding joint and form “tissue tattoo,” i.e. regions with a high concentration 85 

of released metal particles [9], [19], [27]. Titanium particles released by fragmentation, friction 86 

wear, and corrosion may cause inflammatory conditions and can lead to metallosis, osteolysis, 87 

and loosening of the stabilization system. 88 

To prevent/eliminate undesirable effects caused by friction/wear products, solutions are 89 

sought using surface engineering methods, to improve functionality of implants. One such 90 

method is the application of different types of coatings, including diamond - like carbon (DLC) 91 

coating, on components working together and forming a kinematic pair of a screw and a rod, 92 

enabling the screw to slide along the rod. DLC coatings represent a unique combination of 93 

mechanical and tribological properties, and as they are made of a biocompatible and 94 

biologically inert material, they can potentially be used for orthopaedic implants. DLC coatings 95 

are widely used in medicine, especially in dentistry and orthopaedics (e.g. knee prostheses), 96 

where their main task is actually to eliminate products of tribological wear [2], [3], [22]. Due 97 

to their low coefficient of friction, high resistance to wear, and biocompatibility, these coatings 98 
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efficiently reduce the risk of inflammation in tissues surrounding the implant and prolong its 99 

life. Furthermore, DLC has antibacterial properties, which is particularly important in the 100 

context of its contact with oral microflora or the internal body environment. 101 

The aim of this study was to determine the effect of diamond-like carbon (DLC) coating 102 

on the mechanical properties of an internal stabilization system modelling the spine during 103 

growth. High-cycle compression tests were performed for implant systems without surface 104 

modification (standard Ti6Al4V construction) and after modification with a DLC layer. To 105 

verify whether the stiffness of the proposed solutions was similar to that of the physiological 106 

spine, the analysed mechanical parameters of the stabilized and physiological (non-107 

instrumented) systems were compared. 108 

 109 

2. Materials and Methods 110 

 111 

2.1 Sample preparation 112 

Sections of the pig spine (n = 12) at the Th11–L7 level were obtained from the abattoir (age 8 113 

– 10 months, mean weight 85±10 kg). Soft tissues were removed from the sections, leaving 114 

intact the vertebrae, intervertebral discs, ligaments, and joint capsules. Each spine section was 115 

stored freshly frozen in a separate package, at -20°C. Before the tests, the sections were thawed 116 

for 12 hours at room temperature. The sections were not wholly hydrated, because the process 117 

of one-time freezing and thawing of fresh sections does not result in their dehydration [8], [12] 118 

and at the same time, maintaining the intact connection between the intervertebral disc with the 119 

adjoining vertebral bodies does not affect internal structures [15], [18]. However, because the 120 

prolonged loading was to be applied, external surfaces of soft tissues were secured with gauze 121 

soaked with saline solution, to reduce dehydration of external structures both before and during 122 

the tests. In addition, intravenous cannulas were inserted into the vertebral bodies at levels L1, 123 

L3, and L5, through which a saline drip was administered. This procedure was intended to 124 

maintain a constant level of tissue hydration during the planned, long-term stress test. 125 

 126 

2.2 Stabilization system 127 

The SOCORE growth-guidance system (GGS) from NovaSpine (Domasław, Poland) for 128 

scoliosis correction in children consisted of fixed pedicle screws and polyaxial sliding pedicle 129 

screws, rods, and a transverse connector (Fig. 1). The sliding pedicle screws used enable 130 

movement of the stabilizing system components without a need for surgical interference during 131 

the patient’s growth. In the tests, four-segmental stabilization was used (Fig. 1a), involving 132 
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permanent implantation of four central screws, and screws in a sequential system with a sliding 133 

cap. In this stabilization system, the structural components can “follow” the growing spine, and 134 

at the same time, loads resulting from the scoliotic deformation are transferred. The polyaxial 135 

pedicular screw was 6 mm in diameter and 40 mm long, while the rod was 5.5 mm in diameter. 136 

The tests were performed on 12 specimens allocated as shown in Fig. 1b. To achieve 137 

good adhesion of the DLC coating, surfaces of the stabilizer components underwent 138 

electrochemical polishing and sandblasting. The a-C-H(Si) DLC coating was applied by PVD 139 

at 240 °C with a CrN interlayer, which additionally increases adhesion to the Ti-6Al-4V alloy 140 

surface. The DLC coating thickness was 1000 nm, while the CrN interlayer thickness was 20 141 

nm.  The architecture of the coating system is schematically presented in Fig. 2.  142 

 143 

Fig. 1. Set for four-segmental stabilization of scoliosis in children SOCORE GGS by NovaSpine: a) diagram of 144 

installation of elements in the Th12-L6 spine segment with transverse connector (green colour); b) typical fixed 145 

pedicle screw with locking cap (orange colour) and sliding cap of pedicle screw with a gap for the movement of 146 

the rod (blue colour) with set (or cap) screw without coatings (NC) and with DLC coatings 147 

 148 
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 149 

Fig. 2. Schematic cross-sectional view of the coated sliding cap (sliding nut) showing the Ti-6Al-4V substrate, 150 

CrN interlayer (20 nm), and outer a-C-H(Si) diamond-like carbon (DLC) coating (1000 nm). The layer 151 

thicknesses are not shown to scale 152 

 153 

2.3 Cyclic compression test  154 

To analyse the cooperation in the spine and stabilizer system, a prolonged cyclic loading test 155 

was performed. The use of cyclic loads was to simulate physiological motions of the spine, in 156 

this case mainly associated with axial compression [4], [8]. The tests were performed using a 157 

system of two clamps specially designed for this purpose, in which extreme vertebral bodies 158 

were fixed, installed in rings filled with filling compound (Fig. 3a). Simulation of cyclic loads 159 

affecting the spine were performed using the machine MTS 858 Mini Bionix® (Leeds, UK). 160 

The tests were performed for 100,000 cycles of loading at a frequency of 1.5 Hz, to mimic the 161 

frequency of the human gait as far as possible [33]. For axial loads, a force range of 150 – 650 N 162 

± 10 N was adopted, and this corresponded to the daily range of loads transferred by the lumbar 163 

spine of an average adult human, resulting from the weight of their torso, head, and upper limbs 164 

[33]. It was assumed that 50 initial cycles correspond to conditioning cycles, and this results 165 

from hyperelastic properties of soft tissues, i.e. intervertebral discs and ligaments, and the need 166 

to preload them to stabilize the tested spine and stabilizer system. 167 

On the basis of the obtained data, force–displacement characteristics were determined 168 

for the tested specimens. For the displacement values obtained at minimum and maximum load, 169 

the change in height (H) was established for successive loops. Using displacement in the range 170 

from 630 N to the maximum load value of 650 N, the stiffness coefficient (k) was derived. 171 

 172 

2.4. Measurement of the range of local vertebral mobility 173 

To describe kinematics of conditions of edge and resultant loads in the spine – stabilizer system, 174 

angular displacements and rotation in the horizontal plane were evaluated for individual 175 

vertebrae of the tested section of the spine (Fig. 3b). The kinematic data was recorded on the 176 
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basis of displacement of seven markers (rigid body flags) fixed to vertebral bodies at the Th12–177 

L6 level. It was assumed that flags are rigidly fixed to the vertebral bodies during the entire 178 

test. The motion of each body during loading with the force of 150 – 650 N was recorded on 179 

the basis of the motion of the rigid body flag. Data was recorded for two ranges of the performed 180 

prolonged cyclic load test: initial, for 100 cycles of loading, and end, for 100,000 cycles of 181 

loading. Measurements of local mobility of individual vertebrae was performed for all test 182 

groups: control (C), stabilization without coatings (NC) and stabilization with DLC coatings 183 

(WC). This aimed at determining the effect of the applied layer on the changes in local 184 

kinematics of the tested spine – stabilizer system. 185 

 186 

2.5 Digital Image Correlation 187 

Real-time determination of the distribution of displacements and strains of the stabilizer 188 

components represented an important part of the conducted studies. The tested construction was 189 

analysed using Digital 3D Image Correlation System Q-400 from Dantec Dynamics 190 

(Skovlunde, Denmark). For the performed measurements, the Digital Image Correlation (DIC) 191 

was equipped with two digital cameras and lighting dedicated to the Dantec Dynamics Q-400 192 

DIC measuring system (Fig. 3c). 193 

Implant surface preparation was a necessary stage of the measurement. A characteristic 194 

and unique pattern was drawn on the surface of the tested implant structures (rods and screws), 195 

so the application was able to compare images of spots under load. The spot pattern (light and 196 

dark spots) was applied by powder spraying white and black spray paint on the surface of the 197 

tested implants (Fig. 3c). Before images of the analysed object started to be registered, the 198 

cameras had to be calibrated on the unloaded item, using a calibration plate (High-Precision 199 

Glass Target, 40mm Object Size). 200 

On the basis of DIC measurements, distributions of displacement and strain on load-201 

bearing stabilizer components were obtained. The stabilizer area at the L4–L5 segment was 202 

analysed, including the sliding pedicle screw in vertebra L5. Mean values and standard 203 

deviations were determined for displacement and strain in the kinematic pair formed by the rod 204 

and pedicle screw. 205 
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 206 

Fig. 3. Schematic diagram of: a) measurement system for high-cycle compression tests; b) placement of markers 207 

in the Th12-L6 vertebral bodies, based on which changes in the angular position of the vertebrae were 208 

determined in the sagittal and horizontal planes; c) measurement system using digital image correlation with a 209 

speckle pattern applied to the implant surfaces 210 

 211 

 212 

2.6. Statistical Analysis 213 

All the results obtained from experimental testing were statistically analysed using OriginPro 214 

2025 (OriginLab Corporation, Northampton, MA, USA).  The test results were 215 

presented as means with standard deviations. The statistical 216 

analysis was performed on the basis of non-parametric Kruskal-217 

Wallis test, comparing several independent groups t at the level of 218 

statistical significance of 0.05. The use of logarithmic non-linear 219 

correlation was also assumed for obtained analysed values of a 220 

decrease in the height, depending on the number of cycles 221 

established on the basis of the correlation coefficient, R. It was 222 

assumed that |R| ≥ 0.92 represents a strong correlation. 223 

 224 

3. Results 225 

Results from the mechanical test and measurements of local vertebral mobility were analysed 226 

for all three test groups (C, NC, and WC). In structural tests and DIC analysis, the focus was 227 
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on differences between the two instrumented groups: stabilization without coatings (NC) and 228 

stabilization with DLC coatings (WC). 229 

 230 

3.1. Cyclic compression test  231 

On the basis of force–displacement characteristics, a decrease in height (H) was determined for 232 

groups C, NC, and WC in successive loops, as shown in Fig. 4a. The dynamics of H were 233 

similar in all groups and followed a logarithmic decrease (R = 0.96, 0.97, and 0.99 for C, NC, 234 

and WC, respectively). Two stages could be distinguished: an initial clear decrease persisting 235 

up to 40,000 cycles, followed by a stage in which values remained at a similar level and 236 

differences between successive cycles were not significant. The height decrease after 100,000 237 

cycles was 8.76 ± 0.62 mm for NC and 9.32 ± 1.67 mm for WC, corresponding to a 6% 238 

difference between the instrumented groups. Compared with C, the difference in height 239 

decrease after 100,000 cycles amounted to 19% for NC and 16% for WC. 240 

The mean stiffness coefficient (k) for the tested groups is shown in Fig. 4b. The 241 

dynamics of stiffness change were similar and characterized by three stages. After 100 cycles, 242 

k was 798 ± 30 N/mm in group C and was statistically significantly lower than in NC (946 ± 243 

129 N/mm), whereas no statistically significant difference was found between C and WC. 244 

Initially, k increased, followed by a period of stabilization maintained between 30,000 and 245 

40,000 cycles. At this stage, differences between groups were about 4%. In subsequent cycles, 246 

stiffness increased again. From 80,000 cycles onward, no further increase was visible and k 247 

remained at a similar level. After 100,000 cycles, k was 3261 ± 162 N/mm in NC and was 248 

statistically significantly higher than in WC (3088 ± 80 N/mm; p < 0.05). Thus, DLC coating 249 

reduced system stiffness by about 6% relative to the unmodified system. The k value for group 250 

C after 100,000 cycles was 2778 N/mm, i.e. 15% lower than NC and 10% lower than WC. 251 
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 252 

Fig. 4. Characteristics: a) a change in the height value (H); b) value of the stiffness coefficient (k) in subsequent 253 

cycles for the group: control (C), stabilization without coatings (NC) and stabilization with DLC coatings (WC). 254 

*- Statistical significance (p < 0.05) 255 

 256 

 257 

3.2. Measurement of the range of local vertebral mobility 258 

The analysis of changes in angular values in the sagittal plane of Th12–L6 vertebrae was 259 

performed after 100 and 100,000 cycles (Fig. 5). The initial (after 100 cycles) mobility of L1 260 

and L5 vertebrae with sliding screws was lower in groups NC and WC than in the control group 261 

C, where these differences were statistically significant mainly in the vertebra L1 rather than in 262 

L5 (Fig. 5b). In accordance with the assumed stabilizer settings, the lowest mobility was 263 

demonstrated in the vertebrae L3 and L4, and this was associated with the use of standard fixed 264 

pedicle screws in this area. It was also noted that in group NC, the Th12 vertebra mobility 265 

amounted to 2.60 ± 0.28, and was significantly higher than values in group C - by 40% (1.55 ± 266 

0.41°), and group WC - by 51% (1.26 ± 0.25°). In all groups (C, NC, and WC), the mobility 267 

values for the vertebra L6 were higher than for the vertebra L5, in which sliding pedicle screws 268 

were implanted. 269 
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After 100,000 cycles, the mean mobility value for the entire spine section was lower 270 

than after 100 cycles by 40% in C and WC and by over 60% in NC (Fig. 5c). Following the 271 

high-cycle mechanical test, no visible differences between the mobility of vertebrae L3 and L4 272 

with fixed screws and the remaining vertebrae were observed, although such differences were 273 

noticeable at the initial stage. Mobility of vertebrae Th12–L1 and L5–L6 in NC was statistically 274 

significantly lower than in C and WC. For these vertebrae, no visible differences in mobility 275 

were found between C and WC. 276 

 277 

Fig. 5. Graph of angular range of motion (ROM), in the sagittal plane, of the Th12-L6 vertebrae during axial 278 

spine compression for the group: control (C), stabilization without coatings (NC) and stabilization with DLC 279 

coatings (WC): a) scheme of the arrangement of markers (red points) and stabilizer elements - screws with a 280 

sliding nut (blue), standard non-sliding screws (orange), connector (green); b) initial value of angular 281 

displacement after 100 cycles; c) final value of angular displacement after 100,000 cycles. *- Statistical 282 

significance (p < 0.05) 283 

 284 

3.3. Digital Image Correlation  285 

The analysis showed that mean total displacement values for the kinematic pair were lower in 286 

NC than in WC, both after 100 and after 100,000 cycles (Fig. 6d). Analysis of main strains 287 

showed that after 100 cycles, mean strain values were higher in WC than in NC. However, after 288 

100,000 cycles this trend reversed, with higher mean strains in NC than in WC. An example 289 

distribution of engineering principal strain in the X direction for NC stabilization is shown in 290 

Fig. 6b. 291 
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 292 

Fig. 6. Mechanical parameters of sliding pedicle screw (L5 vertebra) in stabilization without coatings (NC) and 293 

stabilization with DLC coatings (WC). The value obtained the DIC method after 100 and 100,000 cycles: a) eng. 294 

principal strain X [%]; b) exemplary distribution eng. principal strain X [%] of NC stabilization; c) eng. principal 295 

strain Y [%]; d) value of the total displacement in groups NC and WC 296 

 297 

4. Discussion 298 

The present tests characterized the stability of the SOCORE growth-guidance system (GGS) 299 

from NovaSpine used to correct scoliosis in children during growth. We also evaluated the 300 

effect of DLC coating on the biomechanical behaviour of this stabilizer system. Most studies 301 

published to date have analysed biomechanical properties of growth-guidance systems over 302 

relatively small numbers of cycles [21], without considering that, in clinical settings, the 303 

implant is exposed to repeated long-term fatigue loads. For this reason, we analysed the selected 304 

stabilization system in the Th12–L6 section under prolonged axial loading for 100,000 cycles. 305 

Ouyang et al. [21] demonstrated that, during flexion–extension and lateral bending with 306 

a moment of 2.5 Nm, both conventional fixed rod systems and a growing rod with sliding 307 

pedicle screw system (GRSPSS) are characterized by similar stability and stiffness. 308 

Unlike the GRSPSS system, the SOCORE growth-guidance system is based on a 309 

combination of fixed pedicle screws and sliding pedicle screws. At the initial loading stage (100 310 

cycles), differences in height loss (H) between the spine without a stabilizer (C) and with the 311 

conventional titanium alloy stabilizer (NC) were not significant and did not exceed 0.38 mm 312 

(Fig. 4a). At the same time, the stabilizer significantly increased stiffness of the studied spinal 313 

section (k = 798 ± 30 N/mm for C and k = 946 ± 129 N/mm for NC; Fig. 4b). In accordance 314 
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with the implant settings, the lowest angular mobility was obtained at L3 and L4, where 315 

conventional fixed screws were used. Mobility of vertebrae L1 and L5, in which sliding screws 316 

were implanted, did not exceed 1.4° in NC and was lower than in the non-instrumented system 317 

(Fig. 5b). Similar to Ouyang et al. [21], use of the stabilizer increased mobility in segments 318 

adjacent to the construct; in our case this concerned vertebrae above (Th12) and below (L6) the 319 

sliding screws. 320 

The same study also showed that sliding connections between the screw and rod 321 

contribute to lower stiffness in axial rotation, indicating a higher degree of maintained mobility 322 

and less rotational control in the adjacent segments [21]. 323 

Our analysis of mechanical parameters after 100,000 cycles showed a statistically 324 

significantly higher value of height loss (H) and stiffness coefficient (k) in the system with the 325 

stabilizer (NC) than in the non-instrumented system (C), whereas no increase in mobility of 326 

individual vertebrae was observed (Fig. 5c). Still, loading in the growth-guided system (NC) 327 

resulted in a statistically significant decrease in mobility in the upper segments (Th12–L1), 328 

whereas no significant relationship was demonstrated in the lower segments (L5–L6). On this 329 

basis, it can be stated that, despite greater mobility at the initial stage of cyclic loading and 330 

significantly higher stiffness after the mechanical test, the SOCORE GGS system did not show 331 

features suggesting development of complications or malfunctions under the present loading 332 

conditions. 333 

Results obtained from DIC measurements indicate significant differences in the 334 

behaviour of kinematic pairs in NC and WC. At the initial stage of testing (after 100 cycles), 335 

WC had higher displacement and strain values, which may imply a more intense running-in 336 

process. After 100,000 cycles, this trend was reversed, suggesting better contact stabilization in 337 

WC and a possible change in the deformation mechanism in NC. 338 

As the literature shows, at the initial stage of tribological tests, the observed values of 339 

displacement and strains of rubbing components are clearly higher, and this results from the 340 

intense effect of microgeometric surface unevenness and mismatch between surfaces [13], [27]. 341 

These phenomena are characteristic for the breaking-in stage, during which local plastic 342 

deformation and wear occur. The breaking-in process results in adaptation of the contact 343 

surfaces and, when it is completed, these values are stabilized. After 100,000 cycles, the contact 344 

stabilizes, the surfaces become smoother, and the displacement and strains values significantly 345 

decrease, implying that the tribological system achieved the steady state [26]. Although the low 346 

coefficient of friction of the DLC coatings facilitates a reduction in the resistance forces on 347 

contact, during the breaking-in stage the values of displacement and strains can be higher [25], 348 
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[28]. This results from surface mismatch, local stress concentrations, and dynamic microslides 349 

that occur before the tribological contact achieves the steady state. On the basis of the 350 

assessment of the displacement and strains distribution and conducted angle measurements, the 351 

authors demonstrated that in the case of the axial compression, the higher values of 352 

displacement and strains and the greater ranges of mobility for individual vertebra were 353 

obtained in the case of the stabilizing system with the DLC coating applied. 354 

 355 

4.1. Potential clinical relevance  356 

Growth-guidance systems depend on controlled sliding at the rod–screw interface; excessive 357 

friction or altered interface kinematics may unintentionally increase construct constraint, shift 358 

motion to adjacent levels, and contribute to failure modes such as rod deformation or screw 359 

loosening. In the present highly cyclic axial loading model, DLC-coated sliding components 360 

exhibited a different interface kinematic response. They maintained segmental mobility closer 361 

to the non-instrumented condition at selected levels compared with the non-coated construct. If 362 

confirmed under multi-axis fatigue and dedicated wear/debris assessments, DLC coating could 363 

represent a practical strategy to tune long-term sliding behavior and potentially improve implant 364 

durability while limiting adverse responses related to wear products. 365 

 366 

4.2. Limitations 367 

The main limitation of the study is the use of the pig spine model for biomechanical tests with 368 

the growth-guidance system (GGS). This results from problems with obtaining specimens from 369 

human cadavers below 10 years of age with signs of early-onset scoliosis (EOS). The pig spine 370 

is used in biomechanical studies due to geometrical dimensions of the vertebrae, mechanical 371 

properties of individual structures, and the physiological curvature and range of mobility of the 372 

lumbar spine, which are similar to those of the human spine [1], [5], [7]. 373 

The lumbar spine of the pig is highly similar to the human one in terms of the vertebra 374 

structure and geometry [5], [30]. Busscher et al. [5] confirmed that biomechanics of the lower 375 

spine of the pig is similar to that of the human spine. The mean length of the spine differs by 376 

just 0.1 mm. However, there are differences in curvatures – in humans, cervical and lumbar 377 

lordoses are shallower, and the thoracic kyphosis is greater than in pigs. The vertebral heights 378 

are comparable, and similarities in the spinal canal structure indicate the usefulness of the pig 379 

model in studies on transpedicular stabilization [5], [11], [17]. 380 

In our study, the spines did not show deformity resulting from scoliosis, which could 381 

influence stability, load transfer in the growth-guided system, and the degree of material wear 382 
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in mobile components. At the same time, animal models, including the pig spine, are commonly 383 

used in studies in which spinal sections are subjected to cyclic compression loads [14], [21], 384 

[29]. 385 

 386 

5. Conclusion 387 

Under highly cyclic axial compression, DLC coating of growth-guidance system components 388 

did not increase overall construct stiffness compared with the non-coated system. After 100,000 389 

cycles, the coated construct showed slightly lower stiffness and a different local kinematic 390 

response at the rod–screw interface. Segmental mobility at Th12–L1 and L5–L6 remained 391 

closer to the non-instrumented condition in the coated group, whereas reduced motion was 392 

observed in the non-coated construct. These findings suggest that DLC coating may modify the 393 

mechanical behaviour of growth-guidance systems without increasing construct rigidity. 394 

Further studies should determine whether these effects are maintained under multi-axis loading 395 

and whether they are associated with favourable long-term tribological performance. 396 
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