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SUMMARY: 22 
Here, we present a protocol to analyze the posture and the gait of patients after lumbar fusion 23 
surgery by means of high-resolution video rasterstereography and a treadmill equipped with an 24 
integrated sensor mat. Allowing critical functional postoperative evaluation on a less subjective 25 
level may enhance accuracy and reliability of indication for surgery.  26 
 27 
ABSTRACT: 28 
This protocol provides guidance on how to perform high resolution video rasterstereography and 29 
treadmill gait analysis on patients after lumbar fusion surgery to obtain results about altered 30 
variables of gait and posture. These observed changes can then be correlated with the patient-31 
reported outcome measure of pain relief. The rasterstereographic device projects lines of parallel 32 
light onto the surface of the tested subject’s back. The deformation of these lines is recognized 33 
by the device. From these data, a special software then generates a 3-D profile based on the 34 
principle of triangulation. With an inaccuracy of only 0.2 mm it can measure changes in posture 35 
at very high precision. Gait and stance parameters are recorded using a treadmill equipped with 36 
an electric sensor mat that contains 10,200 miniature force sensors in the registering zone under 37 
the belt. Initial walking speed on the treadmill is 0.5 km/h. Speed is then gradually increased by 38 
increments of 0.1 km/h until each subject reaches his or her individual maximum well tolerable 39 
walking speed. At this speed, parameters are recorded during a 20-second measurement interval. 40 
Subjects are tested barefoot and without holding a handrail. Among various other parameters, 41 
stride width, step length, stance phase and foot rotation are measured. Both methods used 42 
reportedly have a high intra- and inter-observer reliability. The advantage of these highly 43 
accurate techniques is that they offer an objective and very detailed perspective on changes in 44 
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the patient's posture and gait. Due to the amount of data generated, these techniques are, 45 
however, not so much suitable for everyday routine use, but rather interesting to scientifically 46 
evaluate long term alterations in posture and gait in patients like for example after lumbar fusion 47 
surgery.  48 
 49 
INTRODUCTION: 50 
This protocol provides instructions on how to objectively perform a functional posture and gait 51 
analysis of patients after lumbar spinal fusion surgery in contrast to subjective evaluation by the 52 
examiner or patient reported questionnaires. The setup consists of a high-resolution video 53 
rasterstereography for posture analysis, and a pressure-sensor equipped treadmill setup for gait 54 
analysis. Results obtained by these techniques from patients after lumbar fusion surgery are 55 
compared with subjectively reported pain relief.  56 
 57 
Even if spinal surgery techniques and outcomes have vastly improved over the past years, the 58 
increase in procedures performed1,2 also leads to a rise in absolute numbers of patients 59 
dissatisfied with their individual postoperative results. For surgeons, it is thus crucial to identify 60 
those patients who will most likely benefit from surgery. The development of this skill is closely 61 
associated with the constant postoperative outcome evaluation and reevaluation of the initial 62 
indication for surgery.  63 
 64 
To date, the postoperative outcome is mostly judged on subjective patient-reported levels of 65 
pain and function by questionnaires3-5. These questionnaires are, however, always subjectively 66 
affected and not only influenced by the objective physical abnormality but also by the patient's 67 
attitudes and beliefs, psychological distress, and illness behavior. Interestingly, even findings in 68 
X-ray, computed tomography or magnetic resonance imaging are prone to high inter- and intra-69 
observer variability6-10. The additionally radiologic imaging, however, only offers a static technical 70 
evaluation of the surgery. There is a clear lack in means to objectively evaluate the functional 71 
outcome after spinal surgery.  72 
 73 
A patient’s posture and gait are generally supposed to be linked to the perceived level of pain 74 
and also to the overall quality of life11,12. Therefore, function can be considered one of the most 75 
important elements of postoperative outcome. The overall functional satisfaction of the patient 76 
seems to be associated with spinal alignment, kyphosis, lordosis and vertebral rotation13-15. As 77 
lumbar fusion surgery tries to restore the anatomical curvature of the spine and therefore to 78 
balance the muscles, the adaptation of posture is expected16. Restored lumbar lordosis is 79 
complementary with pain relief and thus result in the ability to walk painless.  80 
 81 
The technique of back surface analysis goes back to the work of Takasaki and Meadows et al., as 82 
well as Drerup et al. from the late 1970s and 80s17-21. Based on the principle of triangulation, this 83 
technique presents a measurement inaccuracy of only 0.2 mm22.  The technique is widely used 84 
and tested for the radiation free diagnosis and follow-up of patient with scoliosis23,24. In the 85 
context of evaluation of scoliosis patients, the setup showed good validity and an excellent intra- 86 
and interrater reliability25. An even more functional view on the patient offers the analysis of gait. 87 
A common technique to register the distinct parameters used to describe a patient's gait is a 88 
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treadmill experimental setup. Thus stride width, step length, stance phase and foot rotation as 89 
well as pressure distribution for each foot can be measured at a very high precision26-31. Whereas 90 
patients with low back pain seem to use strategies to reduce the impact on the lumbar spine 91 
while walking, the treadmill setup offers the advantage to measure a patient’s walk while keeping 92 
track of every single step32.  93 
 94 
The hypothesis is that lumbar fusion surgery changes pathologic patterns in gait or posture and 95 
that these changes are in correlation with the detectable alleviation in the patient-reported 96 
outcome measure i.e., level of pain. The expected changes can be measured with video 97 
rasterstereography and treadmill gait analysis. The additional information about posture and gait 98 
can thus be compared with the overall functional status and satisfaction14,15,33. 99 
 100 
PROTOCOL: 101 
 102 
Full approvals from the Department of Orthopaedic Surgery at the University of Tuebingen and 103 
the Ethics Committee at the University Hospital Tuebingen were obtained before the 104 
commencement of the study. Written informed consent was received from all subjects before 105 
their participation. 106 
 107 
1 Patient recruiting and preparation 108 
 109 
1.1. Recruit a subject, aged more than 18 years, who suffers from lumbar back pain and 110 
degenerative disc disease. 111 
 112 
1.1.1. Gather all relevant data as back pain related patient history, results from magnetic 113 
resonance imaging, current pain medication and history of physiotherapy. 114 
 115 
1.1.2. Perform an orthopedic physical examination to identify the origin of the lumbar back pain 116 
looking for tender pressure points, test lateral flexion and trunk inclination and extension, and 117 
perform the straight leg raise. For differential diagnosis also test the hip joint for example for 118 
flexion, extension and rotation.  119 
 120 
NOTE: 30 subjects and 28 reference subjects were used for the original study. 121 
 122 
1.2. Rule out that the subject has a neurologic deficit of the lower limbs that requires immediate 123 
surgery by physical examination of each of the key muscles. 124 
 125 
NOTE: A deficit in the sensorimotor system of the lower limb of less than grade 3/5 (Janda’s 126 
classification) should not be included in this study. 127 
 128 
1.3. Ensure that the subject presents with normal walking ability and does not show any acute 129 
neoplastic or infectious pathology of the spine.  130 
 131 
NOTE: The neoplastic or infectious pathology of the spine will be visible in the magnetic 132 
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resonance imaging. 133 
 134 
1.4. Schedule the subject for spinal surgery. 135 
 136 
1.5. Ask all subjects to sign an informed consent for participating in the study. 137 
 138 
1.6. Schedule measurement dates for the following experimental setup (see 1.7, 1.8, 1.9., 1.10.) 139 
with the subject.  140 
 141 
1.7. Perform the first measurement one day prior to surgery. 142 
 143 
1.8. Perform the second measurement approximately seven days after surgery, when walking on 144 
ward-level is regained. 145 
 146 
1.9. Schedule and perform the third measurement three-months postoperatively. 147 
 148 
1.10. Schedule and perform the fourth measurement one-year postoperatively.  149 
 150 
NOTE: During each examination ask the subject to complete the Oswestry Disability Index (ODI) 151 
34 questionnaire and to indicate their usual value on the Numeric Pain Rating Scale (NRS) 35.  152 
 153 
1.11. Perform the gait and posture analysis with the subject on each visit following the 154 
subsequent instructions under section 2 of the protocol.  155 
 156 
2. Experimental design  157 
 158 
2.1. Questionnaires 159 
 160 
2.1.1. Ask the subject to complete the Oswestry Disability Index (ODI) questionnaire and to 161 
indicate his or her usual value on the Numeric Pain Rating Scale (NRS). 162 
 163 
2.2. Rasterstereographic analysis 164 
 165 
2.2.1. Implement the measurement setup. 166 
 167 
2.2.1.1. Use a device based on the principle of optical stereographic measuring that allows the 168 
detection of the specific anatomical landmark’s vertebra prominens, the two lumbar dimples, 169 
and the sacrum point of the rima ani. 170 
 171 
2.2.1.2. Use an apparatus that estimates spine configuration on the Moiré principle using a 172 
projector that projects a grid of light lines on the patient’s back and contains a light-optical 173 
scanning camera.  174 
 175 
NOTE: Based on the principles of triangulation, the software analyzes the projected lines and 176 
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generates a 3-D model of the patients’ surface (7,500 points).  177 
 178 
2.2.1.3. Build the measurement system with two main modules: the light projector unit that 179 
emits the projections of parallel lines and captures the reflections with a camera (15 Hz) and a 180 
personal computer with the manufacturer's analysis-software installed. 181 
 182 
2.2.1.4. Additionally, hang up a 2.5 m x 2 m piece of plain black cloth or similar that entirely covers 183 
the background of the image taken to improve the contrast. 184 
 185 
2.2.2. Begin the measurement-process by asking the subject to undress from head down to the 186 
waist to expose all four needed anatomical landmarks: the neck with the vertebra prominens, 187 
the two lumbar dimples, and the sacrum point as the cranial end of the rima ani. 188 
  189 
2.2.3. Make sure that especially the caudal landmarks are also visible. This may require that the 190 
subject opens the trousers and lowers them a little. 191 
 192 
2.2.4. Let the subject stand freely and barefoot in a relaxed standard anatomical position with 193 
the feet shoulder-wide apart.  194 
 195 
2.2.5. Position the subject's front facing towards the wall with the black background while his or 196 
her back is targeted to the camera device. 197 
 198 
2.2.5.1. Measure the distance from the subject’s back surface to the camera device with a 199 
measuring tape, as it needs to be at 200 cm during all measurements.  200 
 201 
2.2.6. Begin the measurement by clicking the button for the software’s automatic landmark 202 
detection on screen while the subject stands freely, barefoot in a relaxed standard anatomical 203 
position with the feet shoulder-wide apart. 204 
 205 
2.2.6.1. In case of a scanning error manually re-adjust the landmarks position according to the 206 
manufacturer's instructions provided with the software, so that they match their actual anatomic 207 
position (see step 2.2.2). 208 
 209 
2.2.7. Set the system to a measurement time of 30 s. Due to the 15 Hz rate of the camera device 210 
about 450 images will be captured.  211 
 212 
2.2.8. Click Generate on the software panel and wait for the results. The software will calculate 213 
the average terminal values needed for further analysis. 214 
 215 
2.2.9. Let the subject rest for 120 s and subsequently step on the treadmill device. 216 
 217 
3. Treadmill gait analysis and (optional) plantar pressure measurements 218 
 219 
3.1. Use an instrumented treadmill with an integrated system containing capacitive pressure 220 
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sensors under the belt to register gait parameters such as stride width, step length, stance phase 221 
and foot rotation. 222 
 223 
3.1.1. Make sure to use a measuring system that contains of 10,200 miniature 0.85 cm x 0.85 cm 224 
capacitive pressure sensors on a mat of 150 cm x 50 cm, registering the exerted force at a rate of 225 
120 Hz and which has a spatial resolution of the mat of 1.4 sensors/cm².  226 
 227 
3.2. At first, connect the treadmill and video camera to a commercial personal computer using 228 
the manufacturer's measurement software. 229 
 230 
3.3. Ask the subject to stand on the treadmill barefoot and with the pants rolled up to the knees.  231 
 232 
3.4. Attach a safety plug to the subject’s shirt.  233 
 234 
NOTE: The safety belt ensures measurement safety by an automatic shutdown of the treadmill, 235 
if the subject stumbles or is pushed too far back by the belt. In addition, the treadmill can be shut 236 
off via an emergency stop button or a cord. 237 
 238 
3.5. Use two lateral rail bars attached to the sides of the treadmill, to prevent the patient from 239 
falling off the treadmill in case of stumbling.  240 
 241 
3.6. Set the slope of the treadmill at 0% during the entire measurement.   242 
 243 
NOTE: If necessary, the slope of the treadmill used in this study can be adjusted in a range from 244 
-2% to +15% in 0.5% increments, to simulate up-hill walking. 245 
 246 
3.7. To register the total load distribution on each foot, ask the subject to stand freely on the 247 
treadmill sensors thrice for 10 seconds. Then calculate the mean value of these three 248 
measurements. 249 
 250 
3.8. In the next step, when the treadmill is turned on, ask the subject to walk with normal gait 251 
and, as far as possible, not to hold on to the handrails.  252 
 253 
NOTE: Walking on the treadmill without holding the handrail is recommended to obtain more 254 
dependable results and achieve higher reliability. 255 
 256 
3.9. Furthermore, advise the subject to walk between two adhesive tape markers you accurately 257 
attached beforehand on the surface of the treadmill to define the limits of the integrated sensor 258 
mat. 259 
 260 
3.10. After starting the treadmill, increase the speed in small increments of 0.1 km/h starting 261 
from 0.5 km/h until the subject’s individual maximum well tolerable walking speed is reached. 262 
Ask the subject during the increase how he or she feels comfortable walking.  263 
 264 
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NOTE: The maximum well tolerable walking speed is reached when the subject has reached the 265 
highest walking speed with which he or she feels still comfortable walking. The belt speed can be 266 
upregulated in 0.1 km/h increments to a maximum speed of 22 km/h which thus even allows 267 
running measurements. The minimum speed of the treadmill is 0.5 km/h.   268 
 269 
3.11. For every subject measure two trials with a duration of 20 s. Let the subject rest for 60 s 270 
between the trials.  271 
 272 
NOTE: The trial speed is specified by the individual walking speed determined in step 3.10. 273 
 274 
3.12. Film the subject’s gait at the same time with a video camera from behind to allow visual 275 
correlation between the actual gait profile and the assessed parameters.  276 
 277 
3.13. Print the results displayed as a report through the software’s interface at the end of the 278 
measurement. 279 
 280 
NOTE: To further quantify foot pressure distribution during gait, the development of a software 281 
tool to subdivide the foot into different regions is necessary. For each region of interest pressures 282 
are registered from heel strike to toe-off during each gait cycle in N/cm². Eight distinct regions 283 
are defined: hindfoot, midfoot, first metatarsal head, second/third metatarsal head, fourth/fifth 284 
metatarsal head, hallux, second/third toe and fourth/fifth toe. 285 
 286 
4. Experimental design – statistical analysis 287 
 288 
4.1. Analyze the data obtained in step 2.2.8 and 3.13 using commercially available statistical 289 
software (Table of Materials). Import the data to the software by clicking Import. 290 
 291 
4.1.1. Assess normality for the data obtained in step 2.2.8 and 3.13 by using histograms, the 292 
Shapiro-Wilk or Kolmogorov-Smirnoff test depending on the sample-size, and equality of 293 
variances by using the Levene test.  294 
 295 
4.1.2. Present data as mean (standard deviation) or median (minimum-maximum), depending on 296 
normality. 297 
 298 
4.1.3. Present categorical variables as relative or absolute frequencies.  299 
 300 
4.1.4. For treadmill variables organize each patient's bilateral data into major and minor values 301 
and calculate their absolute differences as a parameter for gait symmetry. 302 
 303 
4.1.5. For demographic characteristics use the Kruskal-Wallis test, chi-squared test, Friedman 304 
test, Wilcoxon test, and Tukey test, depending on normality.  305 
 306 
4.1.6. Calculate correlations between the measurement changes and changes in the patient-307 
reported outcome measures between different time-points using Kendall’s tau.  308 
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 309 
4.1.7. Calculate NRS values as a percent of the initial value. 310 
 311 
4.1.7.1. When grouping improvement on the Numeric Pain Rating Scale (NRS) ordinally, consider 312 
>75% an excellent, 30-74% a moderate, and <30% as no improvement.  313 
 314 
NOTE: Since it is impossible to distinguish those patients with actual pain improvement <30% 315 
accompanied by also functional improvement from those with improvement just due to a 316 
placebo effect (which can reach up to 30% improvement) where we would not expect functional 317 
changes, we classified this group for study purposes as "no improvement"35,36. 318 
 319 
4.1.8. Interpret the Oswestry Disability Index (ODI) according the questionnaire’s instructions. 320 
 321 
4.1.8.1. Interpretation of the ODI: For each section, the total possible score is five. After all of the 322 
ten sections are completed by the patient, calculate the score as follows. Divide the selected total 323 
score by the total possible score (50) multiplied by 100 to obtain the final score in percent. For 324 
each section that is missed or not applicable the total score by which to divide is lowered by five. 325 
Interpretation of the final score: 0-20%: minimal disability, 21-40%: moderate disability, 41-60%: 326 
severe disability, 61-80%: crippled, 81-100%: exaggerating patient or bed-bound 327 
  328 
REPRESENTATIVE RESULTS: 329 
The representative results shown in this protocol come from a previous publication that has been 330 
published elsewhere26.  331 
 332 
Rasterstereographic analysis 333 
The results of perioperative rasterstereographic analysis of patients who did suffer from chronic 334 
lumbar back pain and who were treated with lumbar fusion surgery (n=59) showed no significant 335 
changes in trunk length at the 3-month follow-up in comparison to the preoperative 336 
measurements (459 (33) - 448 (40) mm; p=0.313; Tukey test) (Figure 1A). We however noted a 337 
significantly reduced kyphotic angle (vertebra prominens (VP) - thoracic spine vertebrae 12 338 
(Th12), from 52° to 43°; p=0.014; Tukey test) and lordotic angle (Th12 - dimple medium (DM), 339 
from 28° to 11°; p<0.001; Tukey test) at the first post-operative measurement when compared 340 
to the preoperative values (Figure 1B). No differences for the measurements of trunk inclination 341 
or lateral tilt were detected at any time point (Figure 1C, D). 342 
 343 
Gait and stance analysis 344 
The treadmill gait measurements of the same patient cohort (n=59) showed a significant 345 
reduction in cadence in the course from preoperatively to 3 months postoperatively (pre-OP to 346 
7-days postoperatively: 98 (57-132) - 94 (43-119) steps/minute, p=0.004; 3-months 347 
postoperatively: 91 (54-117) steps/minute, p=0.006, Wilcoxon-test) (Figure 2A). Over the three 348 
postoperative months significant changes were detected for most spatiotemporal parameters 349 
(swing phase p=0.01; stance phase p<0.001; foot rotation p=0.001). However, no significant 350 
improvements were seen for the symmetry of swing phase (difference-major-minor value 351 
(DiffMJMn) 2 (0-8) - 1 (0-6) %), stance phase (DiffMJMn 2 (0-8) - 1 (0-6) %) or foot rotation 352 
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(DiffMJMn 3 (0-10) - 3 (0-15)°) (Figure 2B,C,D).  353 
 354 
FIGURES AND TABLE LEGENDS: 355 
Figure 1: Rasterstereographic results. Boxplots displaying measurement changes for (A) trunk 356 
length at the 3-months follow-up in comparison to the preoperative measurements (459 (33) - 357 
448 (40)mm; p=0.313; Tukey test), (B) Lordotic angle at the first postoperative measurement 358 
when compared to the preoperative values (thoracic spine vertebra 12 - dimple medium, from 359 
28° to 11°; p<0.001; Tukey test), and (C-D) trunk inclination and lateral lilt over the course of one 360 
year (no significant difference). This figure has been adapted from26. 361 
 362 
Figure 2: Gait and stance results. (A) Boxplots displaying a reduction in cadence from 363 
preoperatively over the postoperative course of 3 months (preoperatively to 7-days 364 
postoperatively: 98 (57-132) - 94 (43-119) steps/minute, p=0.004; 3-months postoperatively: 91 365 
(54-117) steps/minute, p=0.006, Wilcoxon-test) and the preoperative, 7-days and 3-months 366 
postoperative treadmill results for (B) swing phase, (C) stance-phase and (D) foot-rotation 367 
grouped according to subjective pain relief after surgery in percentage (<30%, 30-74%, >75%). 368 
From preoperatively to 3-months postoperatively we detected significant changes for most 369 
spatiotemporal parameters (swing phase p=0.01; stance phase p<0.001; foot rotation p=0.001). 370 
No significant improvements were however observed with respect to their effect on gait 371 
symmetry (swing phase (difference-major-minor value (DiffMJMn) 2 (0-8) - 1 (0-6)%) stance 372 
phase (DiffMJMn 2 (0-8) - 1 (0-6)%, ), or foot rotation (DiffMJMn 3(0-10) - 3(0-15)°)). This figure 373 
has been adapted from26. 374 
 375 
DISCUSSION: 376 
Perioperative surgical outcome-monitoring is a field that is subjectively shaped. First it is affected 377 
by the surgeon’s experience and secondly by the patient's subjective perception registered by 378 
for example questionnaires which also reflect his or her psychological distress and illness 379 
behavior. Our presented procedure offers an approach that objectifies crucial parameters 380 
regarding functional outcome. The methodical setup presented in this manuscript allows high 381 
precision measurements of changes in posture and gait after lumbar surgery18,37-40, but it can also 382 
be applied for other surgical interventions of the musculoskeletal system.  383 
 384 
The investigator has to be aware of some method-related pitfalls. The rasterstereographic 385 
analysis of the back profile is highly dependent on the precise selection of the anatomical 386 
landmarks. If chosen imprecisely, measurement and data calculation will be incorrect as well. In 387 
addition, the subject’s back must be completely undressed. Even wires of a bra or long scalp hair 388 
could disturb the scanning process. As gait measurements are susceptible to limping as a result 389 
of a painful hip, knee or ankle joint, the tested subjects need to be well examined before inclusion 390 
in the study and also before each follow-up visit to ensure the results are relevant and in 391 
correlation to the alterations of the spine. Since both methods have a high intra- and 392 
interobserver reliability21,24,41,42, their use in every-day routine can be easily implemented. 393 
However, combining both measurement-techniques might make it difficult to keep track of the 394 
abundance of data and to interpret these findings in a justifiable time.  395 
 396 
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One limitation of the technique of back surface measurement in general is that, to date, the data 397 
in the literature mostly refer to radiologic parameters obtained from X-rays to interpret 398 
postoperative outcome24. Since - due to modality-specific limitations - the definition of 399 
parameters used to describe posture differs between rasterstereography and X-rays (for example 400 
thoracic angle: rasterstereography thoracic vertebrae 1 to 12, x-ray thoracic vertebrae 4 to 12) it 401 
is not yet possible to derive conclusions from absolute values obtained by rasterstereographic 402 
analysis. It is rather their changes in the perioperative course that are of interest. Presently this 403 
tool is thus best suited for longitudinal analyses.  404 
 405 
Other objectifiable data, such as CT (computed tomography imaging) or MRI (magnetic 406 
resonance imaging), can help to technically evaluate postoperative outcome, but they only 407 
illustrate static anatomical details. In contrast to the non-invasive and radiation-free 408 
measurement techniques described in this protocol, these imaging techniques are not able to 409 
take function into consideration8-10.  410 
 411 
Interestingly the changes for gait and posture in our study were not always related with the 412 
patients’ levels of pain. It thus appears that the postoperative dimension of function is not strictly 413 
associated with pain experience. The observed functional results are thus to be considered not 414 
contradictory but rather complementary to the patient related outcome measures. These 415 
measurements hence offer an additional dimension to critically evaluate postoperative outcome. 416 
 417 
The evaluation of gait and posture is still a highly dynamic research field. We are confident that 418 
providing data about perioperative development of such functional parameters will improve our 419 
understanding of these conditions. In the long run, this may also help to further improve our 420 
surgical outcomes.  421 
 422 
It is, therefore, important to apply the technique described in detail in this protocol and video on 423 
a broader scale to obtain more data about the functional parameters posture and gait in the 424 
perioperative course of musculoskeletal surgery. 425 
 426 
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Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.

 
A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission. 
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The authors’ responses to editorial and reviewers’ comments 
 
 
We marked all changes in the revised manuscripts in this color, for your convenience.  
 
 
Editorial comments: 
 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there 
are no spelling or grammar issues. 
 
We finally proof read the document. 
 
2. Please note that numbering of institutional affiliation should follow the order of authors. 
First author gets 1, next author with different affiliation gets 2, etc., following from first to 
last. 
 
We appreciate this remark and have changed the order accordingly.  
 
3. JoVE cannot publish manuscripts containing commercial language. This includes 
trademark symbols (™), registered symbols (®), and company names before an instrument or 
reagent. Please remove all commercial language from your manuscript and use generic 
terms instead. All commercial products should be sufficiently referenced in the Table of 
Materials and Reagents. You may use the generic term followed by “(see table of materials)” 
to draw the readers’ attention to specific commercial names. Examples of commercial 
sounding language in your manuscript are: formetric 4D, Diers International GmbH, Ergo-
Run, Daum Electronic GmbH, Zebris medical®, Canon, MathWorks®, MATLAB, IBM, etc. 
 
All commercial language has been erased from the manuscript. 
 
4. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. 
For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please 
refrain from using bullets, dashes, or indentations. 
 
The numbering of the protocol has been adjusted exactly according to the Instructions for 
authors. The automatic indentations Microsoft Word is using for numbering have been 
erased. 
 
5. Please revise the protocol to contain only action items that direct the reader to do 
something (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the 
imperative tense in complete sentences wherever possible. Avoid usage of phrases such as 
“could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be 
written in the imperative tense may be added as a “Note.” Please include all safety 
procedures and use of hoods, etc. 
However, notes should be used sparingly and actions should be described in the imperative 
tense wherever possible. 
 
We changed the protocol accordingly. 
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6. Lines 116-124, 148-157: The Protocol should contain only action items that direct the 
reader to do something. Please revise or include them as Note. Please move the discussion 
about the protocol to the Discussion. 
 
We adapted the protocol and added relevant notes-sections. 
 
7. Please add more details to your protocol steps. There should be enough detail in each 
step to supplement the actions seen in the video so that viewers can easily replicate the 
protocol. Please ensure you answer the “how” question, i.e., how is the step performed? 
Alternatively, add references to published material specifying how to perform the protocol 
action. See examples below. 
 
We appreciate this remark and have performed the necessary changes.  
 
8. Line 125: Where and how is the plain black background added? 
 
Changed. Protocol C.2. 
 
9. Line 135: Please add more specific details (e.g. button clicks for software actions, 
numerical values for settings, etc.). 
 
As the protocol should not include details about the commercial software used it is difficult 
and also far-fetched to give specific details about software actions. This is even more so the 
case as the setup of keyboards varies across the globe significantly. We have, however, now 
added the information that the steps performed are according to the manufacturer's 
instructions provided with the software. Should a specific work-flow be required to draft the 
filming process, we can - of course - provide the necessary information. We would suggest, 
however, that we provide this information in the form of a flow diagram. 
 
10. Line 136: Selecting the landmarks on the software? Please specify. 
 
We now specified the landmarks under that subsection as suggested. 
 
11. Please include single-line spaces between all paragraphs, headings, steps, etc. 
 
Changed accordingly. 
 
12. After you have made all the recommended changes to your protocol (listed above), 
please highlight 2.75 pages or less of the Protocol (including headings and spacing) that 
identifies the essential steps of the protocol for the video, i.e., the steps that should be 
visualized to tell the most cohesive story of the Protocol. 
 
The essential steps are highlighted in yellow.  
 
13. Please highlight complete sentences (not parts of sentences). Please ensure that the 
highlighted part of the step includes at least one action that is written in imperative tense. 
 



We have changed the highlighting accordingly. There is now at least one action per step that 
is written in imperative tense. 
 
14. Please include all relevant details that are required to perform the step in the 
highlighting. For example: If step 2.5 is highlighted for filming and the details of how to 
perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are 
provided must be highlighted. 
 
All necessary steps for filming are highlighted. 
 
15. Please combine all panels of one figure into a single image file. 
  
All images are now combined. 
 
16. Figures: Please define error bars in the figure legend. 
 
We extended the legends as appropriate. 
 
17. Figure 1A: Figure shows 3 months while figure legend states one-year follow up. Which is 
correct? 
 
We changed the misleading legend. 
 
18. Figure 2B-D: Please explain what “>75”, “30-74”, “<30”, “>1 yr” and “control” represent. 
It is unclear. 
 
We added the needed explanation to the figure legend. 
 
19. Please remove trademark (™) and registered (®) symbols from the Table of Equipment 
and Materials. 
 
We removed the trademark / registered signs. 
 
Reviewers' comments: 
 
Reviewer #1: 
 
Manuscript Summary: 
The Abstracts were well written. 
 
Thank you. 
 
Major Concerns: 
Under the section of representative results, the authors stated their hypothesis. However, I 
did not see any rationale in the introduction that led to this hypothesis. The introduction 
only provided the reasons for the new protocol. It did not provide any rationale for 
expecting a correlation between the gait and posture pattern changes and pain levels. 
Please expand your introduction provide the information that led to this hypothesis. 



 
Thank you for pointing that out. We added the relevant details to the introduction.  
 
Minor Concerns: 
 
Lines 63-65 - "So far, monitoring and ..." : Please add a reference to this statement. 
 
A relevant reference has been added to this section.  
 
Line 95: You mentioned there is not limit to age. Does that mean you were open to recruit 
children? If not, please mention the lower age limit such as 18 or 21. 
 
We changed that section and added the age limitation to protocol A.1.. 
 
Is it practically possible to do this protocol in a clinical setting by clinicians everyday? How 
long will take to test each patient? 
 
We used that protocol on a daily base in a clinical setting. We trained our nurses to do the 
measurement with the patients. The measurements take approx. 20 minutes for each 
patient including preparation time.  The analysis of the values is done in 1-2 Minutes. The 
interpretation is, however, indeed somewhat more challenging. The use of this set-up is 
therefore rather suited for scientific purposes.  
 
Other comments: 
Lines 259 - 263: This is an interesting point. 
 
 
Reviewer #2: 
Manuscript Summary: 
The authors present a protocol about two different methods, video rasterstereography and 
treadmill gait analysis, to assess patients after lumbar fusion surgery. The use of such 
methods is important as it reduces the subjectivity of the evaluation. However, as 
mentioned by the authors, it may not be so easy to use for every clinical visit. Some results 
are presented from previous recent publication. The suggested protocol is interesting and 
has some clinical relevance. 
 
Major Concerns: 
-Although the protocol description can be useful for researchers and clinicians, some major 
concerns should be addressed before being considered for publication.  
In a general view, I believe that more details are needed, but it is also possible that the steps 
in the experimental design will be more evident in the video.  
Definition of the outcomes (mainly from gait analysis), their computation and interpretation 
are needed as new users of such analysis can understand its application.  
-Based on the short abstract: "To enhance accuracy and reliability of indication for surgery, 
critical postoperative evaluation on a less subjective level is required", it seems that the 
reliability and accuracy were tested but instead the presented results should only 
comparison without many explanations about that.  
 



We thank the reviewer for pointing out this inconsistency. We have tried to rephrase it in a 
fashion, that the main study intention becomes more visible. The reliability and accuracy of 
the back surface and gait measurements were not tested in this study. There are particular 
publications available that we cited in our introduction who point out the accuracy of the 
used methods. The aim of this study was to correlate the decrease in the levels of pain and 
changes in posture and gait by means of back surface and gait measurements. This has now 
been pointed out in the text. 
 
Based on the long abstract, it is concluded that "the video rasterstereography is best suited 
to examine long term alterations in posture." Please, which measure based on the current 
analyses were more reliable using such protocol? How did the authors reach such conclusion 
in the long abstract? In the discussion section of the text, this conclusion does not seem to 
be clear. 
 
Thank you for this advice. We have therefore revised the wording of the long abstract, as it 
was misleading. In this study we did not compare different measurement methods, so we 
cannot answer the question for reliability.  
 
Please, clarify. 
 
-L.171 6.1. If necessary, the slope can be adjusted in a range from -2% to +15% in 0.5% 
increments. The authors should justify the "need" of slope adjustment in the protocol. 
 
For this protocol an adjustment of the slope is not needed, as written. But as there is the 
option of slope-adjustment in many commercial treadmills we tried to be explicit on that 
point. We added a short explanation for the optional slope adjustment under D.Notes.6.. 
 
-L. 201 "1.1. Assess normality by using histograms and equality of variances by using the 
Levene test." Why is it suggested assessing normality only by histograms? Few tests could 
also be used to check normality. This suggestion for the specific protocol seems to be biased 
by the author's preference. 
 
The Shapiro-Wilk or Kolmogorov-Smirnoff (which are the commonly used tests to evaluate 
normality) only can tell the researcher if the assumption of normality has to be rejected 
(usually on a 0.05 bases). This is, however, far from providing information about whether the 
data can actually be considered as being normally distributed. In our opinion, for the 
experienced statistician it would therefore be scientifically more correct to evaluate the 
actual data distribution visually. Additionally, in the decision making process as to whether 
or not the data are normally distributed deliberations have to be integrated if the parameter 
in question possesses the characteristics of a normal distribution or if certain circumstances 
strongly argue against it. To make this decision making process more accessible we have 
now additionally mentioned the Shapiro-Wilk and K-S test.   
 
-L. 213 3. Interpret the Oswestry Disability Index (ODI) according the questionnaire's 
instructions Please, this is too vague. Some specific description of the interpretation of the 
results from the ODI should be added. 
 



We thank the reviewer for this suggestions. We have now added the interpretation for the 
ODI under E.Notes. 
 
-L.212 2.1. Consider 30% or less of improvement of pain as no improvement. Please, justify 
the criteria to define improvement. It is possible that 30% for a specific patient is a large 
relieve. 
 
We appreciate this remark and have now provided all the necessary information. We agree 
with the reviewer that a 30% improvement can be a major relief for the patient. The 30% 
level is only used when ordinally scaling improvement, which is now clearly stated in the 
manuscript. A 30% improvement can also be obtained just by a placebo effect (reference 
now provided). Since it is impossible to distinguish those patients with actual pain 
improvement of about 20% accompanied by also functional improvement from those with 
just improvement due to the placebo effect where we would not expect functional changes 
we have classified this group as "no improvement".  We added the relevant information and 
reference under E.Notes.2.. 
 
-L. 228 Only the P-values are not enough to the readers and users of the protocol to 
understand the significance of the findings. Please, add the name of the test and its value so 
the reader can also understand which statistical analysis was run for each outcome. 
 
We added the relevant test and values. 
 
Figures: All legends should be rewritten. The lack of details in both legends and text makes 
hard to understand. The legends should be similar to previous publication (Scheidt et al., 
2018). 
 
We adapted the legends after rearranging the Figures. 
 
Minor Concerns: 
-L.162 4. Ask the subject to stand on the treadmill barefoot and with the pants rolled up to 
the knees. Why did the participants wear shorts? 
 
We performed measurements on patients attending our ward for their regular consultation. 
Since they had not been instructed to bring shorts, we measured patients with rolled up 
pants, so that the feet were free and the trousers were not disturbing the examination.  
 
-L.182 "10. For every subject measure two runs with a duration of 20 seconds." Does run 
mean trial? Please, change. 
 
Thank you for pointing that out. We changed the text accordingly. 
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