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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_(yes – measurement of bone in a CT Scan is described – should we present these steps?)_______ If yes, we will need you to record using screen recording software to capture the steps – will be available
-It’s possible to show each picture –but I need to ask if screen recording software is possible.

. If you use a Mac – (no), QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. _1 (all steps) preoperative CT planning , ________2.1.3.1 to 2.1.7 operative approach

2.1.9, 2.1.10 – very important steps

All steps under 2.2 and 2.3 (I need to know if this is possible because we will/would need two bodies.)_________________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number._2.1.7 and 2.1.9 _____________________

E.  Will the filming need to take place in multiple locations? (Y/N) __y in case of preoperative CT planning_____ If yes, how far apart are the locations? _200 meters (different clinical departments) __________________________________________________

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to reduct and to fix a sternal fracture properly and safely. (Intro)
To accomplish this, first preoperative planning is achieved through performing a computed tomography scan to determine the type of fracture.  (P1)
Editors, please show the image labeled d from page 2 of JoVE sternal Paper Bilder II as this point is narrated.  
Following preparation of the patient for the operations procedure, the approach to the sternal fracture is executed to reduct the fracture. (P3)
Editors, please show the image labeled b from page 3 of JoVE sternal Paper Bilder II as this point is narrated.  Then transition to the image labeled c from page 3.
The final step is to fix the fracture using locking plate osteosynthesis and depth limited drilling.  Transverse fractures and oblique fractures at the corpus sterni are plated longitudinally… whereas oblique fractures of manubrium, sternocostal separation and any longitudinally fracture needs to be stabilized by a transverse plate from rib to sternum to rib. (P4)
Editors, please show the image labeled (b) (or c) from page 4 as the first sentence is narrated.  Then show the image labeled (a) from page 5 of JoVE sternal Paper Bilder II as “Transverse fractures and oblique fractures at the corpus sterni are plated longitudinally” is narrated and show the image labeled (b) as “whereas oblique fractures of manubrium, sternocostal separation and any longitudinally fracture needs to be stabilized by a transverse plate from rib to sternum to rib” is narrated.  
Ultimately, the soft tissue and the wound are closed by sutures.  Postoperative chest X-rays are performed to show the correct reduction of the fracture and the correct positioning of the implants. (P5)
Editors, please show the image from page 7 of JoVE sternal Paper Bilder II as this point is narrated.  Then transition to the b and c images from page 6 of JoVE sternal Paper Bilder II.  
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
Use images from “JoVE sternal Paper Bilder II”

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. S. Schulz-Drost:  The main advantage of this technique over existing methods, like using non locking plates or even wires, is that a very stable osteosynthesis is performed through a very safe procedure.  We first had the idea for this method when we were thinking about a simple way to preserve from mediastinal injuries, such as heart injuries.  
1.1.1. MED:  Stefan speaks toward keeps speaking, interview style.   

1.2. F. F. Hennig:  This method can help answer key questions in the traumatologic field, such as operative stabilization of the anterior chest wall.  
1.2.1. MED:  Friedrich speaks toward the camera, interview style.
1.3. A. Mauerer:  The implications of this technique extend toward therapy of unstable chest wall, because fixing the sternal fracture is one of the key points in solving anterior flail chest injuries.  
1.3.1. MED:  Andreas speaks toward camera, interview style.
1.4. R.T. Carbon:  Though this method can provide insight into sternal osteotomies, it can also be applied to other systems, such as pectus deformities.
1.4.1. MED:  Roman speaks toward camera, interview style.
1.5. T. Buder:  Generally, individuals new to this method will not struggle because anatomic preparation is limited and easily performed.  
1.5.1. MED:  Thomas speaks toward camera, interview style.
1.6. S.  Grupp:  Visual demonstration of this method is critical as the preoperative planning steps are difficult to learn, because surgeons need to be very familiar to CT Scan of the anterior chest wall.
1.6.1. MED:  Sina speaks toward keeps speaking, interview style.   
1.7. **S. Schulz-Drost:  Demonstrating the procedure will be Pascal Oppel, a post doc from my laboratory.  
1.7.1. MED:  Stefan speaks toward keeps speaking, interview style.   
1.7.2. MED:  Pascal looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):

2. Pre-operative computed tomography
2.1. To begin pre-operative computed tomography, scan the chest wall for injuries.  Inspect the complete anterior chest wall including examination of soft tissue, cartilage and bones. 
2.1.1. MED-over the shoulder:  Talent begins to scan the chest wall for injuries. 
2.1.2. SCREEN:  Screen capture movie as talent views the complete anterior chest wall including examination of soft tissue, cartilage and bones.
2.2. Look for bone fractures at the manubrium, corpus sterni and adjacent ribs one to seven on both sides.  Also look for cartilage disruption.  Be aware of cartilage disruption and sternocostal separation so as not to miss any cause of instability. 
2.2.1. SCREEN:  Screen capture movie as talent looks for bone fractures at the manubrium, corpus sterni and adjacent ribs I to VII on both sides, as well as cartilage disruption.
2.3. Perform a three dimensional evaluation.  See the whole chest wall in the modus of three dimensional reconstructed pictures by evaluating each axial, coronal and sagittal picture in detail.
2.3.1. MED-over the shoulder:  Talent reviews the whole chest wall in the modus of three dimensional reconstructed pictures by evaluating each axial, coronal and sagittal picture in detail.  Editors, please use this shot on its own or in combination with the following screen capture movie as you see fit. 2 different cases for evaluation: simple fracture and complicated case (to choose from or mix)
2.3.2. SCREEN:  Screen capture movie as talent reviews the whole chest wall in the modus of three dimensional reconstructed pictures by evaluating each axial, coronal and sagittal picture in detail.
2.4. Pinpoint the fracture by taking the distance from the upper sternal edge, or jugulum, to the fracture.  Use the sagittal view for measuring.  See the text protocol for the case of measuring oblique fracture or multiple fractures.
2.4.1. SCREEN:  Screen capture movie as talent pinpoints the fracture by taking the distance from the jugulum to the fracture using the sagittal view for measuring.
2.5. Next, evaluate and measure the thickness of presternal soft tissue at the point of the fracture.  
2.5.1. SCREEN:  Screen capture movie as talent evaluates and measures the thickness of presternal soft tissue at the point of the fracture.
2.6. Then, estimate the length of the possible surgical incision, performed in the midline.  
2.6.1. SCREEN:  Screen capture movie as talent estimates the length of the possible surgical incision, performed in the midline.  TEXT overlay:  see text for oblique or multiple fractures
3. Initial surgical procedures
3.1. The operative procedure is performed on a post mortem human being to demonstrate each important step in different types of fractures with enough time to rule out the performance.  
3.1.1. Title Card.
3.2. Once under anesthesia, place the patient in a supine position.  Rest the arms on an arm board which is placed less than 90 degrees to the midline of the body and level the board with the floor.  This might be useful if insertion of a chest tube becomes necessary. [Replace it; set fig]
3.2.1. WIDE:  Talent places the patient in the supine position.  
3.2.2. MED:  Patient as talent rests the arms on an arm board which is placed less than 90 degrees to the midline of the body and level with the floor.
3.3. Remove superficial soil, debris, jewelry and transient microbes before applying antiseptic agents.  Leave hair at the surgical site in place whenever possible. [Replace it]
3.3.1. MED or WIDE:  Talent removes jewelry from the patient.
3.4. Commence disinfection following the local standards.  Start from the cleanest area, usually the operative and/or incision site and proceed in a concentric fashion to the least clean area.  Allow the disinfectant solution to dry completely naturally, ensuring that the antiseptic solution remains in contact with the skin for the required period of time.
3.4.1. CU:  Surgical site as talent cleans from the operative site out in a concentric fashion.  Film entire process so it is enough time to cover the narration.
3.5. Secure free access to the jugulum, the umbilicus and the axillary midline on both sides.  Use a sterile pen to mark anatomical landmarks such as sternoclavicular joints on both sides… the upper sternal edge at the jugulum… the lower sternal edge and xiphoid… the seventh rib bilaterally… and the umbilicus. 
3.5.1. MED-over the shoulder:  Talent secures free access to the jugulum, the umbilicus and the axillary midline on both sides.  
3.5.2. CU:  Surgical site as talent uses a sterile pen to mark anatomical landmarks such as sternoclavicular joints on both sides, the upper sternal edge at the jugulum, the lower sternal edge and xiphoid, the seventh rib bilaterally and the umbilicus in the order listed here.  Editors, please try to correlate marking of each landmark with its narration.  
3.6. Draw the midline now between the jugulum and umbilicus and mark the cranial and caudal edge of the fractures.  Add half of the basic approach cranial and the other half caudal to the edges of the fractured region of the sternum.
3.6.1. MED-over the shoulder:  Talent draws the midline between the jugulum and umbilicus and marks the cranial edge of the fractures as measured before.
3.6.2. CU:  Site as talent adds half of the basic approach cranial and the other half caudal to the edges of the fractured region of sternum.
3.7. Double check the correct position of the fracture and of the midline.  Then perform the midline incision respecting the anatomical layers in soft tissue. 
3.7.1. MED-over the shoulder:  Talent double checks the correct position of the fracture and of the midline.
3.7.2. CU or ECU:  Site as talent performs the midline incision respecting the anatomical layers in soft tissue.
3.8. Remove the presternal haematoma by a vertical incision along the length of the haematoma and wash out as much as possible with 0.9% saline.
3.8.1. MED-over the shoulder:  Talent removes the presternal haematoma by a vertical incision along the length of the haematoma.
3.8.2. CU:  Site as talent washes out as much as possible with 0.9% saline.
3.9. Cautiously take away the pectoral muscle bilaterally, beginning from the midline to the margin of the sternum whilst respecting the anatomical layers.  Be aware of bleeding from smaller vessels and stop them.  Then, identify the fracture.
3.9.1. MED-over the shoulder:  Talent begins to take away the pectoral muscle bilaterally.  Continue action in next shot.
3.9.2. CU:  Site as talent continues to take away the pectoral muscle bilaterally to the margin of the sternum stopping any bleeding from smaller vessels along the way.
3.9.3. ECU:  Fracture as talent points it out.
3.10. Next, expose the intercostal margin of the sternum, both cranial and caudal of the fracture. Perform an incision of the sternal periosteum longitudinally along the front edge of the sternum.  Cautiously dissect the periosteum from the bone laterally and on the posterior surface of the sternum using an elevatory or raspatory device. 
3.10.1. MED-over the shoulder:  Talent exposes the intercostal margin of the sternum.
3.10.2. CU:  Site as talent performs an incision of the sternal periosteum longitudinally along the front edge of the sternum and proceeds to dissect the periosteum from the bone laterally and on the posterior surface of the sternum using an elevatory or raspatory device. 
3.11. Expose the fracture and clear the fracture cautiously.  Usually retrosternal haematoma will appear at this time; wash out as much as possible with 0.9% saline.
3.11.1. MED-over the shoulder:  Talent exposes the fracture and clears the fracture cautiously and then washes out the retrosternal haematoma with 0.9% saline.
3.12. Measure the thickness of the sternum with a blunt instrument.  Do not use a common “lot” due to possible retrosternal injuries.  Prepare a drilling machine with a drill of the length of sternal thickness or shorter if not clear.
3.12.1. ECU:  Sternum as talent measures the thickness of the sternum with a blunt instrument.  
3.12.2. MED:  Talent measures the length of the drill to match that of the sternum and prepares the drilling machine with the drill.
3.13. Reduce the bone fragments by elevating the posteriorly depressed fragments with an elevator device which can be inserted through the subperiosteal approach.  
3.13.1. CU:  Talent elevates the posteriorly depressed fragments with an elevator device.
3.13.2. [moved] MED-over the shoulder:  Talent assembles the laterally dislocated fragment by lateral compression using a pointed ball forceps, weller clamp or compression wires.  Match action in next shot.
3.13.3. CU or ECU:  Surgical site as talent assembles the laterally dislocated fragment by lateral compression using a pointed ball forceps, weller clamp or compression wires.  
4. Transverse fractures and oblique fractures of sternal body
4.1. For transverse fractures and oblique fractures of the sternal body, mark the midline of the sternum using a pen or electrocautery following the initial surgical procedures.
4.1.1. MED-over the shoulder:  Talent marks the midline of the sternum using a pen or electrocautery.
4.2. Insert a small pointed ball forceps to the posterior surface of the sternum using the intercostal space next to the fracture, keeping very close to the sternal bone.  Use the intercostal space of the depressed fragment first. 
4.2.1. CU:  Surgical site as talent inserts a small pointed ball forceps to the posterior surface of the sternum using the intercostal space next to the fracture, keeping very close to the sternal bone, using the intercostal space of the depressed fragment first.
4.3. Then, place a longitudinal plate next to the midline and fix it with the pointed ball forcipes. 
4.3.1. MED-over the shoulder:  Talent puts a longitudinal plate next to the midline and fixes it with the pointed ball forcipes.
4.4. To fix the plate with locked screws, drill each hole using a drilling guide and the same drill as before, thus ensuring depth limited drilling and a secured locked fixation of each screw to the plate.  Fix each main fragment with at least three screws.
4.4.1. CU:  Plate as talent drills each hole using a drilling guide and the same drill as before.
4.4.2. ECU:  Drill hole as talent fixes with screws.
4.5. Following placement of the first plate, place a second plate on the other side of the midline and repeat these steps. 
4.5.1. MED-over the shoulder:  Talent places a second plate on the other side of the midline and begins process again.
5. Longitudinal fractures, oblique manubrium fractures and sternocostal separation
3.13.B Assemble the laterally dislocated fragment by lateral compression, using a pointed ball forceps, weller clamp or compression wires if necessary.
3.13.2 [moved] MED-over the shoulder:  Talent assembles the laterally dislocated fragment by lateral compression using a pointed ball forceps, weller clamp or compression wires.  Match action in next shot.
5.1. For oblique fractures of manubrium, sternocostal separation and any longitudinal fractures, insert one small pointed ball forceps to the posterior surface of the sternum on each side using the intercostal space next to the fracture, following initial surgical procedures.  
5.1.1. MED-over the shoulder:  Talent inserts one small pointed ball forceps to the posterior surface of the sternum on each side using the intercostal space next to the fracture, close to the sternal bone.
5.2. Put a transverse plate from rib to rib, bridging the sternum with its fragments and fix it with the pointed ball forcipes.  Then, place at least three screw holes laterally of each fracture. 
5.2.1. CU:  Sternum as talent puts a transverse plate from rib to rib, bridging the sternum with its fragments and fixing it with the pointed ball forcipes.  
5.2.2. MED-over the shoulder:  Talent places checks for the possibility to put at least three screw holes laterally of each fracture.
5.3. Fix the plate with locked screws; use a drilling guide and the same drill, thus ensuring depth limited drilling.  Again, fix each of the main fragments with at least three screws.  For osteosynthesis of each injured level, repeat these demonstrated steps.
5.3.1. CU:  Plate as talent drills the holes and inserts the screws.  Film entire process to cover the narration.
5.4. Next, double check the correct position of all plates and examine the anterior chest wall for sufficient stability.  Proceed to look for any bleeding and stop it.  Also rule out pleural lesions.
5.4.1. MED-over the shoulder:  Talent double checks the correct position of all the plates.  Perhaps pointing each plate out.
5.4.2. MED:  Talent stops bleeding and looks for pleural lesions.
5.5. Insert a subcutaneous drainage if necessary, placing the tube in front of the sternum and percutaneously divert about five centimeters away from the lower edge of the wound.
5.5.1. CU:  Surgical site as talent insets a subcutaneous drainage if necessary, placing the tube in front of the sternum and percutaneously diverting about five centimeters away from the lower edge of the wound.
5.6. Then, close the wound respecting the anatomical layers.  Suture the periosteal incisions to preserve sternal blood supply.  Approximation of the pectoral muscle to the midline is recommended to ensure a proper coverage of the implants with soft tissue.
5.6.1. MED-over the shoulder/CU:  Multiple takes as talent closes the wound respecting the anatomical layers, suturing the periosteal incisions to preserve the sternal blood supply. Editors, please use these shots to cover narration of this point.
5.7. As a final step, following surgical treatment, take a chest x-ray to rule out pneumothorax and hemothorax.  The additional lateral view will show the position of the sternal fragments and of the implants.
5.7.1. MED-over the shoulder:  Talent reviews the chest x-ray with additional lateral view on screen following surgical treatment. 
5.7.2. LAB MEDIA:  Figure 5b+c_script.  Editors, this can be used as an alternative to shot 5.7.1 if it looks better.
6. Results: Preoperative planning and operative outcome
6.1. The preoperatively performed computed tomography provides a detailed survey of the whole sternum and the adjacent ribs.  
6.1.1. LAB MEDIA:  Figure 1_script.  
6.2. Axial pictures show injuries to cartilage in the soft tissue window and disruption of sternocostal joints.  Furthermore, the bone window shows longitudinal and oblique fractures of the sternum, whereas transverse fractures are rarely detected in this plane.  
6.2.1. LAB MEDIA:  Figure 1_script.  Editors, please transition to figure 1a by zooming into the top left figure. 
6.2.2. LAB MEDIA:  Figure 1a_script.  
6.3. Coronal reconstructed pictures describe the fracture’s direction from a similar point of view to the one during surgical treatment.  The dislocation of the fragments in relationship to the midline can be described properly. 
6.3.1. LAB MEDIA:  Figure 1b_script. 
6.4. The sagittal view shows the dislocation of fragments in the anterior – posterior direction.  A possible disruption of angulus sterni, the synchondrosis between manubrium and corpus sterni is shown best in this plane. 
6.4.1. LAB MEDIA:  Figure 1c_script.  
6.5. The volume rendering technique gives an overview over the entire anterior chest wall showing rib fractures, manubrium and corpus sterni fracture.
6.5.1. LAB MEDIA:  Figure 1d_script.  
6.6. Postoperatively taken chest-x-rays in two planes show the correct reduction of the fracture and the correct positioning of the implants which were administered.  The fixation of each fragment using at least three screws usually shows a proper stabilization for transverse as well as for oblique and longitudinal fractures. 
6.6.1. LAB MEDIA:  Figure 5b+c_script.  
7. Conclusion (said by authors on camera)
7.1. F.F. Hennig:  Once mastered, this technique can be done in less than 30 minutes if it is performed properly.
7.1.1. MED:  Friedrich speaks towards camera, interview style. 
7.2. P. Oppel:  While attempting this procedure, it’s important to remember to have precise preoperative planning and use depth limited drilling.
7.2.1. MED:  Pascal speaks toward camera, interview style.
7.3. R.T. Carbon:  Following this procedure, other methods like fixation of sternal osteotomy can be performed in order to answer additional questions like correction of pectus deformities.
7.3.1. MED:  Roman speaks toward camera, interview style.
7.4. S. Schulz-Drost:  After its development, this technique paved the way for researchers in the field of trauma surgeons to explore stabilizing unstable sternal injuries in flail chest injuries.
7.4.1. MED:  Stefan speaks toward camera, interview style.
7.5. T. Buder:  After watching this video, you should have a good understanding of how to perform the approach and osteosynthesis a sternal fracture.
7.5.1. MED:  Thomas speaks toward camera, interview style.
7.6. A. Mauerer:  Don't forget that working next to the sternum can be extremely hazardous and precautions such as injuries to the mammary vessels or mediastinal organs should always be taken while performing this procedure.   
7.6.1. MED:  Andreas speaks toward camera, interview style.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

JoVE sternal Paper Bilder II
Figure 1_script 
Figure 1a_script.  
Figure 1b_script. 
Figure 1c_script.  
Figure 1d_script.  
Figure 5b+c_script.  
SCREEN capture movies:
52124_Schulz-Drost_SCREEN_2.1.2:  Screen capture movie as talent views the complete anterior chest wall including examination of soft tissue, cartilage and bones.
52124_Schulz-Drost_SCREEN_2.2.1:  Screen capture movie as talent looks for bone fractures at the manubrium, corpus sterni and adjacent ribs I to VII on both sides, as well as cartilage disruption.
52124_Schulz-Drost_SCREEN_2.3.2:  Screen capture movie as talent reviews the whole chest wall in the modus of three dimensional reconstructed pictures by evaluating each axial, coronal and sagittal picture in detail.
52124_Schulz-Drost_SCREEN_2.4.1:  Screen capture movie as talent pinpoints the fracture by taking the distance from the jugulum to the fracture using the sagittal view for measuring.
52124_Schulz-Drost_SCREEN_2.5.1:  Screen capture movie as talent evaluates and measures the thickness of presternal soft tissue at the point of the fracture.
52124_Schulz-Drost_SCREEN_2.6.1:  Screen capture movie as talent estimates the length of the possible surgical incision, performed in the midline.  TEXT overlay:  see text for oblique or multiple fractures
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


