
2017 Rush Orthopedics Journal References 1

References 
1. Patil RN, Almale BD, Patil M, et al. Attitudes and perceptions 
of medical undergraduates towards mobile learning (M-learning).  
J Clin Diagn Res. 2016;10(10):Jc06-jc10.

2. LaGrone LN, Isquith-Dicker LN, Huaman Egoavil E, et al. 
Surgeons’ and trauma care physicians’ perception of the impact of 
the globalization of medical education on quality of care in Lima, 
Peru. JAMA Surg. 2017;153(3):251-256.

3. Ekenze SO, Okafor CI, Ekenze OS, et al. The value of internet 
tools in undergraduate surgical education: perspective of medical 
students in a developing country. World J Surg. 2017;41(3):672-680.

4. Huhn D, Huber J, Ippen FM, et al. International medical 
students’ expectations and worries at the beginning of their 
medical education: a qualitative focus group study. BMC Med 
Educ. 2016;16:33.

5. Mejía A, Royston E, Pizurki H. Physician and nurse migration: 
analysis and policy implications, report on a WHO study. World 
Health Organization. 1979:1-476.

6. Hallock JA, Seeling SS, Norcini JJ. The international medical 
graduate pipeline. Health Aff (Millwood). 2003;22(4):94-96.

7. Astor A, Akhtar T, Matallana MA, et al. Physician migration: 
views from professionals in Colombia, Nigeria, India, Pakistan, 
and the Philippines. Soc Sci Med. 2005;61(12):2492-2500.

8. Karan A, DeUgarte D, Barry M. Medical “brain drain” and 
health care worker shortages: how should international training 
programs respond? AMA J Ethics. 2016;18(7):665-675.

9. Pang T, Lansang MA, Haines A. Brain drain and health 
professionals: a global problem needs global solutions. BMJ. 
2002;324(7336):499-500.

10. Dearani JA, Jacobs JP, Bolman RM III, et al. Humanitarian 
outreach in cardiothoracic surgery: from setup to sustainability. 
Ann Thorac Surg. 2016;102(3):1004-1011.

11. Ott BB, Olson RM. Ethical issues of medical missions: the 
clinicians’ view. HEC Forum. 2011;23(2):105-113.

12. Tibor LM, Hoenecke HR, Jr. Introducing arthroscopy to a 
developing nation: when and how to make it sustainable. J Bone 
Joint Surg Am. 2012;94(2):e8.

13. Shrime MG, Bickler SW, Alkire BC, Mock C. Global burden 
of surgical disease: an estimation from the provider perspective. 
Lancet. 2015;3(suppl 2):S8-9.

14. Debas HT, Gosselin R, McCord C, Thind A. Surgery. In: 
Jamison DT et al, eds. Disease Control Priorities in Developing 
Countries. 2nd ed. New York, NY: Oxford University Press; 2006. 
1245-1260.

15. Groen RS, Samai M, Stewart KA, et al. Untreated surgical 
conditions in Sierra Leone: a cluster randomised, cross-sectional, 
countrywide survey. Lancet. 2012;380(9847):1082-1087.

16. Emergency and essential surgical care—Surgery: the neglected 
component of primary care. World Health Organization website. 
http://www.who.int/surgery/esc_component/en/. Accessed January 
27, 2017.

17. Sechriest VF II, Dennis DA. Keynote address: the humanity of 
orthopaedics. J Bone Joint Surg Am. 2009;91(suppl 5):37-39.

18. Gutnik L, Yamey G, Riviello R, et al. Financial contributions 
to global surgery: an analysis of 160 international charitable 
organizations. Springerplus. 2016;5(1):1558.

19. Salamon LM. Putting the civil society sector on the economic 
map of the world. Ann Public Coop Econ. 2010;81(2):167-210.

20. Bolkan HA, Von Schreeb J, Samai MM, et al. Met and unmet 
needs for surgery in Sierra Leone: a comprehensive, retrospective, 
countrywide survey from all health care facilities performing 
operations in 2012. Surgery. 2015;157(6):992-1001.

21. Torchia MT, Schroder LK, Hill BW, Cole PA. A patient 
follow-up program for short-term surgical mission trips to a 
developing country. J Bone Joint Surg Am. 2016;98(3):226-232.

22. White M, Alcorn D, Randall K, et al. Evaluation of 
patient satisfaction, impact, and disability-free survival after 
a surgical mission in Madagascar: a pilot survey. World J Surg. 
2017;41(2):364-369. 

23. Bido J, Singer SJ, Diez Portela D, et al. Sustainability 
assessment of a short-term international medical mission. J Bone 
Joint Surg Am. 2015;97(11):944-949.

24. Shrime MG, Sleemi A, Ravilla TD. Charitable platforms 
in global surgery: a systematic review of their effectiveness, 
cost-effectiveness, sustainability, and role training. World J Surg. 
2015;39(1):10-20.

25. Campbell A, Restrepo C, Mackay D, et al. Scalable, 
sustainable cost-effective surgical care: a model for safety and 
quality in the developing world, part III: impact and sustainability. 
J Craniofac Surg. 2014;25(5):1685-1689.

Introducing Arthroscopic  
Techniques in Kenya 

An Intermediate-term Follow-up
KEVIN WANG, BS / ANNABELLE DAVEY, BS / ERIC COTTER, BS 

KYLE PILZ, MMS, PA-C / FRANCIS MBUGUA, MBCHB / BRIAN J. COLE, MD, MBA 



No sources of support in the forms of grants, equipment, or other items were received for this study. The authors report no conflict of interest. The 
authors’ personal disclosure information can be accessed through the AAOS Orthopedic Disclosure Program at www.aaos.org.

2017 Rush Orthopedics Journal References2

26. Coughlin RR, Kelly NA, Berry W. Nongovernmental 
organizations in musculoskeletal care: Orthopaedics Overseas.  
Clin Orthop Relat Res. 2008;466(10):2438-2442.

27. Spiegel DA, Gosselin RA, Coughlin RR, et al. The 
burden of musculoskeletal injury in low and middle-income 
countries: challenges and opportunities. J Bone Joint Surg Am. 
2008;90(4):915-923.

28. Cousins GR, Obolensky L, McAllen C, et al. The Kenya 
orthopaedic project: surgical outcomes of a travelling 
multidisciplinary team. J Bone Joint Surg Br. 2012;94(12):1591-1594.

29. Gosselin RA, Spiegel DA, Coughlin R, Zirkle LG. Injuries: 
the neglected burden in developing countries. Bull World Health 
Organ. 2009;87(4):246-246a.

30. Bhashyam AR, Fils J, Lowell J, et al. A novel approach for 
needs assessment to build global orthopedic surgical capacity in a 
low-income country. J Surg Educ. 2015;72(4):e2-8.

31. Mulimba J. Orthopaedic training in Kenya. East Afr Orthop J. 
2010;4(1):22-25.

32. Garrett WE, Jr, Swiontkowski MF, Weinstein JN, et al. 
American Board of Orthopaedic Surgery practice of the 
orthopaedic surgeon: part II, certification examination case mix.  
J Bone Joint Surg Am. 2006;88(3):660-667.

33. Mulimba J. Development of orthopaedics in Kenya. East Afr 
Orthop J. 2007;1(1):45-47.

34. Mulimba J. Dr. Mika Majale memorial lecture. East Afr Orthop 
J. 2015;9(2):42-43.

35. Gakuu L. Anterior cruciate reconstruction using bone-patellar 
ligament–bone autograft. East Afr Orthop J. 1(1):4-8.

36. Byakika T. Anterior cruciate ligament injuries and outcome 
of arthroscopic reconstruction using quadrupled hamstrings: a 
Kenyan experience. East Afr Orthop J. 1(1):9-15.

37. Singh AJ, Garner P, Floyd K. Cost-effectiveness of public-
funded options for cataract surgery in Mysore, India. Lancet. 
2000;355(9199):180-184.

38. Kenya—about the hospital. CURE International website. 
https://cure.org/kenya/. Updated 2016. Accessed January 27, 2017.

39. Training Hospitals. The College of Surgeons of East, Central, 
& Southern Africa website. http://www.cosecsa.org/training-
hospitals. Updated 2016. Accessed January 27, 2017.



No sources of support in the forms of grants, equipment, or other items were received for this study. The authors report no conflict of interest. The 
authors’ personal disclosure information can be accessed through the AAOS Orthopedic Disclosure Program at www.aaos.org.

2017 Rush Orthopedics Journal References 3

References 
1. Peltier LF. A brief history of traction. J Bone Joint Surg Am. 
1968;50(8):1603-1617.

2. Küntscher G. The intramedullary nailing of fractures. 
J Orthop Trauma. 2014;28(suppl 8):S3-S10. doi:10.1097/
BOT.0000000000000184.

3. Zirkle LG. Injuries in developing countries—how can we 
help? The role of orthopaedic surgeons. Clin Orthop Relat Res. 
2008;466(10):2443-2450. doi:10.1007/s11999-008-0387-0.

4. Clough JF, Zirkle LG, Schmitt RJ. The role of SIGN in the 
development of a global orthopaedic trauma database. Clin Orthop 
Relat Res. 2010;468(10):2592-2597. doi:10.1007/s11999-010-1442-1.

5. Young S, Lie SA, Hallan G, Zirkle LG, Engesæter LB, Havelin 
LI. Risk factors for infection after 46,113 intramedullary nail 
operations in low- and middle-income countries. World J Surg. 
2013;37(2):349-355. doi:10.1007/s00268-012-1817-4.

6. Gates DJ, Alms M, Cruz MM. Hinged cast and roller traction 
for fractured femur. A system of treatment for the Third World.  
J Bone Joint Surg Br. 1985;67(5):750-756.

7. Sop AL, Mehlman CT, Meiss L. Hyphenated History: the Böhler-
Braun Frame. Vol 17. 2003:217-221.

8. Lim SS, Vos T, Flaxman AD, et al. A comparative risk 
assessment of burden of disease and injury attributable to 67 
risk factors and risk factor clusters in 21 regions, 1990-2010: 
a systematic analysis for the Global Burden of Disease Study 
2010. Lancet. 2012;380(9859):2224-2260. doi:10.1016/S0140-
6736(12)61766-8.

9. Bach O. Musculoskeletal trauma in an East African public 
hospital. Injury. 2004;35(4):401-406. doi:10.1016/S0020-
1383(03)00290-0.

10. Kramer EJ, Shearer D, Morshed S. The use of traction for 
treating femoral shaft fractures in low- and middle-income 
countries: a systematic review. Int Orthop. 2016;40(5):875-883. 
doi:10.1007/s00264-015-3081-3.

11. Sekimpi P, Okike K, Zirkle L, Jawa A. Femoral fracture fixation 
in developing countries: an evaluation of the Surgical Implant 
Generation Network (SIGN) intramedullary nail. J Bone Joint Surg 
Am. 2011;93(19):1811-1818. doi:10.2106/JBJS.J.01322.

12. Agarwal-Harding KJ, Keudell von A, Zirkle LG, Meara JG, 
Dyer GSM. Understanding and addressing the global need for 
orthopaedic trauma care. J Bone Joint Surg Am. 2016;98(21):1844-
1853. doi:10.2106/JBJS.16.00323.

13. Fadero PE, Alabi S, Adebule GT, et al. Locked intramedullary 
nailing for the treatment of femoral shaft fractures: experience and 
result in 19 cases. Niger J Med. 2008;17(2):168-172.

A Novel Traction Frame  
for Femur Fracture Management  

in Developing Countries
MOLLY C. MEADOWS, MD / DAVID M. LEVY, MD / LOCH TRIMINGHAM, MD / DENNIS J. GATES, MD 



2017 Rush Orthopedics Journal References4

References
1. Caffrey T, Campbell I, Wohlers T. The Wohlers Report 2016—3D 
Printing and Additive Manufacturing. The State of the Industry, 
Annual Worldwide Progress Report. 2016, 2016:335.

2. Di Prima M, Coburn M, Hwang D, Kelly J, Khairuzzaman A, 
Ricles L. Additively manufactured medical products: the FDA 
Perspective. 3D Printing in Medicine. 2016;2.

3. Mirochnik N, Hagege A, Zacouto F, Guerot C. Physical 
reproduction of cardiac sutures. A new field of investigation in 
cardiology. Arch mal coeur vaiss. 2000;93:1203-1209.

4. Ono I, Abe K, Shiotani S, Hirayama Y. Producing a full-
scale model from computed tomographic data with the rapid 
prototyping technique using the binder jet method: a comparison 
with the laser lithography method using a dry skull. J Craniofac 
Surg. 2000;11:527-537.

5. Witkowski S, Lange R. Stereolithography as an additive 
technique in dentistry. Schweizer Monatsschrift fur Zahnmedizin = 
Revue mensuelle suisse d’odonto-stomatologie = Rivista mensile svizzera 
di odontologia e stomatologia. 2003;113:868-884.

6. Silva DN, Gerhardt de Oliveira M, Meurer E, Meurer MI, Lopes 
da Silva JV, Santa-Barbara A. Dimensional error in selective laser 
sintering and 3D printing of models for craniomaxillary anatomy 
reconstruction. J Craniomaxillofac Surg. 2008;36:443-449.

7. Sodian R, Schmauss D, Markert M, Weber S, Nikolaou K, 
Haeberle S, Vogt F, Vicol C, Lueth T, Reichart B, Schmitz C. 
Three-dimensional printing creates models for surgical planning of 
aortic valve replacement after previous coronary bypass grafting. 
Ann Thorac Surg. 2008;85:2105-2108.

8. Ciocca L, De Crescenzio F, Fantini M, Scotti R. CAD/CAM 
and rapid prototyped scaffold construction for bone regenerative 
medicine and surgical transfer of virtual planning: a pilot study. 
Comput Med Imag Grap. 2009;33:58-62.

9. Cohen A, Laviv A, Berman P, Nashef R, Abu-Tair J. 
Mandibular reconstruction using stereolithographic 3-dimensional 
printing modeling technology. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod. 2009;108:661-666.

10. Ibrahim D, Broilo TL, Heitz C, de Oliveira MG, de Oliveira 
HW, Nobre SM, Dos Santos Filho JH, Silva DN. Dimensional 
error of selective laser sintering, three-dimensional printing  
and polyjet models in the reproduction of mandibular anatomy. 
 J Craniomaxillofac Surg. 2009;37:167-173.

11. Khallaghi S, Mousavi P, Gong RH, Gill S, Boisvert J, 
Fichtinger G, Pichora D, Borschneck D, Abolmaesumi P. 
Registration of a statistical shape model of the lumbar spine to 
3d ultrasound images. Med Image Comput Comput Assist Interv. 
2010;13:68-75.

12. Rengier F, Mehndiratta A, von Tengg-Kobligk H, Zechmann 
CM, Unterhinninghofen R, Kauczor HU, Giesel FL. 3d printing 
based on imaging data: review of medical applications. Int J 
Comput Assist Radiol Surg. 2010;5:335-341.

13. Chana-Rodríguez F, Mañanes RP, Rojo-Manaute J, Gil P, 
Martínez-Gómiz JM, Vaquero-Martín J. 3d surgical printing and 
pre contoured plates for acetabular fractures. Injury. 2016.

14. Ebert LC, Thali MJ, Ross S. Getting in touch: 3d printing in 
forensic imaging. Forensic Sci Int. 2011;211:e1-6.

15. Eltorai AE, Nguyen E, Daniels AH. Three-dimensional 
printing in orthopedic surgery. Orthopedics. 2015;38:684-687.

16. Fuller SM, Butz DR, Vevang CB, Makhlouf MV. Application 
of 3-dimensional printing in hand surgery for production of a 
novel bone reduction clamp. J Hand Surg. 2014;39:1840-1845.

17. Hsu AR, Ellington JK. Patient-specific 3-dimensional printed 
titanium truss cage with tibiotalocalcaneal arthrodesis for salvage 
of persistent distal tibia nonunion. Foot Ankle Spec. 2015;8:483-489.

18. Huang H, Hsieh MF, Zhang G, Ouyang H, Zeng C, Yan B, 
Xu J, Yang Y, Wu Z, Huang W. Improved accuracy of 3d-printed 
navigational template during complicated tibial plateau fracture 
surgery. Australas Phys Eng Sci Med. 2015;38:109-117.

19. Kim HN, Liu XN, Noh KC. Use of a real-size 3d-printed 
model as a preoperative and intraoperative tool for minimally 
invasive plating of comminuted midshaft clavicle fractures.  
J Orthop Surg Res. 2015;10:91.

20. Matsumoto JS, Morris JM, Foley TA, Williamson EE, Leng 
S, McGee KP, Kuhlmann JL, Nesberg LE, Vrtiska TJ. Three-
dimensional physical modeling: applications and experience at 
Mayo Clinic. Radiographics. 2015;35:1989-2006.

21. Mitsouras D, Liacouras P, Imanzadeh A, Giannopoulos AA, 
Cai T, Kumamaru KK, George E, Wake N, Caterson EJ, Pomahac 
B, Ho VB, Grant GT, Rybicki FJ. Medical 3d printing for the 
radiologist. Radiographics. 2015;35:1965-1988.

Use of a 3-Dimensionally Printed Anatomic 
Model for Surgical Correction of a  

Supracondylar Humerus Fracture Malunion
A Case Report 

ALEJANDRO A. ESPINOZA ORÍAS, PHD / NOZOMU INOUE, MD, PHD / REENA PATEL, PA-C / MARK S. COHEN, MD



No sources of support in the forms of grants, equipment, or other items were received for this study. The authors report no conflict of interest. The 
authors’ personal disclosure information can be accessed through the AAOS Orthopedic Disclosure Program at www.aaos.org.

2017 Rush Orthopedics Journal References 5

22. Yang L, Shang XW, Fan JN, He ZX, Wang JJ, Liu M, Zhuang 
Y, Ye C. Application of 3d printing in the surgical planning of 
trimalleolar fracture and doctor-patient communication. Biomed 
Res Int. 2016;2016:2482086.

23. Mahaisavariya B, Sitthiseripratip K, Oris P, Tongdee T. Rapid 
prototyping model for surgical planning of corrective osteotomy 
for cubitus varus: report of two cases. Inj Extra. 2006;37:176-180.

24. Bhatla P, Tretter JT, Ludomirsky A, Argilla M, Latson LA, 
Jr., Chakravarti S, Barker PC, Yoo SJ, McElhinney DB, Wake N, 
Mosca RS. Utility and scope of rapid prototyping in patients with 
complex muscular ventricular septal defects or double-outlet right 
ventricle: Does it alter management decisions? Pediatr Cardiol. 
2016;38:103-114.

25. Heller M, Bauer HK, Goetze E, Gielisch M, Roth KE, Drees 
P, Maier GS, Dorweiler B, Ghazy A, Neufurth M, Muller WE, 
Schroder HC, Wang X, Vahl CF, Al-Nawas B. Applications 
of patient-specific 3d printing in medicine. Int J Comput Dent. 
2016;19:323-339.

26. Krauel L, Fenollosa F, Riaza L, Perez M, Tarrado X, Morales 
A, Goma J, Mora J. Use of 3d prototypes for complex surgical 
oncologic cases. World J Surg. 2016;40:889-894.

27. Maini L, Sharma A, Jha S, Sharma A, Tiwari A. Three-
dimensional printing and patient-specific pre-contoured plate: 
Future of acetabulum fracture fixation? Eur J Trauma Emerg Surg. 
2016. [Epub ahead of print].

28. Pacione D, Tanweer O, Berman P, Harter DH. The utility of a 
multimaterial 3d printed model for surgical planning of complex 
deformity of the skull base and craniovertebral junction.  
J Neurosurg. 2016;125:1194-1197.

29. Provaggi E, Leong JJ, Kalaskar DM. Applications of 3d 
printing in the management of severe spinal conditions. Proc Inst 
Mech Eng H. 2017;231(6):471-486.

30. Randazzo M, Pisapia JM, Singh N, Thawani JP. 3d printing in 
neurosurgery: a systematic review. Surg Neurol Int. 2016;7(suppl 
33):S801-s809.

31. Suarez-Mejias C, Gomez-Ciriza G, Valverde I, Parra Calderon 
C, Gomez-Cia T. New technologies applied to surgical processes: 
virtual reality and rapid prototyping. Stud Health Technol Inform. 
2015;210:669-671.

32. Wang YT, Yang XJ, Yan B, Zeng TH, Qiu YY, Chen SJ. 
Clinical application of three-dimensional printing in the 
personalized treatment of complex spinal disorders. Chinese J 
Traumatol = Zhonghua chuang shang za zhi. 2016;19:31-34.

33. Barr LV. Paediatric supracondylar humeral fractures: 
epidemiology, mechanisms and incidence during school holidays.  
J Child Orthop. 2014;8:167-170.

34. Brubacher JW, Dodds SD. Pediatric supracondylar fractures of 
the distal humerus. Curr Rev Musculoskelet Med. 2008;1:190-196.



No sources of support in the forms of grants, equipment, or other items were received for this study. The authors report no conflict of interest. The 
authors’ personal disclosure information can be accessed through the AAOS Orthopedic Disclosure Program at www.aaos.org.

2017 Rush Orthopedics Journal References6

References 
1. Link WJ, Incropera FP, Glover JL. A plasma scalpel comparison 
of tissue damage and wound healing with electrosurgical and steel 
scalpels. Arch Surg. 1976;111(4):392-397.

2. Glover JL, Bendick PJ, Link WJ, Plunkett RJ. The plasma scalpel: 
a new thermal knife. Lasers Surg Med. 1982;2(1):101-106.

3. Choi CQ. “Plasma scalpels” may make surgery more precise and 
less bloody. Scientific American. https://www.scientificamerican.
com/article/plasma-scalpels-surgery-more-precise-less-bloody/. 
June 1, 2013. 

4. Guild GN, Runner R, Castilleja G, Smith M, Vu C. Efficacy 
of plasma hybrid scalpel in reducing blood loss and transfusions 
in direct anterior total hip arthroplasty. J Arthroplasty. 
2017;32(2):458-462.

5. Gitelis S, Thomas R, Templeton A, Schajowicz F. Characterization 
of the pseudocapsule of soft tissue sarcomas: an experimental study. 
Clin Orthop Relat Res, 1989 Sep;(246):285-292.

New Technology in  
Orthopedic Oncology

Preliminary Experience With a Hybrid Cold Plasma Surgical Tool 
STEVEN GITELIS, MD 



No sources of support in the forms of grants, equipment, or other items were received for this study. The authors report no conflict of interest. The 
authors’ personal disclosure information can be accessed through the AAOS Orthopedic Disclosure Program at www.aaos.org.

2017 Rush Orthopedics Journal References 7

References 
1. Sanders TL, Maradit Kremers H, Bryan AJ, et al. Incidence 
of anterior cruciate ligament tears and reconstruction: a 21-year 
population-based study. Am J Sports Med. 2016;44:1502-1507.

2. Reinhardt KR, Hetsroni I, Marx RG. Graft selection for 
anterior cruciate ligament reconstruction: a level I systematic 
review comparing failure rates and functional outcomes. Orthop 
Clin North Am. 2010;41:249-262.

3. Kamath GV, Redfern JC, Greis PE, Burks RT. Revision anterior 
cruciate ligament reconstruction. Am J Sports Med. 2011;39:199-217.

4. Trojani C, Sbihi A, Djian P, et al. Causes for failure of ACL 
reconstruction and influence of meniscectomies after revision. 
Knee Surg Sports Traumatol Arthrosc. 2011;19:196-201.

5. Gabriel MT, Wong EK, Woo SL, Yagi M, Debski RE. 
Distribution of in situ forces in the anterior cruciate ligament in 
response to rotatory loads. J Orthop Res. 2004;22:85-89.

6. Hefzy MS, Grood ES, Noyes FR. Factors affecting the region of 
most isometric femoral attachments. Part II: The anterior cruciate 
ligament. Am J Sports Med. 1989;17:208-216.

7. Zavras TD, Race A, Bull AM, Amis AA. A comparative 
study of ‘isometric’ points for anterior cruciate ligament graft 
attachment. Knee Surg Sports Traumatol Arthrosc. 2001;9:28-33.

8. Giron F, Cuomo P, Aglietti P, Bull AM, Amis AA. Femoral 
attachment of the anterior cruciate ligament. Knee Surg Sports 
Traumatol Arthrosc. 2006;14:250-256.

9. Musahl V, Plakseychuk A, VanScyoc A, et al. Varying 
femoral tunnels between the anatomical footprint and isometric 
positions: effect on kinematics of the anterior cruciate ligament-
reconstructed knee. Am J Sports Med. 2005;33:712-718.

10. Lee JS, Kim TH, Kang SY, et al. How isometric are the 
anatomic femoral tunnel and the anterior tibial tunnel for anterior 
cruciate ligament reconstruction? Arthroscopy. 2012;28:1504-1512.

11. Nawabi DH, Tucker S, Schafer KA, et al. ACL fibers near 
the lateral intercondylar ridge are the most load bearing during 
stability examinations and isometric through passive flexion.  
Am J Sports Med. 2016;44:2563-2571.

12. Forsythe B, Kopf S, Wong AK, et al. The location of femoral 
and tibial tunnels in anatomic double-bundle anterior cruciate 
ligament reconstruction analyzed by three-dimensional computed 
tomography models. J Bone Joint Surg Am. 2010;92:1418-1426.

Dynamic 3-Dimensional Mapping of  
Isometric Anterior Cruciate Ligament 

Attachment Sites on the Tibia and Femur
BRIAN FORSYTHE, MD / DREW LANSDOWN, MD / WILLIAM ZUKE, BA / BEATRICE GO, BS / NIKHIL N. VERMA, MD 

BRIAN J. COLE, MD, MBA / BERNARD R. BACH, JR, MD / NOZOMU INOUE, MD, PHD 



No sources of support in the forms of grants, equipment, or other items were received for this study. The authors report no conflict of interest. The 
authors’ personal disclosure information can be accessed through the AAOS Orthopedic Disclosure Program at www.aaos.org.

2017 Rush Orthopedics Journal References8

References 
1. Kay J, de Sa D, Memon M, Simunovic N, Paul J, Ayeni 
OR. Examining the role of perioperative nerve blocks in hip 
arthroscopy: a systematic review. Arthroscopy. 2016;32(4):704-715.

2. Frank RM, Lee S, Bush-Joseph CA, Kelly BT, Salata MJ, 
Nho SJ. Improved outcomes after hip arthroscopic surgery in 
patients undergoing T-capsulotomy with complete repair versus 
partial repair for femoroacetabular impingement: a comparative 
matched-pair analysis. Am J Sports Med. 2014;42(11):2634-2642. 
doi:10.1177/0363546514548017.

3. Harris JD, Slikker W III, Gupta AK, McCormick FM, Nho SJ. 
Routine complete capsular closure during hip arthroscopy. Arthrosc 
Tech. 2013;2(2):e89-94. doi:10.1016/j.eats.2012.11.007.

4. Slikker W III, Van Thiel GS, Chahal J, Nho SJ. The use of 
double-loaded suture anchors for labral repair and capsular repair 
during hip arthroscopy. Arthrosc Tech. 2012;1(2):e213-217. 
doi:10.1016/j.eats.2012.08.002.

5. Dold AP, Murnaghan L, Xing J, Abdallah FW, Brull R, Whelan 
DB. Preoperative femoral nerve block in hip arthroscopic surgery: 
a retrospective review of 108 consecutive cases. Am J Sports Med. 
2014;42(1):144-149. doi:10.1177/0363546513510392.

6. Ward JP, Albert DB, Altman R, Goldstein RY, Cuff G, Youm 
T. Are femoral nerve blocks effective for early postoperative pain 
management after hip arthroscopy? Arthroscopy. 2012:28(8):1064-
1069. doi:10.1016/j.arthro.2012.01.003.

7. Xing JG, Abdallah FW, Brull R, Oldfield S, Dold A, 
Murnaghan ML, Whelan DB. Preoperative femoral nerve 
block for hip arthroscopy: a randomized, triple-masked 
controlled trial. Am J Sports Med. 2015;43(11):2680-2687. 
doi:10.1177/0363546515602468.

8. Schroeder KM, Donnelly MJ, Anderson BM, Ford MP, Keene 
JS. The analgesic impact of preoperative lumbar plexus blocks for 
hip arthroscopy. A retrospective review. Hip Int. 2013;23(1):93-
98. doi:10.5301/HIP.2013.10613.

9. YaDeau JT, Tedore T, Goytizolo EA, Kim DH, Green DS, 
Westrick A, Fan R, Rade MC, Ranawat AS, Coleman SH, Kelly 
BT. Lumbar plexus blockade reduces pain after hip arthroscopy: 
a prospective randomized controlled trial. Anesth Analg. 
2012;115(4):968-972. doi:10.1213/ANE.0b013e318265bacd.

10. Lee EM, Murphy KP, Ben-David B. Postoperative analgesia for 
hip arthroscopy: combined L1 and L2 paravertebral blocks. J Clin 
Anesth. 2008;20(6):462-465. doi:10.1016/j.jclinane.2008.04.012.

11. Potter MQ, Sun GS, Fraser JA, Beckmann JT, Swenson JD, 
Maak TG, Aoki SK. Psychological distress in hip arthroscopy 
patients affects postoperative pain control. Arthroscopy. 
2014;30(2):195-201. doi:10.1016/j.arthro.2013.11.010.

12. Yu HC, Al-Shehri M, Johnston KD, Endersby R, Baghirzada L. 
Anesthesia for hip arthroscopy: a narrative review. Can J Anaesth. 
2016;63(11):1277-1290. doi:10.1007/s12630-016-0718-7.

13. Baker JF, McGuire CM, Byrne DP, Hunter K, Eustace 
N, Mulhall KJ. Analgesic control after hip arthroscopy: a 
randomised, double-blinded trial comparing portal with intra-
articular infiltration of bupivacaine. Hip Int. 2011;21(3):373-377. 
doi:10.5301/HIP.2011.8390.

14. Shlaifer A, Sharfman ZT, Martin HD, Amar E, Kazum E, 
Warschawski Y, Paret M, Brill S, Drexler M, Rath E. Preemptive 
analgesia in hip arthroscopy: a randomized controlled trial of 
preemptive periacetabular or intra-articular bupivacaine in 
addition to postoperative intra-articular bupivacaine. Arthroscopy. 
2017;33(1):118-124. doi:10.1016/j.arthro.2016.07.026.

15. Cogan CJ, Knesek M, Tjong VK, Nair R, Kahlenberg C, 
Dunne KF, Kendall MC, Terry MA. Assessment of intraoperative 
intra-articular morphine and clonidine injection in the acute 
postoperative period after hip arthroscopy. Orthop J Sports Med. 
2016;4(2):2325967116631335. doi:10.1177/232596711663133. 

Efficacy of Intra-Articular Injections for
Pain Control After Hip Arthroscopy for

Femoroacetabular Impingement
NICOLE A. FRIEL, MD, MS / GIFT UKWUANI, MD / BRYCE A. BASQUES, MD / SHANE J. NHO, MD, MS 

 



No sources of support in the forms of grants, equipment, or other items were received for this study. The authors report no conflict of interest. The 
authors’ personal disclosure information can be accessed through the AAOS Orthopedic Disclosure Program at www.aaos.org.

2017 Rush Orthopedics Journal References 9

References 
1. Li CS, Vannabouathong C, Sprague S, Bhandari M. The use 
of carbon-fiber-reinforced (CFR) PEEK material in orthopedic 
implants: a systematic review. Clin Med Insights Arthritis 
Musculoskelet Disord. 2015;8:33-45.

2. Gerszten PC, Paschel E, Mashaly H, Sabry H, Jalalod’din H, 
Saoud K. Outcomes evaluation of zero-profile devices compared to 
stand-alone PEEK cages for the treatment of three- and four-level 
cervical disc disease. Cureus. 2016;8(9):e775.

3. Zhou R, Huang Z, Liu X, et al. Kinematics and load-sharing of 
an anterior thoracolumbar spinal reconstruction construct with 
PEEK rods: an in vitro biomechanical study. Clin Biomech (Bristol, 
Avon). 2016;40:1-7.

4. Hak DJ, Mauffrey C, Seligson D, Lindeque B. Use of carbon-
fiber-reinforced composite implants in orthopedic surgery. 
Orthopedics. 2014;37(12):825-830.

5. Steinberg EL, Rath E, Shlaifer A, Chechik O, Maman E, Salai 
M. Carbon fiber reinforced PEEK Optima—a composite material 
biomechanical properties and wear/debris characteristics of CF-
PEEK composites for orthopedic trauma implants. J Mech Behav 
Biomed Mater. 2013;17:221-228. 

6. Brockett CL, Carbone S, Abdelgaied A, Fisher J, Jennings LM. 
Influence of contact pressure, cross-shear and counterface material 
on the wear of PEEK and CFR-PEEK for orthopaedic applications. 
J Mech Behav Biomed Mater. 2016;63:10-16.

7. Merolli A, Rocchi L, De Spirito M, et al. Debris of carbon-fibers 
originated from a CFRP (pEEK) wrist-plate triggered a destruent 
synovitis in human. J Mater Sci Mater Med. 2016;27(3):50.

8. Katthagen JC, Ellwein A, Lutz O, Voigt C, Lill H. Outcomes 
of proximal humeral fracture fixation with locked CFR-PEEK 
plating. Eur J Orthop Surg Traumatol. 2016:27(3):351-358.

9. Rotini R, Cavaciocchi M, Fabbri D, et al. Proximal humeral 
fracture fixation: multicenter study with carbon fiber peek plate. 
Musculoskelet Surg. 2015;99(suppl 1):S1-S8.

10. Schliemann B, Hartensuer R, Koch T, et al. Treatment of 
proximal humerus fractures with a CFR-PEEK plate: 2-year 
results of a prospective study and comparison to fixation 
with a conventional locking plate. J Shoulder Elbow Surg. 
2015;24(8):1282-1288.

11. Schliemann B, Seifert R, Theisen C, et al. PEEK versus 
titanium locking plates for proximal humerus fracture fixation: a 
comparative biomechanical study in two- and three-part fractures. 
Arch Orthop Trauma Surg. 2017;137(1):63-71.

12. Matson AP, Hamid KS, Adams SB. Predictors of time to union 
after operative fixation of closed ankle fractures. Foot Ankle Spec. 
2017;10(4):308-314.

Carbon-Fiber-Reinforced  
Polyetheretherketone

How a Novel Material Is Challenging Historical Thinking 
KAMRAN S. HAMID, MD, MPH / DAVID M. WALTON, MD / JOEL G. MORASH, MD / SIMON LEE, MD 



2017 Rush Orthopedics Journal References10

References 
1. Ahrens PM, Boileau P. The long head of biceps and associated 
tendinopathy. J Bone Joint Surg Br. 2007;89-B(8):1001-1009.

2. Elser F, Braun S, Dewing CB, Giphart JE, Millett PJ. Anatomy, 
function, injuries, and treatment of the long head of the biceps 
brachii tendon. Arthroscopy. 2011;27(4):581-592.

3. Nho SJ, Strauss EJ, Lenart BA, Provencher MT, Mazzocca AD, 
Verma NN, et al. Long head of the biceps tendinopathy: diagnosis 
and management. J Am Acad of Orthop Surg. 2010;18(11):645-656.

4. Murthi AM, Vosburgh CL, Neviaser TJ. The incidence  
of pathologic changes of the long head of the biceps tendon.  
J Shoulder Elbow Surg. 2000;9(5):382-385.

5. Schickendantz M, King D. Nonoperative management 
(including ultrasound-guided injections) of proximal biceps 
disorders. Clin Sports Med. 2016;35(1):57-73.

6. Wilk KE, Hooks TR. The painful long head of the biceps 
brachii. Clin Sports Med. 2016;35(1):75-92.

7. Patel KV, Bravman J, Vidal A, Chrisman A, McCarty E. Biceps 
tenotomy versus tenodesis. Clin Sports Med. 2016;35(1):93-111.

8. Koh KH, Ahn JH, Kim SM, Yoo JC. Treatment of biceps 
tendon lesions in the setting of rotator cuff tears: prospective 
cohort study of tenotomy versus tenodesis. Am J Sports Med. 
2010;38(8):1584-1590. 

9. Tahal DS, Katthagen JC, Vap AR, Horan MP, Millett PJ. 
Subpectoral biceps tenodesis for tenosynovitis of the long head 
of the biceps in active patients younger than 45 years old. 
Arthroscopy. 2017;33(6):1124-1130.

10. Romeo AA, Mazzocca AD, Tauro JC. Arthroscopic biceps 
tenodesis. Arthroscopy. 2004;20(2):206-213.

11. Slenker NR, Lawson K, Ciccotti MG, Dodson CC, Cohen SB. 
Biceps tenotomy versus tenodesis: clinical outcomes. Arthroscopy. 
2012;28(4):576-582.

12. Werner BC, Burrus MT, Miller MD, Brockmeier SF. Tenodesis 
of the long head of the biceps. JBJS Revs. 2014;2(12):1.

13. Werner BC, Evans CL, Holzgrefe RE, Tuman JM, Hart 
JM, Carson EW, et al. Arthroscopic suprapectoral and open 
subpectoral biceps tenodesis: a comparison of minimum 2-year 
clinical outcomes. Am J Sports Med. 2014;42(11):2583-2590.

14. Froimson AI, O I. Keyhole tenodesis of biceps origin at the 
shoulder. Clin Orthop Relat Res. 1975;Oct(112):245-249. Epub 
1975/10/01.

15. Johannsen AM, Macalena JA, Carson EW, Tompkins 
M. Anatomic and radiographic comparison of arthroscopic 
suprapectoral and open subpectoral biceps tenodesis sites. Am J 
Sports Med. 2013;41(12):2919-2924.

16. Patzer T, Rundic JM, Bobrowitsch E, Olender GD, Hurschler 
C, Schofer MD. Biomechanical comparison of arthroscopically 
performable techniques for suprapectoral biceps tenodesis. 
Arthroscopy. 2011;27(8):1036-1047.

17. Werner BC, Lyons ML, Evans CL, Griffin JW, Hart JM, Miller 
MD, et al. Arthroscopic suprapectoral and open subpectoral 
biceps tenodesis: a comparison of restoration of length-tension 
and mechanical strength between techniques. Arthroscopy. 
2015;31(4):620-627.

18. Gombera MM, Kahlenberg CA, Nair R, Saltzman MD, Terry 
MA. All-arthroscopic suprapectoral versus open subpectoral 
tenodesis of the long head of the biceps brachii. Am J Sports Med. 
2015;43(5):1077-1083.

19. Tashjian RZ, Deloach J, Green A, Porucznik CA, Powell AP. 
Minimal clinically important differences in ASES and simple 
shoulder test scores after nonoperative treatment of rotator cuff 
disease. J Bone Joint Surg Am. 2010;92(2):296-303.

20. Dickens JF, Kilcoyne KG, Tintle SM, Giuliani J, Schaefer 
RA, Rue JP. Subpectoral biceps tenodesis: an anatomic 
study and evaluation of at-risk structures. Am J Sports Med. 
2012;40(10):2337-2341.

21. Mazzocca AD, Cote MP, Arciero CL, Romeo AA, Arciero 
RA. Clinical outcomes after subpectoral biceps tenodesis with an 
interference screw. Am J Sports Med. 2008;36(10):1922-1929.

Randomized Prospective Analysis of  
Arthroscopic Suprapectoral and Open 

Subpectoral Biceps Tenodesis
BRIAN FORSYTHE, MD / WILLIAM ZUKE, BA / BEATRICE GO, BS / BRIDGET ELLSWORTH, BS 

ADAM YANKE, MD / NIKHIL N. VERMA, MD / ANTHONY A. ROMEO, MD 



No sources of support in the forms of grants, equipment, or other items were received for this study. The authors report no conflict of interest. The 
authors’ personal disclosure information can be accessed through the AAOS Orthopedic Disclosure Program at www.aaos.org.

2017 Rush Orthopedics Journal References 11

22. Nho SJ, Reiff SN, Verma NN, Slabaugh MA, Mazzocca AD, 
Romeo AA. Complications associated with subpectoral biceps 
tenodesis: low rates of incidence following surgery. J Shoulder 
Elbow Surg. 2010;19(5):764-768.

23. Lutton DM, Gruson KI, Harrison AK, Gladstone JN, Flatow 
EL. Where to tenodese the biceps: proximal or distal? Clin Orthop 
Relat Res. 2010;469(4):1050-1055.

24. Sanders B, Lavery KP, Pennington S, Warner JJP. 
Clinical success of biceps tenodesis with and without release 
of the transverse humeral ligament. J Shoulder Elbow Surg. 
2012;21(1):66-71.

25. DePalma AF. Bicipital tenosynovitis. Surg Clin North Am. 
1953;33(6):1693-1702.



No sources of support in the forms of grants, equipment, or other items were received for this study. The authors report no conflict of interest. The 
authors’ personal disclosure information can be accessed through the AAOS Orthopedic Disclosure Program at www.aaos.org.

2017 Rush Orthopedics Journal References12

References
1. Steppacher SD, Tannast M, Ganz R, Siebenrock KA. Mean 
20-year followup of Bernese periacetabular osteotomy. Clin Orthop 
Relat Res. 2008;466(7):1633-1644.

Hip Preservation and  
Periacetabular Osteotomy

Clinical Update and Case Presentation 
JOEL WILLIAMS, MD 


