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From	my	office	window,	I’ve	had	the	pleasure	of	watching	Rush	

University	Medical	Center’s	new	hospital	building	taking	shape	

over	the	past	2	years.	When	the	new	hospital—located	across	

the	street	from	the	Orthopedic	Building—opens	in	January	

2012,	it	will	greatly	enhance	our	ability	to	provide	the	highest	

quality	of	care	for	patients	with	orthopedic	conditions.

The	hospital	will	incorporate	a	concept	called	“the	interven-

tional	platform,”	with	3	floors	devoted	to	surgery,	imaging,	and	

specialty	procedures.	It’s	a	concept	developed	in	recent	years	for	

academic	medical	centers	where	multiple	medical	and	surgical	

specialists	collaborate	to	treat	patients	with	complex	problems	

using	the	most	advanced	technologies	available.	The	interven-

tional	platform	at	Rush	features	operating-procedure	rooms,		

associated	prep	and	recovery	rooms,	and	support	space.	Each	

new	and	larger	operating	room—designed	based	on	feedback	

from	surgeons	across	numerous	specialties,	including	ortho-

pedics—will	accommodate	more	specialized	equipment	and	

technology	to	improve	outcomes.	

Development	has	also	continued	within	the	Orthopedic	

Building.	A	new	learning	center	was	completed	toward	the	end	

of	2010,	providing	a	spacious,	state-of-the-art	venue	for	educa-

tional	activities	to	complement	our	already	impressive	clinical	

and	research	facilities.	

In	the	midst	of	these	physical	transformations,	our	physicians	

and	researchers	continued	to	break	new	ground	in	orthopedic	

care	and	research.	Howard	S.	An,	MD,	and	colleagues	in	the	

departments	of	orthopedic	surgery	and	biochemistry	received	

the	prestigious	2011	Kappa	Delta	Elizabeth	Winston	Lanier	

Award	from	the	American	Academy	of	Orthopaedic	Surgeons	

for	a	paper	entitled	“Intervertebral	Disc	Repair	or	Regeneration	

by	Growth	Factor	and/or	Cytokine	Inhibitor	Protein	Injec-

tion.”	Craig	J.	Della	Valle,	MD,	was	a	co-recipient	of	the	2011	

Frank	Stinchfield	Award	from	the	Hip	Society	for	investiga-

tions	into	dislocation	following	total	hip	replacement.	And		

Gunnar	B.	J.	Andersson,	MD,	PhD,	received	the	2010	

Freedom	of	Movement	Award	from	the	Arthritis	Foundation,	

Greater	Chicago	Chapter.	See	page	68	for	an	interview	with	

Andersson,	who	preceded	me	as	department	chairman,	in	

which	he	looks	back	on	his	illustrious	career.	

Members	of	the	department	have	also	recently	ascended	to	

key	national	leadership	positions.	I	joined	the	presidential	line	

of	the	American	Academy	of	Orthopaedic	Surgeons,	serving	as	

the	second	vice	president;	Howard	S.	An,	MD,	is	the	current	

president	of	the	International	Society	for	the	Study	of	the	Lum-

bar	Spine;	and	Charles	A.	Bush-Joseph,	MD,	is	the	incoming	

president	of	the	Major	League	Baseball	Team	Physician	Associa-

tion.	In	addition,	Steven	Gitelis,	MD,	editor	in	chief	of	this	

journal,	was	recently	elected	president	of	the	medical	staff	of	

Rush	University	Medical	Center.

Finally,	I	would	be	remiss	if	I	didn’t	mention	our	outstand-

ing	residents	and	fellows,	who	came	to	Rush	from	across	the	

United	States	and	around	the	world	to	participate	in	our	highly	

competitive	training	programs.	Our	faculty	members	value	

the	contributions	of	residents	and	fellows	to	the	care	of	our	

patients,	and	we	are	honored	to	be	sharing	our	knowledge	and	

skills	with	the	next	generation	of	orthopedic	specialists.

I	invite	you	to	peruse	this	issue	of	the	Rush Orthopedics 

Journal	and	enjoy	a	sampling	of	the	stellar	work	produced	by	

our	department	during	the	past	year.	

Joshua	J.	Jacobs,	MD

The	William	A.	Hark,	MD/Susanne	G.	Swift		
	 Professor	of	Orthopedic	Surgery

Chairman,	Department	of	Orthopedic	Surgery

Rush	University	Medical	Center
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Joshua J. Jacobs, MD (right), 
with Markus A. Wimmer, PhD, 
director of the Tribology Labo-
ratory and co-director of the 
Motion Analysis Laboratory

“in thE midst of [rush’s] physical transformations, our physicians and rEsEarchErs 

continuEd to brEak nEw ground in orthopEdic carE and rEsEarch.” 
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adult rEconstructivE surgEry

fEllows

Daniel Del gaizo, MD    

Medical	school	–	George	Washington	University	School	of	
Medicine	and	Health	Sciences	
Residency	–	University	of	North	Carolina

kurt hirshorn, MD     

Medical	school	–	University	of	South	Florida	College	of	Medicine
Residency	–	Atlanta	Medical	Center

jeremy kinder, MD

Medical	school	–	Rush	Medical	College
Residency	–	Northwestern	Memorial	Hospital

trevor Murray, MD

Medical	school	–	Case	Western	Reserve	University	Medical	Center
Residency	–	Cleveland	Clinic

Brian Pack, MD    

Medical	school	–	Wayne	State	University	School	of	Medicine
Residency	–	Grand	Rapids	Medical	Education	and	Research	Center

Anand srinivasan, MD    

Medical	school	–	Jefferson	Medical	College
Residency	–	Baylor	University	Medical	Center

Orthopedic	Faculty	and	Fellows	(2010)
2011 rush orthoPeDiCs journAl

Aaron rosenberg, MD

Director,	Section	of	Adult	Reconstruction

Professor,	Department	of	Orthopedic	Surgery

richard A. Berger, MD

Assistant	professor,	Department	of		
Orthopedic	Surgery

Brett levine, MD

Assistant	professor,	Department	of		
Orthopedic	Surgery

wayne g. Paprosky, MD

Professor,	Department	of		
Orthopedic	Surgery

scott M. sporer, MD, Ms

Assistant	professor,	Department	of		
Orthopedic	Surgery

jorge o. galante, MD, DMsc

The	Grainger	Directorship	of	the	Rush		
Arthritis	and	Orthopedics	Institute

Professor,	Department	of	Orthopedic	Surgery

Craig j. Della valle, MD

Associate	professor,	Department		
of	Orthopedic	Surgery

Director,	Adult	Reconstructive		
Orthopedic	Surgery	Fellowship	Program

joshua j. jacobs, MD

The	William	A.	Hark,	MD/Susanne	G.	Swift	
Chair	of	Orthopedic	Surgery

Chairman	and	professor,	Department	of		
Orthopedic	Surgery
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Walter W. Virkus, MD

Associate professor, Department of  
Orthopedic Surgery

Director, Orthopedic Residency Program

 

Steven Gitelis, MD

Director, Section of Orthopedic Oncology

Rush Medical College Endowed Professor  
of Orthopedic Oncology

Vice chairman and professor, Department  
of Orthopedic Surgery

ELBOW, WRIST, AND HAND SURGERY

Mark S. Cohen, MD

Director, Section of Hand and Elbow Surgery

Professor, Department of Orthopedic Surgery

John J. Fernandez, MD

Assistant professor, Department of  
Orthopedic Surgery

Robert Goldberg, MD

Instructor, Department of Orthopedic Surgery

Robert W. Wysocki, MD

Assistant professor, Department of  
Orthopedic Surgery

FOOT AND ANKLE SURGERY

Simon Lee, MD

Assistant professor, Department of  
Orthopedic Surgery

Johnny L. Lin, MD 
Assistant professor, Department of  
Orthopedic Surgery

George Holmes Jr, MD

Director, Section of Foot and Ankle Surgery

Assistant professor, Department of   
Orthopedic Surgery

ONCOLOGY AND TRAUMA
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pEdiatric surgEry

Monica kogan, MD

Director,	Section	of	Pediatric	Surgery

Assistant	professor,	Department	of		
Orthopedic	Surgery

spinE surgEry

howard s. An, MD

Director,	Division	of	Spine	Surgery

The	Morton	International	Chair	of		
Orthopedic	Surgery

Professor,	Department	of	Orthopedic	Surgery

Director,	Spine	Surgery	Fellowship	Program

gunnar B. j. Andersson, MD, PhD

The	Ronald	L.	DeWald,	MD,	Endowed	
Chair	in	Spinal	Deformities

Professor	and	chairman	emeritus,		
Department	of	Orthopedic	Surgery

kim w. hammerberg, MD

Assistant	professor,	Department	of		
Orthopedic	Surgery

Frank M. Phillips, MD

Director,	Section	of	Minimally	Invasive		
Spine	Surgery

Professor,	Department	of	Orthopedic	Surgery

kern singh, MD

Assistant	professor,	Department	of		
Orthopedic	Surgery

David Fardon, MD

Associate	professor,	Department	of		
Orthopedic	Surgery

Christopher Dewald, MD

Assistant	professor,	Department	of		
Orthopedic	Surgery

edward j. goldberg, MD

Assistant	professor,	Department	of		
Orthopedic	Surgery

fEllows

kelley Banagan, MD    

Medical	school	–	SUNY	Upstate	Medical	University
Residency	–	University	of	Maryland	Medical	Center

thomas Cha, MD     

Medical	school	–	Drexel	University	College	of	Medicine	
Residency	–	Columbia	University	Medical	Center

safdar khan, MD

Medical	school	–	Aga	Khan	University	Medical	College
Residency	–	Hospital	for	Special	Surgery	(research	fellowship);	
University	of	California	Davis

isaac Moss, MD 
Medical	school	–	McGill	University	Faculty	of	Medicine	
Residency	–	University	of	Toronto	Affiliated	Hospitals
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sports mEdicinE, surgEry

Bernard r. Bach jr, MD

Director,	Division	of		Sports	Medicine	

The	Claude	N.	Lambert,	MD/Helen	S.		
Thomson	Chair	of	Orthopedic	Surgery

Professor,	Department	of	Orthopedic	Surgery

Director,	Sports	Medicine	Fellowship	Program

Charles A. Bush-joseph, MD

Professor,	Department	of	Orthopedic	Surgery

Anthony A. romeo, MD

Director,	Section	of	Shoulder	and		
Elbow	Surgery

Professor,	Department	of	Orthopedic	Surgery

nikhil n. verma, MD 
Assistant	professor,	Department	of		
Orthopedic	Surgery

shane j. nho, MD, Ms

Assistant	professor,	Department	of		
Orthopedic	Surgery

Brian j. Cole, MD, MBA

Director,	Rush	Cartilage	Restoration	Center

Professor,	Department	of	Orthopedic	Surgery

gregory nicholson, MD

Associate	professor,	Department	of		
Orthopedic	Surgery

fEllows

Aman Dhawan, MD    

Medical	school	–	Albany	Medical	College
Residency	–	Walter	Reed	Army	Medical	Center

neil ghodadra, MD     
Medical	school	–	Duke	University	School	of	Medicine	
Residency	–	Rush	University	Medical	Center

richard C. Mather iii, MD 

Medical	school	–	Duke	University	School	of	Medicine
Residency	–	Duke	University	Medical	Center

seth l. sherman, MD 
Medical	school	–	Weill	Cornell	Medical	College	
Residency	–	Hospital	for	Special	Surgery
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sports mEdicinE, primary carE

jeffrey M. Mjaanes, MD

Assistant	professor,	departments	of		
orthopedic	surgery	and	pediatrics	

krystian Bigosinski, MD

Assistant	professor,	departments	of	family	
medicine	and	orthopedic	surgery

joshua Blomgren, Do

Assistant	professor,	departments	of	family	
medicine	and	orthopedic	surgery

kathleen M. weber, MD

Director,	primary	care/sports	medicine	and	
women’s	sports	medicine	programs

Assistant	professor,	Department	of		
Orthopedic	Surgery

fEllow

Anne rettig, MD    

Medical	school	–	University	of	Virginia	School	of	Medicine
Residency	–	Tufts	Medical	Center
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Research	Faculty	and	Highlights
2011 rush orthoPeDiCs journAl

thE robbins and Jacobs family biocompatibility and implant pathology laboratory

robert M. urban 

Director,	the	Robbins	and	Jacobs	
Family	Biocompatibility	and	Implant	
Pathology	Laboratory

Associate	professor,	Department	of	
Orthopedic	Surgery

Deborah j. hall 

Instructor,	Department	of	Orthopedic	Surgery

thomas M. turner, DvM

Assistant	professor,	Department	of	
Orthopedic	Surgery

The	Robbins	and	Jacobs	Family	Biocompatibility	and	Implant	Pathology	Laboratory	is	concerned	with	the	biocompatibility	of	

materials	used	in	reconstruction	of	bone	and	soft	tissues,	including	metal	alloys,	synthetic	polymers,	and	processed	allografts	and	

xenografts.	The	laboratory	develops	unique	animal	models	to	evaluate	the	efficacy	of	candidate	biomaterials	for	reconstructions	in	

spine,	foot,	and	ankle,	upper	extremity,	sports	medicine,	hip	and	knee	replacement,	and	orthopedic	oncologic	surgery.	Researchers	

in	the	lab	also	study	implants	and	tissues	obtained	from	patients	at	revision	surgery	and	maintain	a	repository	of	many	thousands	

of	retrieved	devices;	these	devices	are	evaluated	for	evidence	of	implant	degradation,	wear,	and	corrosion	products,	and	their	effects	

on	host	tissues.	As	part	of	the	world’s	largest	postmortem	retrieval	program	for	joint	replacement,	the	lab	focuses	on	the	relation-

ship	between	implant	performance	and	the	response	of	distant	organs	to	systemic	dissemination	of	degradation	products.	The	

laboratory	has	received	numerous	awards	for	its	research	in	these	areas.

biomatErials laboratory

not pictured: 
Anastasia	Skipor,	MS,	instructor,	Department	of	Orthopedic	Surgery

The	Biomaterials	Laboratory	is	focused	on	understanding	implant	debris	and	the	biologic	effects	of	this	debris,	including	what	

types	of	implant	debris	are	produced	from	implant	wear	and	corrosion,	how	different	types	of	debris	interact	with	human	biol-

ogy	and	the	immune	system,	how	debris	produces	an	immune	response,	and	why	immune	reactivity	to	debris	is	so	different	from	

person	to	person.	Answering	these	questions	is	critical	to	improving	the	long-term	performance	of	orthopedic	implants	and	is	

nadim j. hallab, PhD 

Director,	Biomaterials	Laboratory	

Associate	professor,	Department		
of	Orthopedic	Surgery

continued on next page
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motion analysis laboratory

Markus A. wimmer, PhD 

Co-director,	Motion	Analysis	Laboratory

Director,	Tribology	Laboratory	

Associate	professor,	Department	of		
Orthopedic	Surgery

kharma C. Foucher, MD, PhD  

Co-director,	Motion	Analysis	Laboratory

Assistant	professor,	Department	of		
Orthopedic	Surgery

hannah j. lundberg, PhD

Instructor,	Department	of	Orthopedic	Surgery

The	Motion	Analysis	Laboratory	seeks,	through	its	research	and	clinical	activities,	to	improve	the	physical	capabilities	of	patients	

with	musculoskeletal	ailments.	The	lab	studies	the	functional	performance	of	individuals	during	activities	of	daily	living,	measur-

ing	the	kinematics	and	kinetics	of	natural	and	artificial	joints.	Current	research	foci	involve	exploring	the	pathomechanism	of	

abnormal	gait	on	osteoarthritic	joints	and	developing	rehabilitation	strategies	to	either	delay	or	halt	the	progression	of	cartilage	

wear.	Primary	equipment	includes	12	optoelectronic	cameras,	and	5	Bertec	force	plates	to	record	limb	segment	movements	and	

moments.	A	16-channel	wireless	electromyographic	system	helps	to	obtain	insight	into	muscle	activity.	Strength-	and	balance-

testing	equipment	and	foot	pressure	measuring	systems	complement	the	state-of-the-art	equipment.

sEction of orthopEdic oncology 

Carl Maki, PhD 

Associate	professor,	Department	of	

Anatomy	and	Cell	Biology

Qiping Zheng, PhD 

Assistant	professor,	Department	of	

Anatomy	and	Cell	Biology

A	long-term	research	goal	in	the	Section	of	Orthopedic	Oncology	has	been	to	identify	molecular	mechanisms	responsible	for	

therapy	resistance	in	osteosarcoma	and	other	cancers,	and	then	use	this	information	to	more	effectively	target	resistant	cells.	Osteo-

sarcoma	is	the	most	common	malignant	bone	cancer	in	children.	Current	treatment	includes	aggressive	preoperative	and	postop-

erative	multidrug	chemotherapy.	Nonetheless,	it	is	estimated	that	30%	of	patients	with	localized	disease	and	80%	of	patients	with	

the	central	mission	of	the	laboratory.	Over	the	past	10	years,	the	lab	has	made	strides	in	4	areas:	establishing	the	theoretical	basis	

for	engineering	surfaces	for	optimizing	and	directing	cell	bioreactivity;	characterizing	implant	debris,	including	metal-protein	

complexes	formed	from	implant	degradation	and	their	different	inflammatory	potentials;	developing	successful	bench-to-bedside	

diagnostic	testing	of	immune	reactivity	to	implant	debris,	facilitating	the	evaluation	of	patients	and	different	types	of	implants;	

and	characterizing	debris-specific	effects	on	peri-implant	cells—including	establishing	levels	of	toxic	exposure	for	different	cell	

types—and	discovering	new	pathways	by	which	implant	debris	exert	proinflammatory	effects	(ie,	inflammasome	pathway).
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sEction of molEcular mEdicinE

tibor t. glant, MD, PhD 

Director,	Section	of	Molecular	Medicine

The	Jorge	O.	Galante,	MD,	DMSc,	Chair	in	

Orthopaedic	Surgery

Professor,	Department	of	Orthopedic	Surgery

katalin Mikecz, MD, PhD  

Professor,	Department	of	Orthopedic	Surgery

The	Section	of	Molecular	Medicine	employs	state-of-the-art	strategies	and	techniques	in	basic	molecular	biology,	biochemistry,	

genetics,	cell	biology,	and	immunology	to	conduct	leading-edge	research.	Current	studies	focus	on	the	autoimmune	mechanisms	

of	rheumatoid	arthritis,	including	the	screening,	identification,	and	localization	of	“disease-susceptible”	genes	that	control	auto-

immune	processes	and	inflammatory	cell	migration	into	the	synovium;	the	autoimmune	mechanisms	of	ankylosing	spondylitis,	

including	the	screening,	identification,	and	localization	of	“disease-susceptible”	genes	in	a	corresponding	animal	model;	and	the	

immunology/immunopathology	and	genetics	of	extracellular	matrix	components	(specifically	cartilage	macromolecules).	Research-

ers	in	the	section	are	also	studying	the	functional	and	pathophysiological	importance	of	specific	domains	of	cartilage	aggrecan,	link	

protein,	and	small	proteoglycans	using	targeted	disruption	(knockout)	and	overexpression	of	these	molecules	in	mice.	Based	on	this	

work,	they	have	developed	a	mouse	model	of	osteoarthritis.	Another	area	of	interest	is	the	cellular	and	molecular	(signaling)	mecha-

nisms	of	pathological	bone	resorption	in	failed	total	hip	arthroplasties,	which	include	(1)	particle-induced	cellular	responses	and	

signaling	mechanisms	of	macrophages,	osteoblasts,	and	periprosthetic	fibroblasts	and	(2)	epigenomic	alterations	of	gene	expression	

involved	in	pathological	bone	resorption	and	bone	remodeling.	Researchers	are	also	looking	at	myeloproliferative	diseases	associated	

directly	or	indirectly	with	pyoderma	gangrenosum	or	Sweet’s	syndrome,	two	relatively	rare	skin	diseases	with	unknown	etiology.

spinE biology laboratory

nozomu inoue, MD, PhD 

Professor,	Department	of	Orthopedic	Surgery

The	goal	of	research	in	the	Spine	Biology	Laboratory	is	to	improve	the	understanding	of	intervertebral	disk	biology	and	the	

pathophysiology	of	intervertebral	disk	degeneration	so	that	patients	with	low	back	pain	can	be	better	diagnosed	and	treated	with	

not pictured:

Tibor	A.	Rauch,	PhD,	associate	professor,	Department	of	Orthopedic	Surgery

Yejia Zhang, MD, PhD  

Assistant	professor,	Department	of		
Orthopedic	Surgery

metastatic	disease	at	diagnosis	will	relapse.	Recurrent	tumors	are	thought	to	arise	from	therapy-resistant	cancer	cells	that	survive	the	

initial	treatment.	The	tumor	suppressor	protein	p53	is	activated	and	triggers	cell	death	pathways	in	response	to	DNA-damaging	

chemotherapeutic	drugs.	More	than	50%	of	cancers	harbor	inactivating	mutations	in	the	p53	gene,	and	in	many	cases	mutations	

in	the	p53	gene	have	been	linked	to	a	diminished	response	to	chemotherapy.	Determining	the	molecular	basis	for	chemotherapy	

resistance	should	allow	orthopedic	oncologists	to	more	effectively	target	these	therapy-resistant	cells.

continued on next page



more	effective	and	less	invasive	methods.	Over	the	past	10-15	years,	the	lab	has	tested	candidate	therapeutic	agents	using	in	vitro	

cell	culture	models,	organ	culture	models,	and	in	vivo	animal	models	of	intervertebral	disk	degeneration	to	assess	their	potential	to	

assist	in	matrix	restoration	and	perhaps	to	reduce	diskogenic	low	back	pain.	Injection	of	the	bone	morphogenetic	proteins	BMP-7	

and	BMP-14	in	a	rabbit	model	was	shown	to	be	effective	in	restoring	intervertebral	disk	height,	MRI	signals	of	the	disk,	biochem-

ical	matrix	contents,	and	biomechanical	properties.	Based	on	these	preclinical	data,	the	FDA	has	allowed	investigational	new	drug	

clinical	trials	to	begin	in	the	United	States.	This	groundbreaking	work	was	recognized	in	2011	when	Howard	S.	An,	MD,	and	

colleagues	in	the	departments	of	orthopedic	surgery	and	biochemistry	received	the	Kappa	Delta	Elizabeth	Winston	Lanier	Award	

for	a	paper	entitled	“Intervertebral	Disc	Repair	or	Regeneration	by	Growth	Factor	and/or	Cytokine	Inhibitor	Protein	Injection.”	

The	lab’s	ongoing	work	involves	testing	other	candidate	molecules	to	regenerate	degenerated	intervertebral	disks,	while	focusing	

on	pain-mediated	molecules	associated	with	degeneration.	
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spinE biomEchanics laboratory

raghu n. natarajan, PhD 

Professor,	Department	of	Orthopedic	Surgery

Alejandro A. espinoza orías, PhD 

Instructor,	Department	of	Orthopedic	Surgery

The	Spine	Biomechanics	Laboratory	has	developed	analysis	software	to	determine	subtle	and	coupled	spinal	motion	patterns	that	

the	facet	joints	and	disks	exhibit	in	vivo.	CT/MRI	data	are	reconstructed	into	high-resolution,	3-dimensional	models	that	offer	a	

variety	of	geometric	characterization	options.	In	vitro	validation	of	spinal	motion	models	is	carried	out	at	the	laboratory	using	a	

spine	testing	frame	newly	developed	in	house	and	driven	by	a	servo-hydraulic	materials	testing	machine.	Motion	of	the	cadaveric	

specimens	is	captured	in	real	time	by	infrared	cameras,	thus	fully	characterizing	the	spinal	kinematics.	The	frame	is	also	capable	

of	testing	the	effects	of	spinal	instrumentation	and	devices	on	spinal	kinematics.	Computer	models	of	the	human	spine	are	be-

ing	used	in	the	lab	to	understand	changes	in	spinal	kinematics	due	to	surgical	procedures	performed	on	the	lumbar	and	cervical	

spines,	including	fusion	and	motion	preservation	systems.	Computer	models	are	also	being	used	to	understand	the	effects	of	vari-

ous	tears	and	clefts	formed	during	the	disk	degeneration	process.

sports mEdicinE rEsEarch laboratory

vincent M. wang, PhD 

Director,	Sports	Medicine	Research	Laboratory

Assistant	professor,	Department	of	

Orthopedic	Surgery

The	primary	research	focus	of	the	Sports	Medicine	Research	Laboratory	is	the	structure,	function,	injury,	and	repair	of	soft		

connective	skeletal	tissues	(tendon,	ligament,	cartilage,	and	meniscus)	and	diarthrodial	joints	(particularly	knee	and	shoulder).		

Ongoing	investigations	include	quantitative,	3-dimensional	anatomic	studies	for	the	refinement	of	surgical	techniques		
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tribology laboratory

Alfons Fischer, PhD 

Visiting	professor,	Department	of		

Orthopedic	Surgery

The	goal	of	the	Tribology	Laboratory	is	to	contribute	to	long-lasting	treatment	solutions	for	the	osteoarthritic	joint.	Researchers	in	

the	lab	apply	the	physical	principles	of	friction,	wear,	and	lubrication	to	natural	and	artificial	joints	to	improve	both	the	material	

properties	of	implants	and	the	patient’s	well-being.	Although	their	main	focus	is	artificial	implants,	researchers	in	the	lab	also	apply	

“tribological	thinking”	to	natural	tissues	in	an	effort	to	better	understand	the	effects	of	loading	and	motion	on	living	structures.	

The	laboratory	is	equipped	with	advanced	equipment	that	includes	a	knee	simulator	and	a	hip/spine	simulator	for	testing	pros-

thetic	joint	bearing	couples	under	physiological	conditions;	a	custom-built	bioreactor	to	test	live	cartilage;	a	pin-on-disk	apparatus	

for	screening	bearing	materials;	and	specifically	dedicated	hydraulic,	pneumatic,	and	electromechanical	machines	to	test	biomate-

rial	properties.	The	laboratory	also	features	a	retrieval	analysis	suite	with	a	state-of-the-art	interferometric	microscope	for	surface	

topographical	characterization,	a	coordinate	measuring	machine	with	micron-range	precision	for	implant	geometrical	measure-

ments,	and	access	to	a	scanning	electron	microscope	with	environmental	capabilities.

Mathew t. Mathew, PhD

Instructor,	Department	of	Orthopedic	Surgery

not pictured:

Michel	Laurent,	PhD,	scientist,	Department	of	Orthopedic	Surgery

Markus A. wimmer, PhD 

Director,	Tribology	Laboratory	

Co-director,	Motion	Analysis	Laboratory

Associate	professor,	Department	of		
Orthopedic	Surgery

(eg,	orientation	of	bone	tunnels	for	anterior	cruciate	ligament	[ACL]	reconstruction);	comparative	biomechanical	studies	of	stabil-

ity	and	strength	conferred	by	various	surgical	techniques	(eg,	rotator	cuff	repair,	ACL	reconstruction);	assessment	of	microscopic,	

biologic,	and	biomechanical	properties	of	normal,	injured,	and	healing	musculoskeletal	soft	tissues	(eg,	to	assess	roles	of	specific	

tissue	matrix	proteins,	surgical	repair	techniques,	or	therapeutics	on	the	quality	of	healing);	and	development	and	application	of	

noninvasive	imaging	techniques	for	quantitative	assessment	of	tissue	integrity.
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Human	Umbilical	Cord	Blood–Derived	Mesenchymal		
Stem	Cells	for	Intervertebral	Disk	Repair	

AnA Chee, PhD; YeJiA ZhAng, MD, PhD; DessisLAvA MArkovA, PhD; BiAgio sAiTTA, PhD;  
vLADiMir MArkov, MD; ChAnDer guPTA; hoWArD s. An, MD

 author affiliations 

Department	of	Orthopedic	Surgery,	Rush	University	Medical	

Center,	Chicago,	Illinois	(Drs	Chee,	Zhang,	and	An);	Department	

of	Rehabilitation	Medicine,	Thomas	Jefferson	University,	Phila-

delphia,	Pennsylvania	(Drs	Markova	and	Markov	and	Mr	Gupta);	

and	Department	of	Cell	Biology,	School	of	Osteopathic	Medicine,	

University	of	Medicine	and	Dentistry	of	New	Jersey,	Stratford,	

New	Jersey	(Dr	Saitta).

 corresponding author

Ana	Chee,	PhD;	Rush	University	Medical	Center,	1653	W		

Congress	Pkwy,	Chicago,	IL	60612	(ana_chee@rush.edu).

 introduction

Scientists	and	clinicians	have	found	that	stem	cells	can	differentiate	

into	a	variety	of	cell	types	and	therefore	can	provide	therapeutic	

effects	for	many	human	diseases.	For	the	last	20	years,	research	and	

clinical	trials	using	umbilical	cord	blood	cells	have	shown	promise	

in	treating	a	large	number	of	hematologic	diseases	and	a	smaller	

number	of	nonhematologic	diseases.	Unlike	embryonic	stem	

cells,	human	neonatal	umbilical	cord	blood–derived	mesenchy-

mal	stem	cells	(hUCB-MSCs)	are	taken	from	donated	umbilical	

cord	tissue	samples	after	birth	with	no	harm	to	the	mother	or	the	

newborn,	and	therefore	their	research	is	not	subject	to	the	ethical	

and	political	debate	surrounding	embryonic	stem	cell	research.	

Mesenchymal	stem	cells	(MSCs)	are	self-renewing	cells	that	exhibit	

multilineage	differentiation	into	bone,	cartilage,	fat,	and	muscle.1-5	

Studies	have	shown	that	classic	mesenchymal	stem	cells	are	capable	

of	differentiating	into	cells	of	connective	tissue	lineages	such	as	

osteogenic,	adipogenic,	and	chondrogenic	lineages.6-9	Human	

UCB-MSCs	can	be	cultured	in	specialized	media	and	induced	

to	differentiate	into	classic	mesenchymal	lineages	(adipogenic,	

chondrogenic,	and	osteogenic)	(Figure	1).	Compared	to	adult	

mesenchymal	stem	cell	transplantation,	umbilical	cord	blood	stem	

cell	transplantation	allows	for	more	human	leukocyte	antigen	

(HLA)	disparity,	thus	requiring	less	stringent	matching	between	

donor	and	recipient.10,11	Umbilical	cord	blood	stem	cells	are	less	

mature	than	adult	bone	marrow–derived	MSCs	and	thus	have	a	

larger	capacity	to	survive	and	replicate.	To	date,	hUCB-MSCs	have	

become	a	widely	accepted	source	of	hematopoietic	stem	cells:	they	

have	been	used	in	transplants	to	treat	a	number	of	hematopoietic	

and	malignant	diseases,12	including	Buerger’s	disease	and	chronic	

spinal	cord	injury.13,14	Our	lab	is	exploring	the	use	of	hUCB-MSCs	

as	a	therapy	for	lower	lumbar	spondylosis	and	associated	diseases	

by	testing	the	therapeutic	effects	of	hUCB-MSCs	on	degenerating	

rabbit	intervertebral	disk	explant	cultures.	
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“our initial studiEs havE shown that transplantEd stEm cElls survivE and ExprEss  

thE human typE ii collagEn gEnE, a markEr showing that thE stEm cElls  

arE hElping to rEpair thE disk.“
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 back pain therapy

Back	pain	and	neck	pain	are	common	clinical	problems,15	and	

in	many	affected	patients,	degenerative	disk	disease	has	been	

identified	as	a	significant	contributing	factor.	The	etiology	of	

disk	degeneration	is	complex.	Among	the	risk	factors	are	genetic	

predisposition	and	biomechanical	properties.16	Viable	disk	cells	

decrease	in	number	in	the	degenerative	disk,	most	likely	due	to	

apoptosis.17	Proteolytic	enzymes	are	found	at	higher	concentrations	

in	degenerative	disks	than	in	normal	disks18-20	along	with	increased	

levels	of	proinflammatory	cytokines,18,19	molecules	that	promote	

loss	of	matrix	homeostasis	by	suppressing	matrix	synthesis/repair	

and	promoting	matrix	degradation.	Improved	extracellular	matrix	

production	or	decreased	matrix	degradation	can	be	achieved	by	

a	variety	of	methods,	for	example,	by	stimulating	disk	cells	with	

growth	factors,	inhibiting	proinflammatory	cytokines,	or	inhibit-

ing	proteolytic	enzymes.	However,	at	late	stages	of	disk	degenera-

tion	when	the	number	of	viable	cells	is	low,	repopulating	the	disk	

with	cells	that	could	produce	and	maintain	extracellular	matrix	

may	be	desirable.	

As	an	alternative	to	the	surgical	removal	of	the	diseased	disk,	cell	

therapy	may	be	a	promising	option	to	help	reduce	disk	degenera-

tion,	restore	function,	and	reduce	back	pain.	As	a	first	step,	our	

research	group	has	studied	the	therapeutic	effects	of	the	trans-

plantation	of	donated	hUCB-MSCs	into	rabbit	degenerating	disk	

explant	cultures.	Our	initial	studies	have	shown	that	transplanted	

stem	cells	survive	and	express	the	human	type	II	collagen	gene,	a	

marker	showing	that	the	stem	cells	are	helping	to	repair	the	disk.	

Also,	the	stem	cells	can	stimulate	the	resident	disk	cells	to	help	

repair	the	disk	by	expressing	higher	levels	of	rabbit	type	II	collagen	

gene	and	lower	levels	of	the	matrix	metallopeptidase	13	gene,	a	

marker	for	disk	degeneration.	With	improved	extracellular	matrix	

production	and	decreased	matrix	degradation,	the	stem	cells	have	a	

positive	therapeutic	effect	on	the	disk	homeostasis.

 results

stem Cell survival in rabbit Disk Culture

Human	umbilical	cord	blood	stem	cells	were	stained	with	CellVue	

NIR815	Fluorescent	dye	(LI-COR,	Lincoln,	Nebraska)	so	they	

could	be	tracked	within	an	intervertebral	disk	explant.	Labeled	

hUCB-MSCs	were	transplanted	into	cultured	rabbit	intervertebral	

disk	explants	and	continued	to	fluoresce	green	after	a	1-month	

culture	period	(Figure	2,	lower	panel).	When	a	noninjected	rab-

bit	disk	is	scanned,	it	typically	has	red	background	fluorescence.	

However,	when	the	images	are	overlapped,	the	combination	of	

the	green	fluorescing	stem	cells	transplanted	in	red	fluorescing	

rabbit	disk	has	a	yellow	fluorescent	appearance,	which	is	a	clear	

indication	that	the	stem	cells	are	transplanted.	The	fluorescent	

color	from	the	same	disks	diminishes	only	slightly	throughout	the	

4-week	culture	period,	which	may	relate	to	natural	fading	of	the	

dye	or	stem	cell	death	(Figure	2,	upper	panel).	

figure 1. Human	umbilical	cord	blood–derived	mesenchymal	stem	cells	undergo	adipogenic	(B,	C;	fat	stained	red),	chondrogenic	
(E,	F;	proteoglycan	rich	matrix	stained	blue),	and	osteogenic	differentiation	(H,	I;	calcified	matrix	stained	black).	Undifferentiated	
control	cells	were	negative	for	staining	(A,	D,	G).	
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expression of Disk repair genes After stem  

Cell transplantation 

We	subsequently	tested	(1)	if	hUCB-MSC	can	differentiate	into	

chondrocyte-like	cells	capable	of	making	extracellular	matrix	(using	

reverse	transcription	PCR)	and	(2)	if	hUCB-MSC	can	stimulate	

resident	disk	cells	to	express	higher	levels	of	extracellular	matrix	

genes	and	lower	levels	of	proteolytic	enzymes	(using	real-time	

PCR).	After	a	1-month	culture	period,	total	cellular	RNA	was	

extracted	from	disk	explant	tissues.	Stem	cells	cultured	in	a	mono-

layer	do	not	express	human	type	II	collagen	mRNA	(Figure	3,	left	

panel,	lane	1);	human	type	II	collagen	gene	was	expressed	in	rabbit	

disk	explants	transplanted	with	hUCB-MSCs	(Figure	3,	left	panel,	

lane	3).	The	ratios	of	the	intensities	of	human	type	II	collagen	

bands	to	glyceraldehyde-3-phosphate	dehydrogenase	(GAPDH)	

bands	were	quantified	and	are	shown	in	the	right	panel	of	Figure	3.	

Using	real-time	PCR,	we	were	able	to	detect	a	2-fold	increase	in	

expression	of	rabbit	type	II	collagen	mRNA	(Figure	4,	left	panel)	

figure 2. Human	umbilical	cord	stem	cells	survive	after	transplantation	into	rabbit	intervertebral	disk	explant	culture	for	1	month.	
Right	panel,	Rabbit	disk	transplanted	with	fluorescently	labeled	human	umbilical	cord	blood	cells	and	cultured	and	scanned	for	up	to	4	weeks.	
Left	panel,	Intensity	of	the	fluorescence	of	cells	in	the	disk.	Error	bars	indicate	the	standard	deviation.	
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figure 3. Human	type	II	collagen	gene	expression	in	rabbit	organ	culture	by	reverse	transcription	PCR.	Left	panel,	Semiquantitative	reverse	
transcription	PCR	was	performed	with	custom	designed	primers	for	human	type	II	collagen,	human	glyceraldehyde-3-phosphate	dehydrogenase	
(hGAPDH),	and	rabbit	GAPDH	(rGAPDH).	Right	panel,	The	ratio	of	intensities	of	human	type	II	collagen	bands	to	GAPDH	bands.
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and	a	3-fold	decrease	in	expression	of	rabbit	matrix	metallopep-

tidase	13	mRNA	(Figure	4,	right	panel)	in	stem	cell	transplanted	

intervertebral	disks	when	compared	to	noninjected	intervertebral	

disks.	This	indicates	that	the	intervertebral	disks	transplanted	with	

stem	cells	are	undergoing	a	reparative	process.

 future directions

Our	research	team	is	in	a	unique	position	to	develop	novel	biologi-

cal	treatment	strategies	for	disk	degeneration	given	that	we	have	

formed	close	collaborations	between	clinicians	and	molecular	and	

cell	biologists.	At	early	and	intermediate	stages	of	disk	degenera-

tion,	growth	factor	therapy	may	be	sufficient	to	induce	resident	

cells	to	repair	their	own	matrix	and	disk	structure.	At	advanced	

stages	of	disk	degeneration,	disks	have	a	smaller	population	of	

resident	disk	cells,	due	to	cell	death,	and	therefore	growth	factor	

therapies	may	not	be	effective.	In	order	to	reverse	disk	degeneration	

and	restore	function,	cell	transplantation	into	the	severely	degener-

ative	disks	would	be	needed	to	help	repopulate	the	disk	with	viable	

cells.	Human	umbilical	cord	blood	transplantation	has	been	used	

to	treat	a	number	of	hematological	malignancies.	Our	preliminary	

in	vitro	studies	have	shown	that	cell	therapy	with	hUCB-MSCs	for	

disk	degeneration	is	very	promising.	We	have	tracked	transplanted	

hUCB-MSCs	in	the	disk	environment,	and	these	cells	have	been	

able	to	survive	and	differentiate.	Cells	transplanted	into	a	rabbit	

disk	explant	culture	express	genes	to	help	repair	the	disk	and	also	

stimulate	resident	disk	cells	to	express	genes	that	will	help	restore	

disk	function.	

	

Before	this	therapy	can	undergo	clinical	trials,	the	hUCB-MSC	cell	

therapy	would	need	to	be	validated	in	an	in	vivo	animal	model.	

Our	group	has	developed	a	rabbit	disk	degeneration	model	to	

study	the	biological	mechanisms	of	disk	degeneration	and	to	test	

therapeutics	for	disk	regeneration,	which	has	become	a	standard	

model	in	the	disk	degeneration	field.	Using	our	expertise	in	under-

standing	the	biology	of	disk	degeneration	and	the	promising	tools	

of	cell	therapy,	we	hope	these	studies	will	lay	the	groundwork	to	

make	hUCB-MSCs	a	promising	treatment	option	for	patients	with	

severe	disk	degeneration	and	back	pain.	 	
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figure 4. Rabbit	type	II	collagen	and	matrix	metallopeptidase	13	(MMP13)	gene	expression	in	rabbit	organ	culture	by	real-time	PCR.	After	1	
month	of	culture,	RNA	was	isolated	from	rabbit	disk	transplanted	with	stem	cells	and	compared	to	RNA	from	the	noninjected	disk.	Real-time	
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 introduction

Anterior	cruciate	ligament	(ACL)	reconstruction	is	widely		

accepted	as	the	treatment	of	choice	for	patients	with	functional	

instability	due	to	an	ACL-deficient	knee.	It	is	currently	estimated	

that	more	than	100000	primary	ACL	reconstructions	(ACLRs)	

	are	performed	annually	in	the	United	States.1	Since	1986,	the	

senior	author	(B.R.B.	Jr)	has	performed	over	2000	primary	and		

revision	ACL	reconstructions.	During	this	time,	research	at	Rush	

on	ACL	injury	has	resulted	in	120	peer-reviewed	publications,		

46	book	chapters,	and	12	monographs	and	textbooks	authored		

on	topics	specific	to	the	ACL	(Table	1).	Clinical	diagnosis,	surgical	

treatment,	and	postoperative	management	of	ACL	rupture	have	

evolved	considerably,	resulting	in	predictably	excellent	clinical	

results	following	ACLR	with	high	patient	subjective		

satisfaction	scores.	

At	Rush,	abundant	research	dedicated	to	an	improved	under-

standing	of	the	basic	anatomy,	biomechanics,	graft	characteris-

tics	and	function	(including	graft	fixation,	healing,	tensioning,	

and	remodeling),	and	surgical	technique	related	to	the	ACL	has	

resulted	in	improved	clinical	outcomes	and	decreased	postoperative	

morbidity.	Further,	a	greater	understanding	of	the	optimal	timing	

for	surgery,	coupled	with	an	emphasis	on	aggressive	postopera-

tive	rehabilitation	including	patellar	mobilization,	hyperextension	

recovery,	and	full	weight	bearing,	has	helped	provide	the	frame-

work	for	ACL	treatment	today.	While	a	thorough	overview	of	the	

extensive	contributions	from	Rush	to	the	ACL	literature	is	beyond	

the	scope	of	this	review,	we	will	summarize	many	of	the	major	

advances	in	ACLR,	emphasizing	the	influence	of	Rush	during	the	

past	25	years	(Table	1).	

 from the laboratory to clinical practice

A	greater	understanding	of	the	ACL	at	its	most	basic	level	has	

allowed	for	significant	advances	in	clinical	diagnosis	and	man-

agement.	Anatomically,	the	ACL	is	an	intra-articular	structure	

originating	from	the	medial	aspect	of	the	posterior	lateral	femoral	

condyle	and	inserting	onto	the	tibial	plateau	between	the	anterior	

horns	of	the	medial	and	lateral	menisci.2,3	It	is	composed	of	an	

anteromedial	bundle	and	a	posterolateral	bundle	that	function	

to	prevent	anteroposterior	and	rotatory	instability,	respectively.	

Early	biomechanical	gait	analysis	studies	at	Rush	demonstrated	a	
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pivotal	role	of	the	ACL	in	the	gait	cycle,	as	ACL-deficient	(ACLD)	

patients	develop	“quad	avoidance”	and	“hamstring	overuse”	gait	

abnormalities.4,5	These	patterns	were	found	to	be	increasingly	time-

dependent	and	adopted	by	the	contralateral	normal	knee	as	well,	

significantly	affecting	the	patient’s	gait	cycle.	After	ACLR,	how-

ever,	gait	patterns	returned	to	normal.	Other	studies	evaluated	the	

dynamic	aspects	of	the	ACLD	and	ACL-reconstructed	knee	in	cut-

ting	and	crosscutting	maneuvers	and	helped	to	predict	the	natural	

history	of	ACL	rupture	over	time.6,7	Further	collaboration	with	the	

biomechanical	department	resulted	in	extensive	research	analyzing	

table 1. Summary	of	Rush	Research	on	ACL	Treatment	Over	25	Years	
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Anatomic Footprint study of the ACl Femoral insertion

Avoiding Complications in ACl surgery

Biomechanical Aspects of hamstring graft Fixation

Biomechanical Aspects of interference screw Diversion

Biomechanical Aspects of interference screw Fixation

Biomechanical Aspects of low-Dose irradiated  
Allografts 

Biomechanical Aspects of Multiple Freeze-thaw Cycles on 
Bone–Patellar tendon–Bone (BtB) Allografts 

Biomechanical Aspects of screw Post versus Free  
Bone Block Fixation for graft tunnel Mismatch

Biomechanical Comparison of outside-in and  
inside-out interference screw Fixation

Biomechanical Comparisons of 1-, 2-, and 4-strand  
hamstring grafts on Fixation

Charge Comparisons of outpatient versus inpatient ACl 
surgery

Do smaller tibial tunnel sizes impact Ability to  
Perform Anatomic ACl reconstruction?

Dynamic Function Following ACl surgery:  
Biomechanical gait Analysis 

effects of ACl injury on gait Analysis

effects of Donor Age on Bone Mineral Density in  
BtB Allografts 

Functional gait Adaptation over time

gait Analysis Following ACl reconstruction

illustrated history of ACl surgery

intra-articular Biochemical Markers in ACl injury

kt1000 Assessment of Autografts versus Allografts:  
Do grafts stretch During the First Year?

kt1000 Comparison of ACl-Deficient Patients Awake  
versus examination under Anesthesia (euA)

kt1000 Parameters of ACl reconstruction

Management of Partial ACl injuries

Management of tunnel Malposition and expansion 
in revision ACl surgery

Meta-analysis of Patellar tendon versus  
hamstring grafts

Magnetic resonance imaging (Mri) Correlation  
of Patient height and Patellar tendon length:  
implications for sizing Allografts to reduce graft  
tunnel Mismatch

neural Anatomy of the ACl

Pearls and Pitfalls of BtB graft harvest

Perioperative Pain and Analgesic usage Following  
outpatient ACl surgery

Primary Bone grafting of the Distal Patellar Defect 

radiographic observations of interference screw  
Morphologies

recognition of Posterior wall Blowout: techniques  
for Avoidance, recognition, and treatment

revision ACl surgery: technical Considerations

strategies for successful outpatient surgery

surgical results in the skeletally immature Adolescent  
using hamstring Allografts 

surgical results of ACl reconstruction in Patients over the 
Age of 35

surgical results of ACl reconstruction in the worker’s 
Compensation Patient Population

surgical results of ACl reconstruction: gender  
Comparisons

surgical results of endoscopic ACl reconstruction:  
Minimum 2-Year Follow-up

surgical results of revision ACl reconstruction

surgical results of 2-incision Arthroscopic ACl  
reconstruction: Minimum 2-Year Follow-up

surgical technique of ACl reconstruction in the  
skeletally immature Adolescent

surgical techniques of Arthroscopic-Assisted ACl  
reconstruction: 2-incision technique

surgical techniques of endoscopic ACl reconstruction 

systematic review of single-Bundle ACl  
reconstruction outcomes

treatment of Arthrofibrosis Following ACl surgery

treatment of Patellar tendon rupture Following  
ACl BtB reconstruction
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several	aspects	of	ACL	graft	fixation,	including	the	effects	of	inter-

ference	screw	fixation	on	failure	characteristics,8,9	outside-in	versus	

inside-out	screw	fixation,10	free	bone	block	fixation	compared	to	

traditional	screw	post	fixation,8	graft	rotation	on	ultimate	and	

cyclic	loading,11,12	the	use	of	1-,	2-,	and	4-stranded	allografts,13	the	

effects	of	freeze-thaw	cycles	on	grafts,14	and	the	effects	of	donor	age	

on	bone	mineral	density	in	irradiated	(1	mR)	allografts.15	

Clinically,	it	is	widely	recognized	that	the	most	common	reason	

for	ACL	failure	following	primary	ACLR	is	technical	error	due	to	

improper	placement	of	the	tibial	or	femoral	tunnel.	Over	the	past	

25	years,	a	greater	emphasis	has	been	placed	on	precise	anatomic	

tibial	and	femoral	tunnel	placement,	as	well	as	on	achieving	the	

proper	orientation	of	the	tunnels	in	both	the	coronal	and	sagittal	

planes.	Failure	to	re-create	native	anatomy	with	proper	tunnel	po-

sition	may	lead	to	impingement	or	rotational	instability	resulting	

in	loss	of	motion	and/or	subsequent	graft	failure.	With	the	help	of	

the	anatomy	department,	orthopedic	researchers	at	Rush	published	

several	studies	that	more	precisely	identified	the	ideal	location	of	

the	tibial	and	femoral	footprints	for	proper	tunnel	placement.2,3	

Rue	et	al	suggested	that	the	ideal	location	of	the	femoral	tunnel	is	

in	the	“over	the	top”	position,	laterally	rotated	with	the	tip	of	the	

aimer	at	1:30	or	2	o’clock	for	the	left	knee	and	10	o’clock	or	10:30	

for	the	right	knee.	In	this	position,	cadaveric	studies	revealed	

that	a	10-mm	femoral	tunnel	will	fill	approximately	50%	of	the	

posterolateral	bundle	and	50%	of	the	anteromedial	bundle	foot-

prints,	decreasing	the	risk	of	graft	failure.2,3	More	recently,	robotic	

technology	has	been	employed	at	Rush	to	study	the	exact	anatomic	

origin	and	insertions	of	the	ACL	in	the	femur	and	tibia,	assess	the	

feasibility	of	“anatomic”	transtibial	techniques,	and	determine	if	

smaller	tibial	tunnels	(eg,	7	mm)	as	used	for	hamstring	ACLR	can	

target	the	center	of	the	femoral	site	origin.	

 advances in diagnosis of acl injury: kt1000 

arthrometer observations 

The	KT1000	arthrometer	(MEDmetric,	San	Diego,	California),	

an	instrumented	device	for	assessing	anterior-posterior	translations	

of	the	knee,	has	been	used	exclusively	in	ACL-injured	and	recon-

structed	knees	at	Rush.	Although	this	device	does	not	quantitate	

rotation,	it	has	proven	invaluable	in	the	diagnosis	of	ACLD	and	

has	objectified	our	postoperative	outcomes.	Using	the	KT1000,	

we	have	demonstrated	that	98%	of	normal	knees	have	less	than	10	

mm	of	anterior	translation	and	less	than	a	3	mm	side-to-side	dif-

ference	(STSD)	compared	to	the	contralateral	knee.16	In	contrast,	

the	vast	majority	of	ACL-injured	patients	have	greater	than	10	

mm	of	translation	and	more	than	a	3-mm	STSD,	allowing	for	

more	accurate	diagnosis	of	ACL	injury	clinically.	Further,	in	clini-

cal	studies	following	both	autograft	and	allograft	ACLR	at	Rush,	

highly	significant	reductions	in	these	abnormal	parameters	were	

noted	such	that	at	follow-up,	less	than	4%	of	patients	had	arthro-

metric	characteristics	of	failure	(>5-mm	STSD).17	We	have	also	

demonstrated	that	there	is	no	significant	time-related	attenuation	

in	translations	between	6	weeks	and	1	year	postoperatively	among	

bone–patellar	tendon–bone	(BTB)	allograft	and	autograft.17

 graft choice in the acl-deficient patient at rush

Since	1986,	the	central	third	of	the	patellar	tendon,	or	BTB	au-

tograft,	has	been	the	benchmark	graft	choice	for	ACLR	in	young,	

active	patients	at	Rush.	It	is	readily	available,	allows	stable	fixation	

with	bone-to-bone	healing	within	the	graft	tunnel	for	interfer-

ence	screw	fixation,	is	stronger	than	the	normal	ACL,	and	allows	

for	early	and	more	aggressive	postoperative	rehabilitation.18,19	In	

addition,	allografts	have	gained	tremendously	in	popularity	over	

the	past	decade	and	are	used	in	certain	circumstances,	such	as	for	

multiple	ligament	injuries,	after	previous	failed	surgery	(revisions),	

and	in	older	patients	with	or	without	degenerative	joint	disease.20	

Improvements	in	allograft	safety,	availability,	and	durable	clinical	

results,	coupled	with	minimum	morbidity	and	a	quicker	recovery,	

led	to	the	significant	increase	in	its	usage,	particularly	in	older	pa-

tients.	Despite	the	risk	of	disease	transmission	and	increased	costs,	

allograft	use	in	the	elderly	has	increased	significantly	due	to	high	

rates	of	satisfaction,	decreased	donor	site	morbidity,	and	a	quicker	

postoperative	rehabilitation	course.	From	1986	to	1991,	1%	of	all	

primary	ACL	patients	received	an	allograft	at	Rush.	At	subsequent	

5-year	intervals,	the	rates	of	allograft	usage	have	increased	from	1%	

to	3%,	13%,	34%,	and	over	50%,	respectively.20	Age,	patient	size,	

and	activity	level	impact	our	graft	recommendations.	In	patients	

under	20,	the	vast	majority	receive	a	BTB	autograft,	whereas	about	

50%	of	patients	in	their	20s,	65%	of	patients	in	their	30s,	and	

nearly	all	patients	over	40	years	of	age	receive	an	ACL	allograft	for	

reconstruction.	Using	autografts	in	older	patients	has	resulted	in	

increased	donor	site	morbidity	and	exacerbation	of	pain	in	patients	

with	preexisting	patellofemoral	disease	or	degenerative	joint	dis-

ease,	as	well	as	a	more	difficult	postoperative	rehabilitation	course;	

therefore,	we	prefer	to	use	allografts	in	this	patient	population.	

 arthroscopic-assisted transtibial approach: 

clinical studies

Beginning	in	the	early	1980s	with	the	advent	of	arthroscopy,	

ACLR	surgical	techniques	quickly	evolved	from	open	arthrotomies	

to	less	invasive	arthroscopic-assisted	intra-articular	ACLR	utiliz-

ing	free	BTB	and	hamstring	grafts	passed	through	appropriate	

bone	tunnels.	Many	of	the	principles	that	have	become	standard	

reconstruction	techniques	today	were	developed	in	the	1980s	



and	1990s,	and	surgeons	at	Rush	were	at	the	forefront	of	this	

evolution.	Between	1986	and	1991,	surgeons	at	Rush	performed	

arthroscopic-assisted	ACLRs	using	a	2-incision	approach.	One	

incision	was	made	over	the	anterior	tibia	for	drilling	of	the	tibial	

tunnel	from	outside	in,	and	a	second	incision	was	made	over	the	

lateral	aspect	of	the	lateral	femoral	condyle	for	drilling	of	the	femo-

ral	tunnel	from	outside	in.	Bach	and	colleagues	published	both	

short-term	(2-4	years)21	and	intermediate-term	(5-9	years)22	results	

in	clinical	outcome	studies	of	patients	who	underwent	ACLR	with	

this	technique.	At	a	minimum	5-year	follow-up,	90%	of	patients	

had	clinically	stable	knees	on	examination	(Lachman	test,	pivot	

shift	test),	95%	had	objectively	stable	knees	(KT1000	arthrometer	

testing),	and	94%	had	subjective	satisfaction	with	the	operative	

result.22	Functional	testing	demonstrated	less	than	2%	difference	

compared	to	the	contralateral	side,	with	a	2%	reoperation	rate.	In-

terestingly,	this	group	of	patients	had	a	reported	15%	incidence	of	

flexion	contracture	within	2-4	years	with	a	10%	reoperation	rate,	

and	this	incidence	increased	to	28%	when	they	were	reevaluated	at	

5-	and	9-year	follow-up	with	a	12%	reoperation	rate.22

The	high	rates	of	knee	flexion	contractures	and	the	additional	

surgical	morbidity	of	a	second	incision	in	the	2-incision	approach	

led	to	the	development	of	a	single-incision	arthroscopic-assisted	

endoscopic	technique	allowing	for	intra-articular	drilling	of	the	

femoral	tunnel.	This	technique,	initially	performed	at	Rush	in	

1991,	utilizes	an	obliquely	oriented	transtibial	approach	in	an	

effort	to	place	a	lateralized	femoral	tunnel	within	the	intercondylar	

notch.23	Using	this	novel	approach,	Bach	et	al	reported	a	greater	

than	90%	success	rate	for	knee	stability	by	physical	examination	

and	95%	by	objective	quantification	(KT1000	arthrometer	testing)	

using	patellar	tendon	autograft	without	extra-articular	augmenta-

tion	after	2	years.24	Functional	tests	showed	4%	to	6%	differences	

in	side-to-side	comparisons	for	functional	testing,	and	there	was	a	

5%	reoperation	rate	for	minor	motion	problems	(flexion	contrac-

ture,	retears).	Most	recently,	with	the	emphasis	on	early	extension	

of	the	knee	and	aggressive	postoperative	motion	protocols,	this	

reoperation	rate	decreased	to	2%.1	Additional	clinical	follow-up	

studies	have	evaluated	subgroups	of	ACLR	patients	including	

those	over	the	age	of	35,25	male	versus	female	patients,26	skeletally	

immature	patients,27	revision	ACL	patients,28	and	primary	allograft	

ACL	patients,29	all	with	excellent	clinical	results.	The	transtibial	

technique	has	been	the	preferred	approach	to	ACLR	at	Rush,	as	

well	as	nationally	and	internationally,	for	nearly	20	years.	

Researchers	at	Rush	have	authored	myriad	manuscripts,	book		

chapters,	and	monographs	focusing	on	surgical	techniques	of		

2-incision,	single-incision,	and	allograft	reconstructions,	as	well	as	

ACLR	of	the	skeletally	immature	patient.	

 the rush influence on acl graft tunnel placement

Anterior	femoral	tunnel	placement	risks	impingement	of	the	graft	

in	extension,	causing	loss	of	motion	and	subsequent	graft	failure.	

Vertical	femoral	tunnel	placement	provides	equivalent	anterior-

posterior	stability	on	simulated	Lachman	testing	but	is	less	able	

to	control	rotational	stability	than	those	tunnels	drilled	at	a	more	

oblique	angle.	Therefore,	we	hypothesized	that	a	posterior	and	

oblique	orientation	of	the	graft	in	the	sagittal	and	coronal	planes,	

respectively,	is	preferable.	To	achieve	this	goal,	we	created	an	acces-

sory	transpatellar	portal	to	allow	for	a	more	oblique	tibial	tunnel,	

permitting	the	placement	of	the	femoral	tunnel	farther	down	on	

the	lateral	wall	to	avoid	vertical	tunnel	placement	and	creating	

a	longer	tibial	tunnel	to	avoid	graft-tunnel	mismatch.30	Recent	

robotic	technology	has	also	been	used	to	assess	the	feasibility	of		

the	transtibial	technique	to	place	a	graft	anatomically	and		

revealed	that	using	a	smaller	tibial	tunnel	(eg,	hamstring	7-mm	

tibial	tunnel)	may	preclude	anatomic	placement	when	drilling	in		

a	transtibial	fashion.	

 Early pioneers in outpatient acl surgery

Researchers	at	Rush	were	among	the	first	to	elucidate	whether	sig-

nificant	health	care	savings	could	result	from	a	quicker	postopera-

tive	recovery	period	enabled	when	using	the	endoscopic	transtibial	

technique	in	an	outpatient	setting.	Novak	et	al31	and	Nogalski	

et	al32	at	Rush	analyzed	the	correlation	between	hospital	costs,	

procedure	setting,	and	length	of	stay	for	ACLR.	In	a	matched	

comparison	of	2	patient	groups	assessing	the	relationship	between	

health	care	costs	and	procedure	setting,	surgeons	at	Rush	reported	

a	significant	charge	difference	between	identical	procedures	per-

formed	in	2	different	settings,	the	main	hospital	and	the	outpatient	

surgicenter,	as	charges	for	the	surgicenter	group	averaged	$7390	

(range,	$3679	to	$12202)	less	than	the	hospital	group.	Consistent	

performance	of	ACLR	on	an	outpatient	basis	at	Rush	since	1993	

has	created	considerable	cost	savings,	allowing	the	medical	center	

to	optimize	societal	resource	utilization.	

 postoperative acl rehabilitation at rush 

Perhaps	the	greatest	change	in	the	management	of	ACL	injuries	

over	the	past	30	years	involves	rehabilitation.	In	the	early	1980s,	

rehabilitation	protocols	after	ACLR	involved	prolonged	periods	

of	immobilization	and	limited	weight	bearing	on	the	operative	

extremity.	From	1986	to	1993	at	Rush,	continuous	passive	mo-

tion	machines	were	a	routine	part	of	our	rehabilitation	protocol	

but	resulted	in	a	high	incidence	of	postoperative	arthrofibrosis.	

Beginning	in	the	late	1970s	and	early	1980s,	Noyes	et	al	first	

recognized	the	adverse	effects	of	postoperative	immobilization	on	

knee	ligaments	in	humans.33	In	the	late	1980s,	Shelbourne	and	
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Nitz	reported	on	a	protocol	of	immediate	full	weight	bearing	and	

unrestricted	range	of	motion	(“accelerated	rehabilitation”),	as	well	

as	return	to	sports	by	as	early	as	4	to	6	months	postoperatively.34	

Subsequently,	Beynnon	et	al	reported	the	results	of	a	prospective,	

randomized,	double-blind	trial	of	accelerated	versus	traditional		

postoperative	rehabilitation	protocols	following	autogenous	BTB	

ACLR.35	This	study	showed	no	differences	between	the	2	groups	

at	any	time	point	regarding	KT1000	measurements,	subjective	

outcome	scores,	or	single-legged	hop	test	and	demonstrated	a	

statistically	significant	reduction	in	time	required	for	unrestricted	

return	to	play	in	the	accelerated	group.	

At	Rush,	we	have	observed	that	the	greatest	predictor	of	

postoperative	range	of	motion	is	preoperative	motion,	so	surgery	

is	typically	delayed	until	full	preoperative	motion	is	achieved.	

time period protocol

Preoperative  goals: Communicate expectations, normalize range of motion (roM),    
 reduce inflammation and edema, eliminate antalgic gait. 

weeks 1-6   weight bearing as tolerated without assist by postoperative day 10. 
(period of protection) hinged knee braces 
  - BtB or hamstring graft: locked in extension when  
   sleeping/ambulating until week 6. 
  - Allograft: May discontinue immobilizer after 10-14 days. 

 roM: Progress through passive, active, and resisted roM as tolerated.    
 extension board and prone hang with ankle weights (up to 10 lb)  
 recommended. stationary bike with no resistance for knee flexion (alter set   
 height as roM increases). 

 goal: Full extension by 2 weeks, 120 degrees of flexion by 6 weeks. 

 Patellar mobilization: 5-10 minutes daily. 

 strengthening: Quad sets, straight leg raises (slrs) with knee locked    
 in extension. Begin closed chain work (0-45 degrees) when full  
 weight bearing. no restrictions to ankle/hip strengthening. 

weeks 6-12  transition to custom ACl brace if ordered by the physician. 

 roM: Continue with daily roM exercises. 

 goal: increase roM as tolerated. 

 strengthening: increase closed chain activities to 0-90 degrees. Add    
 pulley weights, bands, etc. Monitor for anterior knee pain symptoms. Add  
 core strengthening exercises. 

 Add side lunges and/or slideboard. Add running around 8 weeks when cleared   
 by physician. 

 Continue stationary bike and biking outdoors for roM,  
 strengthening, and cardio. 

weeks 12-18  Advance strengthening as tolerated, continue closed chain exercises.  
 increase resistance on equipment. 

 initiate agility training (figure 8s, cutting drills, quick start/stop, etc.). 

 Begin plyometrics and increase as tolerated. 

 Begin to wean patient from formal supervised therapy, encouraging    
 independence with home exercise program. 

table 2. Authors’	ACLR	Rehabilitation	Protocol



Postoperatively,	our	patients	participate	in	an	early,	aggressive	

rehabilitation	program	that	graduates	patients	in	a	logical	fashion	

over	a	4-	to	6-month	period.	While	we	understand	that	an	ACLR	

may	take	6	months	to	1	year	(dependent	upon	graft	source)	before	

complete	graft	incorporation	and	remodeling,	we	have	also	shown	

that	rigid	initial	graft	fixation	allows	for	immediate,	full	weight	

bearing,	range	of	motion	as	tolerated	with	an	emphasis	on	com-

plete	hyperextension	recovery,	and	early	initiation	of	closed	kinetic	

chain	exercises	instead	of	isokinetic	exercises	(Table	2).	This	type	

of	accelerated	rehabilitation	program	has	proven	both	safe	and	

efficacious,	returning	the	majority	of	our	athletes	to	unrestricted	

play	by	4-6	months	postoperatively.	We	have	recently	observed	

that	the	personal	revision	rate	for	our	surgeons	performing	ACLR	

was	1.8%	(43/2400)	over	an	8-year	time	period.	

 conclusion

Over	the	past	quarter	century	at	Rush,	anatomic,	biomechanical,	

and	clinical	studies	have	paved	the	way	for	vast	improvements	

in	diagnosis,	surgical	treatment,	and	postoperative	rehabilitation	

of	patients	with	ACL	deficiency.	These	changes	have	resulted	

in	predictably	excellent	functional	and	clinical	results	that	have	

withstood	the	test	of	time.	As	we	transition	into	the	next	decade,	

ongoing	research	will	guide	surgeons	at	Rush	as	leaders	in	the	

management	of	ACL	deficiency	for	years	to	come.	 	
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 introduction

In	1969	Rosai	and	Dorfman	described	sinus	histiocytosis	with	

massive	lymphadenopathy	(SHML),	a	rare	non-neoplastic	disorder	

involving	histiocytes,	of	unknown	etiology.1	The	term	sinus	histio-

cytosis	refers	to	histiocytosis	that	occurs	in	the	distended	sinuses	

of	lymph	nodes.	Most	of	the	literature	refers	to	SHML	as	Rosai-

Dorfman	disease	(RDD),	a	convention	we	follow	in	this	paper.	

RDD	most	commonly	presents	as	bilateral,	nontender,	painless	

enlarged	lymph	nodes	in	the	neck,	which	may	be	accompanied	by	

fever,	elevated	sedimentation	rate,	weight	loss,	and	immunologi-

cal	abnormalities	such	as	leukocytosis,	polyclonal	hypergamma-

globulinemia,	and	anemia.	Less	frequently	involved	nodal	sites	are	

mediastinal,	hilar,	retroperitoneal,	axillary,	and	inguinal	(all	in	the	

30%-50%	range).2-5	Extranodal	RDD	occurs	in	43%	of	patients,	

with	23%	experiencing	isolated	extranodal	disease.6

Of	the	approximately	1000	patients	reported	in	the	literature,2,3,5	

less	than	3%	presented	with	isolated	osseous	involvement.6	In	the	

registry	of	423	patients	reported	by	Foucar	et	al,	8%	had	bone	

involvement,	2%	had	bone	involvement	without	lymphadenopa-

thy,	and	approximately	0.5%	had	isolated	bone	involvement.6	The	

skull	is	the	most	common	location	of	a	solitary	bone	lesion.7

Histiocyte	cells,	part	of	the	immune	system,	are	sometimes	

referred	to	as	tissue	macrophages.	They	have	an	eosinophilic	

cytoplasm	and	have	a	number	of	lysosomes.	Their	main	functions	

involve	phagocytosis	and	antigen	presentation.	Other	diseases	that	

have	histiocytosis	include	Langerhans	cell	histiocytosis	(which	

may	also	be	referred	to	as	one	of	the	following	variants:	eosino-

philic	granuloma,	Hand-Schüller-Christian	disease,	or	Letterer-

Siwe	disease)	and	hemophagocytic	lymphohistiocytosis.	Clinical	

manifestations	of	Langerhans	cell	histiocytosis	may	include	single	

or	multiple	bone	lesion(s),	exophthalmos,	diabetes	insipidus,	

visceral	or	skin	lesions,	fever,	hepatosplenomegaly,	anemia,	bacte-

rial	infections,	or	lymphadenopathy.	The	histologic	appearance	of	

Langerhans	cell	histiocytosis	includes	an	eosinophilic	cytoplasm,	

a	polymorphous	mix	of	inflammatory	cells,	and	Langerhans	

histiocytes	(cells	with	“bean-shaped”	nuclei,	crisp	nuclear	mem-

brane,	finely	stippled	chromatin	pattern,	abundant	pale/eosino-
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figure 1. A,	Histologic	section	shows	sheets	of	histiocytes	with	abundant	foamy	cytoplasm	admixed	with	small	lymphocytes	(hematoxylin	and	
eosin).	B,	S-100	protein	immunostain	shows	numerous	positively	staining	histiocytes.	C,	Cytologic	touch	preparations	stained	with	Diff-Quik.	
Numerous	histiocytes	are	intermixed	with	lymphocytes	and	plasma	cells.	Two	histiocytes	demonstrate	emperipolesis	(white	arrows).	An	osteoclast-
like	giant	cell	is	also	present.

philic	cytoplasm,	and	Birbeck	granules,	which	are	“racket-shaped”	

inclusion	bodies	seen	in	the	cytoplasm	with	electron	microscopy).	

Hemophagocytic	lymphohistiocytosis	clinically	manifests	as	fever,	

splenomegaly,	and	jaundice.	The	histopathology	of	this	disease	will	

demonstrate	stromal	macrophages	with	numerous	red	blood	cells	

in	their	cytoplasm.

Achieving	a	definitive	diagnosis	of	RDD,	as	initially	described	by	

Goel	et	al,8	is	accomplished	through	detection	of	CD68	and	S-100	

protein-positive	histiocytes	and	by	microscopic	analysis	demon-

strating	emperipolesis,	a	phenomenon	characterized	by	phagocyto-

sis	of	intact	lymphocytes	or	plasma	cells	by	histiocytes	(Figure	1).	

CD68	is	a	stain	for	monocytes	and	macrophages,	while	S-100	is	a	

stain	for	a	variety	of	cells	including	neural	crest	cells,	chondrocytes,	

adipocytes,	myoepithelial	cells,	macrophages,	Langerhans	cells,	

dendritic	cells,	and	keratinocytes.	Compared	to	the	presentation	in	

lymph	nodes,	osseous	RDD	has	less	pronounced	lymphophagocy-

tosis	and	has	more	fibrosis.9

RDD	is	often	benign	and	has	a	high	rate	of	spontaneous	remis-

sion;	therefore,	management	by	conservative	means	is	usually	

adequate.	In	a	review	by	Pulsoni	et	al,10	83%	of	the	cases	not	

involving	or	compressing	vital	organs	had	complete	spontaneous	

remission.	A	more	aggressive	approach	may	be	recommended	

when	the	location	of	the	lesion	threatens	major	complications,	

such	as	cord	compression.	Persistent	cases	requiring	therapy	have	

been	treated	with	steroids,	surgical	excision,	radiation	therapy,	

and/or	chemotherapy.11,12

 case report

Clinical history 

A	25-year-old	woman	had	experienced	ankle	pain	and	swelling	for	

2	months.	She	attempted	ankle	bracing	and	anti-inflammatory	

medication,	which	decreased	but	did	not	eliminate	the	pain.	She	

had	not	been	injured	and	had	always	been	healthy.	She	was	mark-

edly	tender	over	the	lateral	border	of	the	talus.	Laboratory	studies	

revealed	a	normal	hematocrit,	hemoglobin,	and	platelet	count	and	

a	mildly	decreased	concentration	of	white	blood	cells.	There	was	

no	evidence	of	lymphadenopathy	and	thus	fine	needle	aspiration	

was	not	performed.

Her	physician	referred	her	to	our	orthopedic	oncology	clinic	

because	x-rays	of	her	ankle	had	revealed	a	bone	lesion	in	her	talus	

(Figure	2).	Her	MRI	(Figure	3),	performed	with	and	without	gad-

olinium	contrast,	showed	a	large	lesion	in	the	lateral	aspect	of	the	

talus	extending	to	the	articular	surface	of	the	lateral	talar	dome.	

This	heterogeneous	mass	demonstrated	low	signal	intensity	on	

T1-weighted	images	and	mixed	intensity	on	T2-weighted	images	

with	mild	to	moderate	heterogeneous	postcontrast	enhancement.	

While	there	was	a	mild	perifocal	edema	surrounding	the	lesion,	

we	identified	no	areas	of	erosion	of	bone	or	discrete	destruction	of	

cortex	by	MRI.

We	recommended	computed	tomography	(CT)	to	assess	for	

intralesional	calcification	and	more	subtle	evidence	of	bony	

destruction.	Her	CT	scan	(Figure	4)	showed	an	intraosseous	lesion	

measuring	3.2	cm	×	2.5	cm	×	2.0	cm	occupying	approximately	

40%	of	the	talus.	Some	of	the	borders	appeared	to	be	slightly	ir-

regular	and	sclerotic.

The	differential	diagnosis	of	a	solitary	lesion	of	the	talus	causing	

chronic	ankle	pain	and	swelling	may	include	osteomyelitis,	bone	

cyst,	lymphoma,	giant	cell	tumor,	metastatic	disease,	plasmacy-

toma,	lipoidosis,	and	Rosai-Dorfman	disease.

Although	osteomyelitis	was	a	possibility,	it	was	unlikely	given	

the	patient’s	uneventful	medical	history	and	lack	of	local	trauma	

near	the	talus.	Although	there	was	swelling,	she	did	not	have	any	

warmth,	erythema,	fevers,	or	chills.	Her	laboratory	values	were	

normal,	which	also	was	not	consistent	with	osteomyelitis.
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Aneurysmal	and	unicameral	bone	cysts	were	also	plausible,	given	

the	lucent	appearance	of	the	lesion	on	radiographs.	However,	

the	lesion	was	not	expansile.	Typically,	unicameral	bone	cysts	are	

mildly	expansile	and	aneurysmal	bone	cysts	are	more	expansile.	

The	MRI	of	aneurysmal	bone	cysts	will	also	have	fluid-fluid	levels,	

which	was	not	consistent	with	our	findings	for	this	patient.

Lymphoma	was	unlikely	as	it	is	associated	with	radiographs	that	

consist	of	a	permeative	lesion	and	areas	of	cortical	thickening,	

which	were	not	seen	in	this	patient.

Giant	cell	tumor	was	higher	on	the	differential,	given	the	age	

and	sex	of	the	patient,	as	well	as	the	juxta-articular	location	of	the	

lesion.

Metastatic	disease	was	very	unlikely	given	the	young	age	of	this	

patient.	She	also	had	no	history	of	a	primary	cancer	nor	did	she	

have	pain	outside	of	her	ankle.	Also,	her	imaging	demonstrated	

a	lesion	that	was	well	marginated,	which	is	uncharacteristic	of	

metastasis.

Plasmacytoma	is	more	common	in	the	50-	to	60-year-old	age	

group.	It	usually	presents	in	the	vertebra,	ribs,	or	pelvis.	The	pa-

tient	denied	any	pain	in	these	locations.	She	also	did	not	have	any	

systemic	manifestations	associated	with	plasmacytoma	including	

anemia,	renal	insufficiency,	hypercalcemia,	or	peripheral	neuropa-

thy.

Lipoidosis	is	a	disorder	of	metabolism	of	a	particular	type	of	lip-

ids	that	leads	to	hepatosplenomegaly,	lymphadenopathy,	anemia,	

mental	retardation,	and	physical	deterioration.	Some	neurologic	

manifestations	include	seizures,	ophthalmoplegia,	and	ataxia.	The	

patient	did	not	have	any	of	these	manifestations.

In	our	case,	we	considered	RDD	as	a	possibility,	but	there	was	

uncertainty	as	it	is	a	rare	diagnosis.	The	next	step	was	to	be	an		

intralesional	biopsy,	a	procedure	best	done	by	an	orthopedic	

oncologist	so	as	to	maximize	diagnostic	accuracy,	minimize	mor-

bidity,	and	provide	continuity	with	the	care	to	follow.

intralesional Biopsy 

After	being	fully	informed	of	the	possibilities,	the	patient	agreed	

to	surgical	biopsy.	We	exposed	the	talus	through	an	anterolateral	

incision	and	blunt	dissection.	With	fluoroscopic	guidance,	we	

placed	a	guidewire	directly	into	the	lytic	lesion,	followed	by	a	can-

nulated	drill	and	a	Craig	needle	sleeve.	With	a	pituitary	rongeur	

we	sampled	tissue	from	the	lesion.	Frozen	sections	were	equivocal;	

therefore,	we	decided	to	wait	for	permanent	sections.

histopathology 

Microscopic	analysis	of	the	mass	revealed	a	heterogeneous	infiltrate	

of	histiocytes,	lymphocytes,	and	plasma	cells	with	some	histiocytes	

showing	intact	lymphocytes	within	their	cytoplasm	(emperipolesis)	

(Figure	1).	The	finding	of	emperipolesis	is	essentially	diagnostic	for	

RDD.	The	histiocytes	in	RDD,	as	opposed	to	reactive	histiocytes	

that	could	be	seen	in	an	infectious	process,	are	characteristically	

positive	for	S-100	protein	as	was	seen	in	this	case.	The	CD68	stain	

was	not	performed	as	it	was	deemed	unnecessary	at	this	point.

operative Debridement 

After	further	discussion,	the	patient	consented	to	arthroscopic	

evaluation	of	her	right	tibiotalar	joint	followed	by	an	open	

intralesional	debridement	and	filling	of	the	talus	with	bone	graft	

substitute.	Through	a	standard	anteromedial	portal	of	the	ankle,	

diagnostic	arthroscopy	revealed	only	a	moderate	amount	of	reac-

tive	synovium	in	the	anterior	aspect	of	the	ankle,	with	no	evidence	

of	a	proliferative	synovial	disease.	The	anterior	synovium	was	then	

sampled	using	a	lateral	arthroscopic	incision,	which	was	created	

through	the	previous	biopsy	incision.	This	specimen	was	taken	off	

the	field	and	saved	for	pathology.
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figure 2. Anteroposterior	(AP),	mortise,	and	lateral	preoperative	ankle	radiographs	demonstrating	a	large	cystic	lesion	in	the	lateral	talus.

figure 3. Coronal,	sagittal,	and	axial	T2-weighted	MRI	images	of	ankle	demonstrating	large	mixed	signal	intensity	lesion	in	the	lateral	talus.

figure 4.	Coronal,	sagittal,	and	axial	CT	images	of	ankle	demonstrating	a	large	cystic	lesion	of	the	lateral	talus	with	sclerotic	margins.

figure 2 figure 3 figure 4
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Once	we	finished	the	arthroscopy,	we	extended	the	prior	antero-

lateral	skin	incision	and	exposed	the	talus.	With	a	high-speed	burr	

we	opened	a	nonarticular	portion	of	the	bone	(Figure	5).	The	talus	

had	a	defect	filled	with	brown	pigmented	tissue.	We	debulked	the	

lesion	and	submitted	the	tissue	to	the	pathologist.	The	margins	

were	extended	with	a	high-speed	burr	followed	by	electrocautery.	

Complete	excision	of	the	tumor	was	confirmed	using	the	arthro-

scope	to	visualize	the	borders	of	the	remaining	cavitary	defect	in	

the	talus	(Figure	6).	The	wound	was	lavaged	and	packed	with	

bone	graft	substitute	(PRO-DENSE	Injectable	Regenerative	Graft;	

Wright	Medical	Technology,	Arlington,	Tennessee).

Follow-up 

The	patient	did	well	in	the	postoperative	period,	and	by	24	weeks	

she	had	fully	recovered	and	was	back	to	normal	activities.	Radio-

graphs	at	her	24-week	follow-up	revealed	near	complete	con-

solidation	of	the	defect	with	bone	(Figure	7).	Given	her	marked	

progress,	her	prognosis	is	excellent,	and	she	will	follow	up	with	

us	on	an	annual	basis.	We	felt	that	the	operative	debridement	was	

thorough	and	the	chances	of	recurrence	are	minimal.

 discussion

RDD	is	a	rare	self-limited	disorder	that	can	present	with	isolated	

osseous	involvement,	which	has	been	reported	in	the	skull,	spine,	

femur,	radius,	ulna,	metacarpals,	and	talus.1,13	Because	presenta-

tions	often	include	enlarged	lymph	nodes	and	histopathology	of	

proliferations	of	lymphoid	cells,	but	a	benign	and	self-limited	

course,	RDD	is	sometimes	called	a	“pseudolymphomatous”	

disorder.	The	condition	is	often	misdiagnosed,	leading	to	delays	in	

treatment.

The	differential	diagnosis	of	a	solitary	lesion	of	the	talus	caus-

ing	chronic	ankle	pain	and	swelling	may	include	osteomyelitis,	

aneurysmal	bone	cyst,	unicameral	bone	cyst,	giant	cell	tumor,	

metastatic	disease,	plasmacytoma,	lymphoma,	and	lipoidosis.	The	

histopathology	confirmed	the	exclusion	of	the	possibilities	in	the	

differential	diagnosis	other	than	RDD.	Osteomyelitis	was	ruled	

out	by	the	lack	of	reactive	histiocytes.	There	were	no	cystic	areas	

seen	on	histology;	thus	we	eliminated	aneurysmal	and	unicameral	

bone	cysts	from	the	differential	diagnosis.	The	histology	of	giant	

cell	tumors	demonstrates	multinucleated	giant	cells	dispersed	

throughout	a	sea	of	mononuclear	cells,	which	we	did	not	see	in	

our	patient’s	biopsy.	Metastatic	disease	would	not	have	benign-

appearing	histology	as	was	seen	in	our	patient.	There	were	no	

plasma	cells	observed;	thus	we	removed	plasmacytoma	from	the	

differential	diagnosis.	Also,	the	patient’s	histology	did	not	have	a	

large	proliferation	of	blue	round	cells,	which	is	typically	seen	in	

lymphoma.	Finally,	lipoidosis	was	disregarded	from	the	differential	

diagnosis	because	of	the	lack	of	any	lipid	cells.

In	the	published	literature,	there	are	no	other	cases	of	solitary	

osseous	RDD	involving	only	the	talus.	There	are,	however,	2	

similar	cases	of	extranodal	RDD	with	primary	lesions	located	in	

the	talus	and	extending	to	adjacent	bones.	The	first	case,	published	

by	Abdelwahab	et	al7	in	2004,	involved	a	63-year-old	woman	who	

complained	of	progressive	pain	in	her	left	ankle	and,	after	a	biopsy	

early	in	the	course	of	the	disease,	was	misdiagnosed	with	osteomy-

figure 5. View	of	an	opening	into	the	nonarticular	portion	of	the	talus	seen	via	anterolateral	incision	of	the	ankle.

figure 6.	Clean	margins	observed	inside	the	talus	after	aggressive	debridement,	high-speed	burring,	and	electrocautery.

figure 5 figure 6



elitis	and	given	antibiotics.	She	presented	25	years	later	on	crutches	

with	progressive	swelling	and	intermittent	flares	of	pain.	MRI	

revealed	a	heterogeneous	low-intensity	signal	on	T1-weighted	im-

age	of	the	talus	with	extension	into	the	calcaneus,	navicular	bone,	

and	surrounding	soft	tissue.

	The	second	similar	case,	reported	by	Gupta	et	al,14	is	of	a	

64-year-old	woman	with	a	6-8	month	history	of	left	ankle	pain	

and	swelling	following	a	relapsing	and	remitting	course.	After	the	

initial	evaluation,	she	was	lost	to	follow-up	for	4.5	years	and	then	

presented	once	again	with	continued	pain	and	swelling.	An	MRI	at	

baseline,	4.5	years,	and	7	years	showed	progressive	growth	of	mul-

tiple	lesions	with	heterogeneous	low-intensity	signal	on	T1-weight-

ed	images	eventually	replacing	the	marrow	of	talus,	navicular	bone,	

calcaneus,	and	portions	of	the	cuboid	and	lateral	cuneiform	with	

extension	into	adjacent	soft	tissue.

Our	patient,	just	25	years	old	when	she	began	having	symptoms,	

is	much	younger	than	most	reported	cases.	The	tissue	from	her	

lesion	demonstrated	emperipolesis	and	an	S-100	protein	positive	

immunostain,	diagnostic	of	RDD.	This	is	the	only	case	in	the	lit-

erature	of	RDD	of	the	talus	without	involvement	of	lymph	nodes	

and	adjacent	structures.	It	is	also	the	only	case	in	the	literature	

treated	with	surgical	excision	of	the	lesion.	RDD,	while	rare,	needs	

to	be	considered	when	evaluating	a	lytic	bone	lesion.	 	
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figure 7. 	Radiographs	taken	at	the	24-week	follow-up	demonstrating	near	complete	consolidation	of	the	defect	with	bone.
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 introduction

Chondrolysis	is	the	disappearance	of	articular	cartilage	resulting	

from	dissolution	of	the	cartilage	matrix	and	cells.	It	is	accompa-

nied	by	progressive	loss	of	joint	space	and	increased	stiffness	in	the	

involved	joint.1,2	Chondrolysis	has	been	documented	in	the	hip,	

knee,	ankle,	and	shoulder.	The	cause	is	often	unknown.	Recently,	

there	have	been	a	number	of	published	reports	of	glenohumeral	

joint	chondrolysis.1,3-13	Although	the	etiology	has	been	postulated	

to	be	multifactorial,	associations	with	arthroscopy,	pain	pumps,1,7,11	

radiofrequency	energy	devices,6,8	infection,4,9	and	suture	anchors3	

have	been	documented.	In	the	present	article,	we	describe	the	first	

reported	case	of	idiopathic	glenohumeral	chondrolysis	not	associ-

ated	with	any	known	risk	factor.

 case report

A	32-year-old	man	complained	of	shoulder	pain	and	stiffness	

beginning	in	his	early	twenties.	He	reported	no	injury	or		

traumatic	event.	His	primary	care	physician	treated	him	with	3	

steroid	injections	over	the	course	of	4	years.	The	exact	location	of	

the	injections,	the	drug	type	and	dose,	and	the	timing	between	

injections	are	unknown.	With	worsening	pain,	he	was	evaluated	

by	an	orthopedic	surgeon	approximately	7	years	after	the	onset.	

He	complained	of	anterior	shoulder	pain	and	also	had	feelings	

of	shoulder	instability.	His	range	of	motion	was	80°	of	forward	

flexion,	70°	of	abduction,	and	45°	of	external	rotation.	He	did	not	

have	a	history	of	severe	acne	or	other	known	sources	of	potential	

infection.	Radiographs	demonstrated	a	concentrically	located	

glenohumeral	joint	with	a	well-preserved	joint	space	and	a	normal	

acromiohumeral	index.	Magnetic	resonance	imaging	revealed	

osteochondritic	changes	of	the	humeral	head	with	bony	erosions	

and	synovitis	of	the	glenohumeral	joint,	a	partial-thickness	tear	

of	the	supraspinatus	tendon,	and	fraying	of	the	superior	glenoid	

labrum.	Laboratory	evaluation	included	complete	blood	count	

(white	blood	cell	[WBC]	count	9.7),	C-reactive	protein	(0.13),	

rheumatoid	factor	(<4),	and	antinucleotide	antibody	(<80),	all	

within	normal	limits.	

His	shoulder	pain	required	chronic	pain	management	with	

narcotic	analgesia.	His	local	orthopedic	surgeon	examined	him	

under	anesthesia	and	found	no	instability	but	significant	tightness.	

His	passive	range	of	motion	was	90°	of	forward	flexion,	90°	of	

abduction,	30°	of	external	rotation,	and	25°	of	internal	rotation.	

Diagnostic	arthroscopy	revealed	a	global	chondrolysis	with	a	1.0	

cm	×	1.5	cm	×	3.5	cm	area	of	full-thickness	cartilage	defect,	loose	
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bodies,	synovitis,	and	degenerative	fraying	of	the	superior	labrum	

and	long	head	of	the	biceps	(Figure	1).	He	underwent	global	cap-

sular	release,	debridement	of	the	superior	labrum	and	long	head	

of	the	biceps,	chondroplasty,	extensive	synovectomy,	loose	body	

removal,	subacromial	decompression,	and	distal	clavicle	excision.	A	

pain	pump	was	inserted	at	the	conclusion	of	the	surgery.

One	month	after	surgery,	his	forward	flexion	had	increased	to	

150°,	abduction	to	155°,	internal	rotation	to	60°,	and	external	

rotation	to	55°.	His	pain	dramatically	decreased	and	only	affected	

him	at	night	and	during	physical	therapy.	Seventeen	months	after	

the	initial	surgery,	he	had	another	surgery	performed	by	the	same	

orthopedic	surgeon	because	of	continued	activity-related	pain.	

Arthroscopic	evaluation	demonstrated	progressive	glenohumeral	

joint	chondrolysis,	synovitis,	and	a	thickened	subacromial	bursitis.	

The	operative	procedure	was	chondroplasty	of	the	glenohumeral	

joint,	extensive	synovectomy,	and	subacromial	bursectomy.	After	

the	second	surgery,	he	experienced	persistent	pain	and	diminished	

range	of	motion.	

Subsequently,	he	consulted	the	senior	author	(B.J.C.).	He	

described	“a	sensation	that	there	is	always	a	knife	in	my	shoul-

der.”	On	exam,	he	had	forward	flexion	to	60°,	abduction	to	40°,	

external	rotation	to	10°,	and	internal	rotation	to	the	buttock.	

Radiographs	confirmed	joint	space	narrowing	without	evidence	

of	sclerosis	or	osteophytes	(Figure	2).	His	activities	of	daily	living	

were	severely	restricted,	and	he	was	taking	80	mg	of	OxyContin	up	

to	10	times	a	day	for	pain	relief.	Repeat	steroid	injection	did	not	

improve	symptoms.

The	patient	underwent	shoulder	hemiarthroplasty	and	biceps	

tenodesis.	The	glenoid	was	pristine	and	did	not	require	a	glenoid	

component.	The	thickened	and	flattened	biceps	tendon	was	

released	and	tenodesed	distally	(Figure	3).	Three	months	after	

the	last	surgery,	he	had	an	improved	range	of	motion	with	140°	

forward	flexion,	140°	abduction,	and	60°	external	rotation	and	

described	minimal	pain,	occurring	only	at	night.	He	was	no	longer	

taking	pain	medication.	At	the	time	of	preparation	of	this	report,	

20	months	after	his	last	surgery,	we	have	been	unable,	in	spite	of	

multiple	attempts,	to	locate	him	in	order	to	document	his	current	

status.

 discussion

The	present	report	is	the	only	case	in	the	published	literature	

of	idiopathic	glenohumeral	chondrolysis.	The	patient	presented	

with	insidious	onset	of	progressive	shoulder	pain	and	diminished	

global	range	of	motion	refractory	to	nonoperative	treatment.	At	

the	initial	presentation,	the	magnetic	resonance	imaging	study	

demonstrated	glenohumeral	joint	chondrolysis	and	synovitis.	

The	patient	also	underwent	laboratory	evaluation	for	infectious	

or	inflammatory	etiology	for	his	shoulder	pathology,	but	these	

studies	were	unremarkable.	Although	the	patient	had	3	steroid	

injections	early	in	his	nonoperative	management,	single	injections	

(as	opposed	to	continuous	infusion	pain	pumps)	of	Marcaine	or	

lidocaine	have	not	demonstrated	chondrotoxicity.14	The	initial	

arthroscopic	inspection	demonstrated	dramatic	glenohumeral	joint	

chondrolysis,	and	an	indwelling	pain	pump	was	inserted	following	

the	procedure.	The	second	arthroscopy	also	demonstrated	severe	

glenohumeral	joint	chondrolysis.

Glenohumeral	chondrolysis	has	gained	interest	in	the	past	few	

years	and	has	been	reported	in	multiple	case	reports	and	case	series	

as	a	potential	postoperative	complication.	Although	causes	of	post-

operative	chondrolysis	have	not	been	identified	definitely,	potential	

associated	factors	include	thermal	treatment,6,8	continuous	infusion	

of	local	anesthetics,1,7,11	infection	with	Propionibacterium acnes,4,9	

high	arthroscopic	irrigation	fluid	temperatures,5,10,15	injection	of	

gentian	violet,12	anchor	loosening	and	subsequent	trauma,3	and	

iatrogenic	injury.

Postoperative	shoulder	chondrolysis	is	a	rare	but	devastating	

complication.	Patients	are	usually	young,	presenting	with	an	un-

figure 1. Arthroscopic	images	from	the	patient’s	initial	surgery,	displaying	chondrolysis	of	the	humeral	head.
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eventful	postoperative	course	followed	by	rapid	onset	of	shoulder	

pain	at	6-12	months	after	the	index	surgery.1,7	There	have	been	no	

reliable	treatments	once	glenohumeral	chondrolysis	is	diagnosed.	

Bailie	and	Ellenbecker	report	on	23	cases	of	shoulder	chondrolysis	

that	were	treated	with	oral	and	intra-articular	steroids,	nonsteroi-

dal	anti-inflammatory	drugs,	debridement,	and	hyaluronic	acid	

injections.1	Nine	patients	of	23	underwent	shoulder	arthroplasty.	

In	a	series	of	20	patients	with	glenohumeral	chondrolysis,	patients	

were	treated	with	a	variety	of	biologic	procedures,	including	

microfracture,	autologous	chondrocyte	implantation,	allografts	of	

the	humeral	head,	concomitant	humeral	head	allograft	and	lateral	

meniscal	interposition,	and	capsular	release.11	In	both	case	series,	

patients	demonstrated	improvement	in	the	short	term.	

Chondrolysis	has	been	described	in	multiple	joints,	includ-

ing	the	knee,	the	ankle,	and	most	commonly	the	hip	(Table	1).	

Chondrolysis	of	the	hip	is	well	documented,	with	causes	including	

sequelae	of	untreated	slipped	capital	femoral	epiphysis	(SCFE),13,22-24	

penetration	of	the	articular	surface	by	pins	during	surgical	treat-

ment,25	extended	immobilization,	exposure	to	methacrylate,26	and	

septic	arthritis.	Idiopathic	chondrolysis	of	the	hip	(ICH)	is	charac-

terized	by	a	rapid	course	of	progressive	chondrolysis	that	com-

monly	occurs	in	adolescents.27	ICH	presents	as	pain	and	stiffness	

in	the	joint,	with	loss	of	articular	space.	Eisenstein	and	Rothschild	

suggest	that	chondrolysis	is	linked	with	an	immune	abnormality	

that	makes	the	cartilage	susceptible	to	articular	cartilage	damage.28	

Adib	et	al,	in	a	case	series	of	children	presenting	with	painful	stiff	

joints,	discuss	14	patients	with	chronic	hip	arthritis	in	which	juve-

nile	idiopathic	arthritis	(JIA),	septic	hip,	and	reactive	arthritis	had	

been	ruled	out.29	The	authors	suggest	that	the	patients’	arthritis	is	

a	result	of	chronic	inflammatory	arthritis	and	may	even	represent	a	

separate	subtype	of	JIA.	

Regardless	of	the	cause,	chondrolysis	of	the	hip	in	young	patients	

is	difficult	to	treat.	Korula	et	al	present	a	case	series	of	patients	

(average	age,	13	years)	with	idiopathic	chondrolysis	of	the	hip.23	

Patients	were	treated	with	capsulectomy,	and	the	results	report	

a	less-than-satisfactory	outcome	for	patients.	Carney	et	al	found	

chondrolysis	in	16%	of	patients	with	SCFE,	and	most	patients	had	

poor	outcomes.22

Chondrolysis	of	the	knee,	although	uncommon,	has	been	

described	following	meniscectomy.16,17	Charrois	et	al	state	that	

knee	chondrolysis	of	the	lateral	compartment	had	been	reported	in	

young	athletes	following	meniscectomy.17	Alford	et	al	present	two	

cases	of	severe	chondral	damage	within	1	year	of	meniscectomy.16	

The	rapid	presentation	of	chondrolysis	in	these	cases	suggests	a	

cause	other	than	mechanical	wear.	Furthermore,	knee	chondrolysis	

has	been	associated	with	radiofrequency	procedures,18	exposure	to	

chlorhexadine,19	and	physical	and	surgical	trauma.20

In	a	case	report	by	Bojescul	et	al,2	the	authors	report	a	case	of	id-

iopathic	ankle	chondrolysis.	The	patient	presented	with	chronic	(5	

years)	lateral	ankle	instability,	and	arthroscopic	findings	included	

moderate	synovitis,	grade	II	anterolateral	chondrolysis,	and	an	

anterior	talar	osteophyte.	Following	reconstruction	of	the	ligament,	

the	patient	reported	stiffness	and	pain	at	11	months	postopera-

tively	and	had	radiographic	evidence	of	chondrolysis.	Of	note,	this	

patient	had	a	pain	pump	after	the	first	scope.

 conclusions

We	present	the	case	of	a	young	patient	with	long-standing	shoulder	

pain	and	stiffness.	Our	patient	had	none	of	the	factors	reported	as	

possible	etiologies	in	cases	of	chondrolysis	of	the	glenohumeral	and	

other	joints.	He	had	had	3	intra-articular	steroid	injections	prior	to	

the	diagnosis	of	chondrolysis,	leading	us	to	consider	whether	some	

figure 2.	Preoperative	anteroposterior	and	axillary	radiographs	prior	to	evaluation	for	hemiarthroplasty.	The	patient	has	joint	space	narrowing	
but	does	not	display	sclerosis	or	osteophytes.	

figure 3.	Postoperative	anteroposterior	and	axillary	radiographs.
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idiosyncratic	reaction	to	the	injected	material	or	unrecognized	

infection	from	the	injections	could	have	occurred	and	caused	the	

chondrolysis.	However,	he	had	symptoms	prior	to	the	injections,	

the	materials	injected	were	short-acting,	shoulder	joint	injections	

are	exceedingly	common	and	not	known	to	be	associated	with	

chondrolysis,	laboratory	testing	showed	no	evidence	of	infec-

tion,	and	the	pristine	condition	of	the	glenoid	cartilage	found	at	

the	last	surgery	suggested	a	pathologic	process	originating	in	the	

humeral	head	as	opposed	to	the	joint	space.	For	all	these	reasons,	

we	concluded	that,	though	the	possibility	of	a	relationship	between	

the	injections	and	the	chondrolysis	could	not	be	eliminated,	it	is	

probable	that	there	was	no	causal	relationship,	and	therefore	the	

etiology,	in	this	case,	is	best	considered	idiopathic.	 	
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 introduction

Total	shoulder	arthroplasty	(TSA)	has	revolutionized	the	treatment	

of	symptomatic	glenohumeral	arthritis,	significantly	decreasing	

pain	and	improving	shoulder	function	in	patients	with	severe	

disease.	However,	in	patients	with	a	deficient	rotator	cuff,	conven-

tional	TSA	has	provided	suboptimal	results	leading	to	a	decrease	in	

subjective	patient	satisfaction,	an	increased	complication	rate,	and	

poor	radiographic	outcomes.1	The	reverse	ball-and-socket	prosthe-

sis	was	developed	in	an	attempt	to	compensate	for	the	nonfunc-

tioning	rotator	cuff	in	patients	requiring	TSA.2	Implant	design,	

meticulous	surgical	technique,	and	careful	patient	selection	have	

led	to	successful	outcomes	for	the	majority	of	patients	undergoing	

reverse	TSA.2-4	However,	the	increase	in	demand	for	and	popularity	

of	this	technique	has	led	to	the	recognition	of	novel	complications	

such	as	scapular	notching,	inherent	to	the	unique	design	of		

reverse	TSA.

Scapular	notching	is	seen	radiographically	inferior	to	the	

glenosphere	and	is	a	potential	complication	of	reverse	TSA.	This	

entity	most	likely	represents	repetitive	mechanical	abutment	of	the	

humeral	component	with	the	inferior	portion	of	the	neck	of	the	

scapula,	resulting	in	glenoid	neck	osseous	erosion	over	time,	and	

with	it	potential	polyethylene	wear	that	could	compromise	results.	

Scapular	notching	typically	occurs	within	the	first	few	months	

after	reverse	TSA,	with	a	reported	incidence	ranging	from	44%	to	

96%.3,5	Many	factors	contribute	to	the	development	of	scapular	

notching,	including	preoperative	diagnosis,	prosthetic	design,	

surgical	approach,	positioning	of	the	glenoid	component,	and	the	

pattern	of	glenoid	wear	in	the	degenerative	process.6-10	Initial	short-

term	studies	did	not	demonstrate	a	negative	impact	of	scapular	

notching	on	postoperative	pain	and	Constant	scores.7	However,	

results	from	longer-term	studies	suggest	that	scapular	notching	

may	be	a	progressive	finding,	and	it	has	been	associated	with	a	loss	

of	range	of	motion,	loss	of	strength,	decreased	shoulder	outcome	

scores,	and	increased	polyethylene	wear	with	the	potential	for	

implant	loosening.4,9

The	indications	for	reverse	TSA	continue	to	expand	and	now	

include	rotator	cuff	arthropathy,	rheumatoid	arthritis,	proximal	

humerus	fractures,	fracture	malunions/nonunions,	and	revision	

procedures.	The	high	reported	rates	of	scapular	notching	are	
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figure 1. A,	Grade	3	scapular	notch	according	to	the	Nerot/Sirveaux	classification.	Note	the	extension	of	the	bone	loss	over	the	lower	fixation	
screw	on	this	AP	radiograph.	B,	Grade	4	scapular	notch	according	to	the	Nerot/Sirveaux	classification.	Note	the	progression	of	the	defect	to	the	
undersurface	of	the	baseplate.	

alarming,	especially	in	light	of	evidence	suggesting	its	negative	

impact	on	patient	outcomes.	This	study	presents	a	large	consecu-

tive	series	of	Trabecular	Metal	Reverse	(Zimmer,	Inc,	Warsaw,	In-

diana)	total	shoulder	arthroplasties	performed	by	two	experienced	

shoulder	surgeons.	Our	hypothesis	is	that	scapular	notching	can	be	

minimized	through	proper	patient	selection,	meticulous	surgical	

technique,	and	implant	design	modifications.	

 materials and methods

A	consecutive	series	of	144	Trabecular	Metal	Reverse	total	shoulder	

arthroplasties	performed	by	2	experienced	shoulder	arthroplasty	

surgeons	(G.P.N.	and	Anand	M.	Murthy,	MD)	provided	the	

study	population.	The	reverse	shoulder	was	approved	for	use	in	

the	United	States	in	2004.	The	Trabecular	Metal	Reverse	was	

introduced	in	early	2006.	Both	surgeons	had	2	years	of	experience	

utilizing	Grammont-style	implants	prior	to	using	the	Trabecular	

Metal	Reverse.	All	shoulders	were	radiographically	evaluated	with	

true	anteroposterior	(AP)	and	axillary	views	during	their	post-

operative	follow-up	visits.	Each	surgeon	was	blinded	to	patient-

specific	information	and	evaluated	the	AP	and	axillary	radiographs	

from	his	own	cases.	The	first	evaluation	had	a	minimum	follow-up	

of	6	months	and	an	average	of	14	months	(range,	6-24	months).	

A	second	evaluation	of	the	same	144	shoulders	was	performed	by	

the	same	2	surgeons	in	an	identical	fashion	an	average	of	8	months	

later.	Thus	the	minimum	follow-up	became	14	months	and	the	

average	follow-up	was	22	months	(range,	14-32	months).

Scapular	notching,	when	present	on	the	postoperative	radio-

graphs,	was	graded	using	the	Nerot/Sirveaux	classification.10,11	

A	grade	1	notch	describes	a	defect	contained	within	the	inferior	

pillar	of	the	scapular	neck.	A	grade	2	notch	involves	erosion	of	

the	scapular	neck	to	the	level	of	the	inferior	fixation	screw	of	the	

glenosphere	baseplate.	A	grade	3	scapular	notch	indicates		

extension	of	the	bone	loss	over	the	lower	fixation	screw.	A	grade	4	

defect	describes	progression	to	the	undersurface	of	the	baseplate	

(Figure	1).	Although	the	primary	endpoint	of	this	study	was	a	

radiographic	evaluation,	instability	events	and	complication	rates	

were	also	documented.	

This	study	was	approved	by	the	institutional	review	board.	

 results

The	mean	age	of	patients	in	this	series	was	68	years	(range,	39-

87	years).	We	have	radiographic	follow-up	on	all	144	patients.	

Chart	review	was	also	performed	on	all	patients.	Female	patients	

accounted	for	58%	of	the	cases.	All	procedures	were	performed	

through	a	deltopectoral	approach.	In	this	series,	the	preoperative	

diagnoses	were	rotator	cuff	arthropathy	(50%),	failed	rotator	cuff	

repairs	(20%),	fracture	sequelae	(16%),	and	failed	prior	implants	

(14%).	Forty-eight	patients	(33%)	had	previous	surgery	on	the	

operative	shoulder.	In	126	patients	(87.5%),	a	36-mm	glenosphere	

was	used,	and	in	18	(12.5%)	a	40-mm	glenosphere	was	used.

Analysis	after	the	first	evaluation	revealed	a	0%	scapular	notch	

rate.	There	were	no	glenoid	lucencies	or	loosening.	There	were	5	

(3.5%)	instability	events	that	occurred	early	(less	than	2	months	

postoperatively).	Two	required	closed	reduction,	and	3	required	a	

revision	with	polyethylene	liner	exchange.	None	of	these	patients	

went	on	to	have	any	evidence	of	scapular	notching	or	periosteal	

reaction	on	final	follow-up.	

At	the	second	evaluation,	there	were	no	additional	patients	with	

instability	events.	A	scapular	notch	was	noted	in	12	of	144	(8.3%),	

all	diagnosed	on	the	AP	radiograph.	Nine	of	the	12	(75%)	were	

grade	1,	2	(17%)	were	grade	2,	and	1	(8%)	was	grade	3.	There	

were	no	grade	4	notches	(Table	1).	

Of	the	cases	that	were	found	to	have	a	postoperative	scapular	

notch,	8	were	for	a	diagnosis	of	primary	cuff	tear	arthropathy,	

2	were	revision	cases,	and	2	were	for	treatment	of	surgical	neck	

a b
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nonunions.	Only	one	of	the	glenospheres	was	felt	to	be	placed	

in	neutral	position	without	an	inferior	tilt	when	evaluated	by	the	

operating	surgeon	analyzing	the	AP	radiograph.

No	case	with	a	notch	or	periosteal	reaction	had	documentation		

of	clinical	symptoms,	instability,	or	radiographic	evidence	of		

glenoid	baseplate	loosening.	There	was	no	screw	breakage	or		

implant	dissociation.	

 discussion

Scapular	notching	is	defined	as	erosion	of	bone	of	the	scapular	

neck	secondary	to	mechanical	abutment	of	the	humeral	implant	

with	adduction	of	the	upper	extremity.3,7,8	Repetitive	mechanical	

contact	between	the	polyethylene	cup	of	the	humeral	component	

and	the	inferior	scapular	neck	with	subsequent	wear	of	the	polyeth-

ylene	may	invoke	a	biologic	response,	leading	to	chronic	inflam-

mation	of	the	joint	capsule,	local	osteolysis,	and	the	potential	for	

implant	loosening.8,12	Additionally,	scapular	notching	may	lead	to	

loss	of	joint	constraint,	creating	the	potential	for	joint	instability.2

The	implant	used	exclusively	in	this	series	is	a	Trabecular	Metal	

Reverse	prosthesis	(Figure	2).	While	maintaining	an	inferior	and	

medial	position	of	the	glenoid	center	of	rotation,	the	prosthesis	

has	several	unique	design	features	that	may	aid	in	the	preven-

tion	of	scapular	notching.	The	metallic	neck-shaft	angle	is	143	

degrees,	and	the	polyethylene	component	has	a	7-degree	angle,	

thus	creating	a	total	neck-shaft	angle	of	150	degrees.	This	5-degree	

difference	from	other	reverse	arthroplasty	designs	allows	for	better	

adduction	of	the	arm	without	mechanical	abutment.	Addition-

ally,	this	implant	design	has	a	low	profile	with	no	metallic	material	

above	the	humeral	osteotomy.	The	glenoid	baseplate	has	a	3-mm	

trabecular	metal	pad	on	the	back	side.	This	creates	a	small	lateral	

offset	when	implanted	onto	the	glenoid	surface.	We	believe	that	

these	unique	design	parameters	are,	at	least,	partially	responsible	

for	the	decreased	incidence	of	notching	appreciated	in	the	current	

series	(Figure	3).	

The	incidence	of	scapular	notching	in	the	present	study	is	8.3%,	

which	is	significantly	decreased	from	the	incidence	found	in	

previous	reports.	We	believe	that	several	factors	including	surgical	

approach,	implant	position,	and	implant	design	are	responsible	

for	the	reduced	incidence	of	notching	in	the	current	series.	These	

factors	will	be	discussed	in	detail	below.	In	the	literature,	the	

incidence	of	scapular	notching	ranges	from	44%	to	96%.2,4,7,9,10,12,13	

Simovitch	et	al	noted	postoperative	scapular	notching	in	44%	of	

cases.9	In	that	series,	notching	was	radiographically	evident	at	a	

mean	of	4.5	months	postoperatively,	with	no	cases	demonstrating	

new	onset	scapular	erosion	after	14	months	of	follow-up.	Clini-

cal	series	published	by	Lévigne	et	al,7	Sirveaux	et	al,10	and	Boileau	

et	al2	reported	scapular	notching	with	a	slightly	higher	incidence	

of	62%,	63.6%,	and	74%	respectively.	Another	series,	by	Werner	

et	al,4	demonstrated	near	universal	presence	of	notching,	finding	

evidence	of	inferior	scapular	neck	erosion	in	96%,	with	54%	of	the	

table 1.	Distribution	of	Scapular	Notching	by	Nerot/Sirveaux	Classification	at	an	Average	of	22	Months	Follow-up	

figure 2. Design	features	of	the	Zimmer	Trabecular	Metal	Reverse	prosthesis.	The	prosthesis	is	a	low-profile	humeral	component	with	
a	3-mm	trabecular	metal	glenoid	baseplate.	The	humeral	component	incorporates	a	150-degree	neck-shaft	angle,	143	degrees	from	the		
humeral	component	and	7	degrees	from	the	polyethylene	component.	

grade number (%)

1 9 (75)

2 2 (17)

3 1 (8)

4 0 (0)

total 12 (100)

figure 2table 1
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notches	classified	as	either	grade	1	or	grade	2	and	46%	as	grade	3	

or	grade	4.

There	remains	no	consensus	in	the	literature	regarding	the	time	

of	onset	of	scapular	notching,	or	the	presence	of	radiographic	

progression.	Scapular	notching	tends	to	first	appear	early	in	the	

postoperative	period,	with	most	reports	describing	radiographic	

evidence	of	scapular	neck	erosion	between	6	weeks	and	14	months	

postoperatively.3	Simovitch	et	al	reported	no	new	cases	of	scapular	

notching	recognized	past	the	14-month	time	point.9	For	this	rea-

son,	we	believe	that	the	time	course	used	in	the	present	study	was	

sensitive	enough	to	capture	the	majority	of	patients	who	would	

develop	scapular	notching	in	our	series.	Studies	by	Werner	et	al4	

and	Simovitch	et	al9	demonstrate	that	the	extent	of	the	scapular	

notching	plateaus	over	time	with	stabilization	at	2-3	years,	while	

Lévigne	et	al7	reported	progression	at	2	and	3	years	follow-up	with	

evidence	of	worsening	of	grade.	The	topic	of	progression	remains	

controversial.	Our	series	does	not	currently	add	insight	to	this	

debate.	Longer-term	follow-up	of	several	years	is	necessary	before	

drawing	any	meaningful	conclusions.	

The	impact	of	scapular	notching	on	postoperative	shoulder	func-

tion,	instability,	and	implant	survivorship	is	also	controversial.	In	

the	present	study,	we	did	not	find	any	impact	of	scapular	notching	

on	these	parameters	at	a	mean	of	22	months	postoperative.	The	

instability	rate	of	the	current	study	was	3.5%.	These	instability	

events	occurred	early	within	the	postoperative	period	(less	than		

2	months)	and	were	not	associated	with	the	presence	of	or		

subsequent	development	of	scapular	notching.	In	all	the	cases		

in	our	series,	including	the	12	with	scapular	notches,	there	was		

no	evidence	of	implant	dissociation,	glenoid	loosening,	screw		

breakage,	or	catastrophic	polyethylene	wear.	The	data	from	the	

literature	is	mixed	with	regard	to	the	clinical	impact	of	scapular	

notching.	Delloye	et	al14	and	Vanhove	and	Beugnies12	identified	

glenosphere	loosening	in	a	small	series	of	patients	with	scapular	

notching.	Lévigne	et	al7	reported	a	correlation	between	the	pres-

ence	and	size	of	a	notch	with	the	development	of	radiolucencies	

around	both	the	humeral	and	glenoid	components	as	follow-up	

time	increased.	The	clinical	relevance	of	these	findings	remains	

unclear.	Some	authors	reported	the	absence	of	any	correlation	be-

tween	the	presence	or	grade	of	scapular	notching	and	any	objective	

or	subjective	clinical	measure	or	postoperative	complication.2,7,4	In	

contrast,	other	studies	have	shown	a	relationship	between	the	pres-

ence	and	extent	of	scapular	notching	and	lower	Constant-Murley	

and	subjective	shoulder	scores.	Sirveaux	et	al10	found	that	patients	

with	grade	3	and	grade	4	notching	had	lower	postoperative	Con-

stant-Murley	scores.	Similarly,	Simovitch	et	al9	found	lower	mean	

Constant-Murley	scores,	lower	subjective	shoulder	scores,	inferior	

shoulder	strength,	and	worse	postoperative	range	of	motion	in	

patients	with	scapular	notches	compared	with	those	with	normal	

radiographs.	Longer	follow-up	studies	will	help	to	shed	light	on	

this	controversial	topic.	

Technique-dependent	factors	may	also	play	a	role	in	the	de-

creased	incidence	of	scapular	notching	in	our	series.	A	deltopec-

toral	surgical	approach	was	used	in	all	cases	in	this	series.	A	higher	

incidence	of	scapular	notching	has	been	shown	with	the	anterosu-

perior	approach	as	compared	with	a	deltopectoral	approach	(86%	

versus	56%).7	Intraoperatively,	during	exposure	and	preparation	

of	the	glenoid,	the	glenosphere	baseplate	is	implanted	as	inferior	

on	the	native	glenoid	as	possible	to	foster	inferior	overhang	of	the	

glenosphere	component.	Reaming	was	performed	to	promote	a	

slight	inferior	tilt	to	the	implanted	glenosphere	baseplate	(10	to	

20	degrees).	Neutral	or	superiorly	tilted	baseplates	increase	the	

risk	of	scapular	notching	compared	with	inferior	glenoid	tilt.	

figure 3. A,	Initial	postoperative	AP	radiograph	demonstrating	implantation	of	the	Zimmer	Trabecular	Metal	Reverse	prosthesis	with	the	ap-
propriate	amount	of	inferiorization,	medialization,	and	inferior	tilt.	B,	A	2-year	follow-up	AP	radiograph	of	the	same	patient	shows	no	evidence	
of	scapular	notching.	We	believe	that	the	unique	design	features	of	the	Zimmer	Trabecular	Metal	Reverse	prosthesis	and	strict	adherence	to	
Grammont	principles	have	led	to	this	successful	radiographic	outcome.	

a b



Several	studies	demonstrate	that	allowing	inferior	overhang	of	the	

glenosphere	improved	impingement-free	adduction	and	abduction	

angles.6,8,9,10	It	has	also	been	shown	that	baseplates	implanted	with	

a	slight	(15-degree)	inferior	tilt	had	the	most	compressive	forces	

under	the	baseplate	during	loading	with	the	least	amount	of	tensile	

forces	and	the	smallest	amount	of	micromotion.6,8,9,10	The	senior	

author	(G.P.N.)	uses	hand	reamers	on	the	glenoid,	reaming	until	a	

“subchondral	smile”	of	cancellous	bone	can	be	seen	on	the	inferior	

aspect	of	the	glenoid.	Superior	defects	that	remain	subsequent	

to	hand	reaming	can	be	bone	grafted,	ensuring	the	glenosphere	

baseplate	is	not	placed	with	a	superior	tilt.	The	glenosphere	can	be	

sized	appropriately	to	allow	for	2	to	3	mm	of	inferior	overhang,	

which	will	promote	postoperative	range	of	motion,	stability,	and	

minimization	of	notch	development	with	humeral	adduction.	

The	primary	objective	of	this	radiographic	study	was	to	deter-

mine	the	incidence	of	scapular	notching	with	this	unique	im-

plant	design.	Future	follow-up	of	this	cohort	will	be	necessary	to	

comment	on	radiographic	progression	and	its	long-term	impact	

on	clinical	stability	and	implant	longevity.	This	was	not	a	clinical	

outcome	study,	but	we	were	able	to	review	and	report	on	100%	of	

our	patients’	records	documenting	clinical	parameters	including	

instability	events;	implant	lucency,	loosening,	or	failure;	and	pres-

ence	or	absence	of	major	complications.	

In	conclusion,	this	study	demonstrates	a	significant	decrease	

in	the	incidence	of	scapular	notching	with	the	use	of	a	unique	

implant	design	and	consistent	surgical	technique.	This	implant	

still	respects	the	proven	Grammont	design	principles.	We	strongly	

believe	that	the	combination	of	implant	design	modifications,	

careful	patient	selection	and	preoperative	workup,	and	meticulous	

surgical	technique	have	led	to	the	low	incidence	of	notching	in	this	

series	and	the	shift	toward	lower-grade	(1	or	2)	notches	when	pres-

ent.	While	the	true	clinical	impact	of	scapular	notching	is	yet	to	

be	revealed,	minimization	of	scapular	notching	may	prove	essential	

in	reducing	morbidity	and	preventing	complications	in	patients	

undergoing	reverse	TSA.	 	
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 introduction

Athletic	injuries	around	the	hip	have	been	poorly	understood	and	

often	were	lumped	into	the	diagnosis	of	“hip	pointer.”	Patients	

with	hip	injuries	were	frequently	treated	conservatively	for	long	

periods	of	time	until	many	either	gave	up	their	sport	of	choice	or	

limited	their	activities.

Since	the	advent	of	hip	arthroscopy,	there	has	been	an	increasing	

interest	in	the	diagnosis	and	treatment	of	patients	with	athletic	

hip	injuries.	Just	in	the	past	10	years	there	has	been	increasing	

research	interest	and	publication	regarding	conditions	that	affect	

the	hip	and	their	treatment.	Advances	in	imaging	modalities	have	

allowed	physicians	and	surgeons	to	better	grasp	soft-tissue	injuries	

around	the	hip	and	their	natural	history.	Additionally,	technologic	

advances	in	hip	arthroscopy	equipment	and	repair	devices	have	

allowed	conditions	that	were	previously	treated	conservatively	now	

to	be	treated	more	aggressively,	allowing	for	earlier	return	to	sports	

and	resulting	in	high	patient	satisfaction.	

With	all	these	recent	advances,	physicians	are	gaining	a	better	

understanding	of	the	complex	anatomy	and	pathology	of	the	hip	

and	surrounding	areas.	Often	hip	conditions	can	be	categorized	

into	an	anatomical	location	depending	upon	where	the	hip	pain	

predominantly	occurs.	This	review	will	focus	on	the	causes	of	

anterior	hip	pain	in	an	athletic	population.	

 anatomy

Knowledge	of	the	functional	anatomy	of	the	hip	and	its	sur-

rounding	structures	is	necessary	in	order	to	arrive	at	a	conclusive	

diagnosis	regarding	hip	conditions.	The	anatomy	of	the	anterior	

portion	of	the	hip	is	complex,	with	several	muscle	groups	crossing	

the	hip	and	many	more	arising	from	the	hip	area	and	the	lower	

abdominal	wall.	

A	discussion	of	hip	anatomy	has	to	include	key	structures	in	the	

pelvis	since	these	structures,	when	injured,	often	radiate	pain	into	

the	anterior	hip.	The	anterior	pelvis	consists	of	several	structures	

that	play	a	role	in	conditions	that	affect	the	hip.	Osseous	morphol-

ogy	includes	the	anterior	superior	iliac	spine	(ASIS),	which	serves	
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as	the	origin	of	the	sartorius	muscle	and	the	ilioinguinal	ligament.	

The	anterior	inferior	iliac	spine	(AIIS)	serves	as	the	attachment	

of	the	rectus	femoris,	one	of	the	key	hip	flexors	and	knee	extend-

ers.	The	muscles	collectively	known	as	the	adductors	of	the	hip	

all	originate	in	the	anterior	pelvic	region.	The	pectineus	and	the	

adductor	longus	originate	on	the	superior	pubic	ramus,	while	the	

adductor	magnus,	the	adductor	brevis,	and	the	gracilis	originate	on	

the	inferior	pubic	ramus.	All	these	muscles	collectively	adduct	the	

thigh.	The	rectus	abdominis	inserts	on	the	pubic	bone	just	lateral	

to	the	symphysis.	Finally,	the	iliopsoas,	the	major	hip	flexor,	cross-

es	under	the	ilioinguinal	ligament	to	insert	on	the	lesser	tuberosity	

after	crossing	over	the	anterior	capsule	of	the	hip.	This	tendon	has	

a	large	bursa	surrounding	it	that	helps	it	glide	smoothly	over	the	

hip	with	range	of	motion.

The	inguinal	area	is	unfamiliar	territory	for	many	orthopedic	

surgeons	since	general	surgeons	treat	the	majority	of	conditions	

arising	in	this	area.	It	is	helpful	to	think	of	the	inguinal	canal	as	a	

box	composed	of	six	sides.	The	posterior	opening	is	the	deep	in-

guinal	ring.	The	posterior	wall	of	the	box	is	composed	of	this	ring,	

the	transversalis	fascia,	and	the	conjoint	tendon	with	Cooper’s	

ligament.	The	superior	wall	(roof )	consists	of	the	internal	oblique	

and	transversus	abdominis	muscles.	The	anterior	wall	is	composed	

of	the	aponeurosis	of	the	internal	and	external	obliques	as	well	as	

the	superficial	inguinal	ring.	The	inferior	wall	(floor)	is	made	up	

of	the	inguinal	ligament,	the	lacunar	ligament,	and	the	iliopubic	

tract.	The	inguinal	canal	contains	the	spermatic	cord	in	males	and	

the	round	ligament	in	females	along	with	the	ilioinguinal	nerve	

(responsible	for	radiation	of	pain	to	the	anterior	hip).	The	clinical	

significance	of	these	structures	will	be	discussed	further	under	the	

respective	disorders.	

The	hip	itself	is	a	spheroidal	joint	composed	of	the	femoral		

head	and	the	acetabulum,	which	is	deepened	by	the	labrum.		

Intra-articular	pathology	is	often	manifested	by	anterior	hip	or	

groin	pain	due	to	the	innervation	of	the	hip	capsule.	The	major-

ity	of	the	articular	hip	is	innervated	by	the	femoral	and	obturator	

nerves,	both	of	which	have	anterior/medial	innervation	and	radia-

tion	patterns.	Therefore,	most	intra-articular	conditions	radiate	to	

the	anterior	groin	or	hip.	

 physical Examination

Knowledge	of	the	anatomy	of	the	anterior	part	of	the	hip	will	

allow	the	astute	clinician	to	focus	the	physical	examination	to	

elucidate	the	location	and	type	of	pathology	in	each	patient.	Physi-

cal	examination	should	begin	with	a	gait	assessment.	Patients	who	

have	a	stress	fracture	will	have	difficulty	bearing	weight	on	the	

affected	side,	and	an	antalgic	gait	will	be	observed.	Furthermore,	

patients	with	femoroacetabular	impingement	(FAI)	will	often	have	

an	increased	foot	progression	angle	with	the	affected	limb	exhibit-

ing	more	external	rotation.	Patients	with	severe	osteoarthritis,	in	

addition	to	those	with	a	variety	of	other	conditions,	can	have	a	

Trendelenburg	gait	and	sign	if	the	abductors	are	sufficiently	weak	

to	cause	pelvic	tilt	to	the	affected	side	when	bearing	weight	solely	

on	the	affected	extremity.	

Careful	examination	of	the	hip	at	rest	with	the	patient	sitting	

over	the	side	of	the	bed	can	elucidate	causes	of	hip	impingement.	

In	patients	with	acetabular	retroversion,	the	affected	extrem-

ity	must	externally	rotate	in	order	for	the	femoral	neck	to	avoid	

impingement	on	the	anterior	acetabular	rim.	The	range	of	motion	

is	then	assessed	and	compared	with	that	of	the	opposite,	nonin-

volved	extremity.	This	assessment	includes	flexion	and	extension,	

with	rotation	assessed	at	90	degrees	of	hip	flexion.	Patients	who	

have	both	FAI	and	osteoarthritis	will	often	have	limited	motion,	

especially	internal	rotation,	with	pain	at	the	ends	of	the	range	of	

motion.	Crepitation	can	occasionally	be	felt	with	circumduction	

in	this	patient	population.	In	patients	with	FAI,	the	impingement	

figure 1. Femoral	neck	stress	fracture	of	right	femur.	A,	MRI,	frontal	view.	B,	Postoperative	radiograph	showing	percutaneous	screw	fixation.	

a b



44

test	consisting	of	adduction	and	internal	rotation	will	elicit	pain.	

This	maneuver	can	be	tested	starting	at	45	degrees	of	hip	flexion,	

increasing	to	around	120	degrees.	Patients	with	more	severe	im-

pingement	will	have	more	pain	with	less	hip	flexion.	

During	the	range	of	motion	examination,	the	hip	is	brought	

into	maximal	flexion/abduction	and	external	rotation	and	quickly	

brought	back	to	neutral	rotation	with	the	hip	straight.	Patients	

with	internal	snapping	of	the	hip	due	to	bursitis	in	the	iliopsoas	

will	have	snapping	with	this	maneuver	as	the	iliopsoas	snaps	over	

the	iliopectineal	eminence	or	the	femoral	head.	Often	downward	

pressure	in	this	area	is	needed	to	feel	the	snapping	of	this	tendon.	

A	log-roll	examination	is	performed	to	determine	if	intra-	

articular	pathology	is	causing	synovitis	of	the	hip.	This	examination	

is	performed	by	internally	and	externally	rotating	the	hip	with	

the	hip	relaxed	and	the	knee	fully	extended.	Muscular	strength	

testing	is	performed	to	assess	the	presence	of	any	tendinopathy	of	

the	tendons	around	the	hip.	Strength	testing	of	the	internal	and	

external	rotators	as	well	as	the	adductors	is	performed	with	the	pa-

tient	in	the	seated	position.	Abductor	strength	testing	is	done	with	

the	patient	in	the	lateral	position.	Hip	flexion	strength	testing	is	

performed	with	the	patient	in	the	supine	and	seated	position.	The	

patient	with	rectus	femoris/quadriceps	tendonitis	will	have	much	

more	pain	with	resisted	hip	flexion	in	the	supine	position	than	in	

the	seated	position,	whereas	the	opposite	will	be	true	in	iliopsoas	

tendonitis.	While	the	patient	is	in	the	supine	position,	a	straight	

leg	examination	is	performed	to	help	rule	out	any	back	conditions	

that	might	radiate	into	the	anterior	hip.	Also	in	a	supine	position,	

the	patient	is	asked	to	perform	a	sit-up	against	resistance	to	ascer-

tain	whether	any	abdominal	wall	pathology	is	present.

Palpation	of	the	hip	is	extremely	important	for	identifying	all	

hip	conditions	but	especially	those	in	the	anterior	hip.	Palpation	

begins	on	the	ASIS	and	in	thin	patients	over	the	AIIS	to	determine	

if	injury	to	the	sartorius	or	rectus	femoris	has	occurred.	In	patients	

with	osteitis	pubis,	palpation	just	lateral	to	the	symphysis	will	

reveal	tenderness.	

The	above	stepwise	physical	examination	will	allow	the	surgeon	

to	formulate	a	differential	diagnosis	that	can	be	confirmed	by	plain	

radiography,	magnetic	resonance	imaging	(MRI),	or	computed	

tomography	(CT).	The	specific	causes	of	anterior	hip	pain	are	

presented	in	the	following	section.

 specific conditions

stress Fracture 

A	stress	fracture	is	an	insufficient	bony	healing	response	caused	by	

an	abnormal	amount	of	force	acting	on	a	normal	bone.	The	frac-

ture	results	from	either	abnormal	muscular	forces	or	gait	patterns	

that	distribute	excessive	stress	to	the	underlying	bone.1	Patients	

typically	are	long-distance	runners	who	change	their	frequency,	

duration,	or	intensity	of	training.2,3	Additionally,	military	recruits	

have	typically	been	shown	to	have	a	higher	incidence	due	to	their	

rapid	onset	of	intense	training.	Patients	with	a	femoral	neck	stress	

fracture	present	with	activity-related	anterior	groin	pain	that	is	

relieved	by	rest	and	often	corresponds	to	an	increasing	training	

regimen.	These	patients	will	initially	be	only	mildly	affected,	but	as	

they	continue	to	work	through	the	pain,	they	become	much	more	

symptomatic.	Patients	who	have	delayed	their	presentation	almost	

always	have	pain	with	weight	bearing	and	an	antalgic	gait.	

The	diagnosis	of	a	femoral	neck	stress	fracture	begins	with	

plain	radiography,	which	frequently	will	be	negative.	However,	

with	careful	inspection	increased	sclerosis	at	the	inferior	neck	or	

a	fracture	line	at	the	superior	neck	can	occasionally	be	visualized.	

In	patients	where	radiographs	are	negative,	the	study	of	choice	is	

MRI	to	diagnose	the	stress	fracture.4	MRI	will	reveal	decreased	

figure 2.	Radiograph	showing	mild	dysplasia	of	the	hips.

figure 3. A,	B,	Intraoperative	arthroscopic	images	of	right	hip	showing	a	hypertrophic	labrum	with	contusion.	

a b
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signal	intensity	on	T1	images	(black	line)	or	increased	intensity		

on	T2	images	(Figure	1A).

The	location	of	pathologic	changes	determines	the	classification	

of	femoral	neck	stress	fractures.5	Inferior	neck	changes	are	termed	

compression-sided	stress	fractures,	whereas	superior	neck	changes	

indicate	a	tension-sided	stress	fracture.	If	the	fracture	line	extends	

all	the	way	from	the	superior	to	the	inferior	femoral	neck,	the	frac-

ture	is	classified	as	complete.	Complete	fractures	portend	impend-

ing	displacement	and	require	emergent	evaluation.	

Treatment	of	femoral	neck	stress	fractures	is	dictated	by	the	

fracture	location.	Tension-sided	fractures	are	commonly	thought	to	

have	an	increased	risk	of	propagation	to	the	inferior	neck	and	thus	

are	treated	much	more	urgently	with	percutaneous	screw	fixation4	

(Figure	1B).	Compression-sided	stress	fractures	are	treated	with	

restricted	weight	bearing	and	activity	modification	until	symp-

toms	cease.	Gradual	resumption	of	activity	is	allowed	only	after	

the	patient	is	completely	asymptomatic	for	a	period	of	time.	Any	

recurrent	pain	indicates	residual	stress	reaction,	and	activities	need	

to	be	ceased.	With	both	of	these	regimens,	treatment	for	stress	frac-

tures	is	generally	successful.6

osteonecrosis 

Osteonecrosis	of	the	hip	can	be	caused	by	a	variety	of	derange-

ments.	The	end	state	of	the	hip	is	collapse	due	to	loss	of	the	

structural	integrity	of	the	subchondral	bone	most	likely	thought	to	

be	from	decreased	blood	flow.	This	necrosis	of	the	femoral	head	is	

a	debilitating	condition	since	it	typically	is	progressive	and	affects	

patients	early	in	life,	between	20	and	50	years	of	age.7	Many	causes	

of	osteonecrosis	have	been	elucidated,	such	as	trauma,	steroids,	

alcohol,	smoking,	lupus,	sickle-cell	anemia,	diving,	and	coagulopa-

thies;	however,	around	20%	of	cases	have	no	apparent	cause	and	

are	identified	as	idiopathic.8,9

Patients	with	osteonecrosis	of	the	hip	typically	present	with	pain	

in	the	groin,	which	they	relate	as	a	deep,	intermittent	ache.	Usually	

there	is	no	history	of	trauma,	and	patients	have	pain	with	routine	

daily	activities.	Examination	findings	depend	upon	the	stage	of	

presentation.	In	patients	with	early	disease,	pain	will	be	present	

only	at	the	extremes	of	the	range	of	motion;	however,	in	patients	

with	severe	disease,	a	restricted	range	of	motion	is	evident	and	

most	planes	of	motion	are	painful.	

Plain	radiography	is	frequently	diagnostic	of	osteonecrosis	

because	patients	frequently	present	with	advanced	disease.	Ficat10	

classified	osteonecrosis	based	upon	radiographic	findings.	Stage	I	is	

characterized	by	negative	radiographs;	stage	II,	by	cystic	changes	in	

the	femoral	head	not	affecting	its	shape;	stage	III,	by	subchondral	

collapse;	and	stage	IV,	by	collapse	or	deformation	of	the	femoral	

head.	MRI	is	frequently	beneficial	in	determining	the	stage	and	

extent	of	osteonecrosis,	as	well	as	the	presence	of	signs	of	col-

lapse,	since	it	is	very	sensitive	in	detecting	subtle	abnormalities	in	

the	bone.	Steinberg	et	al11	developed	a	classification	that	is	based	

upon	MRI	and	uses	the	percentage	of	the	hip	involved	to	further	

subclassify	osteonecrotic	lesions.	

The	treatment	of	osteonecrosis	is	controversial	since	no	single	in-

tervention	has	been	shown	to	prevent	progression	of	the	disease	in	

all	patients.9	In	addition,	the	poor	results	of	many	interventions	for	

osteonecrosis	have	further	contributed	to	the	controversy	regarding	

treatment	for	this	condition.	Generally,	treatment	is	dictated		

by	the	stage	of	the	disease.	Watchful	waiting	with	conservative	

management	is	typically	not	indicated	for	progressive	symptomatic	

osteonecrosis	since	the	natural	history	of	osteonecrosis	is	progres-

sive	worsening	and	ultimate	collapse	in	80%	of	patients.9	Patients	

in	the	early	stages	without	collapse	or	cartilage	damage	can	be	

treated	with	core	decompression	with	or	without	additional		

vascularized	bone	grafting.	Effectiveness	of	these	procedures	is	bet-

ter	for	patients	in	the	early	stages	of	disease	with	good	results	in		

figure 4.	A,	B,	Intraoperative	arthroscopic	images	of	right	hip	labral	debridement.	
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84%-96%	of	cases	in	stage	I	and	47%-74%	of	cases	in	stage	

II.12,13	Patients	in	stage	IV	of	the	disease	typically	require	total	hip	

replacement	at	a	young	age.	Results	of	total	hip	replacement	in	

osteonecrosis	are	typically	thought	to	be	inferior	to	those	of	hip	

replacement	for	osteoarthritis,	but	comparing	results	in	these	2	

different	populations	is	difficult	because	of	age	and	activity	differ-

ences.14,15

labral tears 

Acetabular	labral	tears	have	recently	been	recognized	as	an	increas-

ing	cause	of	hip	pain	in	an	active	population.16	Initially,	labral	tears	

were	thought	to	be	isolated	entities17;	however,	increasingly	they	

have	been	associated	with	structural	abnormalities	on	either	the	

acetabular	or	the	femoral	side	of	the	hip	such	as	FAI.18	In	isolation,	

they	have	been	associated	with	athletic	participation	that	requires	

repetitive	hip	flexion	and/or	pivoting,	such	as	in	hockey,	soccer,	

football,	and	even	running.17,19	Other	causes	of	labral	tears	include	

dysplasia	(Figure	2),	instability,	trauma,	and	degeneration.	

Patients	with	labral	tears	typically	present	with	anterior	hip	pain	

radiating	to	the	groin	that	is	associated	with	activities	such	as	

twisting	motions,	running,	walking,	and	often	sitting	for	pro-

longed	periods.	Mechanical	symptoms	are	often	variable.	Byrd	has	

described	the	“C”	sign	in	which	patients	grip	their	hip	just	above	

the	greater	trochanter	with	their	hand	in	a	“C”	shape	indicating	

the	site	of	pathology.20	Examination	of	the	hip	reveals	a	positive	

impingement	sign	where	the	hip	is	taken	into	flexion,	adduction,	

and	internal	rotation	and	reproduces	groin	pain.18	This	test	relies	

on	the	femoral	neck	impinging	on	the	anterosuperior	labrum,	

where	most	labral	tears	occur.	Posterior	labral	tears	will	have	pain	

reproduced	when	the	patient	lies	with	both	legs	hanging	off	the	

table	as	the	contralateral	leg	is	brought	to	the	patient’s	chest	while	

the	affected	limb	is	maximally	extended.	The	examiner	then	force-

fully	externally	rotates	the	hip,	and	pain	is	referred	to	the	posterior	

hip/buttock.18

The	workup	includes	radiographs	and	typically	magnetic	

resonance	arthrography	(MRA).	Radiographs	will	be	helpful	only	

in	the	case	of	dysplasia	or	FAI.	MRA	is	nearly	100%	specific	for	

labral	tears	with	the	contrast	extending	into	the	normally	dark	

labrum	on	T2	images.21	Occasionally,	perilabral	cysts	are	seen	in	

association	with	the	labral	tear.	

The	treatment	for	labral	tears	continues	to	be	surgical	since	con-

servative	treatment	has	shown	poor	results	in	restoring	function.	

Despite	good	results	with	surgical	intervention	(Figures	3	and	4),	

there	exists	controversy	over	whether	labral	tears	should	be	de-

brided	or	repaired.17	A	systematic	review	indicates	that	good	results	

are	possible	with	labral	debridement	for	up	to	3.5	years.22	How-

ever,	the	long-term	results	of	labral	debridement	are	unknown,	

and	it	is	unclear	whether	there	is	an	increased	risk	of	arthritis	in	

patients	who	have	labral	debridement	only.	Some	authors	prefer	

an	anatomic	repair	over	debridement	in	order	to	restore	normal	

hip	kinematics	and	hopefully	long-term	function	of	the	hip.23,24	

In	patients	who	have	a	structural	abnormality	of	the	hip	such	as	

dysplasia	or	FAI,	the	structural	abnormality	needs	to	be	addressed	

at	the	time	of	surgery	in	order	to	prevent	recurrent	tears	or	failure	

of	the	repair.	

Femoral Acetabular impingement 

Femoral	acetabular	impingement	exists	when	there	is	abnormal	

contact	between	the	femoral	neck	and	the	acetabular	rim.	Pathol-

ogy	can	exist	on	either	the	femoral	side	(cam	impingement)	or	the	

acetabular	side	(pincer	impingement)25;	however,	most	commonly	

a	combination	of	abnormal	anatomy	on	both	sides	is	found	

in	patients	with	FAI.26	In	pure	cam	impingement,	the	anterior	

femoral	neck	loses	its	normal	concave	anatomy	and	has	a	“bump”	

that	impinges	on	the	anterosuperior	labrum,	with	flexion	causing	

labral	tears	and	delamination	of	the	adjacent	cartilage.	Pure	pincer	

impingement	arises	from	a	prominent	acetabular	rim	causing	over-

coverage	of	the	femoral	head.	In	pincer	impingement,	acetabular	

figure 5.	A,	B,	Radiographs	of	FAI.	The	left	hip	demonstrates	combined	lesion	with	crossover	sign	and	ossified	labrum	with	cam	lesion	of	
the	femoral	head-neck	junction.	
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labral	tears	result	from	the	repetitive	impaction	with	flexion	and	

internal	rotation.	

Patients	with	FAI	report	an	insidious	onset	of	groin	pain	that	is	

exacerbated	by	flexion	activities.	Squatting,	tying	shoes,	driving,	

and	prolonged	sitting	all	exacerbate	the	symptoms.	FAI	can	be	

found	in	athletes	involved	in	sports	that	require	repetitive	flexion	

and	twisting,	such	as	hockey,	football,	and	golf.27	In	patients	with	

cartilage	damage,	even	walking	or	running	can	cause	symptoms	

without	the	mechanical	irritation	of	the	impingement.	Physi-

cal	examination	of	patients	with	FAI	reveals	findings	similar	to	

those	found	in	patients	with	acetabular	labral	tears.	Severe	cases	of	

abnormally	large	cam	lesions	or	overcoverage	result	in	restriction	

of	the	range	of	motion	of	the	hip,	especially	internal	rotation	and	

flexion,	due	to	a	mechanical	block.	The	impingement	test	is	posi-

tive	in	patients	with	either	type	of	FAI.	

Radiographs	(Figure	5)	are	essential	to	diagnose	FAI	and	distin-

guish	this	condition	from	an	isolated	labral	tear.28	Cam	impinge-

ment	is	best	demonstrated	on	a	cross-table	radiograph,	which	will	

show	an	asphericity	of	the	femoral	head/neck	junction	anteriorly.	

Pincer	impingement	will	show	overcoverage	of	the	femoral	head	

(increased	center-edge	angle)	or	retroversion	of	the	acetabulum	

(cross-over	sign)	on	an	anteroposterior	(AP)	radiograph.	MRI	or	

MRA	frequently	is	used	to	quantify	the	extent	of	the	pathology,	

especially	to	determine	if	any	cartilage	deterioration	has	occurred	

in	association	with	cam	impingement.	CT,	and	in	particular	

3-dimensional	CT,	is	also	extremely	helpful	as	it	provides	a	clear	

evaluation	of	the	femoral	head/neck	and	acetabulum	osseous	

structure	(Figure	6).

Surgical	intervention	(Figure	7)	is	often	needed	since	FAI	is	

an	abnormal	mechanical	abutment	between	the	femur	and	the	

acetabulum	and	treatment	is	aimed	at	correcting	or	removing	

the	abnormal	anatomy.	Currently,	both	arthroscopic	and	open	

approaches	have	been	recommended	to	treat	both	types	of	FAI.28	

For	cam	impingement,	both	methods	rely	on	removing	bone	by	

osteoplasty	at	the	femoral	head/neck	junction	to	allow	the	femoral	

neck	to	clear	the	labrum	with	flexion	and	internal	rotation.29	Pin-

cer	impingement	is	treated	with	detachment	of	the	labrum	and	re-

moval	of	the	acetabular	rim	that	hangs	over	the	femoral	head/neck	

junction.	The	labrum	is	then	fixed	back	to	the	normally	contoured	

acetabular	rim	with	suture	anchors.30	In	both	types	of	impinge-

ment,	labral	tears	are	addressed	with	fixation	or	debridement,	and	

cartilage	damage	is	addressed	with	debridement	or	microfracture.	

Results	of	both	open	and	arthroscopic	osteoplasty	of	the	femur	

and	acetabulum	are	still	preliminary	with	only	a	few	studies	re-

porting	midterm	results.	Philippon	et	al	reported	results	at	2	years	

after	arthroscopic	osteoplasty.30	Patients	had	an	average	satisfaction	

of	9	(out	of	10)	with	better	results	in	patients	with	labral	fixation.	

Beck	et	al	reported	improvement	in	13	of	18	patients	with	open	

dislocation.31	Open	surgeries	are	associated	with	longer	recovery	

times	and	rehabilitation	periods	than	arthroscopic	treatment,	but	

advocates	relate	better	ability	to	contour	the	femur	or	acetabulum.	

It	remains	to	be	seen	which	surgery	will	result	in	improved	results	

and,	more	importantly,	less	progression	to	arthritis	and	the	need	

for	hip	replacement.	Both	open	and	arthroscopic	procedures	cur-

rently	have	around	an	8%-13%	rate	of	revision	to	hip	arthroplasty	

in	short-term	follow-up.25

iliopsoas tendonitis 

Often	referred	to	as	internal	snapping	of	the	hip	or	internal	coxa	

saltans,	iliopsoas	tendonitis/bursitis	can	be	a	recalcitrant	cause	of	

anterior	hip	pain.	Snapping	of	the	iliopsoas	leading	to	bursitis	or	

tendonitis	can	occur	at	3	different	anatomic	sites:	the	iliopectineal	

eminence,	the	femoral	head,	or	the	lesser	trochanter.32	Although	

the	presence	of	snapping	is	necessary	to	cause	pathology,	its	pres-

ence	is	not	indicative	of	pathology.	Runners	and	ballet	dancers	
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figure 6.	A,	B,	CT	scans	of	left	hip	with	FAI	demonstrating	both	cam	and	pincer	pathologies.	B,	Note	the	excess	bone	along	the	femoral	neck.
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are	frequently	noted	to	have	issues	with	iliopsoas	tendonitis.33,34	

The	chronicity	of	the	symptoms	will	indicate	what	pathology	is	

present.	In	patients	with	relatively	acute	symptoms,	only	a	bursitis	

will	be	present;	however,	longer	duration	of	symptoms	will	lead	to	

tendonitis	or	tendinopathy.35	

Patients	who	have	symptomatic	iliopsoas	tendonitis	relate	ante-

rior	pain	that	is	associated	with	snapping	of	the	hip.	The	provoca-

tive	maneuver	that	elicits	pain	is	taking	the	hip	from	a	flexed	and	

externally	rotated	position	to	an	extended	and	internal	rotated	

position.34	Most	often,	the	examiner	can	hear	a	snap	or	pop,	but	

occasionally,	pressure	with	one’s	hand	over	the	iliopsoas	tendon	is	

needed	to	feel	the	internal	snapping.	Tenderness	in	this	same	area	

is	also	diagnostic	of	tendonitis.	

In	patients	for	whom	conservative	treatment	(rest,	anti-inflam-

matories,	and	physical	therapy)	has	failed,	ultrasound	is	employed	

to	guide	a	therapeutic	and	often	diagnostic	injection	of	cortisone.36	

Because	of	the	ability	of	ultrasound	to	detect	dynamic	differences,	

the	snapping	of	the	iliopsoas	can	be	seen	with	the	above	provoca-

tive	maneuver.37	If	a	cortisone	injection	fails,	surgical	fractional	

lengthening	of	the	iliopsoas	tendon	can	be	performed	to	eliminate	

snapping	and	relieve	pain	at	either	the	joint	or	the	lesser	trochanter	

(Figure	8).38	

Muscular strains/Avulsion Fractures 

Muscular	strains	can	occur	in	any	of	the	anteriorly	located	muscles	

that	insert	around	or	cross	the	hip.	In	the	adult	athletic	popula-

tion,	the	adductor	muscle	group	is	most	commonly	affected.	

However,	in	skeletally	immature	patients,	avulsion	fractures	at	the	

origin	of	the	sartorius	and	the	rectus	femoris	are	more	common	

than	muscular	strains.

Athletes	who	have	adductor	strains	typically	are	involved	in	

either	rotational	or	kicking	sports	such	as	soccer,	football,	hockey,	

and	rugby,	where	changes	in	direction	are	frequently	seen	in	some	

position	players.39	Typically,	an	inciting	event	such	as	a	fall	or	ex-

cessive	eccentric	contraction	during	a	pivoting	maneuver	is	related	

as	the	beginning	of	the	pain.	Physical	examination	reveals	quite	

focal	findings	with	swelling	and	tenderness	confined	to	the	antero-

medial	aspect	of	the	hip	along	the	adductor	muscle	group.	The	

patient	has	tenderness	along	the	adductors	and	decreased	strength	

with	resisted	adduction	compared	with	the	contralateral	side.	Very	

rarely	will	the	patient	have	a	rupture	of	the	adductors	off	of	the	

pubis,	where	a	defect	may	be	felt.40	In	patients	who	have	a	ques-

tionable	history	or	a	vague	exam,	MRI	is	helpful	to	determine	the	

true	site	of	pathology.41	Treatment	of	adductor	strains	continues	

to	be	nonoperative	with	rest,	ice,	and	activity	modification	until	

tendon	healing	can	occur.	In	those	rare	complete	tendon	avulsions,	

surgical	reattachment	is	needed	if	retraction	is	significant;	however,	

how	much	retraction	is	too	much	is	not	known.	

Avulsions	of	the	sartorius	or	rectus	femoris	(Figure	9)	in	skeletal-

ly	immature	patients	are	typically	seen	after	a	traumatic	sporting	

injury.	Sports	that	require	rapid	acceleration	and	deceleration	of	

the	hip	in	an	extended	position	such	as	soccer,	hockey,	gymnastics,	

and	track	frequently	are	associated	with	such	avulsion	fractures.	

Adolescents	age	14	to	17	are	most	frequently	at	risk	due	to	the	

inherent	weakness	of	the	apophysis	at	the	muscular	attachments.42	

Patients	present	with	a	traumatic	history	and	pain,	swelling,	

and	tenderness	in	the	affected	muscular	group.	Stretching	of	the	

affected	muscle	also	reproduces	characteristic	pain.	Radiographs	

are	diagnostic	and	will	typically	show	minimal	displacement	of	the	

apophysis	at	the	ASIS	or	AIIS.	

Treatment	is	typically	conservative	with	rest,	ice,	anti-inflamma-

tories,	and	occasionally	physical	therapy.	Surgical	intervention	is	

rarely	needed	and	is	indicated	only	with	significant	displacement	

(>2	cm).43	Depending	upon	the	fracture	size,	use	of	either	suture	

anchors	or	screw	fixation	is	warranted.	

figure 7.	Intraoperative	arthroscopic	images	of	left	hip	cam	osteoplasty.	A,	Cam	lesion	in	the	peripheral	compartment.	
B,	Osteoplasty	of	the	cam	lesion.	
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figure 8.	Intraoperative	arthroscopic	image	showing	iliopsoas	release	at	the	lesser	tuberosity.

figure 9.	Image	showing	rupture	of	the	left	rectus	femoris.

osteitis Pubis 

Osteitis	pubis	is	an	infrequent	cause	of	anterior	hip	pain	that	af-

fects	males	much	more	commonly	than	females.	The	term	osteitis 

pubis	has	been	used	to	describe	a	number	of	conditions	that	affect	

the	area	surrounding	the	symphysis	pubis.	Injuries	to	the	rectus	

muscles	or	pubic	symphysis,	infection,	and	hormonal	conditions	

that	affect	pre-	or	postpartum	females	have	been	known	to	cause	

this	condition.	As	with	most	injuries	around	the	hip,	twisting	or	

rotation	sports	are	frequently	associated	with	this	condition	in	

athletes,	making	the	diagnosis	difficult.44,45

Patients	with	osteitis	pubis	present	with	pain	over	the	anterior	

aspect	of	the	pelvis	that	is	worse	with	sit-ups,	rising	from	a	chair,	

or	any	activity	where	contraction	of	the	rectus	muscles	occurs.32	

Pain	radiates	into	the	rectus	muscles,	and	occasionally	spasm	in	the	

muscles	surrounding	the	pubis	is	encountered.	Tenderness	is	elic-

ited	directly	over	and	just	lateral	to	the	symphysis.	Radiographs	are	

frequently	negative,	but	occasionally	chronic	degenerative	changes	

at	the	symphysis	are	present	in	addition	to	symphyseal	narrowing.	

If	instability	is	present,	1-legged	stance	images	will	show	diastasis	

or	superior	migration	of	one	ramus	in	relationship	to	the	other.	

Additional	imaging	is	often	necessary	for	diagnosis;	MRI	and	

bone	scans	are	used	to	localize	the	pathology	to	the	symphysis	

pubis.	MRI	and	bone	scans	will	show	localized	pathology	to	the	

pubis	just	adjacent	to	the	symphysis;	however,	MRI	is	frequently	

nonspecific.46	

The	treatment	of	osteitis	pubis	is	nearly	always	nonsurgical	with	

rest,	anti-inflammatories,	and	physical	therapy	to	gently	stretch	

the	musculature	around	the	pelvis	and	work	on	core	strengthen-

ing.	If	conservative	measures	fail,	a	localized	steroid	injection	can	

be	considered.	Surgical	management	of	refractory	cases	includes	

curettage,	mesh	placement,	or	stabilization,	all	of	which	have		

varied	results	and	none	of	which	has	shown	superiority	over		

others.47	Radic	and	Annear	recently	published	results	showing	a	

good	return	to	sport	in	athletes	treated	with	curettage.45

sports hernia 

Sports	hernia,	also	referred	to	as	athletic	pubalgia,	continues	to	be	

an	enigmatic	condition	causing	anterior	hip	pain	in	the	athlete.	

Arriving	at	this	diagnosis	can	be	challenging,	and	patients	can	

have	lingering	symptoms	for	years	before	receiving	the	diagnosis	of	

sports	hernia.48	Unlike	other	hernias	(inguinal,	abdominal,	etc),	a	

sports	hernia	typically	does	not	involve	a	bulge	of	tissue	protruding	

through	one	body	part	into	another.	In	contrast,	a	sports	hernia	

occurs	when	the	oblique	abdominal	muscles	strain	or	completely	

tear	away	from	their	attachment	to	the	pubis.	A	recent	systematic	

review	of	the	literature	has	shown	that	the	underlying	etiology	of	

sports	hernias	involves	posterior	inguinal	wall	weakening,	which	

can	be	a	result	of	poorly	balanced	hip	adductor	and	abdominal	

muscle	activation.49	

Patients	with	sports	hernia	will	typically	present	with	anterior	

hip	and/or	groin	pain,	especially	with	hip	extension,	twisting,	and	

turning.	In	addition,	patients	can	have	pain	in	the	lower	abdomen	

and	(for	males)	in	the	testicles.	Physical	examination	will	usually	

show	pubic	point	tenderness,	which	is	exacerbated	by	resisted	hip	

adduction.50	MRI	and	ultrasound49	are	extremely	helpful	in	assist-

ing	with	diagnosis	and	forming	a	treatment	plan.51

The	initial	treatment	of	choice	for	sports	hernias	is	conserva-

tive,	and	the	first	step	is	always	activity	modification	or	temporary	

absence	from	symptom-producing	activities.	Additional	modali-

ties	include	anti-inflammatories,	ice,	and	physical	therapy	to	

strengthen	the	surrounding	muscles.	While	controversy	exists	

regarding	appropriate	surgical	treatment,52	surgical	intervention	

with	an	internal	oblique	flap	reinforced	with	mesh	has	proven	to	

be	successful.50,52	

figure 8 figure 9
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 general rehabilitation considerations

Rehabilitation	following	a	hip	injury	that	results	in	anterior	hip	

pain	will	be	determined	by	injury	location,	type	and	mechanism	of	

injury,	and	severity	of	the	pathology.	Restriction	of	weight	bearing	

through	use	of	an	assistive	device	may	be	utilized	to	prevent	exces-

sive	stress	on	bony	and	supporting	soft-tissue	structures	during	

the	early	stages	of	healing.	Physical	therapy	initially	should	focus	

on	early	controlled	range	of	motion	of	the	hip	joint	to	prevent	

both	intra-	and	extra-articular	adhesions	and	excessive	scar	tissue	

formation.53	Postoperatively,	tightness	of	the	posterior	hip	capsule	

as	well	as	the	anterior	and	posterior	musculature	is	a	common	

finding	in	this	population.	Soft-tissue	and	joint	mobilization	may	

be	utilized	to	address	areas	of	soft-tissue	restriction	and	capsular	

tightness	in	order	to	restore	mobility	and	symmetrical	range	of	

motion.54	Improvements	in	muscle	firing	patterns	have	also	been	

observed	following	manual	therapy	techniques.	Strengthening	

of	the	supporting	hip	joint	musculature	should	focus	on	the	hip	

abductor	group,	the	anterior	and	posterior	thigh	musculature,	and	

the	core	stabilizing	muscles.	Neuromuscular	reeducation	should	be	

utilized	to	promote	normal	biomechanics	and	minimize	compensa-

tory	movement	patterns.	A	cardiovascular	training	program	may	be	

used	to	restore	fitness	to	competitive	athletes,	and	a	return-to-sport	

program	should	be	implemented	before	return	to	unrestricted	

training	and	full	competition.53-55

	Conclusions

Anterior	hip	pain	is	often	poorly	understood	yet	remains	a	com-

mon	complaint	in	the	athletic	population.	The	location	of	pathol-

ogy	ranges	from	to	the	underlying	bony	anatomy	of	the	hip	to	the	

supporting	soft-tissue	structures	and	can	be	difficult	to	assess	clini-

cally.	In	the	athletic	population,	anterior	hip	pain	covers	a	broad	

spectrum	of	conditions,	including	stress	fractures,	osteonecrosis,	

labral	tears,	femoral	acetabular	impingement,	iliopsoas	tendonitis,	

osteitis	pubis,	muscle	strains/avulsion	fractures,	and	sports	hernia.	

Although	many	of	these	conditions	can	be	alleviated	with	non-

surgical	management,	the	clinician	should	have	a	low	threshold	to	

refer	athletes	with	persistent	hip	and	groin	pain	to	an	orthopedic	

surgeon	specializing	in	hip	joint	preservation	surgery.	The	workup	

should	begin	with	plain	radiographs,	but	advanced	imaging	with	

MRI,	MRA,	or	CT	may	be	appropriate.	An	intra-articular	injec-

tion	with	local	anesthetics	and	steroid	can	be	both	diagnostic	and	

therapeutic.	The	treatment	options	depend	on	the	diagnosis	and	

vary	from	activity	modification	to	surgical	intervention.	With	an	

improved	understanding	of	athletic	hip	pathology,	health	care	

providers	will	be	better	equipped	to	handle	anterior	hip	and		

groin	injuries.	
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 introduction

The	prevalence	of	pelvic	discontinuity,	a	condition	resulting	in	

separation	of	the	superior	and	inferior	portions	of	the	pelvis,	will	

likely	increase	due	to	total	joint	replacement	being	utilized	in	

younger	and	more	active	patients.	Well-fixed	cementless	acetabular	

components	can	create	a	situation	in	which	osteolysis	and	stress	

shielding	can	progress	asymptomatically.1	The	severity	of	bone	loss	

can	be	pronounced	by	the	time	the	cup	migrates	or	the	patient	

begins	to	have	symptoms.	Similarly,	migration	of	a	cemented	

acetabular	component	over	a	period	of	time	can	result	in	a	large	

amount	of	bone	destruction.2	A	successful	acetabular	reconstruc-

tion	requires	either	a	stable	mechanical	construct	that	gains	its	

stability	solely	through	supplemental	fixation	(screws,	spikes,	

flange)	or	a	biologic	construct	that	will	allow	bone	ingrowth	into	

the	acetabular	component.	In	order	to	achieve	bone	ingrowth	into	

an	acetabular	component,	the	initial	reconstruction	must	minimize	

micromotion	and	the	surrounding	milieu	must	remain	biologically	

active.	

Pelvic	discontinuity	results	in	a	more	challenging	environment	

in	which	to	obtain	initial	component	fixation	due	to	the	possibil-

ity	of	persistent	motion	between	the	superior	and	inferior	halves	

of	the	pelvis.	Several	authors	have	suggested	compression	plating	

of	the	posterior	column	with	the	use	of	a	hemispherical	acetabu-

lar	component.2-4	The	goal	of	this	surgical	technique	is	to	rigidly	

fix	the	discontinuity	in	order	to	obtain	bony	union	between	the	

superior	and	inferior	hemipelvis	and	to	minimize	micromotion	

of	a	hemispherical	component	in	order	to	allow	bone	ingrowth.	

Adequate	posterior	column	bone	to	allow	both	stable	plate	fixation	

as	well	as	direct	bone	apposition	is	a	prerequisite	for	this	method	

of	reconstruction.	However,	in	certain	situations	where	the	amount	

of	bone	loss	along	the	posterior	column	is	severe,	rigid	stability	

and	direct	bony	apposition	cannot	be	obtained.	In	these	situations,	

an	acetabular	cage	can	be	used	to	bridge	the	defect	and	obtain	
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relative	fixation	along	the	iliac	wing	and	ischium.	The	results	of	

this	mechanical	solution	for	a	chronic	pelvic	discontinuity	are	poor	

because	bone	ingrowth	into	the	acetabular	cage	will	not	occur	and	

prolonged	micromotion	and	stress	upon	the	mechanical	construct	

persist.5	The	purpose	of	this	review	is	to	describe	a	technique	of	

acetabular	distraction	using	a	porous	tantalum	acetabular	compo-

nent	with	or	without	a	porous	tantalum	augment	in	patients	with	

a	chronic	pelvic	discontinuity.	We	hypothesized	that	a	reconstruc-

tion	using	porous	tantalum	components	placed	into	a	distracted	

acetabular	pelvis	would	provide	enough	initial	mechanical	stability	

for	bone	ingrowth	to	occur	into	the	prosthesis	and/or	augment	

both	superiorly	and	inferiorly	in	order	to	bridge	and	stabilize	the	

pelvic	discontinuity.

 materials and methods

Twenty-eight	consecutive	patients	undergoing	revision	total	hip	

arthroplasty	treated	with	a	porous	tantalum	acetabular	compo-

nent	with	or	without	augments	in	the	setting	of	a	chronic	pelvic	

discontinuity	between	2002	and	2006	were	identified	through	our	

institutional	data	repository.	These	patients’	medical	records	were	

retrospectively	reviewed	following	study	approval	by	our	institu-

tional	review	board.	This	cohort	of	patients	represents	an	unselect-

ed	series	of	patients	treated	for	a	chronic	pelvic	discontinuity	as	no	

other	patient	during	this	time	underwent	posterior	column	plating	

or	was	treated	with	an	acetabular	cage.	

At	the	time	of	most	recent	follow-up,	5	patients	had	been	lost	to	

follow-up	and	3	additional	patients	had	died	from	causes	unre-

lated	to	the	revision	procedure	prior	to	minimum	2-year	follow-

up.	These	8	patients	were	excluded	from	the	study	cohort.	The	

remaining	20	patients	had	an	average	follow-up	of	54	months	

(range,	24	to	84	months).	Of	these	patients,	15	were	female	while	

5	were	male.	The	average	age	at	the	time	of	the	revision	procedure	

was	67.5	years	(range,	46	to	86	years),	and	the	average	number	of	

previous	surgeries	was	2.6	(range,	0	to	6).	Of	the	patients	in	the	

follow-up	group,	the	original	diagnosis	was	osteoarthritis	in	10	

patients,	rheumatoid	arthritis	in	9	patients,	and	developmental	

dysplasia	of	the	hip	in	1	patient.	The	reason	for	revision	in	all	

20	patients	in	the	follow-up	group	was	aseptic	loosening.	The	

acetabular	defects	were	classified	using	the	system	described	by	one	

of	the	senior	authors	(W.P.).6	Four	of	the	acetabula	were	classified	

as	Paprosky	type	IIC,	3	were	type	IIIA,	and	the	remaining	13	were	

type	IIIB.	All	patients	had	an	associated	pelvic	discontinuity	that	

was	verified	intraoperatively.

surgical technique 

The	surgery	was	performed	by	one	of	the	senior	authors	(W.P.,	

S.S.)	through	a	posterior	approach.	After	the	acetabular	compo-

nent	was	explanted,	the	lower	portion	of	the	ischium	was	stressed	

with	a	Cobb	elevator,	and	motion	between	the	superior	and	

inferior	portions	of	the	acetabulum	confirmed	the	presence	of	a	

discontinuity.	All	fibrous	tissue	and	granulation	tissue	was	cleared	

between	the	discontinuity	in	order	to	uncover	viable	host	bone.	

Full	hemispherical	reamers	were	then	placed	in	the	acetabular	

defect	at	the	level	of	the	native	hip	center	in	order	to	determine	

the	anterior-posterior	dimension	of	the	pelvic	defect.	Sequentially	

larger	reamers	were	utilized	until	the	reamers	engaged	the	anterior-

superior	and	posterior-inferior	margins	of	the	acetabulum.	The	

type	and	position	of	the	augments	was	dictated	by	the	location	and	

severity	of	bone	loss.	Augments	were	frequently	used	to	reconstruct	

portions	of	the	anterior-superior	acetabulum	as	well	as	the	posterior-

inferior	acetabulum	to	provide	secure	points	of	fixation	for	the	

acetabular	component	cephalad	and	caudal	to	the	discontinuity	

(Figure	1).	Attempts	were	made	to	maximize	the	amount	of	host	

figure 1.	Tantalum	elliptical	cup	spanning	the	pelvic	discontinuity.	A	superior	augment	was	used	in	this	case.

figure 2.	Well-fixed	porous	tantalum	metal	cup.	No	cup	migration	or	hardware	failure	can	be	seen	at	6	years	postoperatively.

figure 1 figure 2
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bone	contact	with	the	porous	tantalum	augments	and	acetabular	

component.	The	superior	and	inferior	hemipelvis	was	distracted	by	

placing	a	porous	tantalum	acetabular	component	that	was	6	to	8	

mm	larger	than	the	hemispherical	reamer	that	had	previously	en-

gaged	to	anterior	and	posterior	columns.	Ligamentotaxis	was	used	

to	provide	initial	stability	to	the	cup	while	multiple	screws	were	

placed	into	the	remaining	ilium	and	ischium.	The	augments	when	

used	were	secured	to	the	porous	tantalum	acetabular	component	

with	the	use	of	polymethyl	methacrylate.	A	polyethylene	liner	was	

cemented	into	the	acetabular	component	in	all	cases	in	order	to	

provide	screws	with	a	fixed	angle.7	Tantalum	metal	augments	were	

used	in	11	of	the	20	hips.	In	3	of	the	11	patients,	2	augments	were	

used.	The	femoral	head	size	was	maximized	in	all	patients.	Two	

patients	with	deficient	abductors	had	a	constrained	liner,	9	patients	

had	a	tripolar	articulation	due	to	a	retained	femoral	component,	

6	had	a	40-mm	head	size,	1	had	a	36-mm	head	size,	and	2	had	a	

32-mm	head	size.	

All	patients	were	examined	clinically	and	radiographically	at	2	

weeks,	6	weeks,	3	months,	6	months,	and	yearly	thereafter	for	a	

minimum	of	2	years.	The	assessment	of	clinical	improvement	was	

done	with	the	modified	Postel–Merle	d’Aubigné	score	by	one	of	

the	authors	(A.M.,	S.S.,	W.P.).	Clinical	outcome	measures	included	

the	Merle	d’Aubigné	walking	and	pain	scores.	The	preoperative	

and	postoperative	scores	were	compared	using	a	paired	t	test	to	test	

for	a	significant	improvement	in	ambulation	and	pain	scores.

Radiographic	review	consisted	of	standard	anteroposterior	

(AP)	radiographs	of	the	pelvis,	AP	radiographs	of	the	femur,	and	

Lowenstein	lateral	radiographs.	Radiographs	taken	preoperatively,	

immediately	postoperatively,	and	at	the	most	recent	follow-up	

were	reviewed	and	the	findings	were	consensually	agreed	upon	by	

2	reviewers	(S.S.	and	A.M.)	(Figure	2).	The	AP	radiographs	taken	

preoperatively	were	graded	according	to	the	acetabular	defect	clas-

sification	described	by	Bradford	and	Paprosky.8	The	most	recent	

radiographs	were	compared	with	the	initial	postoperative	radio-

graphs.	Loosening	was	defined	radiographically	as	a	change	in	the	

component	abduction	angle	of	greater	than	10	degrees	or	a	change	

in	the	horizontal	or	vertical	position	of	greater	than	6	mm	after	

correcting	for	magnification	(Figure	3).	Kaplan-Meier	curves	show-

ing	time	to	failure	for	radiographic	loosening	as	well	as	reoperation	

for	clinical	failure	were	created	(Figure	4).

 results

Among	the	20	patients	with	a	minimum	of	2-year	follow-up,	1	

construct	failed,	necessitating	revision	surgery	(Figure	5).	Upon	

radiographic	review	of	the	19	clinically	stable	patients,	4	acetabular	

components	were	classified	as	loose	due	to	component	migration	at	

an	average	of	18	months	follow-up.	All	loose	acetabular	compo-

nents	were	in	patients	with	a	type	IIIB	acetabular	defect.	All	radio-

graphs	considered	to	be	loose	demonstrated	increased	vertical	in-

clination,	superior	migration,	and	loss	of	fixation	into	the	ischium.	

Two	radiographic	cases	demonstrating	loosening	were	identified	

within	the	first	year	of	follow-up,	1	was	identified	within	2	years	of	

follow-up,	and	1	was	noted	at	the	4-year	follow-up.	Two	of	these	

4	also	had	fracture	of	the	screws	that	were	placed	in	the	inferior	

augments	or	into	the	inferior	portion	of	the	acetabular	component	

(Figure	6).	All	the	implants	classified	as	loose	have	since	remained	

stable	over	an	average	period	of	49	months,	showing	well-ingrown	

cup	with	no	further	migration.	

figure 3.	A,	Well-fixed	cup	39	months	after	surgery.	B,	Same	patient	seen	50	months	after	surgery;	migration	of	the	cup	is	noted.

a b
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Clinically,	17	of	19	patients	reported	having	no	pain	on	the	op-

erative	hip,	1	patient	reports	minimal	pain	after	walking	6	blocks	

or	more,	and	1	patient	reports	pain	with	sitting	for	long	periods	

of	time.	Seven	patients	are	walking	without	assistive	devices,	5	

patients	use	a	cane	all	the	time	to	ambulate,	4	patients	use	a	cane	

only	for	long	distances,	and	3	patients	use	a	walker	at	all	times.	

None	of	the	patients	in	this	study	used	wheelchairs	as	of	the	most	

recent	follow-up.	The	average	improvement	using	the	modified	

Merle	d’Aubigné	pain	and	ambulation	score	was	from	3.3	pre-

operatively	to	9.6	postoperatively	(P	<	.0001,	standard	deviation	

1.2).	The	4	patients	with	radiographically	loose	components	at	

most	recent	follow-up	were	pain	free	and	functioning	well	with	an	

average	Merle	d’Aubigné	score	improvement	of	3	preoperatively	to	

8.75	postoperatively	(P	<	.0012,	standard	deviation	0.96).	Associ-

ated	perioperative	complications	included	a	colon	rupture	requir-

ing	general	surgical	intervention,	an	intraoperative	femoral	artery	

injury	requiring	repair	by	a	vascular	surgeon,	a	greater	trochanteric	

fracture	that	was	treated	nonoperatively,	and	a	superficial	infection	

successfully	treated	with	irrigation	and	debridement.	At	the	time	

of	most	recent	follow-up,	there	were	no	postoperative	dislocations.

 discussion

There	are	few	studies	evaluating	the	treatment	and	outcomes	of	

chronic	pelvic	discontinuities	encountered	at	the	time	of	revision	

acetabular	surgery.	Most	of	the	available	literature	on	the	subject	

is	in	the	form	of	an	analysis	of	these	difficult	cases	as	a	subset	of	

a	large,	diverse	revision	series.	Berry	et	al	identified	pelvic	dis-

continuities	in	31	of	3505	patients	(0.9%)	requiring	revision	hip	

surgery.2	The	use	of	a	posterior	column	pelvic	reconstruction	plate	

with	an	associated	cementless	acetabular	component	was	shown	

to	provide	the	highest	rate	of	healing	across	the	discontinuity	

assuming	the	discontinuity	was	not	a	result	of	radiation	necrosis.	

Morcellized	bone	graft	protected	by	an	antiprotrusion	cage	has	also	

been	shown	to	result	in	acceptable	clinical	and	radiographic	results	

at	short-term	follow-up.2	Eggli	et	al	reported	on	7	cases	of	pelvic	

discontinuity	treated	with	pelvic	plating	and	acetabular	reinforce-

ment	rings.	One	patient	had	incomplete	sciatic	nerve	palsy,	1	had	

recurrent	dislocations,	and	1	needed	reoperation	for	aseptic	loosen-

ing.	However,	at	final	follow-up	all	discontinuities	had	healed	and	

the	acetabular	components	were	believed	to	be	stable.9	DeBoer	et	

al	reported	on	the	use	of	a	custom	triflanged	device	(DePuy,		

figure 4.	Kaplan-Meier	curves.	A,	Time	elapsed	from	date	of	surgery	to	diagnosis	of	radiographic	loosening.	B,	Time	elapsed	from	date	of	
surgery	to	reoperation	for	clinical	failure.	
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Warsaw,	Indiana)	in	20	hips	with	severe	pelvic	bone	loss	and	

discontinuity	at	an	average	follow-up	of	10	years.	Definite	healing	

was	demonstrated	radiographically	in	18	of	20	hips	with	no	cases	

of	implant	migration.	However,	6	cases	had	nonprogressive	radio-

lucent	lines,	1	case	had	partial	sciatic	nerve	palsy,	and	5	patients	

had	1	or	more	dislocations.10	Holt	and	Dennis	reported	on	the	use	

of	a	custom	triflanged	device	in	26	hips.	In	this	series,	however,	

only	3	of	the	26	hips	had	a	pelvic	discontinuity.	Two	of	these	3	

failed	secondary	to	loss	of	inferior	fixation	in	the	ischium.	The	

authors	recommended	caution	in	the	use	of	the	device	without	

additional	column	plating.11

Currently,	most	studies	recommended	compression	plating	of	

the	posterior	column	to	reduce	and	stabilize	the	pelvis	in	an	at-

tempt	to	create	a	solid	platform	for	acetabular	reconstruction.9,11-12	

However,	the	severity	of	bone	loss	encountered	during	acetabular	

reconstruction	may	result	in	large	segmental	areas	of	deficient	bone	

making	the	possibility	of	healing	between	the	superior	and	inferior	

hemipelvis	unlikely.	

We	have	previously	reported	poor	intermediate	results	with	the	

use	of	acetabular	cages	in	the	treatment	of	pelvic	discontinuity	

when	bulk	acetabular	allograft	along	with	an	acetabular	cage	was	

used	in	patients	with	chronic	pelvic	discontinuities.	In	this	series,	

16	hips	had	been	followed	for	an	average	of	5	years	postopera-

tively.5	Five	of	these	hips	were	revised	for	loosening	while	an	

additional	3	hips	were	radiographically	loose.	In	these	situations,	

it	was	hypothesized	that	the	discontinuity	did	not	heal	and	that	

persistent	micromotion	across	the	discontinuity	resulted	in	fatigue	

of	the	cage	and	eventual	failure.	Consequently,	we	believe	that	

durable	acetabular	fixation	in	a	patient	with	an	associated	chronic	

pelvic	discontinuity	with	severe	posterior	column	bone	loss	can	

occur	only	if	there	is	bony	healing	of	the	discontinuity	or	if	there	

is	bony	ingrowth	into	a	porous	acetabular	component	from	both	

the	superior	and	inferior	hemipelvis.	In	cases	of	chronic	pelvic	

discontinuity,	we	believe	the	biologic	potential	for	healing	at	the	

discontinuity	is	decreased	and	that	it	is	unlikely	most	chronic	dis-

continuities	will	eventually	heal.	We	describe	a	surgical	technique	

that	relies	upon	pelvic	distraction	in	an	attempt	to	gain	rigid	initial	

fixation	to	an	acetabular	component	both	caudal	and	cephalad	to	

the	discontinuity.	The	goal	of	this	technique	is	to	use	the	porous	

acetabular	component	as	an	internal	plate	to	span	the	discontinu-

ity	rather	than	rely	on	biologic	healing	across	the	discontinuity.	

This	surgical	technique	allows	for	potential	biologic	ingrowth	into	

the	acetabular	component	cephalad	and	caudal	to	the	discontinu-

ity.	We	feel	that	compared	to	the	poor	results	with	use	of	cage	con-

structs,	it	offers	a	greater	opportunity	for	a	biologic	solution	that	

could	potentially	lead	to	better	patient	outcomes	and	improved	

component	survival.	We	previously	compared	12	patients	with	

pelvic	discontinuities	that	were	treated	with	a	porous	tantalum	

metal	cup	with	12	patients	in	a	previous	cohort	who	were	treated	

with	a	cage	construct.13	In	our	2005	study	we	found	that	treatment	

with	a	porous	tantalum	metal	shell	offered	a	reproducible	and	con-

sistent	improvement	in	pain	and	ambulation	at	an	average	of	2.1	

figure 5.	A,	Well-fixed	prosthesis.	B,	The	cup	has	migrated	cephalad	and	has	become	more	horizontal.	The	patient	was	
symptomatic	and	necessitated	a	revision.

a b

figure 6.	Broken	screws	can	be	seen	as	this	cup	has	migrated	from	its	previously	well-fixed	position.	The	patient	is	now	
6	years	postoperative,	and	no	further	component	migration	has	occurred.	The	patient	remains	asymptomatic.

figure 5 figure 6



years	follow-up.	In	2006,	we	produced	a	2.6-year	follow-up	of	13	

patients	with	pelvic	discontinuities	treated	with	a	porous	tantalum	

shell	who	showed	improved	Postel–Merle	d’Aubigné	scores	from	

6.1	to	10.3.14	These	results	showed	promising	outcomes	in	short-

term	follow-up.

In	our	current	study,	15	of	20	hips	remained	clinically	and	radio-

graphically	stable	at	an	average	of	4.5	years	postoperatively	while	

4	of	the	20	hips	demonstrated	early	superior	migration	of	the	

acetabular	component.	However,	all	4	patients	that	demonstrated	

early	component	migration	have	shown	no	further	change	in	posi-

tion	radiographically,	and	all	patients	remain	pain	free.	Only	1	cup	

(5%)	required	revision	for	loosening.	The	cause	of	this	failure	was	

believed	to	be	inadequate	fixation	into	the	ischium,	and	we	now	

strive	to	obtain	a	minimum	of	2	screws	into	the	ischium	to	avoid	

early	vertical	displacement	of	the	acetabular	component.	In	our	

series,	we	had	no	postoperative	dislocations	and	only	1	superficial	

infection.	We	hypothesize	that	our	decreased	rate	of	infection	

compared	to	our	series	of	patients	with	posterior	column	plating	

and	acetabular	cage	reconstruction	was	secondary	to	decreased	

surgical	time	and	minimizing	the	amount	of	soft-tissue	stripping.

Extensive	bone	loss	is	frequently	observed	in	the	setting	of	a	

chronic	pelvic	discontinuity.	In	order	to	achieve	long-term	success	

in	these	difficult	cases,	either	the	pelvis	must	be	stabilized	to	allow	

healing	of	the	discontinuity	or	alternative	methods	to	bridge	the	

discontinuity	must	be	utilized.	We	present	the	midterm	results	of	a	

potential	biologic	solution	in	patients	with	a	chronic	pelvic	discon-

tinuity	using	the	technique	of	pelvic	distraction.	This	technique	

appears	to	have	promise	for	these	difficult	cases	of	severe	bone	loss	

and	compromised	biologic	healing	potential.	
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	brett levine, md
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about rush univErsity mEdical cEntEr

Rush	is	a	not-for-profit	health	care,	education,	and	research	en-

terprise	located	on	the	west	side	of	Chicago.	Rush	encompasses	

the	academic	medical	center	Rush	University	Medical	Center;	

Rush	Oak	Park	Hospital;	Rush	University;	and	Rush	Health,	

a	clinically	integrated	network	of	providers	covering	the	full	

spectrum	of	patient	care.

quality rEcognition

• The	orthopedics	program	at	Rush	is	consistently	ranked	

among	the	best	in	the	nation	by	U.S.News & World Report.

It	was	ranked	No.	8	in	2011.

• Rush’s	nurses	have	been	awarded	Magnet	status—the	highest	

honor	a	hospital	can	receive	for	outstanding	achievement	

in	nursing	services—3	times.	Rush	was	the	first	medical	

center	in	Illinois	caring	for	adults	and	children	to	receive	this	

prestigious	designation,	and	the	first	in	Illinois	to	earn	a	third	

4-year	designation.

• Rush	was	named	among	the	top	hospitals	in	the	country	

for	quality,	safety,	and	efficiency	by	the	Leapfrog	Group,		

	

a	national	organization	that	promotes	health	care	safety	and	

quality	improvement.	Rush	is	one	of	only	65	hospitals	that	

made	the	list	of	top	hospitals	for	2010	from	among	nearly	

2000	hospitals	surveyed.

• University	HealthSystem	Consortium	has	awarded	Rush	

the	highest	possible	score	for	“equity	of	care”	in	each	of	the	

6	years	of	its	annual	quality	and	accountablity	study.	This	

ranking	measures	whether	patients	receive	the	same	quality	

of	treatment	and	have	the	same	outcomes	regardless	of	their	

gender,	race,	or	socioeconomic	status.

• The	orthopedics	program	at	Rush	had	the	second-lowest	

readmission	rate	(3.29%)	in	the	country	compared	to	the	

orthopedics	programs	of	other	hospitals	rated	among	the	top	

50	by	U.S.News & World Report	in	2010.*

• Also	in	2010,	the	orthopedics	program	at	Rush	had	the	

third-lowest	mortality	index	(.51)	among	orthopedics	

programs	from	U.S. News’	top	50	hospitals.	For	patients	of	

orthopedic	surgeons	at	Rush,	the	mortality	rate	was	49%	less	

than	expected	by	UHC	risk	adjustment	algorithms.*	

Volume	and	Quality	Data
2011 rush orthoPeDiCs journAl
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Legacy	of	Excellence
2011 rush orthoPeDiCs journAl

Legacy	of	Excellence			
An interview with renowneD sPine surgeon  

gunnAr B. j. AnDersson, MD, PhD, BY ChristoPher DewAlD, MD

When	Gunnar	B.	J.	Andersson,	MD,	PhD,	moved	to	the	United	

States	from	his	native	Sweden	in	1985,	he	already	had	a	stellar	

reputation	for	his	clinical	and	research	endeavors.	But	even	so,	he	

could	not	have	foreseen	the	phenomenal	success	he	would	enjoy	

at	Rush	as	a	clinician,	a	researcher,	an	educator,	and	a	leader.	He	

served	as	chairman	of	the	Department	of	Orthopedic	Surgery	for	

14	years	before	stepping	down	in	2008,	and	he	holds	the	Ronald	

L.	DeWald,	MD,	Endowed	Chair	in	Spinal	Deformities.	His	lab’s	

research	on	intervertebral	disk	degeneration,	which	has	broken	

new	ground	in	the	search	for	answers	to	low	back	pain,	was	hon-

ored	with	the	2011	Kappa	Delta	Elizabeth	Winston	Lanier	Award	

from	the	American	Academy	of	Orthopaedic	Surgeons	(AAOS).	

This	coveted	award	was	the	culmination	of	15-plus	years	spent	

characterizing	disk	degeneration	and	studying	therapeutic	options	

to	reverse	the	degenerative	process.

Christopher	DeWald,	MD,	whose	father	established	the	en-

dowed	chair	held	by	Andersson,	is	one	of	the	many	spine	surgeons	

at	Rush	whom	Andersson	has	mentored	through	the	years.	The	

two	recently	sat	down	to	talk	about	Andersson’s	life—and	his		

lasting	contributions	to	spine	care	and	research.

dewald: what inspired you to become an  

orthopedic surgeon?

andersson:	I	knew	early	on	that	I	wanted	to	be	a	surgeon,	but	I	

wasn’t	sure	which	subspecialty	I	preferred.	I	was	inspired	by	some	

of	my	professors	at	the	University	of	Gothenburg	in	Sweden,	and	

also	by	the	fact	that	there	is	mechanical	theory	behind	what	spine	

surgeons	do,	which	I’ve	always	liked.	One	of	my	professors	was	

internationally	famous;	he	was	well	known	as	one	of	the	fathers	of	

biomechanics—applying	mechanical	engineering	principles	to	the	

body.	This	appealed	to	me	because	I	was	interested	in	the	engineer-

ing	aspects	of	the	profession.

dewald: was your medical school similar to the medical 

schools in the united states?

andersson: It	was	different	because	in	Europe	you	don’t	have	

the	college	system,	so	you	went	to	medical	school	and	spent	6	and	

a	half	years	in	medical	school.	During	the	first	2	years	you	do	a	

lot	of	the	stuff	that	in	America	students	do	in	college.	Then	you	

enter	into	the	clinical	area	and,	as	in	the	United	States,	you	rotate	

to	different	specialties.	I	did	a	1-month	rotation	in	orthopedic	

surgery,	and	I	thought	it	was	a	great	subspecialty.	I	always	thought	

medicine	was	fascinating	in	that	you	don’t	have	to	make	choices	

about	your	area	of	focus	when	you	start	medical	school;	you	have	

to	make	choices	when	you	finish	medical	school.	

dewald: at the time you completed your training, there 

weren’t fellowships like there are now. how did you 

decide that spine was your calling?

andersson:	I	think	others	decided	that	for	me	in	a	way,	because	

I	was	initially	really	not	interested	in	the	clinical	care	of	patients	

with	back	pain.	I	was	interested	in	deformity,	but	I	was	more	

interested	in	joint	replacement	surgery	and	in	trauma	and	fracture	

care.	However,	my	research	was	primarily	in	spine,	and	people	kept	

sending	me	patients	with	back	problems	because	they	identified	

me	with	the	spine,	and	I	got	more	and	more	interested	in	that	area.	

Eventually	it	was	too	difficult	to	juggle	all	these	subspecialties,	so	I	

had	to	make	a	decision.	At	that	time	I	had	been	devoting	so	much	

time	to	spine	that	it	was	very	easy	to	make	a	decision.	I	have	never	

regretted	it.

dewald: what was the focus of your research in sweden?

andersson: A	lot	of	the	research	I	did	was	related	to	back	pain	

in	industry,	and	ways	of	reducing	the	impact	of	work	on	the	back.	

You	could	call	it	occupational	orthopedics	or	occupational		
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biomechanics.	At	that	time	it	was	not	a	particularly	popular	

subject	in	the	United	States.	Everybody	knew	there	were	a	lot	of	

worker’s	compensation	injuries,	but	there	were	not	a	lot	of	or-

thopedic	surgeons	who	were	interested	in	trying	to	do	something	

from	a	prevention	point	of	view	or	in	addressing	the	problems	

more	specifically.	That	has	clearly	changed.	Now	people	are	much	

more	cognizant	about	work-related	orthopedic	problems.	

dewald: i’ve heard you also had something to do with 

developing the seats in volvos.

andersson: I	did.	It	started	because	Volvo	was	looking	at	the	seat	

design	they	had,	and	they	wanted	some	input.	And	at	that	time	I	

had	just	started	my	research	career	and	was	interested	in	looking	

at	sitting—not	just	from	a	car	seat	perspective	but	in	other	ways	

as	well.	My	research	team	started	working	on	ways	of	measuring	

loads	on	the	spine	when	you	sit,	and	we	adapted	that	research	

to	Volvo’s	interest	in	figuring	out	what	types	of	supports	chairs	

should	have	in	order	to	be	as	comfortable	and	as	physiologically	

well	designed	as	possible.	In	the	process	I	got	connected	with	the	

research	engineers	at	Volvo	and	with	the	interior	designers,	and	we	

started	working	very	closely	on	developing	seats.	That	collabora-

tion	actually	continued	for	about	15	years.	It	was	a	very	nice	col-

laboration,	and	Volvo	supported	a	lot	of	the	research	I	did	during	

those	years.	

dewald: they still use the same car seat design today, 

don’t they?

andersson:	They	do.	Interestingly,	some	of	the	things	we	felt	

would	enhance	the	seats—such	as	lower	back	support—were	

things	Volvo	had	thought	about	removing	because	they	cost	

money.	You	know,	it’s	only	a	few	dollars	per	seat,	but	if	you	make	

millions	of	seats	each	year,	it	adds	up	to	a	lot	of	money.

dewald: you had quite a successful career in sweden. 

what made you decide to make the jump across  

the pond?

andersson: That	was	also	chance	to	some	degree.	I	was	actually	

planning	to	move	within	Sweden.	In	the	1970s	and	early	1980s,	I	

had	been	here	in	the	States	doing	research	with	Jorge	O.	Galante,	

MD,	DMSc	[the	Grainger	Director	of	the	Rush	Arthritis	and	

Orthopedics	Institute	and	former	chairman	of	the	Department	of	

Orthopedic	Surgery],	and	I	had	people	from	the	States	spending	

time	with	me	in	Sweden,	primarily	on	the	research	side.	Around	

the	time	I	was	getting	ready	to	move	within	Sweden,	I	visited	the	

United	States,	and	Jorge	said,	“You	know,	if	you’re	going	to	move,	

you	should	move	to	the	United	States.”	That’s	how	it	started.	

I	thought	the	opportunity	here	was	tremendous,	and	at	that	time	

in	my	life	I	also	thought	it	would	be	exciting	to	move	to	a	new	

environment	and	experience	new	challenges.	I	figured	if	it	didn’t	

work	out,	I	could	always	go	back	to	Sweden.	I	was	42	years	old	

when	I	moved	to	the	United	States—that’s	fairly	late	in	life—and	

I	had	built	a	career	in	Sweden.	But	I	thought	it	would	be	an	inter-

esting	challenge	to	try	to	build	a	career	in	the	United	States.	

dewald: how was the transition overall for your family 

from sweden to the united states? 

andersson:	For	my	wife	and	myself	it	was	fairly	easy,	but	the	kids	

struggled	for	a	couple	of	years.	However,	we	had	decided	from	the	

beginning	we	were	going	to	be	here	for	three	years,	whether	we	

liked	it	or	not,	and	then	after	three	years	we	would	make	a	deci-

sion	whether	to	stay	or	move.	After	three	years,	we	had	breakfast	

and	my	wife	and	I	told	the	kids	that	we	needed	to	decide	what	

to	do.	And	the	kids	looked	at	us	and	said,	“Well,	we	don’t	really	

care	what	you	guys	do,	but	we’re	going	to	stay	here.”	So	it	became	

fairly	easy.	I	have	never	regretted	the	move.	It’s	been	very	reward-

ing	personally	and	professionally.

dewald: what type of research were you doing with dr 

galante before you moved here? 

andersson: We	worked	mostly	on	joint	replacements,	and	also	

on	bone	ingrowth	into	the	porous	material	he	had	developed,	

which	subsequently	became	the	fixation	system	for	a	lot	of	joint	

replacement	devices.	I	was	here	doing	primarily	research	in	joint	

replacement.	I	did	some	work	on	the	spine	as	well	with	some	of	

the	people	over	at	the	University	of	Illinois,	Chicago.	In	subse-

quent	years	some	of	those	researchers	came	over	and	spent	a	year	

with	me	in	Sweden.	We	continued	to	work	together.	So	by	the	

time	I	moved	here	I	had	all	these	friends,	and	Chicago	felt	like	a	

home	away	from	home	in	many	ways.

dewald: you came to rush in 1985; at what point did you 

assume the role of department chairman? 

andersson:	In	1994,	and	that	was	because	we	made	some	major	

changes	to	the	department.	The	Rush	Arthritis	and	Orthopedics	

Institute	was	created,	and	Dr	Galante,	who	had	been	department	

chairman	since	the	department	was	founded	in	1972-1973,	de-

cided	he	would	rather	be	head	of	the	institute	than	continue	to	be	

the	department	chairman.	It	was	an	exciting	time	because	at	that	

time	I	was	also	the	managing	partner	of	Midwest	Orthopaedics	at	

Rush,	and	we	had	started	growing	very	rapidly	and	were	recruit-

ing	a	lot	of	talented	new	people.	There	were	tremendous	clinical	

opportunities	based	on	our	clinical	excellence	and	the	fact	that	



we	had	been	able	to	marry	research	and	clinical	care	in	a	way	that	

was	unique	to	Chicago	and,	to	some	degree,	unique	to	the	United	

States	at	the	time.	

dewald: the amount of change that has occurred in the 

department since 1994 is dramatic. how were you able 

to grow the department as well as you have with all the 

different personalities?

andersson:	You	have	to	accept	that	people	are	different.	You	

have	to	take	advantage	of	the	fact	that	many	people	who	have	

high-strung	personalities	also	are	brilliant,	and	if	you	give	them	

the	opportunity	they	will	put	their	brilliance	to	use.	You	build	

by	recruiting	people,	and	then	you	give	them	an	opportunity	to	

excel	in	the	areas	where	they	can	excel.	And	you	leave	them	alone;	

you	don’t	micromanage	what	they	do.	Meanwhile,	you	just	keep	a	

direction	that	moves	everything	forward.	

We’ve	been	blessed	at	Rush.	There’s	not	been	a	single	person	that	

I	wouldn’t	have	recruited	again	to	this	department,	and	all	of	the	

faculty	members	have	shown	clinical	excellence	as	well	as	a	devo-

tion	to	research	and	education.	We’ve	also	been	extremely	lucky	

in	recruiting	the	right	people	to	our	research	faculty.	They’ve	been	

successful	in	getting	funding	and	in	enhancing	Rush’s	reputation.	

Once	you	have	a	good	reputation,	it’s	easy	to	recruit	more		

good	people.	

dewald: do you see the department continuing to grow?

andersson:	I	do.	We’ve	nearly	tripled	in	size	since	1994,	when	

we	had	only	10	or	11	surgeons,	and	the	numbers	of	publications	

and	research	papers	and	presentations	by	our	faculty	have	been	

absolutely	phenomenal.	Our	surgical	volume	has	grown	as	well;	

in	1994	we	were	doing	about	3000	cases	a	year;	now	we’re	doing	

more	than	10000	cases.	There	has	been	explosive	development	

in	many	of	the	subspecialties,	and	I	don’t	see	any	reason	why	that	

should	stop.	

One	of	our	limitations,	historically,	has	been	space.	On	the	prac-

tice	side,	I	started	working	on	consolidation	and	increasing	space	

in	the	1990s,	and	now	we	have	our	own	building	on	campus,	and	

we	have	space	for	additional	growth.	

dewald: whose idea was the orthopedic building?

andersson:	I	believe	it	was	my	idea.	I	started	conceptualizing	an	

orthopedic	hospital	in	the	early	1990s,	shortly	after	I	took	over	as	

managing	partner	of	Midwest	Orthopaedics	at	Rush.	And	by	the	

time	Rush	started	working	on	the	transformation	of	the	campus	

in	the	early	2000s,	it	was	obvious	that	we	needed	more	profes-

sional	office	space	for	our	orthopedic	physicians.	At	that	time	I	

pushed	the	idea	that	we	should	have	a	separate	building	that	we	

would	be	able	to	finance	and	run	on	our	own.	There	wasn’t	a	lot	

of	resistance.	The	institution	thought	it	was	a	good	idea	because	

consolidating	our	orthopedic	practices	would	open	up	space	in	the	

existing	professional	office	buildings	that	Rush	could	use	for	other	

purposes.	And	it	also	freed	up	some	capital	for	the	institution	to	

spend	on	the	new	hospital,	which	was	important	for	them	from	a	

business	perspective.	So	I	think	it	was	fairly	well	accepted	from	the	

very	beginning.

dewald: getting back to your research, you’re best 

known for your work on intervertebral disk degenera-

tion, but obviously that wasn’t always your area of  

interest. what caused you to shift your focus?

andersson:	When	I	first	came	to	the	States,	I	continued	to	work	

on	lifting	and	other	activities	that	are	stressful	to	the	back.	But	one	

of	the	areas	I’ve	devoted	a	lot	of	time	to	is	epidemiology,	and	it	

became	clear	to	me	that	back	pain	is	probably	the	most	common	

of	all	the	chronic	pain	conditions,	not	only	in	the	United	States,	

but	in	virtually	every	country	in	the	world.	It	also	became	obvious	

to	me	that	the	major	cause	of	back	pain	is	related	to	disk	degenera-

tion	and	the	consequences	of	disk	degeneration.	So	over	the	past	

15-plus	years	that’s	been	the	primary	focus	of	my	research.

As	a	result	of	that	research,	we	have	characterized	disk	degen-

eration	at	its	various	stages.	We	have	created	animal	models	to	

study	disk	degeneration	in	detail	and	have	studied	a	variety	of	

products—genes,	growth	factors,	cells,	stem	cells—to	reverse	disk	

degeneration.	And	we	have	come	to	the	point	now	where		

2	of	those	products	are	being	tested	in	humans	by	large		

implant	companies.
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dewald: your lab received a kappa delta award for this 

work. would you say that is your crowning research 

achievement? 

andersson:	I	don’t	know	that	I	can	really	point	to	one	thing	

that	I’m	proudest	of.	Most	of	the	time	what	you	do	in	research	is	

lay	foundations,	you	lay	bricks,	and	hopefully	somebody	else	will	

lay	the	next	brick,	and	research	advances.	You	look	at	the	areas	in	

which	you	have	made	contributions,	and	you	ask	whether	those	

contributions	have	stimulated	people	to	do	more	in	the	area.	And	

I	think	I	have.	The	whole	area	of	clinical	research,	which	I	was	

very	interested	in	initially,	has	blossomed.	The	area	of	occupational	

biomechanics	has	grown	dramatically.	Spine	research	certainly	is	

at	a	very	different	level	today	than	it	was	when	I	started.	But	you	

go	through	phases.	You	go	through	phases	when	you	contribute	a	

lot,	and	then	you	go	through	phases	where	you	stimulate	others	to	

contribute.	And	when	you	get	to	the	stage	where	you	look	back	at	

your	life,	it’s	hard	to	pick	certain	things	out	and	say	this	is	where	

your	contributions	made	a	difference,	and	this	is	where	they	didn’t.	

Of	course,	the	Kappa	Delta	Award	is	a	huge	honor	because	

it’s	given	for	a	body	of	research,	over	a	period	of	time,	that	has	

influenced	the	field.	Interestingly,	I	was	an	author	on	Kappa	Delta	

Award	papers	twice	before,	and	in	both	cases	I	had	to	take	my	

name	off	because	I	was	still	in	Sweden,	and	at	the	time	they	would	

not	allow	nonmembers	of	the	AAOS	to	be	on	these	papers.	So	this	

is	my	one	and	only	Kappa	Delta	Award,	and	that’s	fine.	The	true	

awardee	is	Howard	S.	An,	MD,	without	whom	the	progress	would	

not	have	occurred	and	who,	appropriately,	is	the	first	author.

dewald: what do you think is the future of treatment for 

disk degeneration?

andersson:	I	think	biologics	will	play	a	larger	role	than	they	do	

today.	There’s	no	question	that	you	can	reverse	disk	degeneration	

in	the	early	stages.	But	the	problem	is	that	in	the	early	stages	most	

people	don’t	have	any	pain	from	disk	degeneration.	And	clini-

cally	it’s	not	practical	to	have	a	method	to	treat	something	that	

isn’t	causing	symptoms.	So	we	need	to	find	ways	of	affecting	disk	

degeneration	at	a	later	stage,	a	way	of	stimulating	the	cells	in	the	

disks	to	produce	the	normal	products	that	a	disk	needs	to	sustain	

its	normal	biologic	activity.	Currently	you	can	do	that	by	inject-

ing	chemicals	that	stimulate	the	cells,	or	by	injecting	cells	that	

produce	substances,	or	by	manipulating	the	genes	of	the	cells.	All	

these	methods	are	currently	available	and	are	currently	being	tested	

clinically,	but	they	are	still	primarily	in	a	research	stage.	In	the	

future	they	will	be	clinically	useful	methods,	although	I	don’t	think	

it’s	going	to	happen	in	the	next	decade.	Maybe	it	will	happen	in	

my	lifetime.	


