
http://www.fspmr.org/join-fspmr.html

SUPPO

R
T 

Y
O

U
R

 P
R
O
FE

SSION     JO
IN

 F
S

P
M

R
 N

O
W

PHYSIATRIST'S VOICE
  DECEMBER 2015N E W S L E T T E R

Enhancing  Health  And  
Function  Through  Education  
And  Research In  The  Field  Of 

Physical  Medicine And 
Rehabilitation

IN THIS ISSUE

1    President’s Report

2    FMA Board of Governors Update

3    Update On Prescription Drug 
        Access Issue

6    Case Report: Nerve Block Of  The 
Ophthalmic (V1) Division Of The 
Trigeminal Nerve For Headache 
Management

  8   Case Report: Utilizing Moda�nil To 
Manage Hypoarousal After Severe
Traumatic Brain Injury (Tbi) 
A�ecting The Reticular Activating 
System (Ras)

11   FSPMR Membership Time
        Allied Health Update

12   Residents Section

16   Dates To Save

17   Highlights From OMED 2015

18   Review Article: Stature 
Lengthening Using the PRECICE 
Intramedullary Lengthening Nail
        

Our organization continues to be involved in local, state, and 
national activities. Over the past several months, the board of 
the FSPMR has met to discuss current and upcoming events. 
I continue to be grateful for the continued support of 
everyone involved in our society. 

Dr. Randall Braddom and Dr. Amir Mahajer were actively 
involved in the Annual American Osteopathic Association 
meeting in Orlando. Dr. Braddom spoke on the importance of 
exercise on the human body. This meeting was well attended 
and included standing room only lectures.  Our organization 

is grateful for the assistance of Dr. Mahajer for serving as the Co Chairman of this 
year’s program of the American Osteopathic College of Physical Medicine and 
Rehabilitation. 
 
We continue to be well represented on issues relating to patients’ access to 
prescribed pain medications. Dr. Mark Rubenstein has participated in local and 
regional meetings expressing the concerns of physicians and patients. We are 
thankful for his continued involvement. 
 
Dr. Nicholas Henderson attended the American Academy of Physical Medicine 
and Rehabilitation meeting with Dr. Mitchell Freed. Dr. Henderson participated 
in the combined State Society and CAC meeting. His presence at these state and 
national meetings assures that our voice is being heard and our interests are 
being shared with others. 
 
Our numbers continue to grow and we have received support and participation 
from the Physical Medicine and Rehabilitation training programs in the state. 
Membership has now been opened up to allied health providers which should 
allow for continued expansion and mutual support from our colleagues that 
share common goals for patients. It is an exciting time for the �eld in the state of 
Florida. 
 
Planning for the upcoming annual meeting is now underway. We look forward 
to an expanded program with diverse topics to appeal to a broader range of 
areas in our specialty. Please spread the word to your colleagues!

Respectfully Submitted,

Michael Creamer, D.O.
President 
Florida Society of Physical Medicine and Rehabilitation

PRESIDENT’S REPORT
Michael Creamer, DO
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The Florida Medical Association Report - Board of Governors Update
Lindsay N. Shroyer, M.D.

The Florida Medical Association Board of Governors meeting was held October 10-12, 2015, at the One 
Ocean Resort, Atlantic Beach, FL.  President and Chair, Dr. Ralf Nobo, Jr., M.D., led the meeting.  

The Council on Medical Sta�, Science, and Public Health was pleased to report to the Board of Governors 
that there are increasing numbers of poster presentations at the annual meeting.  The FMA welcomes 
the poster presentations, and requests more FMA member support, including volunteers for judges.  
Posters are now displayed electronically.  Many of the Florida medical schools, residency programs, and 
fellowship programs require poster submissions at the state and national meetings.  The annual FMA 
meeting is providing an opportunity for the medical students, residents, and fellows to meet their 
requirements, and become more involved in the FMA organization.  It is free for medical students, 
residents, and fellows to be a member of the FMA.  

The Council of Medical Economics and Practice Innovation requested the support of the FMA for 
lobbying to increase Florida Medicaid rates towards Medicare rates.  Currently, Medicaid reimbursement 

in pediatrics is about 40% of Medicare reimbursement.  Pediatrics makes up the majority of Medicaid total users here in Florida.  
Adult primary care Medicaid reimbursement is about 50% of Medicare reimbursement.  Although the majority of people on Florida 
Medicaid are the pediatric population, the adult population utilizes the most Medicaid dollars.  

Dr. Ralph Nobo, Jr., stated in his inaugural speech at the FMA 2015 meeting that the FMA would be working on creating a new app 
for mobile devices to improve communication to the FMA members.  The FMA is also working on improving their current website.  
There are CME opportunities available on the FMA website for members.  Some are free, and some are available for a fee.  Included 
in the free CMEs for FMA members are the Florida speci�c CMEs including Medical Errors, Domestic Violence, and HIV.  
http://www.�medical.org 

New appointments by Dr. Nobo,  Jr., to the Board of Governors 2015-16 Councils and Committees and other a�liations include:  
• FMA Board of Governors Board of Medicine:  Nabil El Sanadi, MD 
• FMA Executive Committee at Large:  Jason Pirozzolo, DO 
• Council on Legislation:  Bryan Campbell, Executive Director, DCMS
• Council on Medical Economics and Practice Innovation:   Joseph Rugg, Esq 
• Committee on Bylaws :  Joseph Rugg, Esq 

The next FMA Annual Meeting is July 29-July 31 at Disney’s Yacht and Beach Club in 
Orlando, FL.  

The next AMA Annual Meeting is June 10-14, 2017, at the Hyatt Regency in Chicago, IL.

 

http://www.fspmr.org/join-renew-payment.html

http://www.fspmr.org/join-renew-payment.html

If you have any pertinent patient education 
articles and would like to share with our 
community, please contact Lorry Davis, 
Executive Director at 904-994-6944, or 

email at: Lorry4@earthlink.net

Call For
Patient Education Articles

It’s Membership
Renewal Time!

CLICK HERE to Renew

Not a Member Yet?
CLICK HERE to Join
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UPDATE ON PRESCRIPTION DRUG ACCESS ISSUE
Mark Rubenstein, MD
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In the last FSPMR newsletter, I provided an update of the current status regarding the 
prescription drug access issues.  On August 10, 2015, Dr. Larry  Dalton from the FSIPP and 
myself attended the Board of Pharmacy Sub-Committee meeting for a task force formed by 
the State to address the problem.  We have been attending these meetings for the better part 
of the last year and continue to provide a presence to help bring awareness to the situation 
and pro�er solutions to a public health issue.  The attached speech (see page 4) was 
delivered by me at the meeting in addition to testimony from many other individuals.  A 
thorough, pre-written presentation was provided by Susan Langston, the Drug Enforcement 
Agency (DEA) Tactical Diversion Leader from their major o�ces in South Florida.  

The meeting led to yet another sub-committee and task force which was charged with drafting a new guideline for 
pharmacists in this state.  Appointed to the sub-committee included Dr. Dalton (a physiatrist and immediate 
past-president of the Florida Society of Interventional Pain Physicians – FSIPP), and myself representing the Florida 
Medical Association.  Dr. Jesse Lipnick was gracious enough to attend one of the sub-committee meetings held in 
Tallahassee since I couldn’t physically be at the meeting – both Dr. Dalton and Dr. Lipnick did an excellent job of 
explaining the issue and representing the interests of the physicians of this state.

Recently, the Board of Pharmacy approved the new standards which were formed by this sub-committee:  
“Standards of Practice for the Dispensing of Controlled Substances for the Treatment of Pain.”  Highlights include 
the recognition that patients in Florida should be able to �ll valid prescriptions for controlled substances, and 
pharmacists should not fear disciplinary action for �lling a prescription that was issued by a physician for a 
legitimate medical purpose.  The rule now contains guidelines for pharmacists to use to validate a controlled 
substance prescription before refusing to �ll same.  It suggests a process for validating the prescription including 
using the prescription drug monitoring database and then attempting to validate with the prescriber him or herself 
if it is not clear that a valid prescription has been issued.  All pharmacists will now also have to complete a Board 
approved two hour continuing education course on the validation of the prescription of controlled substances with 
their next license renewal cycle.  

At a state and national level, the DEA has begun e�orts to help educate pharmacists about validating a 
prescription, as well as what would constitute a script for a legitimate medical purpose.

On a national level, the American Medical Association has convened a task force including at least 25 di�erent 
entities to address the issues of prescription drug abuse.  On 11/16/15, I attended the AMA’s national presentation 
at the interim House of Delegates meeting in Atlanta entitled “Combating America’s Opioid Epidemic – Strategies 
for Physicians and Medical Societies.”  The AMA encourages physicians to utilize the state prescription drug 
monitoring program, educate ourselves on e�ective, evidence-based prescribing, and promote e�orts to reduce 
the stigma of pain and substance use disorder while providing enhanced access to treatment.  The AMA also 
supports expanded access to naloxone to prevent overdose deaths and has started to promote same.

Overall, we are still dealing with issues of prescription drug abuse as well as access.  We will continue to participate 
and engage in these discussions at a local, state, and national level and represent the interests of our organization.  
On 12/7/15, the Board of Pharmacy will again meet in Tallahassee to discuss the drug access issue.  Stay tuned for 
more information on this important issue.
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At the �rst meeting of this Committee, we heard public and professional testimony about the drug access 
problems.  We have heard references to the  drug abuse problem.  The last meeting was highlighted by stories of 
legitimate pain patients who described humiliation, embarrassment, tragedy, devastation, disruption of livelihood, 
scrutinization, and examples of drug rationing.

The common denominator was that pain problems and lack of medications are a�ecting people’s ability to 
function in society.

The rationing of medications has led to patient su�ering as well as pharmacy frustration.   Testimony from 
pharmacists showed evidence of this as well.  

At the last meeting it was clear that there has been inappropriate application of the “red �ag” rules.  

Societies across the country including the American Medical Association have been publically concerned with the 
overdose crisis, and now the rising heroin epidemic.    States are developing their own best practice guidelines, as 
evidenced by the November 2014 Arizona state guidelines.  Today the AMA announced that Kentucky is striving to 
become a leader in solutions for the prescription drug abuse problem with congressman taking a role.

What is clear is that a balance is required.  The balance needs to be between risk and bene�t.  

Since the dispensation of opioids has been reduced, we have seen a noticeable increase in non-prescribed 
medication abuse (speci�cally heroin).  With that abuse has also been a public out-cry due to needless su�ering.
 
Physicians need to be responsible for proper prescribing habits.  This means we need to have “best practices” and 
o�er what is the optimal care to maximize function, reduce risk, and improve quality of life.  Physicians need to be 
responsible for policing their own, and that includes the Board of Medicine and Department of Health.  We also 
need to look at each and every patient and determine if the medications prescribed really are medically necessary, 
or if there are more e�ective regimens with less risk available.

Pharmacists have the doctrine of corresponding responsibility.  They are absolutely part of the team but we have 
heard too many complaints of improper denials of medications related to internal checklists, corporate guidelines, 
and corresponding responsibility doctrine as an excuse NOT to �ll, rather than an attempt to properly vet a 
prescription.  

Wholesalers and suppliers have reduced the supply to pharmacies.  A scienti�c explanation of the basis to reduce 
supply (and hence increase public demand) has not been proferred.  We understand the government regulation, 
which is also necessary pursuant to the Controlled Substances Act.

SOLUTIONS:
So where are the solutions?  Is it countless meetings?  Or action which helps set a balance for not mediocrity, but 
rather best practices which bene�t society?

(continued next page)
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The American Academy of Pain Management proposed some suggestions at the last meeting including revision of 
the Board of Pharmacy’s Standard of Practice for dispensing controlled substances.  They also referenced that 
pharmacists should not be paid bonuses based on rate of �lling prescriptions, and they suggested that pharmacists 
be required to tell the patients the truth of why their prescriptions aren’t being �lled.  The AAPM suggested that 
inventory shortages and refusing prescriptions should be subjected to mandatory reporting – I would agree that 
this could elucidate the problem at the Board of Pharmacy level so proper identi�cation of the issue occurs.  This 
would also address the issue of questionable supply per the Board Chair.  

AAPM also suggested that retail pharmacies should have protocols indicating a process that will be used to 
evaluate requests for increased supplies, and that these protocols be submitted to the appropriate agency for 
approval, and then implemented for approval.  

The American Medical Association has taken on an active role in the public domain related to prescription drug 
abuse.  The AMA agrees that ensuring access to comprehensive pain management services is a central component 
of their plan to curb prescription drug abuse.  The AMA has urged Walgreens and other national chains to make 
their internal “red �ags” policies public and subject to regulatory review.    To my knowledge (and to the AMA’s as 
well), this has not yet occurred.  Perhaps even adding methods to “clear a red �ag” as Ms. Langston so eloquently 
stated would be in order.

These are reasonable suggestions.  

Fundamental to any proposed solution are the principles of education, collaboration, and best practices.  We need 
to educate our respective disciplines relating to risks/bene�ts/proper prescribing, etc.  We need to work together 
for optimal solutions both in the short and long term, and need to be prepared to modify those solutions going 
forward based on results of the interventions.  Pharmacists and physicians should be encouraged to have open 
dialogues in the best interests of the patients rather than a unilateral decision about prescription necessity.  As one 
physician jokingly said at the last meeting:  “Take your pharmacist to lunch.”  Open relationships and ability to 
converse in a HIPAA protected fashion should bene�t the patient, provider, and society.

Currently it appears that the most signi�cant issues which need to be addressed relate to perceived supply issues 
and dispensation of same.  

All stakeholders in this situation need to commit to proper pain management.  This includes reducing the stigma of 
pain while properly providing access to comprehensive, evidence-based pain care.  Patients in pain deserve the 
same care and compassion as any other patient.  

I can speak for the Florida Medical Association, the Florida Society of PM&R, the Florida Academy of Pain Medicine, 
the Florida Society of Interventional Pain Physicians, and the American Medical Association when I say that 
organized medicine is eager to help ensure that the public is optimally served by best practices in the �eld of pain 
medicine.

Today you have heard that the Board of (Allopathic) Medicine, Board of Osteopathic Medicine, and the DEA are 
ready, willing, and able to assist in the education and information process.
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Lui, Mickey, DO, MPH1, 2, Kola, Sandeep, DO1, 2, Le, Huykien, OMSIV5, Nedd, Kester, DO3, 4
1Larkin Community Hospital, South Miami, FL
2Nova Southeastern University College of Osteopathic Medicine, Fort Lauderdale, FL
3University of Miami Miller School of Medicine, Miami, FL
4Design Neuroscience Center, Doral, FL
5Touro University College of Osteopathic Medicine, Vallejo, CA

Introduction:
Trigeminal neuralgia has an incidence of 4.3 per 100,000 persons per year4. Unilateral involvement of the 
ophthalmic (V1) division accounts for only 4% of all trigeminal neuralgia, but is an important cause of frontal 
headache1. Treatment of headaches with local nerve blocks have been shown to be safe and e�ective for 
management of headache syndromes5. In this report, the e�ectiveness of local nerve block for symptomatic 
treatment of headache attributed to V1 Division of the Trigeminal Neuralgia is discussed. 

Case Description: 
33 year old woman presented with a 28 year history of intermittent chronic left supraorbital frontal headaches. Her 
past medical history was signi�cant for corticosteroid injection and pulsed-dye laser treatments for left sided 
infantile supraorbital and facial hemangiomas. Her headaches were stabbing in nature and typically progressed to 
throbbing with associated nausea and vomiting. She had a history of multiple emergency room visits for 
management of severe headaches without signi�cant relief. Previously she has been managed with varying 
degrees of success using ca�eine products, antiemetics, benzodiazepines, non-steroidal anti-in�ammatory drugs 
(NSAIDs) and topiramate. At the time of her initial visit her headaches had progressed to the point of negatively 
impacting her work performance and social life.

Physical exam �ndings included increased headache when provocative pressure was applied to the left 
supraorbital region over the distribution of the V1 division of the trigeminal nerve. The patient had hyperesthesia, 
diminished sensation and visible skin color changes in the V1 division’s dermatomal region on the left side of the 
head following 
exacerbation.

A diagnostic and 
therapeutic nerve block 
was done utilizing a 
mixture of 9 mL of 
Bupivacaine 0.5% and 1 
mL of 
Methylprednisolone 
sodium succinate 
40mg/mL. A total of 3 
mL of this mixture was 
injected locally to the 
left supraorbital foramen 
where the V1 Division of 
the trigeminal nerve 
exits. (See Figure 1).

(continued next page) Figure 1. Depiction of injection site (Original drawing by Huykien Le, OMSIV) 
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The patient’s Visual Analog Scale (VAS) pain level went from 10/10 prior to the injection to complete resolution of 
her pain (0/10) following the injection. Anesthesia in the distribution of the V1 Division of the trigeminal nerve was 
noted following the injection. The patient was seen at 1 month follow-up visit after nerve block and continued to 
have improvement in her pain with a VAS 2/10. A repeat nerve block was performed, and she has had complete 
resolution of her pain since that time.

Discussion:
Trigeminal neuralgia can cause persistent headache. The patient’s onset of headache symptoms shortly after her 
treatment for infantile hemangioma indicates that her trigeminal neuralgia of the V1 Division was most likely 
related to her infantile hemangioma and its treatments2, 3. 

Localized super�cial nerve blocks have been shown to be e�cacious and safe for the management of headaches5. 
Given the patient’s favorable response to the localized nerve block to the ophthalmic division of the trigeminal 
nerve; nerve blocks to the V1 division of the Trigeminal Nerve can be an e�ective treatment modality in the 
management of such patients, even after 28 years of chronic headache symptoms.

Conclusion:
Trigeminal neuralgia should be considered as an important cause of headaches that can be diagnosed and 
potentially treated with nerve blocks. A high index of suspicion for trigeminal neuralgia involving the V1 Division 
exists when palpation to the supraorbital region reproduces the headache symptoms with hyperesthesia and 
diminished sensation in the distribution of the nerve. This case indicates that a diagnostic and therapeutic nerve 
block to the V1 Division of the trigeminal nerve should be considered in such cases given the e�cacy and favorable 
side e�ect pro�le.

References:
1. Agrawal SM, Kambalimath DH. Trigeminal neuralgia involving supraorbital and infraorbital nerves. National Journal of 
Maxillofacial Surgery. 2010;1(2):179-182. doi:10.4103/0975-5950.79226.

2. Chang, WK, Mulford, GJ. Iatrogenic trigeminal sensorimotor neuropathy resulting from local anesthesia: a case report. Arch 
Phys Med Rehabil. 2000 Dec;81(12):1591-3.

3. Kessels, JP, Hamers, ET, Ostertag, JU. Super�cial hemangioma: pulsed dye laser versus wait-and-see. Dermatol Surg. 2013 
Mar;39(3 Pt 1):414-21. doi: 10.1111/dsu.12081. Epub 2012 Dec 26.

4. Obermann M. Treatment options in trigeminal neuralgia. Therapeutic Advances in Neurological Disorders. 
2010;3(2):107-115. doi:10.1177/1756285609359317.

5. Panero, A., Delgado, A, Hotz, G., Nedd, K., Sherman, AL. E�cacy and Safety of Frontal & Occipital Nerve Blocks in 
Post-Traumatic Headache: A Retrospective Study. PM&R. 2012; 4(10):S193–S194. DOI: 10.1016/j.pmrj.2012.09.644
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Introduction:
Hypoarousal is a common problem in severe traumatic brain Injury (TBI) that poses a signi�cant challenge to 
patient recovery and rehabilitation e�orts. Injury to the Reticular Activating System (RAS), the sleep wake center of 
the brain, is an important mechanism for arousal dysfunction. Amantadine and methylphenidate are often used 
with varying degrees of success to manage symptoms of fatigue and hypoarousal. Moda�nil, a wakefulness 
promoting medication, is used to manage narcolepsy, shift work sleep disorder, excessive daytime sleepiness, and 
o� label as a cognition-enhancing agent. In this report, moda�nil was used to successfully manage hypoarousal 
secondary to TBI.

Case Description: 
A 25-year-old right-handed male su�ered a severe TBI following a skateboarding accident when he fell and 
impacted the back of his head against the ground. He was not wearing a protective helmet. He had a documented 
3-minute loss of consciousness. Upon arrival at the hospital, he was lucid for 8 hours with initial head CT showing a 
left fronto-temporal subdural hematoma. Subsequently he experienced a grand mal seizure and rapid 
decompensation requiring intubation. Follow up head CT showed an expanding left fronto-temporal subdural 
hematoma with mass e�ect and uncal herniation. A left sided craniectomy was performed, but the patient was left 
in a comatose/vegetative state. He underwent a coma stimulation program for several months following the 
incident without making signi�cant progress. Throughout this time family members noted that the patient had 
brief periods of wakefulness that lasted several seconds that were not sustained.

He presented to the outpatient neurorehabilitation clinic 10 months after his TBI and was believed to be in a 
continued comatose/vegetative state. Pertinent physical exam �ndings showed rapid changes between arousal 
and deep sleep with the patient only able at to maintain arousal for 5-10 seconds with sustained external 
stimulation. It was not possible to determine his cognitive abilities given his short arousal time. He showed paresis 
of vertical gaze when aroused and showed passive “dolls eye” phenomenon when not aroused. MRI of the brain 
revealed ischemic changes at the pretectal area of the mid-brain, which was consistent with the clinical �ndings of 
limited upward gaze. In addition, there was a hygroma involving the left fronto-temporal region.

It was determined that the patient su�ered a severe TBI a�ecting both hemispheres and the brain stem with a 
primary disorder of arousal due to involvement of the RAS secondary to injury of the midbrain. 

A 24-hour video EEG following his initial outpatient visit showed signi�cant right hemispheric dysfunction 
consistent with TBI and intracranial hemorrhage. Also present was N1 sleep with alpha drop out, prominent vertex 
waves, slow rolling eye movements, normal patterns of N2 sleep with well formed 12-14 Hz spindles, and 
K-complexes. There were bicentral vertex waves during N2 sleep and segments of REM sleep. The EEG also showed 
frequent bursts of polymorphic delta activity (2Hz) over the right hemisphere. The recording showed that the 
patient spent most of the 24 hour EEG recording in sleep patterns. There was no evidence of seizure activity. A 
diagnosis of hypoarousal state was made given the EEG �ndings, lesion in the RAS on imaging and paresis of 
vertical gaze4.

(continued next page)
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(continued from previous page)

Multiple medications were considered for the treatment of hypoarousal in this patient. Amantadine, methylpheni-
date, and moda�nil were all possible options. We didn’t believe that the patient was in a coma, but was simply 
sleeping. We decided to treat the patient as if he had narcolepsy, for which moda�nil is the �rst line treatment. 
Moda�nil has had varying results when used in treating hypoarousal8. However, when correctly targeting hyper-
somnia and narcoleptic features attributed to TBI, moda�nil has been shown to be e�ective3,7.

The patient was started on moda�nil 100mg in the morning and at the one-month follow-up visit the patient’s 
family reported improvement in arousal time from 5-10 seconds to 2-3 hours at a time after the morning dose of 
Moda�nil (100 mg). While wakeful he was able to follow simple commands and participate in rehabilitation thera-
pies. His family also noted normalization of his sleep-wake cycles where he would primarily sleep at night. Follow 
up 48-hour video EEG one month after start of moda�nil showed left hemisphere dysfunction with increased 
arousal periods. Sleep architecture was relatively preserved, but more fragmented than normal.

The moda�nil dosage was increased to 100mg twice a day. At the 2-month follow-up visit he demonstrated signi�-
cant improvement in arousal with sustained arousal for more than 4 hours at a time and was able to follow both 
simple and complex commands. Four months after beginning the moda�nil, the patient improved to the point that 
he was able to enroll in a comprehensive neurological rehabilitation program.  

Discussion:
In order to guide treatment in brain injury, it is important to di�erentiate among hypoarousal states associated 
with RAS dysfunction, coma, and minimally conscious state or vegetative state1. On EEG, coma and vegetative state 
do not generally demonstrate sleep-wake cycles or periods of arousals, while persons with hypoarousal states do 
have periods of arousal with sleep-wake cycles. The clinical presentation, diagnostic studies, and the response to 
medication led to the clinical suspicion of a hypoarousal state due to a disorder of the RAS. Evidence of MRI lesions 
in the dorsal mid-brain (which is the anatomical location of the RAS), and the clinical �nding of paresis of vertical 
gaze suggest hypoarousal disorder.

Moda�nil is an approved treatment for arousal disorders, and should be considered in patients with arousal prob-
lems after severe TBI. (This use is most likely still an o�-label use of this drug). Although the mechanism of 
moda�nil is not entirely clear, recent literature has postulated that moda�nil modulates the RAS by increasing 
electrical coupling of voltage-gated channels. Electrical coupling of the GABAnergic RAS neurons can cause a 
decrease in GABA release that accounts for moda�nil’s stimulant properties2. 

In this case the patient was determined to be in a minimally conscious state upon presentation at the neuroreha-
bilitation clinic. Careful clinical examination coupled with MRI imaging and EEG diagnostics led to the suspicion of 
a hypoarousal state with RAS involvement instead of a minimally conscious state. The patient’s improvement on 
moda�nil further helped di�erentiate between minimally conscious and hypoarousal states. Imaging studies have 
previously demonstrated that recovery of the injured portion of the ascending RAS can occur over time, resulting in 
associated improvements in arousal5, 6. The patients demonstrating rapid improvement on moda�nil can be 
attributed to greater participation in rehabilitative therapies and possibly to inherent healing of the RAS. 

(continued next page)
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(continued from previous page)

Conclusion:
Moda�nil is e�ective for the treatment of hypoarousal disorders, and  should be considered in patients with TBI 
deemed to be in a minimally conscious state when RAS dysfunction is suspected. This will help di�erentiate 
hypoarousal from a minimally conscious state.
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Well it’s that time of the 
year again.  We are 
sending out the billing 
for 2016 dues.  We have 
some people who have 
not paid for 2015.  If 
you pay prior to the 
end of the year, we will 
count that toward the 
2016 year dues.

We would also like you to encourage your 
allied health professionals to join FSPMR.  
Their dues are half of the physician rate.

We currently have 77 paid members, 
compared to 68 at our meeting this June.  We 
have 8 retired members (who do not pay dues, 
one less than last year), and 36 unpaid at this 
time (45 in June).  

The �rst wave of 2016 dues invoices went out 
this month, via snail mail.  We will send 
another round out again in January, 2016, also 
via snail mail and again in March, 2016, via 
email.

You can pay online by clicking the link   
http://www.fspmr.org/join-renew-payment.html.

Please encourage any Florida PMR physicians 
that you know to join if they have not already 
intubated dues if they have not.

Have a great Holiday Season.

Matthew D Imfeld, MD
Vice President FSPMR
 

I recently read an article published 
September 2015 in the American 
Journal of Nursing about acute 
pain management for inpatients 
with opioid use disorders (OUD) 
and clinicians overcoming 
misconceptions and prejudices. 
The phrase “opioid use disorder” 
refers to those who either abused 
or are dependent on opioid pain 

killers. In 2013, that was nearly 2 million American ages 
12 and older. It has been noted that during 
hospitalizations, patients such as these are likely to 
experience acute pain from trauma, surgery, or disease 
as any other inpatient. In many cases, opioid therapy 
may be the most e�ective in managing their pain. 
However, many may be under medicated as a result of 
clinician misconceptions about opioids or prejudice 
toward patients with OUD.  Unfortunately, patients 
with OUD who request pain medication may be 
perceived as drug-seeking to support an addiction. The 
article provided recommendations for administering 
opioids to inpatients with opioid tolerance and steps 
for proper opioid dosing and the addition of 
non-opioid medications. 

In summary, it is imperative for us as health care 
professionals to remember that every patient with 
pain, including those with substance use disorders, 
have the right to be treated with respect, dignity, and 
have  thorough pain assessments  performed. 

Unfortunately, Florida remains a state that does not 
permit Advanced Registered Nurse Practitioners 
(ARNPs) to prescribe controlled substances. However, it 
is advisable that allied health professionals be familiar 
with how to safely admit and discharge patients with 
OUD. We have an invaluable role and it is essential to 
consider and correct any personal biases or 
misconceptions toward patients with OUD and ensure 
consistent management of pain that re�ects respect 
and empathy.  

In closing, I would like to encourage fellow ARNPs and 
PAs to become members of the FSPMR, a great 
opportunity for networking and promoting our 
specialty.  

Respectfully Submitted, 
LaMisa S. Rayside, ACNP-BC 
Central Florida Pain Relief Centers 
Orlando, Florida 

FSPMR MEMBERSHIP TIME
Matthew D. Imfeld, M.D.

Allied Health Update
LaMisa S. Rayside, ARNP-BC 
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The Department of Physical Medicine and Rehabilitation at the 
Leonard M. Miller School of Medicine, University of Miami/JMH 
PM&R residency program is proud to report the successful start 
of a new residency PGY2 class of six residents this past July. The 
group has been terri�c and getting acclimated to Miami, the 
VAMC and Jackson Memorial Hospital (JMH).  The department 
itself has undergone change with the retirement of chair Diana 
Cardenas, MD and the appointment of interim chair Robert 
Irwin, MD who has supported the residency program greatly 
over the years and has a special interest in medical education. 
Andrew Sherman, MD remains as residency program director.

The full group of PGY 4's and some PGY3's just returned from 
historic Boston, MA, home of the 2015 AAPM&R Annual 

Assembly.  At the conference, residents were able to network with physiatrists from all over the country, observe 
hands-on demonstrations of cutting-edge rehabilitation technologies at the technical exposition, and learn from 
some of the brightest pioneers in our �eld.  Our residency program provided an informational booth for the medical 
student fair during the conference, in which the program directors and residents were able to promote our �eld and 
generate interest in PM&R with the students in attendance.  Finally, the residency program displayed multiple poster 
presentations, detailed below, that were shown in the Exhibition Hall during the conference.

List of our case reports and original research presentations that were displayed at the 2015 AAPM&R Annual 
Assembly: 

Terri Gri�th, MD; Gemayaret Alvarez, MD.“Spinal Cord Compression Secondary to A Solitary Fibrous Tumor: A Case 
Report.”

Angie Lastra, MD; Lauren Lerner, MD; Ly Vu, MS3; Andrew Sherman, MD. “Successful treatment of knee pain 
secondary to steroid-induced avascular necrosis with alendronate: a case report.”

Angie Lastra, MD; Tamar Ference, MD.“Severe Parotitis as an Unusual Side E�ect of Dulotexine: A Case Report.”

Chanë Price, MD; Ricardo Vasquez-Duarte, MD. "Recurrent Anterior Talo�bular Ligament Injury Treatment with 
Platelet Rich Plasma."

Kimberly Ross, MD, MBA; Joshua Axman, DO; Alexander Harrington, MBA; Seema Khurana, DO
"How a Flexible Di�erential Yielded an Elusive Diagnosis: A Case Report" 

Joshua Rothenberg, DO; Kimberly Ross, MD, MBA; Alexander Harrington, MBA; Alberto J. Panero, DO; Gemayaret 
Alvarez, MD.  "How a Seemingly Minimal Physical Exam Finding Unveiled a More Serious Condition: A Case Report."

Joshua Rothenberg, DO; Usker Naqvi, MD; Doug Johnson-Greene, PhD; Jose Perez, BA; Spencer Summers, BA; 
Alexander Harrington, BS, MBA; Ricardo Vasquez-Duarte, MD; Clifton Page, MD.
“A Conclusive Methodologic Approach to Ultrasound of the Piriformis: A Pilot Study.”

Ori Schnitzer, MD; Jordan Klein, MD; Tamar Ference, MD.  "Serotonin Syndrome Masked by Fibromyalgia: A Case 
Report.”

As the year progresses, our residents are looking forward to giving back to our community as volunteer physicians 
for a number of local events including the Miami Heat Wheelchair Basketball Tournament and Miami-Dade County 
Paralympic Games.  In January, they will be volunteering to cover the US Sailing World Cup Regatta in Biscayne Bay, 
treating any injuries that may occur during this two-week competition.  In February, they will provide medical 
coverage for the annual Sylvester Cancer Center Miami Dolphins Cycling Challenge, a 72-mile charity bicycling event 
through the streets of Miami-Dade, Broward, and Palm Beach counties.  We look forward to updating members of 
the FSPMR on these events and other happenings within the department.
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Armen Derian, M.D. & Usker Naqvi, M.D.
PGY-3 Residents, Department of PM&R 
University of Miami Miller School of Medicine 

Andrew Sherman, MD
Residency Program Director
FSPMR Member
University of Miami Miller School of Medicine
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As we wrap up another calendar year, University 
of South Florida PM&R residency program has 
many things to be grateful for.  For starters, our 
two recently graduated seniors have passed their 
written board exams and are excelling at their 
new job and fellowship in Tampa and Clearwater.  
We continuously improve our didactics seminars 
and have started o�cial quarterly MSK 

Ultrasound workshops with the assistance of Sonosite experts.  The JAHVA is also in the process of hiring 
on a dedicated MSK PM&R specialist who is pro�cient with MSK ultrasound. Starting in the Fall 2015, we 
added a new Mo�tt Cancer Center rotation with neurosurgeon Nam Tran, PhD, MD. The three current 
PGY-3 residents have performed more than 35 kyphoplasties under supervision. One resident was able 
to attend the DFINE kyphoplasty course in Dallas, Texas. For those not interested in interventional pain, 
this busy service is an opportunity to collect data and conduct research.  

The following presentations will be presented at the North American Neuromodulation Society Annual 
Meeting in Las Vegas in December 2015:  

Corey Reeves, MD, Nam Tran, MD, PHD, and Jose Sarria, MD. “Cauda Equina Syndrome Secondary to 
Chalk-Like Precipitate in a Patient with and Intrathecal Pain Pump”. 

Corey Reeves, MD, and Benito Torres, DO. “Persistent Post-Surgical Knee Pain Treated with Stimulation at 
L3-L4 Level Accessed via the S1 Foramen”. 

Arpit Patel, DO, Prutu Patel, MD, Corey Reeves, MD, and Benito 
Torres, DO. “Retrograde Placement of Spinal Cord Stimulation 
Lead to Treat Chronic Intractable Limb Pain”. 

Half of our residents have submitted abstracts and all have 
been accepted to present at the Association of Academic 
Physiatrists Annual Meeting in Sacramento in February 2016. 

And last but not least, many residents have had the pleasure 
of volunteering in our surrounding communities. One of the 
most recent opportunities was the “Great American Teach In” 
where residents and attending Physicians taught multiple 
grade levels in local schools about physicians and the �eld of 
PM&R. 

All of us at the University of South Florida’s Physical Medicine 
and Rehabilitation department wish you and your loved ones 
a peaceful, joyous and healthy holiday season. We plan to ring 
in the New Year with even more exciting opportunities and 
look forward to updating the FSPMR community! 
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The NOVA/Larkin Physical Medicine and 
Rehabilitation (PM&R) residents are enjoying 
multiple new elective rotations and expanding 
opportunities across South Florida with new 
hospital and clinic a�liations with the Graduate 
Medical Education Department at Larkin. The 
residents have bene�ted from excellent 
didactics, hands-on workshops and a new 
board review series. The workshops have 

helped the residents solidify their academic and clinical acclimate in Electrodiagnostic Medicine, 
Musculoskeletal and Neuromuscular Ultrasound training. 

I would also like to �rst congratulate our senior residents. Both Drs. Je�rey Compas and Jesse Hatgis will 
be a part of the Pain Medicine Fellowship at Nova Southeastern University College of Osteopathic 
Medicine-Consortium for Excellence in Medical Education/Larkin Community Hospital in South Miami, 
Florida. Dr. Amir Mahajer was accepted into the Interventional Spine and Sports Medicine Fellowship at 
Icahn School of Medicine at Mount Sinai/The Mount Sinai Hospital in New York, New York and Dr. Bruno 
Subbarao will join the Brain Injury Medicine/Polytrauma Fellowship at University of Texas Health Science 
Center San Antonio/Audie L. Murphy VA Hospital in San Antonio, Texas.  In addition, Drs. Michael Iyamu 
and Scott Mandell have both received excellent practice opportunities for a inpatient rehabilitation in 
Texas and a mixed inpatient/outpatient musculoskeletal practice in South Florida respectively. Drs. Janice 
Carrero, Tho Chi Le and James Kwok are in the process of exploring future career opportunities. Further 
acknowledgment is needed for Dr. Je�rey Compas who was voted the “2015 Resident of the Year.” 

Next, three of Florida’s (FL) own Physiatrists, two NOVA/Larkin residents and our Associate Professor Dr. 
Tolchin volunteered their time and expertise at the 2015 American Academy of Physical Medicine and 
Rehabilitation (AAPM&R) Annual Assembly, directing the Manual Manipulative Medicine: A Structural 
Examination For Lower Back Pain and faculty on four other manual manipulation workshops. Please 
recognize the following physicians for their time and e�ort in putting together an excellent event: 
Directors Drs. Amir Mahajer (FL) and Ronald Tolchin (FL). Faculty: Drs. Gina Benaquista DeSipio, Arthur De 
Luigi, Kristin Garlanger, Julie Lanphere, Shounuck Patel, Jonas Sokolof, Samuel Yoakum and Steven Ritucci 
(FL). 

In an e�ort to increase research in our �eld, we have added an Annual Research Day this year, which the 
residents are preparing multiple studies from case reports to an Institution Review Board (IRB) approved 
research project to present to the community at the end of the academic year. Please save the date of 
June 6th 2016 for the Inaugural Research Day at the Department of Graduate Medical Education at Larkin. 
At this time, I should also mention that two abstracts have been accepted for the Association of Academic 
Physiatrists (AAP) 2016 Annual Meeting in Sacramento, California.  Dr. Sandeep Kola PGY-2 will be 
presenting Utilization of Moda�nil in the Treatment of Hypoarousal in Severe Traumatic Brain Injury (TBI), 
and Dr. Mickey Lui PGY-2 will be presenting Treatment of Headaches utilizing Nerve Blocks to the 
Ophthalmic (V1) Division of the Trigeminal Nerve. Both abstracts were done in collaboration with Dr. 
Kester Nedd, who this year along with helping develop new Neurorehabilitation experiences for the 

 (continued next page)

Amir Mahajer, DO
FSPMR Member
PM&R Chief Resident, 
Nova Southeastern University College
of Osteopathic Medicine Consortium 
for Excellence in Medical Education/
Larkin Community Hospital 
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residents, was voted the “2015 Educator of the Year!” Last but not least, Dr. Emmanuel Sakla PGY-3 was 
one of �ve CEME Resident Research Award 
Winners. He was awarded  $1,000.00 as the 
Primary Investigator for his research in the 
E�cacy of Osteopathic Manipulative 
Treatment after Total Knee Arthroplasty in 
Patients receiving Inpatient Rehabilitation.  

Once more, as the newest physiatry 
residency training program in the State of 
Florida we are constantly striving for 
excellence which includes developing new 
relationships with Florida’s Physiatrists for 
both clinical and didactic exposure. If you 
would like to learn more about 
opportunities to become an Assistant 
Clinical Faculty, Associate Professor or 
present a lecture in your �eld of expertise, 
please contact the PM&R Program Director, 
Dr. Jose Diaz (JoseDiaz@larkinhospital.com) 
and Ms. Angela Mazon 
(amazon@larkihospital.com) the Graduate 
Medical Education Program Coordinator.   

(continued from previous page)

2015 AAPM&R Annual Assembly Workshop, October 2nd 2015.
Manual Manipulative Medicine: A Structural Examination For Lower Back Pain
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Musculoskeletal Ultrasound Course 2016 
January 14 - 17, 2016
Breckenridge, Colorado

Course Director: Scott J. Primack, DO, FAOCPMR 
The focus of the course will be entirely on MSK ultrasound of the foot and ankle.

FSPMR/FAPM Annual Meeting
August 12 – 14, 2016
Waldorf-Astoria Orlando 

FSPMR and The Florida Academy of Pain 
Medicine is moving the 2016 Scienti�c 
Meeting to the beautiful Waldorf-Astoria in 
Orlando. The dates for this event are August 
12-14, 2016. This hotel o�ers luxurious guest 
rooms and suites, impeccable service, an 
exquisite pool, private cabanas, spa and much 
more.

DATES TO SAVE
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Stature Lengthening Using the PRECICE Intramedullary
Lengthening Nail

Dror Paley, MD, FRSCS,* Kevin Debiparshad, MD, FRSCS,* Halil Balci, MD,*
Walter Windisch, PhD,w and Craig Lichtblau, MDz

Summary: Stature lengthening for short stature, often referred to as

cosmetic stature lengthening, is controversial. Previous methods and

devices have been fraught with high complications rates. The PRECICE

intramedullary lengthening nail offers a superior alternative for these

patients due to its minimal incision technique, remote controlled gradual

distraction, the rate of which can be accurately modulated and the

direction reversed, if necessary. The purpose of this study is to report the

results of the PRECICE for short stature lengthening and to compare

them to previously reported results with other methods. Another objec-

tive of this paper is to discuss the indications for treatment by exploring

the motivation, selection, and outcome of such treatment. Fifty-one

patients were lengthened for short stature with the PRECICE; 25 with the

PRECICE 1 (P1) and 26 with the PRECICE 2 (P2). There were 7

bilateral tibial and 22 bilateral femoral lengthenings in the P1 and 4

bilateral tibial and 25 bilateral femoral lengthenings in the P2 groups. In

total there were 58 P1 and 58 P2 bone segments lengthened. Lengthening

was up to 6.5 cm for P1 and 8 cm for P2 with an average increase of

5.2 cm for P1 and 6.0 cm for P2. There were 7/58 (12.1%) implant

failures for P1 and 1/58 (1.7%) for P2. The P1 failures were due to

breakage of the nail through a weld in the nail in 4 cases and the breakage

of the mechanism in 3 cases. The P2 failure may be related to too little

overlap of the wider nail tube into the distal bone segment combined with

potential stress fracture propagation due to small slots at the end of the

larger tube of the nail. All nail breakages occurred in patients who did not

comply with the weight-bearing restrictions. The new clutched mecha-

nism and 1-piece outer tube construction in the P2, prevented fracture

through the nail and mechanism failure in the P2 compared with the P1.

Stress propagation by the small slots at the end of the P2 led to redesign

with elimination of slots and release of the P2.1. There were 2 cases of

suspected fat embolism despite venting and 1 deep vein thrombosis upon

stopping anticoagulation, from which the patient recovered without fur-

ther complication. There was 1 femur fracture through an anteroposterior

femoral locking screw and 1 bilateral peroneal nerve stretch injury that

fully recovered. All patients consolidated the distraction gap of the

femurs and/or tibias without additional surgery. All returned to previous

activities including sports. In comparison to previously published meth-

ods, the P2 had the lowest complication rate with the best overall

reported results.

Key Words: stature lengthening—cosmetic lengthening—limb length-

ening—stature dysphoria—PRECICE—implantable limb lengthening.

(Tech Orthop 2015;30: 167–182)

Limb lengthening has traditionally been used for treatment of
limb length discrepancy. Such lengthening surgery is uni-

lateral. Bilateral limb lengthening is used to increase stature
and is referred to as stature lengthening. Stature lengthening is
indicated for patients with dysplasias1–5 (eg, achondroplasia,
hypochondroplasia), constitutional short stature (patients under
the 5th percentile for height) and for increasing height in
normal statured individuals6,7 (patients >5th percentile). This
latter application has been referred to as “cosmetic stature
lengthening” because of its apparent similarity to cosmetic
procedures undertaken to improve appearance and self-esteem.
Owing to the intensity of psychological discomfort that
prompts short stature patients to seek limb lengthening, as well
as the prolonged interruption and loss of independence
imposed by postsurgical rehabilitation, the term “cosmetic”
insufficiently describes the nature of the intervention. Thus,
this application will be referred in this manuscript as short
stature lengthening (SSL). SSL is a controversial application of
limb lengthening. Although controversial, SSL has been pre-
viously reported using various techniques including external
fixation only lengthening (EFOL),6,7 lengthening over nail
(LON),8,9 lengthening and then nailing (LATN),10 and
implantable lengthening nails (ILN).11–16

The purpose of this study is to investigate the use of the
PRECICE intramedullary nail (Ellipse Technologies, Irvine, CA)
for SSL. Unlike its predecessors, the PRECICE offers many
advantages over other ILN. It is one of only 2 FDA-cleared ILN
and the only one currently available in the market. It has dem-
onstrated excellent controlled distraction rate and rhythm, uses
minimal incision technique, and has forward and reverse dis-
traction-compression capability using an external remote control
(ERC). It also comes in a wider variety of lengths and diameters
than any other ILN.17 This is the first study on the use of this
device specifically for SSL. The purpose of this study is to
document the results of the PRECICE ILN for SSL of the femurs
and/or tibias and compare these results to those of other ILN, as
well as to previous methods such as EFOL, LON, and LATN.
We will also discuss the psychological motivations, selection,
and outcomes of SSL from a previous study carried out by 2 of
the authors (W.W. and D.P.).

METHODOLOGY

Data were retrospectively gathered into a database on
consecutive patients who underwent SSL using either the
PRECICE 1 (P1) or PRECICE 2 (P2) nail (Fig. 1). A total of
51 patients and 116 PRECICE nails (58 nails P1 and 58 P2)
were implanted between January 2012 and June 2014. To be
included in this study, patients had to complete distraction and
consolidation of their bone segments to the point of walking
full weight-bearing without walking aids. All patients were
carefully evaluated on initial presentation to exclude skeletal
dysplasia, endocrinopathy, systemic illness, and any limb

From the *Paley Advanced Limb Lengthening Institute at St Mary’s
Medical Center, West Palm Beach; zNorth Palm Beach, FL; and
wBaltimore, MD.

D.P. is a consultant for Ellipse Technologies. The remaining authors
declare that they have nothing to disclose.

Address correspondence and reprint requests to Dror Paley, MD,
FRSCS, Paley Advanced Limb Lengthening Institute at St Mary’s Medical
Center, 901 45th St, West Palm Beach, FL 33407.
E-mail: drorpaley@gmail.com.
Copyright r 2015 Wolters Kluwer Health, Inc. All rights reserved.
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deformity. Patients all received an EOS (EOS Imaging, Paris,
France) imaging study and full leg length anterior-posterior
and lateral x-rays to ensure appropriate dimensions for nail

insertion, quantitate body proportions (lower limbs to height
and tibia to femur), preoperative leg length discrepancy, and
alignment. A prerequisite for surgery was skeletal maturity of
the lower limbs with closure of the lower limb physes.
All patients had to stay in the vicinity until the end of the
distraction phase, do daily physiotherapy at our center
throughout the distraction phase, comply with weight-bearing
restrictions until radiographic bone consolidation (distraction and
consolidation phases), and come in for biweekly follow-up
radiographs and examination by the surgical team during the
distraction phase. The purpose of these visits is to monitor their
muscle flexibility, nerve function, joint range of motion, and
bone formation, as well as, to monitor that the amount of
lengthening expected is confirmed by radiographic measurement.
Although the ERC device has a digital read out of length, it only
displays the presumed amount of lengthening. If a patient does
not push the device down deep enough, they can get behind on
the lengthening because the ERC magnet needs to be within
5.5 cm of the nail magnet to rotate it. It is not uncommon for
patients to get behind on lengthening one side compared with the
other. Typically, they are always on track on the right side if they
are right-handed and vice versa. It seems they put less pressure
on their thigh with the ERC device on the side opposite their
dominant hand. Initially, the FDA required distraction with ERC
to be done at the physician’s office. The FDA approved home
use of the ERC as of October 2012 (Fig. 2). Before this date, the
lengthening was performed daily by our orthopedic technologist.
After October 2012, all patients were taught to perform the
lengthening at home using the ERC device and the lengthening
was performed by the patient or their personal care giver. All
patients underwent preoperative physical and psychological
evaluation by the surgeon. Psychologically, we evaluated patient
motivation and objectives in an effort to evaluate how realistic
patients’ goals were, compared with the achievable safe
lengthening goal. A detailed mental health history was obtained,
and the patient’s mood, thought form, suicidal risk, and reality
conformance were assessed by the surgeon. Evaluation by a
psychologist or psychiatrist was required when the surgeon
believed that the mental health history was concerning or the
patient reported major psychiatric disorder, extended previous
use of psychiatric drugs, or any history of self-injury, suicidal
ideation, or attempt. Only 1 patient in the study group was
mandated to have a psychiatric evaluation before the
lengthening.

The physical examination included documentation of
preoperative gait, lower limb joint range of motion of the hips,
knees, ankles, and subtalar joints, including prone hip and knee
rotation profiles. Muscle length tests were performed to identify
preoperatively tight soft tissues so as to plan for prophylactic
soft tissue releases. For femur lengthening, these included
measurement of the popliteal angle [flexion of the hip to 90
degrees with extension of the knee joint; (Fig. 3A); the angle
measured between the vertical and the maximum knee exten-
sion position of the tibia] to assess hamstring muscle length,
prone knee bend to assess the rectus femoris length by seeing if
the prone knee bend was less than the supine knee bend before
there was flexion of the pelvis (Ely test, Fig. 3B); and seeing if
the knee would drop below horizontal in the lateral decubitus
position with hyperextension of the hip and 90 degrees flexion
of the knee (Ober test) to assess contracture of the iliotibial
band (ITB) (Fig. 3C). For tibial lengthening, we measured the
dorsiflexion of the ankle in maximum knee extension and
compared it with the dorsiflexion with the knee flexed (Silf-
verskiold test) (Fig. 3D). If a muscle length test was positive, it
indicated that the tight soft tissue would become contracted

FIGURE 1. PRECICE 1 (P1) and PRECICE 2 (P2) tibial nails. The
larger diameter part of the nail houses the mechanism. In the P1
there are welds at the upper and lower end of the mechanism
(arrows). In the P2 there are no welds connecting the different
parts of the larger diameter part of the nail.

Paley et al Techniques in Orthopaedics$ � Volume 30, Number 3, 2015

168 | www.techortho.com Copyright �c 2015 Wolters Kluwer Health, Inc. All rights reserved.

Copyright r 2015 Wolters Kluwer Health, Inc. All rights reserved.



even with small amounts of lengthening. This was an indication
for soft tissue release or lengthening of that soft tissue at the
time of the surgery. All patients who are planned for femoral
lengthening >5 cm and who have a positive Ober sign and
positive popliteal angle are recommended to have a distal
release of the ITB and biceps tendon. A 3 cm midlateral inci-
sion in line with the intermuscular septum at the level of the
superior pole of the patella is made. The ITB is cut transversely
anterior to the incision. The intermuscular septum is cut
transversely, avoiding the lateral geniculate vessels. The biceps
tendon is identified and its aponeurosis cut transversely (muscle
recession). In this study all patients with lengthening >6.5 cm
had the ITB and biceps tendon lengthened. The ITB and biceps
were not lengthened in patients planned for 4 cm or less of
lengthening. In patients planned for 5 to 6.5 cm, they were
lengthened only if the Ober and popliteal angles signs were
positive. For lengthening >6.5 cm, the ITB was always cut

irrespective of the results of the Ober test. The gastroc soleus
recession, according to the author’s (D.P.) previously published
method,18 is performed when the Silfverskiold test is positive,
especially for tibial lengthening >5 cm. In this study no gastroc
soleus recessions were performed.

Preoperative templating was done in all cases to deter-
mine nail diameter, length, and osteotomy level. The osteot-
omy level was planned to ensure that, at the end of desired
lengthening, the wider portion of the nail remained engaged in
the distal femur or tibia with approximately 3 cm of overlap.
The senior author’s detailed description of femoral and tibial
lengthening has been published previously.16 The surgery is
done with the aid of fluoroscopy through a minimally invasive
method with very small percutaneous incisions so as to leave
minimal scarring (Fig. 4). Standard starting points for tibial
and femoral antegrade (femoral: piriformis or trochanteric)
nail insertion were used. (Retrograde femoral nailing is
avoided due to greater knee complications, such as loss of knee
flexion motion. It is also better to start the lengthening process
without a knee hemarthrosis). The osteotomy was performed
using a sharp osteotome after first predrilling the osteotomy
site with 4.8 mm drill holes. A total of 3 entrance and 3 exit
holes were made in the femur. In the femur, these drill holes
were always made before reaming to act as venting holes,
thereby reducing the risk of fat embolism, as well as to ensure
that the reamings would extrude out the holes to “autograft”
the osteotomy site. In the tibia, 1 anterior hole and 1 medial
hole are drilled to avoid extrusion of reamings into the anterior
or deep posterior compartments. Such extrusion can lead to
compartment syndrome. Although percutaneous prophylactic
fasciotomy of the anterior compartment can be performed to
reduce the risk of compartment syndrome, it leaves the patients
with bulging muscles anteriorly, which is unacceptable cos-
metically. Therefore, it is best to avoid any extrusion into the
compartments by not creating lateral or posterior cortical
holes. Posterior and lateral cortical holes are drilled after the
reaming in order to notch the tibia and make completion of the
osteotomy easier. The canal is reamed 2 mm over the nail
diameter for both femur and tibia. For the femur, the

FIGURE 2. The external remote control (ERC) device is applied
over the region of the magnet to lengthen the nail. This can be
carried out by the patient or another caregiver. It is usually
painless to perform the lengthening.

FIGURE 3. Muscle length testing: (A) popliteal angle to determine hamstring length—flex the hip to 90 degrees and extend the knee to
the maximum tolerated; (B) Ely test to determine rectus femoris length—flex the knee in the prone position and observe whether the
pelvis moves due to hip flexion—positive test; (C) Ober test to determine iliotibial bend length in the lateral decubitus extend the hip
and flex the knee to 90 degrees and see if the leg stays up in the air (positive test) or drops below the horizontal (negative); (D)
Silfverskiold test to determine gastrocnemius muscle length—dorsiflex the foot with the knee flexed and extended. If the foot loses
dorsiflexion range with knee extension then the gastrocnemius is tight.
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noncannulated PRECICE nail is advanced up to the osteotomy
site. An extension moment is applied while the bone is
osteotomized with an osteotome from the lateral side. The nail
is then advanced down the bone after the osteotomy is com-
pleted. In the tibia, the bone is osteotomized without the nail in
place but after the reaming and drilling are completed. The nail
is then inserted and advanced down the tibia. The location of
the nail magnet is marked on the skin using fluoroscopy. The
ERC is then placed sterilely on the area and activated for
7 minutes to lengthen 1 mm, which is confirmed on com-
parative images. For the tibia, a mid-diaphyseal fibular
osteotomy is performed through a small posterolateral incision,
usually before the reaming of the tibia. The author’s (D.P.)
fibular osteotomy technique is to make multiple drill holes
with a 1.8 mm Ilizarov bayonet wire, followed by completion
of the osteotomy using a small diameter osteotome (3 mm).
The fibula is also first fixed distally using a 4.5 mm screw
between the fibula and tibia. The orientation of this screw,
which is referred to as a “temporary arthrodesis screw of the
tibiofibular joint” is proximal on the tibia and distal on the
fibula. The author (D.P.) prefers the head of the screw to be on
the tibial side. The proximal tibiofibular joint is also fixed with
a screw. Whenever possible this is done using one of the
proximal locking screws. This requires targeting the fibula at
the time of insertion of the anteromedial to posterolateral
screw in the nail. As this screw is at a different level for the
right or left legs, the nail has to be advanced more on the left
side to match the trajectory of the screw hole with the head of
the fibula. If the targeting misses the proximal fibula, a second
4.5 mm temporary arthrodesis screw should be inserted by first
inserting a wire followed by a cannulated drill hole followed
by the solid screw. The authors do not use a cannulated screw
because it is too weak and may bend or break. The lengthening
rate for the tibia is usually 0.75 mm/d and for femurs 1 mm/d
(each broken into 0.25-mm intervals). The distraction starts on
postoperative day 1, for patients under 30 years, and day 7 for
those 30 years or older for femur lengthening and for all tibial
lengthening. After surgery the patient is usually in the hospital
for 3 to 4 nights. They are anticoagulated with XARELTOs
(rivaroxaban) from the second or third day after surgery until

they are fully ambulatory without crutches after completing the
consolidation phase.

Coincidentally, there were equal numbers of limb segments
(femur, tibia) lengthened in the P1 and P2 groups (P1—25
patients and 58 limb segments and P2—26 patients and 58 limb
segments), which made for simplified statistical analysis
(Table 1). In the P1 group, there were 6 nails for bilateral tibia
lengthening (3 patients), 16 nails for 4 segment bilateral femur
and tibia lengthening (4 patients), and 36 nails for bilateral femur
lengthening (18 patients). In the P2 group, there were 2 nails for
bilateral tibia lengthening (1 patient), 12 nails for 4 segments (3
patients), and 44 nails for bilateral femur lengthening (22
patients). Two femoral nails in each group (total of 4 nails) were
inserted through trochanteric starting points and the remainder of
the femoral nails by piriformis starting points. Overall our cohort
consisted of 44 males and 6 females with a mean age of 27.8
years (range, 15 to 51 y). The mean preoperative height in
patients was 164.7 cm (range, 150 to 180 cm) [64.8 inches
(range, 59 to 70.9 inches)]. Patients were followed every 2 weeks
during the distraction phase and once a month during the con-
solidation phase until anteroposterior and lateral radiographs
demonstrated 3 of 4 cortices were solid. Radiographic alignment
parameters were measured digitally as previously described,16

and done using PACS (Picture Archiving and Communications
System) (OnePacs LLC, New York, NY).

The statistical analysis was carried out using the stat-
istical software, SAS 9.2 (SAS Institute Inc., Cary, NC). All
variables were analyzed as continuous, categorical, or ordinal,
as deemed appropriate. Given the nature of data, a paired
Student t test was used to analyze differences between matched
data sets. Descriptive statistics were used when suitable. No
power analysis was done prior, as this is a retrospective series.
IRB approval for a retrospective study was obtained.

RESULTS

Overall goals of achieving length were excellent. Docu-
mented preoperative lengthening goals were 6.2 cm (range, 2.5
to 8.0 cm). Radiographically measured lengthening achieved
was 5.6 cm (range, 1.7 to 8.0 cm). For the P1 group, the pre-
operative goal was 6.0 cm (range, 2.5 to 6.5 cm) and final
length achieved was 5.2 cm (range, 1.7 to 6.5 cm) (Fig. 5). For
the P2 group, the preoperative goal was 6.3 cm (range, 4.0 to
8.0 cm) and the final length achieved was 6.0 cm (range, 2.5 to
8.0 cm) (Fig. 6).

Rate of distraction was calculated as total length gained
divided by total number of days of distraction. The overall rate
of distraction for the entire group 0.83 mm/d (range, 0.48 to
1.1 mm/d); 0.82 mm/d for P1 and 0.85 mm/d for P2. For femurs
alone 0.88 mm/d (range, 0.57 to 1.1 mm/d) and for tibias alone
0.63 mm/d (range, 0.46 to 0.91 mm/d).

RADIOGRAPHIC DATA

The mechanical lateral proximal femoral angle
(mLDFA), posterior distal demur angle (PDFA), posterior
proximal tibial angle (PPTA), and medial proximal tibial angle
(MPTA) were measured before and after lengthening. For
femoral lengthening the mean mLDFA before and after are
87.3 degrees (± 1.9 degrees) and 87.6 degrees (± 1.9 degrees),
respectively. This difference was not statistically significant
(P = 0.06). For femurs the mean PDFA preoperative was 81.1
degrees (± 1.3 degrees) and postoperative 81.0 degrees (± 1.6
degrees). This was not statistically significantly different
(P = 0.34). For tibial lengthening, the mean preoperative

FIGURE 4. Insertion of the PRECICE is achieved using a minimal
incision technique. The nail insertion incision is about 15 mm.
The 4 locking screws are inserted through four, 6 mm incisions.
The osteotomy is carried out through one, 6 mm incision.

TABLE 1. PRECICE Nail Type vs. Bone(s)

PRECICE 1 PRECICE 2

Femur 36 44
Tibia 6 2
Femur + tibia 16 12
Total 58 58
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MPTA was 86.5 degrees (± 1.7 degrees) and after lengthening
was 90.0 degrees (± 3.2 degrees). The differences in the MPTA
for tibial lengthening were statistically significant (P < 0.01).
Finally, the mean PPTA preoperative was 79.7 degrees (± 4.0
degrees) and 78.1 degrees (± 3.6 degrees) after treatment.
This difference was not statistically significant (P = 0.09)
(Table 2).

COMPLICATIONS

In the P1 group, there were 4 nail breakages in 3 patients
(4/58; 7%), occurring in 3 femurs and 1 tibia (Fig. 5). All 4 nail
breakages occurred in 3 patients who were admitted to not
adhering to weight-bearing restrictions during the con-
solidation phase. These 3 patients were advised to remain at

FIGURE 5. A, Anteroposterior EOS full body radiographs of a 26-year-old man before (left), and after he underwent bilateral femoral
(middle) and bilateral tibial (right) stature lengthening with the PRECICE 1 (P1). He achieved 6.5 cm of lengthening of both femurs in 65
days. He was full weight-bearing without crutches by 3 months after surgery. He returned to running after 4 months from surgery and to
all sports by 5 months after surgery. His iliotibial band and biceps were lengthened as part of the lengthening surgery. He then waited
until 1 year after the femur surgery to undergo the tibial lengthening. He underwent 4.5 cm of lengthening of both tibias with P1 in 70
days. He discontinued use of his crutches after 3 months of consolidation despite the tibial bone not being completely healed. He
noticed no pain or deformity. Follow-up radiographs 1 year after surgery showed the fracture of the right P1 tibial nail with 5 degrees of
procurvatum bowing and complete healing of both tibias and fibulas (B). There was an anterior bone deficiency in both tibias but
hypertrophic bone formation posteriorly. The PRECICE nails were removed 1 year and 4 months after the tibial surgery. To remove the
distal half of the broken PRECICE, a Rush rod was inserted retrograde through the medial malleolus and the distal part of the PRECICE
pushed out the proximal end of the tibia (C). The final radiographs of the femur (D) and tibia (E) on the date of removal show excellent
healing of all of the bones with minimal residual deficiency on the anterior cortex of the left tibia.
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FIGURE 6. Preoperative anteroposterior and lateral full body EOS scans for assessment of body proportions, and alignment (A). PRECICE
2;12 mm diameter/245 mm length bilateral femoral lengthening showing progressive increase in femoral length during the distraction
phase. The lengthening rate was 1 mm/d (B, C). The iliotibial band and biceps tendon were lengthened at the time of the surgery. Final
limb length and alignment radiograph taken at the end of the distraction phase (80 d after surgery) (D). A total of 8 cm of lengthening
was achieved. Anteroposterior and lateral radiographs of both femurs showing complete bone consolidation 2 months after completing
the lengthening (E). The patient is seen standing beside a female friend and Dr Paley (Dr Paley’s height is 5 ft 11 inches) (F). The inset in
this picture (upper left) shows this patient’s height measured at 6 ft 1 inch. He returned to sports activities 6 months after surgery. This
case makes the point that it is not for us to judge who is to get this procedure based on their starting height. Stature dysphoria is
independent of height. Some individuals such as this one live in a taller society or have much taller parents and siblings and are internally
driven to have this done even though most people might not consider their starting height short. It is not for the surgeon to judge the
patients motivation simply based on starting height.
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50 lb (23 kg) weight-bearing with crutches or a walker until
monthly radiographs demonstrated 3 intact cortices.9,17,19

None of these 3 had achieved cortical bridging. All 3 femurs
bent into procurvatum and varus deformity. All 3 femurs were
treated by fixator-assisted nailing of the femurs. Under general
anesthesia, the femur was straightened using 2 uniplanar
external fixators (anterior 2 pin monolateral and lateral 2 pin
monolateral). The broken PRECICE was removed through the
piriformis fossa after the femur was straight. If some parts
could not be extracted using long pituitary clamps, they were
removed by inserting a retrograde Rush rod to push the distal
end of the nail out the proximal end of the femur (Fig. 7). The
length and alignment of the femur was maintained by the
external fixator, whereas a standard femur locking nail (Trigen;
Smith & Nephew, Memphis, TN) was inserted to stabilize the
femur. After this nail was locked, the biplanar external fixators
were removed, during the same operative procedure. The
purpose of the external fixators was as instruments to correct
the angular deformities and to maintain the alignment and
length during the renailing. All 3 femurs healed without any
loss of length and alignment. The fractures occurred during the
consolidation phase, on day 175 after surgery in the first
patient. The patient was walking unaided up the stairs. The
second patient fractured his left femur PRECICE, while
walking to bathroom on postoperative day 96. He, too, was
walking without crutches. After successfully treating the left
femur, he broke the right femur on day 119. In all 3 instances,
the nail broke through the weld of the nail that was either at the
proximal or distal end of the mechanism. There was 1 fracture
of a tibial P1 nail. This was identified at the time of elective
nail removal surgery. The patient did not know that the nail
had broken as the tibia healed uneventfully with a 5-degree
procurvatum diaphyseal bend (Fig. 5). The distal end of the
nail was extracted proximally by driving a Rush rod retrograde
through the medial malleolus, pushing the distal segment
proximally. There was 1 other femur fracture in the P1 group
(Fig. 8). This fracture occurred through the anterior-posterior
distal locking screw. The fracture occurred quite unexpectedly
during a physical therapy straight leg raising hamstring stretch
maneuver. The patient was again treated by fixator-assisted
nailing. The nail in this case was intact.

There were 3 P1 femur nails that began distracting the bone
and then failed to continue to lengthen (3/58; 5%). One of these
patients presented as a premature consolidation. Two of these
were treated with nail exchange and reosteotomy. In the third, the
lengthening was stopped 1 cm short of the goal. This patient was
planning to have a bilateral tibial lengthening performed at a later
date, so the leg length difference was equalized during the second
lengthening and height goals were achieved. Two tibias in 1
patient and 1 femur in another had delayed ossification and
required with delayed weight-bearing and compression-distraction
by the bidirectional nail mechanism (accordion maneuver; 0.5 mm
distraction followed 4 h later by 0.5 mm compression, the cycle of

which was repeated 2 to 3 times a day for a month or more). There
was 1 deep vein thrombosis in a patient who stopped anti-
coagulation before full weight-bearing. Our protocol is to stop
anticoagulation once a patient is approved to ambulate without
device support. In the P1 group, there were no symptomatic fat
embolisms, infections, or compartment syndromes (Table 3). In
the P1 group, there was 1 patient who underwent bilateral femoral
and tibial PRECICE nail lengthening simultaneously. He did not
have any evidence of fat embolism, despite all 4 nails being
inserted during the same surgery. The other 3 P1 patients that
underwent bilateral femoral and tibial lengthening had each
bilateral procedure performed at different times. None experienced
fat embolism problems.

In the P2 group, there were 2 minor screw complications
(2/58, 3%), both in tibial cases. One case had an inadvertent
miss to the distal locking screws that was not seen until
postoperative follow-up. Another case had a proximal tibio-
fibular locking screw back out and become prominent under
the skin. In the first case, the 2 screws had sufficiently locked
the nail that it lengthened without a problem. The tibia was
redrilled and the locking screws inserted through the locking
holes of the tibial nail at the surgery as the staged bilateral
femoral lengthening surgery, which took place 3 weeks after
the bilateral tibial lengthening surgery. In the backed-out screw
case, a threaded locking screw was used instead of the smooth
peg-like PRECICE screws.

One P2 patient developed bilateral peroneal nerve partial
paresis due to a stretch injury that occurred during the surgery.
This patient had a very positive preoperative popliteal angle,
which we elected to treat by hamstring muscle recessions. It is
presumed that the straight leg raising maneuver to check the
popliteal angle after the muscle recession, while the patient
was still under general anesthesia, led to the stretch injury.
This was treated by bilateral peroneal nerve decompression 3
days after surgery.20 Lengthening continued at a rate of
0.75 mm/d and the goal of lengthening was achieved. Both
nerves gradually fully recovered both motor and sensory
function despite lengthening.

In our P2 group, there was 1 nail breakage during late
consolidation (Fig. 7). The nail silently bent into varus and
produced a noticeable bump on the lateral side of the thigh.
The patient continued to walk without pain and complained
only about a thigh bump. This patient had disregarded the
weight-bearing restrictions that were reinforced in writing to
him each time he sent a follow-up radiograph during the
consolidation phase. He too had stopped using crutches with-
out being released to do so. He was treated by the fixator-
assisted technique, but required an osteotomy of the already
malunited (varus) femur. A single frontal plane, lateral exter-
nal fixator was applied to correct the varus deformity. After
removal of the proximal nail segment, a percutaneous osteot-
omy was performed through the apex of the bend. Once the
femur was aligned by the fixator, the distal nail segment was
pushed proximally through the piriformis fossa by means of a
retrograde Rush rod. The femur was then fixed with a locked
intramedullary nail and the external fixator removed.

In the P2 group, there were no failures of the mechanism
to distract and no premature consolidation. There were also no
infections or compartment syndromes (Table 3). Two patients
who underwent bilateral femoral P2 nail insertion were diag-
nosed with suspected fat embolism syndrome manifesting as
low pulse oxymeter readings from the first postoperative day.
This was associated with shortness of breath in 1 patient and
mild mentation changes in both. The condition resolved after 1
day in 1 patient, but 4 days of additional hospitalization were

TABLE 2. Joint Orientation Angles Before and After Lengthening

Preoperative (SD) Post (SD) P

mLDFA 87.3 ( ± 1.9) 87.6 ( ± 1.9) 0.06
PDFA 81.1 ( ± 1.3) 81.0 ( ± 1.6) 0.34
MPTA 86.5 ( ± 1.7) 90.0 ( ± 3.2) <0.01
PPTA 79.7 ( ± 4.0) 78.1 ( ± 3.6) 0.09

mLDFA indicates mechanical lateral distal femoral angle; MPTA,
medial proximal tibial angle; PDFA, posterior distal femoral angle;
PPTA, posterior proximal tibial angle; SD, standard deviation.
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FIGURE 7. A, Preoperative anteroposterior full body EOS scans for assessment of body proportions and alignment. There is bilateral
genu varum as measured by medial mechanical axis deviation (right side) and mechanical tibiofemoral angle (left side). This patient
wanted to correct his genu varum and achieve 8 cm of lengthening. He underwent bilateral femoral PRECICE 2 lengthenings simul-
taneous with bilateral high tibial medial opening wedge osteotomies with locking plate fixation. Orthoroentgenogram and long lateral
radiographs (B) show the 8 cm lengthening and the tibial osteotomies. Anteroposterior and lateral radiographs 2 months after the end
of the 80-day distraction phase (C). The bone regeneration on the right is progressing well but there is not complete bony bridging yet.
The patient was advised to continue weight-bearing restrictions using 2 crutches. Note that the wide part of the nail remains <1 cm
engaged with the distal femur. There also appears to be a widening or failure of the crown of the nail as seen on the lateral view (arrow).
As his leg felt solid he discarded the crutches and walked full weight-bearing. One month later he noticed a painless bump on the lateral
aspect of the thigh. Radiographs reveal varus-procurvatum angulation and breakage of the nail (D, E). To extract the distal part of the
nail, a frontal plate fixator was applied to straighten the femur. Once this was done, the proximal part of the nail was removed first and
then the distal part was pushed out the piriformis fossa by a retrograde Rush rod (arrow, F). On this lateral radiograph, the external
fixator body can be seen (*). The Rush rod tip is labeled with an arrow also showing the direction it is pushing. The femur was nailed
with a nontelescopic locking nail (G). No length or alignment were lost.
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required (usual hospitalization is 3 to 4 d) by the other patient
whose right lung showed significant opacification on both
chest x-ray and computerized tomography. There was no evi-
dence in either patient of venous embolism on computerized
tomography scan; neither was there evidence of aspiration or

pneumonia in either case. The presumptive diagnosis of fat
embolism was made after ruling out all other possible causes.
Both patients had the medullary canal vented according to the
multiple drill holes at the planned osteotomy level, as descri-
bed above. Both recovered with only nasal prong oxygen
treatments and neither required intensive care unit admission.
As cited previously, none of the 4 patients who underwent
bilateral femoral and tibial lengthenings experienced fat
embolism problems.

In total there were 7 implant failure complications in the
P1 group (7/58; 12.1%) and only 1 implant failure complica-
tion in the P2 group (1/58; 1.7%). This difference was stat-
istically significant between the groups (P = 0.02).

DISCUSSION

SSL is a controversial indication for limb lengthening.
Limb lengthening for stature has been used successfully by
numerous authors for the treatment of achondroplasia and
hypochondroplasia.1–5 Extensive limb lengthening (ELL) for
dwarfism, is controversial but for different reasons. Patients
with achondroplasia present with extreme short stature with
associated lower limb deformities, short limb to trunk dis-
proportion and rhizomelic disproportion of both upper and
lower limbs. Their adult heights are usually between 3 ft 10
inches and 4 ft 4 inches. The goal of ELL for these patients is

FIGURE 8. A 16-year-old woman’s radiographs at the end of 6.5 cm distraction with PRECICE 1 (P1) nails (A). During a hamstring
stretch in physical therapy, the femur suddenly bent into hyperextension. Radiographs revealed a fracture through the anteroposterior
locking screw posteriorly and the frontal plane more proximal locking screw anteriorly (arrow, B). The anteroposterior screw is at the
apex of the femoral bow and acts as a stress riser. Note the bend in the distal end of the nail. Although this is the only such case, we
recommend locking the distal femur with only 2 frontal plane screws. Using fixator-assisted nailing the P1 was removed and a locking
nail was inserted (C).

TABLE 3. Complications According to Nail Type

PRECICE 1 PRECICE 2

Nail breakage 4 1
Mechanism failure 3 0
Periprosthetic fracture 1 0
Premature consolidation 1 0
Locking screw backout 0 2
Compartment syndrome 0 0
Deep vein thrombosis 1 0
Nonunion 0 0
Delayed union 2 0
Joint subluxation 0 0
Hematoma 0 0
Partial peroneal nerve palsy (recovered) 0 1
Suspected fat embolism syndrome 0 2
Equinus contracture 0 0
Fascia lata/ITB contracture 1 0

ITB indicates iliotibial band.
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to increase their heights to over 5 ft tall and ideally to the low
normal range for their sex. ELL has been shown to greatly
improve function and quality of life.1–5

ELL for dwarfism cannot be compared with SSL of
individuals starting at an adult height >5 ft and usually >5th
percentile for their sex. Even the technical and strategic
aspects of ELL for achondroplasia is not comparable because
they are mostly done in childhood before skeletal maturity,
whereas SSL is carried out after skeletal maturity. ELL is done
repeatedly 3 or 4 times to achieve goals of 30 to 40 cm (12 to
16 inches), whereas SSL goals are usually 5 to 15 cm (2 to 6
inches). SSL goals can usually be achieved by a single bilateral
femoral or tibial lengthening or at most, by bilateral femoral
and bilateral tibial lengthening. ELL is done for functional
reasons, whereas SSL is done for aesthetic and psychological
reasons. ELL restores proportions to normal, whereas SSL
usually takes normal proportions and alters them.

The senior author (D.P.) has been performing SSL since
1987. During this time, SSL was carried out by several
methods: EFOL, LON, and ILN. Between 1988 and 2008, all
SSL candidates were required to undergo a psychological
evaluation by a single psychologist who is also one of the
coauthors (W.W.). At the time, the authors sought to answer 3
questions relating to21 (1) Motivation: What motivates a person
to seek SSL?; (2) Selection: Which patients are the best can-
didates to undergo SSL?; and (3) Outcome: Are patients who
undergo SSL satisfied with the outcome?

Thirty patients (21 men, 9 women) were prospectively
evaluated by D.P. and W.W. in an IRB-approved study before
consideration for SSL using the intramedullary skeletal kinetic
distractor (ISKD) ILN between 2000 and 2003.21 The average
age was 29 years (range, 16 to 45 y). The average height was
162.3 cm (63.9 inches) for males and 152.9 cm (60.2 inches)
for females. The average number of years of education of this
group was 16 years and ranged between 10 and 22 years. On
the basis of findings from this psychological evaluation, 17 of
the 30 (57%) candidates were deemed to be psychologically fit
to proceed for surgery. Of the approved 17, only 12 chose to
proceed with surgery during the study period. Nine of these
participated in a follow-up evaluation after lengthening. The
data from this study was used to help answer questions about
the motivation, selection, and outcome of SSL. Although this
is a small cohort, it provides valuable insight regarding the
psychology of patients who seek SSL.

The Motivation Question
Patients who presented for SSL seldom had a history of

clear-cut systemic/endocrine disorder or psychosocial etiology,
such as failure to thrive. In general, their short stature appeared
to reflect genetic and constitutional endowments. In accepted
patients, there was no patent psychiatric or psychological
disorder; some surgical candidates had body dysmorphic dis-
order, which was considered a contraindication for SSL, but
most accepted patients qualified at most for having an
adjustment disorder. In general, patients were more likely to be
professional or white collar workers and to have financial
means (this is not surprising given the expense of this proce-
dure, which is not covered by insurance).

The literature on stature-related adjustment problems in
childhood is mixed. For instance, Steinhausen et al22 concluded
short stature can have a negative impact on behavioral adapta-
tion, but Zimet et al23 did not find such a relationship. These
different conclusions may be attributed to sample differences.24

Some researchers postulate that the interactions between
parenting response, psychosocial stressors, and person variables

explain the impact of short stature on self-concept and esteem.
Such variables include prolonged caregiving responses,25 juve-
nilization,26 stigmatization,27 and self-consciousness.28

There is substantial and growing literature regarding the
life adjustment of short adults. Men tend to be more concerned
with short stature than women; being a petite female is less
stigmatizing and more culturally acceptable than being a short
male.27,29 Consequently, more men present for consideration
for stature lengthening. Short individuals who have been sen-
sitized to height issues in childhood tend to be more troubled
by their stature as adults.30 Those who seek stature lengthening
almost always report a family concern with their height in
childhood, evidenced by visits to multiple specialists and a
sense of despair at the close of puberty. Stature exerts a gen-
uine influence in several life areas, including dating relation-
ships,31 mate selection,29,32 salary,33 occupational opportunity,
and career success.34–37

Paley and Windisch21 named this condition “stature dys-
phoria.” It is likely that persons suffering from stature dysphoria
become aware of their short stature in childhood, often as a result
of negative parental or peer appraisals. Over time, they come to
attribute various adverse experiences with family, peers, school,
and sports to their short stature. As adults, their continuing
negative experiences in the social and occupational realms
accentuate feelings of alienation and personal failure. Their
selective attention, expectancies, and attributional biases con-
vince themselves their short stature has irreparably damaged
their lives. As a consequence, they are prone to social anxiety,
awkwardness, depression, low self-esteem, and interpersonal
difficulties, often despite substantial success in various areas. In
conclusion, patients seeking SSL are primarily motivated by a
psychological preoccupation with their stature.

The Selection Question
Various factors play a significant role in a prospective

patient’s ability to participate in and benefit from SSL. Persons
seeking care should be sufficiently motivated to undergo the
lengthening process with its attendant discomfort and incon-
venience. They should possess sufficient information to give
meaningful informed consent, including a solid understanding
of treatment procedures, possible complications, and the need
to participate in daily physical therapy. They should have
realistic expectations about treatment outcomes, including any
limitations on physical activity in the future. They should have
the ability to collaborate over time with their surgeon and
rehabilitative care staff. To the extent a prospective patient has
a flexible and mature personality structure, good emotional
regulation, self-awareness, and good interpersonal skills, he or
she will have greater resources to contend with the challenges
inherent in SSL. When a prospective patient presents for a
radical and protracted elective procedure, it is essential to
evaluate his or her fitness for such a treatment. It is important
to gauge motivation and rule out psychiatric disorders (eg,
body dysmorphic disorder). Coping skills and the ability to
tolerate procedural stresses and pain must be determined, and
there is a need to evaluate treatment response and outcome.

In the Paley and Windisch study, to assess fitness for
lengthening surgery, prospective patients underwent a presur-
gical psychological evaluation by W.W., that included the
Minnesota Multiphasic Personality Inventory-2 (MMPI-2),
Millon Behavioral Health Inventory, and Rorschach Inkblot
Test. These assessment tools were used to formulate a com-
prehensive evaluation of the patient’s perception of well-being,
preoccupation with health issues, emotionality, coping styles
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and psychogenic attitudes, and his or her suitability for
adapting to the rigor of the surgery and rehabilitation.

Patients accepted for SSL were more conventional in
their response style on the MMPI-2 F Scale (P = 0.005), less
likely to report symptoms of depression on the MMPI-2 D
Scale (P = 0.056), less likely to report a history of antisocial
behaviors on the MMPI-2 Pd Scale (P = 0.077), less likely to
report symptoms of thought disturbance on the MMPI-2 Sc
Scale (P = 0.050), less likely to report anxiety symptoms on the
MMPI-2 ANX Scale (P = 0.088), and more likely to report
supportive family relations on the MMPI-2 FAM Scale
(P = 0.033).

On the Millon Behavioral Health Inventory, declined
patients had a greater sense of future despair than accepted
patients (P = 0.058). The 2 groups did not otherwise differ in
personality attributes assessed by this measure. No detectible
differences were observed in introversion-extroversion, inhib-
ition, cooperation, sociability, confidence, forcefulness,
respectfulness, sensitivity, tension, stress, pessimism, social
anxiety, and vulnerability to emotional disruption under con-
ditions of stress.

Rorschach findings for prospective patients indicated both
accepted and declined patients tended to view the world in
idiosyncratic and unconventional ways, impairing their
adjustment, and felt a need to defend their self-image.
Accepted patients were more emotionally reserved, whereas
declined patients tended to feel overwhelmed. These individ-
uals displayed excessive degrees of subjectively felt distress,
and had a greater proneness to experience mixed emotional
states and ambivalence.

Overall, these findings may appear to raise the question
whether all persons seeking SSL should be referred for psy-
chological evaluation and/or treatment. Assessing the suit-
ability of a patient to undertake this procedure has merit.
However, psychotherapy as an intervention to remedy inse-
curities related to stature often does not suffice. Although
various forms of psychotherapy can help patients adjust to
personal limitations and life circumstances, they cannot undo
the ongoing stigmatization that often accompanies short stat-
ure. Indeed, many patients who seek SSL have already
undergone substantial psychotherapy, only to find that envi-
ronmental feedback and entrenched attitudes temper treatment
outcome, leaving them to experience ongoing distress and
frustration. When an individual perceives his or her short
stature to be debilitating, it can diminish the success and ful-
fillment experienced occupationally and interpersonally across
the life span. A surgical solution, often offers the best hope for
self-actualization and contentment.

The Outcome Question
Do postpsychological evaluations support the proposition

that these patients become satisfied with their new body and
perceive themselves differently? To date, there are no pub-
lished studies on the effect of stature limb lengthening on
psychological adjustment. In the Paley and Windisch study 9
patients (8 males, 1 female), completed a follow-up ques-
tionnaire an average of 4.8 years after their initial surgery date
(see Box 1 below for sample questionnaire items). The mean
height gain of these 9 subjects was 2.9 inches (preoperative
height averaged 62.6 inches; postoperative height averaged
65.5 inches).

The data from Paley and Windisch indicate that patients
are generally pleased with the stature they gain with SSL,
despite the fact that their height gain was relatively modest,
often leaving them at the lower percentiles on a height chart.

Two to 3 inches of additional height appears to have had a
more profound impact on the patients’ psychosocial well-being
than their relative approximation of the normative height
range. Psychological factors may contribute to their sat-
isfaction, even after they have increased their height by only 2
or 3 inches. Letting the issue go finally, irrespective of the
amount of height gain may just be related to having finally
done all that can be done. Several respondents indicated they
felt no need to pursue further lengthening because they wished
to focus their energies elsewhere and move forward in their
lives. In this connection, Haley38 coined the term “ordeal
therapy” to describe a therapeutic intervention, which places
the patient in a difficult or painful situation that tests character
and provides the patient an opportunity to gain important
insights that change attitudes and behaviors.

The outcome question is also dependent on both the
physical outcome of the surgery (ie, whether the patient was
able to return to previous activities of daily living and sports
activity at the previous level of function) and whether it
changed how they felt and saw themselves. Paley et al39

investigated a group of 11 patients treated by bilateral femoral
lengthening with the ISKD between 2002 and 2006. All were
males with average age 29 years (range, 15 to 53 y) with
preoperative height of 163 cm (range, 156 to 170 cm) [64.2
inches (range, 61.4 to 66.9 inches)]. After lengthening the
mean height was 169 cm (range, 155 to 178 cm) [66.5 inches
(range, 61 to 70 inches)]. Four also had undergone bilateral
tibial lengthening. There were 8 soft tissue contractures
resolved by physiotherapy alone. There were 11 obstacles that
required additional surgical procedures, including 4 soft tissue
releases for contractures, 4 nerve decompressions for peroneal

BOX 1. Two Questionnaire Items

I am satisfied with the outcome of my limb lengthening treatment
1 2 3 4 5
Strongly Somewhat Neutral Somewhat Strongly
Disagree Disagree Agree Agree

I am now less preoccupied by my height
1 2 3 4 5
Strongly Somewhat Neutral Somewhat Strongly
Disagree Disagree Agree Agree

In this questionnaire, 4 subjects strongly agreed they were
satisfied overall with the outcome of their limb lengthening, and 5
subjects somewhat agreed (mean rating = 4.4). There were no
neutral or negative responses on this item. Moreover, subjects
tended to report lengthening had addressed their problems
(mean = 4.2) and that their future appeared bright (mean = 4.2).
They reported they were less tense and dissatisfied after limb
lengthening (mean = 4.0), and less preoccupied by their height
(mean = 4.0), but they still tended to feel uncomfortable telling
others about their surgery (mean = 2.2) and by and large kept the
matter to themselves. On a correlation analysis, their decrease in
stature dysphoria was most highly correlated with a positive sense
of treatment outcome (Pearson r = 0.72, P = 0.03, R2 (adj) =
44.4%). At the same time, subjects reported having more pain than
they had expected (mean = 2.0). Those with the most positive
attitude reported the most negative surgical experience (Pearson
r = �0.74, P = 0.037, R2 (adj) = 54.3%). (It should be noted that all
of these respondents had undergone lengthening with the ISKD
method, which as discussed, has poor rate control and causes much
more pain than the PRECICE method.)
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nerve symptoms, and 3 reosteotomies for premature con-
solidation. Three sequelae were observed: one was a minor
complication where, despite a reosteotomy for premature
consolidation, the remaining 1 cm could not be achieved. The
other 2 sequelae involved nonunion. One case of nonunion
healed after exchange nailing alone, and the other case healed
after femoral allograft placement. Despite these complications,
there was full restoration of function with return to pre-
operative activities and occupation. Enneking scores (evalu-
ating pain, function, gait, walking distance and supports, and
emotional acceptance) were normal preoperatively and showed
no deterioration postoperatively.

In a second parallel study by the senior author, Paley
et al40 studied 10 patients who underwent bilateral cosmetic
tibial lengthening with the ISKD between 2001 and 2006. The
preoperative height was 153 cm (range, 142 to 165 cm) [60.2
inches (range, 55.9 to 65 inches)]. The average amount of
length obtained was 6.8 cm (range, 5 to 8 cm). The post-
operative height was 160 cm (range, 150 to 170 cm) [63 inches
(range, 59 to 66.9 inches)]. An average of 1 complication per
limb was observed (range, 0 to 2 complications/limb). Non-
union occurred in 12 (60%) of 20 limbs. All nonunions were in
patients who underwent >6 cm of lengthening. Nonunion was
treated with exchange nailing (4 limbs), exchange nailing with
allograft/autograft (5 limbs), and exchange nailing with auto-
graft (3 limbs). Other complications included nerve injury in 1
limb that required nerve decompression, stress fracture in 1
limb after rod removal, and premature consolidation in 1 limb,
which required shortening of the contralateral side. Despite the
very high number of major complications in the ISKD tibial
lengthening group, the preoperative and postoperative Ennek-
ing scores were not significantly different, indicating that
aggressive treatment of complications can prevent permanent
harmful sequelae of lengthening.

Intramedullary telescopic nails have tried to revolutionize
how we accomplish distraction osteogenesis and circumvent the
traditional complications seen with external fixation.41,42 Initial
devices have made progress in the field and identified design
weakness and new complications. Issues in the past include:
intramedullary infections, distraction mechanism failure, nail
breakage, unreliable rate control with too rapid distraction (so
called runaway nail), nonunions, and painful distraction mech-
anisms.8,12,13,16,43,44 Previous mechanisms required rotation
through the osteotomy, which can be painful and unpredictable
and often require general anesthetic to accomplish dis-
traction.43,45,46 In comparison, patient feedback regarding the
ERC device and the PRECICE mechanism has been excellent,
both for rate control and for evoking little or no pain. In contrast
to our experience, Schiedel et al47 reported 43% (10/23) rate of
required reprogramming of ERC for failure to achieve desired
lengths according to the machine. This was not our experience
and could be explained by inexperience and user error. Our
patients are coached on how to use the device and have medical
staff available daily if they require assistance.

The issue of rate control is important because it is a key
principle to achieve distraction osteogenesis. Slow rates will
predispose to premature consolidation requiring reosteotomy
surgery. Distracting too fast can predispose to contractures,
nerve injury, and joint subluxation. Rates over 1.5 mm/d have
been shown to lead to poor regenerate formation, which may
go on to nonunion.46,48 Our experience with the P2 has shown
excellent reliability of the distraction mechanism. The P1, as
was previously reported by one of the authors, had some
failures to distract due to breakage of the mechanism.16 We
experienced no cases that distracted more than the prescribed

amount. We also had no cases of nonunion, unlike reports from
other series.10,16,46,48 One previous study, looking particularly
at reliability the PRECICE distraction mechanism, found P1
distraction accuracy to be 96%.49

Nail breakage is a previously reported complication with
ILN.8,12,13,16,43–46 This was also seen in our P1 cohort. These
patients did not comply with the weight-bearing restrictions.
All the P1 nails broke at the welds of the nail. Schiedel et al47

also reported breakage with the P1 nail. In comparison, in the
same number of patients treated for the same indication, we
saw only 1 nail breakage in the P2 nail with its 1-piece outer
tube (no welds), despite allowing patients to bear 50% more
weight than we did for P1 nails (75 vs. 50 lb for the 12.5 mm
nail). The 1 breakage was again associated with a weight-
bearing restriction noncompliant patient, who began walking
without crutches prematurely. Two other contributing factors
were identified that may have played a role. The length of the
large diameter part of the nail remaining engaged in the distal
cortical segment was 1 cm at the end of the distraction. This
places a lot of stress on the telescopic junction of the nail. The
authors recommend that there be at least 3 cm of overlap at the
end of distraction to ensure that the stress distribution is not
concentrated at this junction. Secondly, the end of the larger
diameter of the nail is slotted at 4 places and mated and welded
to a crown that has 4 ridges to provide antirotation stability to
the telescopic nail. The fins between the slots are a site of
fragmentation of the end of the nail tube. Breakages of the
crown and fins have been identified in some cases including
this patient (Fig. 9). To strengthen the nail and avoid crown
failures, Ellipse Technologies released the P2.1 in December
2014, which has a modified keying feature without “thru-slots”
or tack welds (Fig. 9).

Failure of the distraction mechanism has been reported with
the P1 in 4% to 8% of cases,16,17 which is similar to the 3% we
found in our series. This issue was addressed in the P2 redesign.
In the P1, the problem lay with the connection between the gears
and the drive shaft. There was no clutch mechanism. Therefore,
if the nail met a high resistance, such as from a thick callus or
large muscle mass, the powerful rotation of the magnet could
fracture the connection to the drive shaft. In the P2, a clutch
mechanism, in combination with a stronger junction to the drive
shaft to prevent fracture and also increase the obtainable dis-
traction force minimizes the risk of premature consolidation. We
found no distraction failures in our P2 series.

Our P1 group had 3 patients with delayed union; 2 of
these were tibial, which generally take longer to consolidate. In
these patients we took advantage of the bidirectional nature of
the nail and asked them to cyclic load the regenerate by
alternating between elongating and shortening, 0.25 to 0.5 mm
at a time at least 4 times a day. This “accordion” maneuver
seemed to work well as these patients went on to heal without
requiring bone grafting. Of importance, we had no patients
with nonunion of the femur or tibia and no secondary proce-
dures were required to achieve union. This is in marked con-
trast to the high nonunion rate experienced by the senior author
in his 2 reports on femur and tibia stature lengthening with the
ISKD.39,40,44

An important consideration with cosmetic limb length-
ening is the long-term effect on the body and particularly the
joints. Femoral lengthening along the anatomic axis versus the
mechanical axis, theoretically leads to valgus deformity at the
knee.47 With 94 femurs to analyze in our series, the mLDFA
did not significantly change despite the theoretical expectation
that it would. One explanation is that a very mild varus bowing
of the titanium nail occurs in many cases of femoral
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lengthening with the PRECICE. This mild varus may com-
pensate for the tendency of the anatomic axis to go into valgus.
This predicted valgus failed to be seen in another study as
well.47

More surprising was the valgus deviation seen with tibial
lengthening with the PRECICE. The 22 tibial cases demon-
strated a significant change (P < 0.01) of the MPTA from 86.5
degrees (± 1.7 degrees) preoperative to 90.0 degrees (± 3.2
degrees) after lengthening. This may support the recent rec-
ommendation by Rozbruch and colleagues that blocking
screws be used for tibial lengthening due to the wider canal at
the level of the osteotomy site of the tibia.11,50–53

SSL by external fixation has been reported by several
authors.6,7 Catagni et al6 (Lecco, Italy), reported on 54 patients
undergoing the procedure using Ilizarov external fixators. At
6.25 years (range, 1 to 16 y) follow-up, the overall patient

satisfaction was excellent (90.7%) or good (9.3%). They ach-
ieved an average 7 cm (range, 5 to 11 cm) of increased height
for their patients. External fixation time was a mean of 9.5
months (range, 7 to 18 mo) with further casting 48% or bracing
51.85% into a brace after fixator removal. Other complications
included: 35.2% equinus contracture requiring Achilles tendon
lengthening, 48.2% pin site infection, 2 patients requiring bone
grafting, and 3 patients with fracture collapse of the regenerate
after frame removal. Overall 25 (46.3%) patients had to return
to the operating room for further intervention. These cases
were all tibial with double osteotomy sites, which may have
increased complication rates.

Novikov et al7 (Kurgan, Russia) studied 131 patients
undergoing cosmetic limb lengthening with the Ilizarov
apparatus. They achieved a mean of 6.9 cm (range, 2 to 13 cm)
of height gain with 5.75 years (range, 1 to 14 y) follow-up. All

FIGURE 9. Photographs of 2 nails removed from a patient who underwent bilateral femoral lengthening. There is a crown breakage on
the right femur nail with propagation of cracks up from the nail slots (left side of figure) whereas the crown and slots remain intact on
the nail from the left femur (right side of figure) (A). The PRECICE 2 (P2) nail antirotation mechanism uses 4 female “thru-slots” in the
distal end of the proximal nail tube mating with the crown’s 4 male ridges, and secured with tacking welds after assembly (B). The new
P2.1 antirotation feature is machined into the inner diameter of the distal end of the proximal nail tube without breaking through to the
surface and without requiring welds (C).
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their patients were tibial monofocal or bifocal lengthening and
6 patients had additional femoral lengthening. The mean
duration of the external fixator was 215 days (range, 71 to
390 d). Overall 48 patients (37%) experienced 59 complica-
tions during the treatment. These included significant infection
in 8 patients (6.1%), equinus deformity in 12 patients (9.2%),
and knee flexion deformity in 14 patients (10.7%). Four
patients had significant regenerate deformity and 4 more had
collapse after frame removal. Furthermore, 6 patients had
peroneal nerve neuropathy, 6 more had delayed union, 1 had
knee subluxation, 1 patient had a fracture, 1 patient needed
reosteotomy for fibula consolidation and another for the tibia.
Patient outcome was excellent in 72 (55%), good in 52
(39.7%), satisfactory in 6 (4.6%), and poor in 1 (0.8%). In
summary, this study also demonstrated a considerable com-
plication rate with reoperation rate of 16.8%.

Kim et al54 did a systematic review of 547 patients (1581
segments) for stature lengthening and identified phenotypically
normal individuals as having higher complications and achieving
less length that certain skeletal dysplasias (achondroplasia/
hypochondroplasia).55 It is thought that certain skeletal dyspla-
sias tolerate lengthening well because of inherent soft tissue
laxity and high muscle length to bone ratio.1 It is an important
consideration when comparing groups of stature patients, as each
population will not behave the same. This review compiled 103
etiologically normal patients undergoing stature lengthening with
external frames. The mean height gain was 6 cm (range, 3 to
8 cm) and rate of healing was reported per centimeter as 32 d/cm
(range, 30 to 67 d/cm). The rates of pooled complications
reported per segment were 1.06, which was higher than that
found in other groups 0.68 (achondroplasia), 0.71 (Turner syn-
drome) and these differences were statistically significant
(P < 0.001). Hence these patients may be, in fact, more difficult
to treat, which must be considered when looking at outcomes and
comparing them between other studies with different or hetero-
geneous patient cohorts.

With a new implantable device that has reliable control,
we have reduced the incidence of traditional complications
associated with stature lengthening. SSL in our series yielded
excellent results and low complications compared with the
above studies. In light of the reported findings of Kim et al54

regarding stature lengthening etiology, our series is homoge-
nous for short stature nondysplastic patients they concluded are
more difficult to treat than other short stature etiologies.
Despite this higher risk group, our rate of complications were
lower than those reported by any other published series for
SSL, as well as the senior author’s (D.P.) previous experience
with the ISKD,39,40 especially in comparison to the P2 group.
The P2 group had only 1 major complication (bilateral per-
oneal nerve stretch injury). The improvements in the P2 appear
to have corrected the previous issues with the distraction
mechanism and nail breakage. Please note that we are not
downplaying the 2 cases of fat embolism but recognize that
this can occur with any method that uses intramedullary
reaming and nailing. Of note, both resolved quickly with
supportive measures (oxygen and intravenous fluids).

It is important to emphasize problems that we did not
experience and some technical tips that helped avoid compli-
cations in our 51 SSL patients treated by the PRECICE. These
technical tips are essential to the success of this procedure.
(1) All of the patients achieved union. Reaming after first

predrilling the osteotomy site ensures better bone for-
mation due to extrusion of the reamings around the
osteotomy site. As noted, it also decompresses the canal to
help prevent fat embolism. This should be a routine for

femoral lengthening, but avoided with tibial lengthenings
due to the risk of compartment syndrome.

(2) There were no compartment syndromes from tibial
lengthening. Only the anterior and medial cortices of the
tibia were drilled to avoid extrusion of reamings into the
deep posterior and anterior compartments, which can lead
to compartment syndrome. We recently treated 1 such case
from another center. The patient had a permanent foot drop
and needed a tibialis posterior tendon transfer.

(3) The fibula in our study did not migrate in any patient due
to proximal and distal fixation of this bone. A common
error is due to the misperception that the fibula does not
need to be fixed to the tibia proximally and distally. Lack
of distal fixation leads the fibula to migrate proximally.
Even incorrect fixation leads to the same problem. For
example, fixation distally, with a transverse instead of an
inclined screw, will resist the tendency toward proximal
migration less than the distally inclined screw fixation we
recommend.

(4) There were no contractures of the hip, knee, ankle,
subtalar, foot, or toe joints. Physical therapy and bracing
are important to prevent contractures. Lengthening for
stature without these measures may lead to significant
stiffness and contractures of joints.

(5) There were no infections in any of the PRECICE SSL
patients. This is due to the fully implantable device,
minimal invasive surgery, meticulous sterile technique,
and the use of preoperative and perioperative antibiotics.

At our center we have seen patients from all over the world
who arrive with disabling complications after failed SSL. These
include: equinus deformity due to Achilles tendon contracture
(ballerina feet); fascia lata contractures with hip flexion con-
tracture and hyperlordosis (duckass); partial or complete failed
regenerate bone formation, including fixators that cannot be
removed due to failed healing; bent and broken hardware; mal-
unions and nonunions of the tibia, fibula, and femur; proximal
migration of the fibula; and many more. We must remind our-
selves that these patients start functionally at 100%. The treat-
ment goal is to end up with the same 100% functional level.
Anything less than this is neither a good outcome nor a rea-
sonable tradeoff for a few centimeters. Disablement is too often
an outcome of this surgery when performed by unqualified or
inexperienced surgeons, which leaves patients with debilitating
conditions and gives this surgery a bad reputation.

A few years ago the senior author (D.P.) saw 7 patients in
the course of 2 years who were disabled by complications from
bilateral tibial lengthening. All of these had been treated by a
single surgeon. This resulted in 7 separate malpractice lawsuits
and ultimately the loss of that surgeon’s medical license. Such
cases give SSL and undeserved bad reputation.

Stature lengthening raises many questions: Should we
agree to lengthen anyone for stature? Should we base this
decision on a height threshold? Should we base this decision
on psychological factors? Should we base this decision on
ability to pay, as with other cosmetic surgeries?

Height threshold is arbitrary and judgmental (Fig. 6).
Risk is not dependent on initial height; benefit is not neces-
sarily greater for shorter individuals. Therefore the risk/benefit
for shorter individuals is no different than for taller individuals.
Stature dysphoria is a real entity. As documented, there is
ample psychological evidence for this condition. However,
motivation may be due to more benign reasons (eg, fashion
models who want to have longer legs, individuals who desire
access to jobs with minimal height requirements, etc.) Is it the
surgeon’s job to judge the patient’s motivation as long as they
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are realistic about what can be achieved and aware of what the
surgery and rehabilitation entails?

Cost is a major consideration. Insurance providers con-
sider SSL to be a cosmetic procedure and therefore will not
pay for it. The implants alone are very expensive. Added to the
cost of hospitalization, operating and recovery room costs,
anesthesia fees, surgeons fees, physical therapy, durable
medical equipment (wheelchairs, walkers, crutches, com-
mode), drugs (anticoagulant, analgesics, sleeping medications,
muscle relaxants), office visits, x-rays, etc., the total cost is
formidable and unaffordable to most. Ultimately cost is the
limiting factor for most patients. Of concern, is that as this
surgery is exempt from third party payers and because most
surgeons and hospitals are paid up-front in cash, pricing is
widely variable. Patients may acknowledge there are differ-
ences among providers related to skill and outcomes, but price
can become an influential decision-driver.

At present one can find many stature lengthening centers
advertised on the internet. How should the consumer decide
among these? This is an unregulated business. The methods
vary tremendously, as do the results. The cost of treatment in
some foreign countries is an eighth to a 10th of the cost in the
United States.

It is not our intention to condemn or advocate for any
particular surgeon or center. However, we do feel that the results
of the PRECICE method are ideal and better suited for this type
of surgery than previous methods. For years the external fixator
was the gold standard of limb lengthening. It offered the
advantage of a minimally invasive surgery, with stable fixation,
controlled rate and rhythm of distraction and even the ability to
go reverse. It had the disadvantages of being in place for lengthy
periods of time, painful tethering of muscles and skin, long,
unaesthetic scars at the pin tracks, infections of the pin sites and
no support for the bone after removal of the apparatus, putting
the bone at risk for bending or breaking. The PRECICE ILN
offers all of the advantages of the external fixator without the
disadvantages. By not tethering the muscles or skin, it is less
painful and motion limiting. There are fewer, smaller, and more
aesthetic scars and no infections. For the first time we have a
device and a method that are ideal for SSL.

Some surgeons believe the indications for stature length-
ening are frivolous and unfounded. We hope to have dispelled
this argument, as well as the negative association with “cosmetic
surgery.” Unlike other cosmetic procedures, SSL places sig-
nificant psychological and physical demands on patients and
their families. The recovery is significantly more protracted and
puts patients in wheelchairs, walker, or crutches for several
months and requires months of rehabilitation. Patients frequently
do not return to walking normally for 6 or more months. Such
intensive rehabilitation is not required for other cosmetic pro-
cedures. This procedure is a significant disruption to patients’
lives (eg, personal, school, work, family, financial stress).
Finally, most cosmetic procedures are less labor intensive to both
the clinical team and the patient, do not require an inpatient
surgery setting, frequent follow-up with x-rays, technical and
clinical support for the hardware, and a constant vigilance for
potential complications. As such we do not look at this as cos-
metic surgery for purely aesthetic reasons. In the majority of
patients it is being done because of a body image disorder that is
beyond the patient’s control. Although at present “stature dys-
phoria” is not recognized as psychological disorder that is best
treated by surgical reconstruction, the new evidence reported
here supports this conclusion.

Orthopedic surgeons are not used to performing surgery for
cosmetic reasons. On the basis of the senior author’s 28-year

history of carrying out SSL, we would like to propose the fol-
lowing “ethical guidelines for SSL”: (1) the surgeon should
consider patient safety and welfare first at all times—first do no
harm (primum non nocere; Hippocratic oath in Latin); (2) the
surgeon should make sure that patients are knowledgeable and
really understand what they are undertaking including the nature
of their condition, the way it is to be treated including the
timelines for temporary disability, the risks of the procedure, and
the prognosis; (3) the surgeon should not undertake this proce-
dure unless he/she not only knows how to do the procedure but
also how to prevent and treat complications in order to increase
the likelihood of a successful outcome;41–49,56 and (4) provide
the necessary infrastructure to support this treatment (eg, phys-
ical therapy, frequent follow-up, technical support).
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