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ABSTRACT

Background: The diagnosis of lumbar disc herniation is based on clinical history
and examination, imaging studies, and electrophysiologic studies. Many factors have
been reported as affecting recovery following surgical decompression.
Electrophysiological studies has role in the diagnosis and predicting the prognosis of
lumbar disc herniation. Aims and Objectives: To study the prognostic value of the late
response (F wave and H reflex) in lumbar disc herniation (L5-S1) treated surgically.
Materials and Methods: The study was conducted from January 2014 to April 2015 on
fifty patients presented with lumbar disc herniation (L5-S1) and admitted in the
department of spine surgery for surgical decompression. Both preoperative and 3 months
postoperative electrophysiological studies were done. Results: Preoperative F wave were
abnormal in 74% of patients while H reflex were abnormal in all patients. 3 months follow
up postoperative, 82% of patients had good outcome and improved neurological symptoms
and 18% of patients still complaining of low back pain and sciatica. Postoperative F wave
results showed 56% of patients had abnormal F wave response while H reflex results
showed 52% of patients had abnormal H reflex. There were significant difference between
both groups regarding to age, BMI, duration of disease, preoperative F wave and H
reflex. Conclusion: Old age patients with high BMI, long duration of neurological
symptoms, absent F wave and H reflex response had unfavorable outcome postoperative.

INTRODUCTION
Disc herniation is one of the most
common causes of low back pain (LBP)
and is responsible for about 20% of the
cases of LBP specially in working age
adults®. About 20% of patients presented
with disc herniation indicated for surgical
decompression 2. Lumbar disc herniation
surgery is most commonly performed
electively in patients where conservative
therapies have failed to gain improvement
of leg pain and disability 3.
Electrophysiological studies are simple
methods for diagnosis of radiculopathies
and can help to determine the severity,
and prognosis of a radiculopathy. They
are also noninvasive and performed on
outpatients?, The role of

electrophysiological studies including late
response (F wave and H reflex) in the
assessment of patients with proximal root
disorders are well known °. F waves are
late responses involving the motor axons
and axonal pool at the spinal cord level.
The assessment and classification of F
wave can be done by using the minimal
latency, mean latency, and
chronodispersion or scatter®. F wave like
H reflexes has low sensitivities and are
not specific for radiculopathy. The
reported sensitivities of F wave range
from 13-69% 7 8°. The proximal segment
of the peripheral nerve inaccessible to be
assessed by routine surface stimulating
and recording techniques. The H-reflex
are useful for evaluating the nerve
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conduction through the entire length of
the afferent and efferent pathways,
assessment of proximal part of nerve and
also suitable for evaluation of the
potential entrapment of the S1 nerve root
1. The common findings in studying S1
radiculopathy are prolonged latency or
absence of the H-reflex response!l. Also
asymmetrical prolongation of H reflexes
with interside difference more than 1.2
ms may be present and considered

abnormal?,
C:\Users\windows7\Desktop\ms\Electrodiagnosis of
Radiculopathies (Cervical, Thoracic, and Lumbar) 3ER
PM&R KnowledgeNow.htm - references

AIMS OF THE STUDY
To study the prognostic value of late
response (F wave and H reflex) in
surgical management of L5-S1 disc
herniation.

PATIENTS AND METHODS
The study was conducted from January
2014 to April 2015 on fifty patients
admitted in the department of spine
surgery of Al-Jedaani Hospital that
belong to Ibn Sina Faculty of Medicine in
Kingdom of Saudi Arabia. This study has
been approved by ethical committee of
Al-Jedaani Hospitals. Patients included in
the study were presented with confirmed
diagnosis lumbar disc herniation (L5-S1)
and all these patients were subjected to
surgery. A detailed history, complete
physical, neurological examinations and
BMI were carried out to all patients at
time of presentation and 3 months after
surgery. Postoperative, patients were
divided into two groups: group (A) who
had good outcome after surgery
(improved neurological symptoms) and
group (B) who still complaining of
neurological symptoms after surgery.
Patients who had multiple level disc
herniation, recurrence of disc herniation,
traumatic disc herniation or
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polyneuropathy whatever the cause were
excluded from the study. Magnetic
resonance imaging scan of the
lumbosacral vertebra was done for all
patients.  Electrophysiological  studies
including nerve conduction study (NCS),
H reflex and F wave were carried out both
preoperatively and 3 months
postoperative. NCS was performed on
both common peroneal, tibial, and sural
nerves, F wave were obtained from both
common peroneal, tibial nerves and H-
reflexes from soleus muscles bilaterally.
The F-wave was elicited by placing the
recording electrode over an intrinsic
muscle of foot. Stimulation was
supramaximal appropriate for each nerve.
Stimulation frequency of 1/s was done.
Because F-wave minimum latency is
dependent on limb length, F-wave latency
was estimated by using the following
formula: F-wave (ms) = [2 x F distance
(mm)/CV (m/s)] + DL (ms) + 1 ms.
Greater than two standard deviations from
the mean or side-to-side latency
differences of 2 msec in F-waves or
absence of F-wave response were
considered abnormal 3,

H-reflex was done according to the
method of Sabbahi and Khalil ** (active
electrode was placed over the median
gastrocnemius half way between the
popliteal crease and the proximal medial
malleolus, reference electrode over the
Achilles tendon and ground electrode
being lateral to the active electrode.
stimulating electrode placed at popliteal
fossa with the cathode proximal. Patients
were instructed to relax completely
during test while keeping the head in the
neutral position. Simulation was started
with stimulus of short duration (0.05 ms)
at a frequency no greater than once every
2 s. The H-reflex appeared and became
maximum with a submaximal stimulation
and the amplitude decreased with increase
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stimulation to supramaximal. The
measurement of latency was to the first
deflection from the baseline when a
maximal response was obtained. The
amplitude of H-wave, H-latency and
interside difference were determined.
Prolongation of H-reflex latency, absence
of response or interside difference more
than 1.2 ms in the latency were
considered abnormal. H-latency was
estimated by the following formula: H-
latency (ms) = 9.14 + 0.46 leg length (cm)
+ 0.1 age (years) + 5.5 %°,

RESULT

The study was included fifty patients (41
males and 9 females) with mean age
35.48 £ 7.26 years and BMI 32.61 £ 3.62
were included in the study. Preoperative F
wave results showed 74% of patients had
abnormal F wave response (58 % had
prolonged latency and 16 % had absent F
wave response) and remaining 26% had
normal F wave response. Preoperative H
reflex results showed all patients had
abnormal H reflex (82 % had prolonged
latency and 18 % had absent H reflex).
After 3 months follow up postoperative,
82% of patients had good outcome and
improved neurological symptoms (group
A) and 18% of patients still complaining
of low back pain and sciatica (group B).
Postoperative F wave results showed 56%
of patients had abnormal F wave response
(44 % had prolonged latency and 12 %
had absent F wave response) while H
reflex results showed 52% of patients had
abnormal H reflex (34 % had prolonged
latency and 18 % had absent H reflex).

There were significant difference between
both groups regarding to age, BMI,
duration of disease, preoperative F wave

and H reflex.
Table (1): Demographic and clinical data

Variable Number Percent
Sex
Male 41 82%
Female 9 18%
Side
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Right 21 42%

Left 29 58%
Age (Y) 37.68 +8.05
BMI 32.81 +3.75
Duration (Y) 2.26+1.23

Table (2): Preoperative and postoperative
results of electrophysiology (F wave and H
reflex)

Preoperative Postoperative P
Variable Improved . Not Value
improved
F wave latency 2
Normal 13 (26%) (53.66%) 0 (00%)
Prolonged 29.(58%) | 17001 46‘;/0) 5(5.56%) | (033
Absent 8 (16%) 24 58% ) 4 (44.44%) '
H reflex latency 24
Normal 0 (00%) (58.54%) 0 (00%)
Prolonged 41 (82 %) 12 5 (55.56%) 0.013
Absent 9 (18%) (29.27%) 4 (44.44%) '
5 (12.2%)

Table (3): Correlation between clinical data
and postoperative outcome

Variable Improved Not improved P Value
Sex
Male 33(80.49 %) 8 (88.89 %) 0.483
Female 8 (19.51 %) 1(11.11 %) )
Side
Right 19 (46.38 %) 3(33.33%) 0.554
Left 23 (53,62 %) 6 (66.67 %) )
Age 36.46 + 7.78 43.22+£7.28 0.021
BMI 31.94+3.41 35.66 + 3.64 0.005
Duration 2.02+1.12 3.33+£1.22 .003

Table (4): Comparison between preoperative
and postoperative electrophysiological results
(F wave and H reflex)

Variable Preoperative | Postoperative | P Value
F wave latency (M+SD) 59.73 £ 6.77 54.2 £ 3.67 0.01
H reflex latency (M+SD) | 38.67 £2.41 | 34.07+4.22 0,027

Table (5): Correlation between preoperative
electrophysiological results (F wave and H
reflex) and postoperative outcome

Variable Improved Not improved P Value
F wave latency

Normal 22 (53.66%) 0 (00%)

Prolonged 17(41.46%) 5 (5.56%) 0.033
Absent 2 (4.88%) 4 (44.44%) :

H reflex
atency 0 (00. %) 0 (00. %)

Prolonged 35 (85.36 %) 5 (66.66%) 0.013
Absent 6 (14.64 %) 4 (44.44%) :

DISCUSSION
Lumber disc herniation is most common
causes of lower back pain and radiating
leg pain. Conservative treatment may be
the first option unless severe motor and
sphincter symptoms, surgical treatment is
considered the first option. Early surgery
leads to rapid symptom recovery 8.
Electrophysiological studies can help in
diagnosis, severity, and prognosis of a
radiculopathy “. Late responses provide
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objective evidence of L5 and S1 nerve
root compression 3. The study was
carried out on fifty patients presented
with clinical picture of lumber disc
herniation (L5-S1). Preoperative F wave
response was abnormal in 74% of
patients. Three months postoperative, F
wave was abnormal in 52% of patients.
Western literature®® reveals prolonged F-
wave latency between 18% and 65% of
patients while Hans et al;!* reported
abnormal F wave in 82% of patients.
Preoperative H reflex, all patient had
abnormal H reflex latency and three
months postoperative, H reflex had
abnormal latency in 52% of patients.
Braddom and Johnson 8 and Aiello et al.
17 found H-reflex tests were positive in
100% patients with L5-SI disc herniation
(H-reflex latencies greater than 2 standard
deviations above the mean for the control
group).

In the present study, 82% of the patients
had improvement in  neurological
symptom 3 moths postoperative. Good
short-term outcome after lumbar disc
herniation surgery have been reported in
up to 90% of the patients in many studies
20212223.

In the present study, postoperative
outcome was significantly correlated with
age of patients, BMI and preoperative
duration of neurological symptoms. Old
age patients, high BMI and with long
duration of neurological symptoms had
unfavorable outcome postoperative. Also
patients had preoperative absent F wave
or H reflex response, postoperative
outcome was unfavorable. Preoperative
absent F wave and H reflex response may
be indictors for severity that associated
with unfavorable outcome
postoperatively. Nygaard et al;?* Kitze et
al;* and Silverplats et al;® reported
patients with a long sick leave time
preoperatively were found to have a less
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favourable outcome. Also Ng et al; % in
his study found that patients with sciatica
for more than 12 months have a less
favourable outcome. Many studies
reported that, age, the duration of the
initial deficit and comorbid medical
illnesses have been postulated to
influence neurological recovery?’ 282930,

CONCLUSION
Old age patients with high BMI, long
duration of neurological symptoms and
absent F wave and H reflex responses had
unfavorable outcome postoperative.

REFERENCES
1. Kitze K, Winkler D, Gunther L,
Angermeyer C (2008). Preoperative
predictors for the return to work of
herniated disc patients. Zentralbl
Neurochir.;69:7-13.

2. Ghaffarpour M, Ghelichnia H,
Tehrani M, Ghenaati H (2002).
Lumbar disc herniation treatment
with laser in Emam Khomeini
hospital (75-78) [in Persian]. TUMS
Med Sch J.;1:68-75.

3. Atlas SJ, Keller RB, Wu YA Deyo
RA, Singer DE. (2005). Long-term
outcomes of  surgical and
nonsurgical management of sciatica
secondary to a lumbar disc
herniation: 10 year results from the
maine lumbar spine
study. Spine ;30:927-35.

4. Horal J. (1969). The clinical
appearance of low back disorders in
the city of Gothenburg, Sweden.
Comparisons  of  incapacitated
probands with matched controls.
Acta Orthop Scand Suppl;118:1-109.

5. Peng BG (2013); Pathophysiology,
diagnosis, and  treatment  of

449 |Page


https://www.ncbi.nlm.nih.gov/pubmed/?term=Silverplats%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20512513
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deyo%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=15834339
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deyo%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=15834339
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singer%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=15834339

AL-AZHAR ASSIUT MEDICAL JOURNAL

10.

11.

12,

13.

discogenic low back pain. World J
Orthop; 4: 42-52.

Wilbourn AJ, Aminoff MJ. AAEM
Minimonograph: (1998). The
electrodiagnostic  examination in
patients  with radiculopathies.
Muscle Nerve;21:1612-1631.

Tackmann W, Radu EW. (1983).
Observations of the application of
electrophysiological methods in the
diagnosis of  cervical root
compressions. Eur Neurol;22:397-
404,

Kuruoglu R, Oh SJ, Thompson B.
(1994) Clinical and
electromyographic correlations of
lumbosacral radiculopathy. Muscle
Nerve;17:250- 251.

Scelsa SN, Herskovitz S, Berger AR.
(1995) The diagnostic utility of F
waves in L5/S1 radiculopathy.
Muscle Nerve;18:1496-1497.

Miller TA, Newell AR, Jackson DA
(1995); H-reflexes in the upper
extremity and effects of voluntary
contraction. Electromyogr
ClinNeurophysiol;35:121-8.

Fisher MA (1992). H-reflexes and F

waves: Physiology and clinical
indications, Muscle & Nerve;
15:1223-33.

Marin R, Dillingham TR, Chang A,
https://www.ncbi.nlm.nih.gov/pubmed/?term
=Dillingham%20TR%5BAuthor%5D&cauthor=t

rue&cauthor_uid=7799998Belandres PV
.(1995). Extensor digitorum brevis
reflex in normals and patients with
radiculopathies.  Muscle  Nerve;
18:52-509.

Michael T.
Diagnostic

Hans-J.
Wunderlich,

Braune,
(1997).

AAMJ VOL 13, NO 3, JULY 2015 —suppl 2

14,

15.

16.

17.

18.

19.

Value of Different
Neurophysiological Methods in the
Assessment of Lumbar Nerve Root
Lesions Arch Phys Med Rehabil Vol
78, May

Sabbahi MA, Khalil M. (1990).
Segmental H-reflex studies in upper
and lower limbs of patients with
radiculopathy. Arch ~ Phys  Med
Rehabil. ;71:223-7.

Poonaml , Narkeesh , A. and Kaur ,
J (2009). Correlation Study on H-
Reflex with Leg Length in Indian
Population Journal of Exercise
Science and Physiotherapy, Vol. 5,
No. 2: 76-79,

Peul WC, van den Hout WB, Brand
R, Thomeer RT, Koes BW, Leiden
(2008). The Hague Spine
Intervention  Prognostic  Study
Group. Prolonged conservative care
versus early surgery in patients with
sciatica caused by lumbar disc
herniation: two year results of a
randomised controlled trial.
BMJ;336:1355-1358

Aiello 1, Serra G, Migliore A,
Tugnoli V, Roccella P, Cristofori
MC, et al. (1983). Diagnostic use of
H-reflex from vastus medialis
muscle. Electromyogr Clin
Neurophysiol;23:159-66.

Braddom RL, Johnson EW. (1974)
Standardization of “H” reflex and

diagnostic use of S1 radiculopathy.
Arch Phys Med Rehabil;55:412-7.

Aminoff MJ, Goodin DS, Parry GJ,

Barbaro NM, Weinstein PR,
Rosenblum ML. (1985).
Electrophysiologic evaluation of
lumbosacral radiculopathies:

Electromyography, late responses,

450 |Page


https://www.ncbi.nlm.nih.gov/pubmed/?term=Dillingham%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=7799998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dillingham%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=7799998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dillingham%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=7799998
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dillingham%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=7799998

20.

21,

22,

23.

24,

25.

Yasser H. Mustafa et al

and somatosensory evoked
potentials. Neurology;35:1514-8.
Asch HL, Lewis PJ, Moreland

DB, Egnatchik JG, Yu YJ, Clabeaux
DE, Hyland AH (2002). Prospective
multiple  outcomes  study  of
outpatient lumbar microdiscectomy:
should 75 to 80% success rates be
the norm? J Neurosurg. ;96(1
Suppl):34-44.

Hakkinen A, Ylinen J, Kautiainen
H, Airaksinen O, Herno A, Kiviranta
| (2003). Does the outcome 2 months
after lumbar disc surgery predict the
outcome 12 months later? Disabil
Rehabil. ;25(17):968-972.

Dewing CB, Provencher
MT, Riffenburgh RH, Kerr S, Manos
RE (2008). The outcomes of lumbar
microdiscectomy in a young, active
population: correlation by herniation
type and level. Spine. ;33(1):33-38.

Weinstein  JN, Weinstein, Jon D.
Lurie, Tor D. Tosteson, Anna N. A.
Tosteson, Emily Blood, William A.
Abdu, Harry Herkowitz, Alan
Hilibrand, Todd Albert, and Jeffrey
Fischgrund (2008). Surgical versus
nonoperative treatment for lumbar
disc herniation: four-year results for
the  Spine  Patient  Outcomes
Research Trial
(SPORT) Spine.;33(25):2789-2800.

Nygaard OP, Romner B, Trumpy
JH. (1994). Duration of symptoms as
a predictor of outcome after lumbar

disc surgery. Acta Neurochir
(Wien) ;128(1-4):53-56.

Silverplats k., Lind B. ,Zoéga
B., Halldin K., Gellerstedt
M., Brisby H.,and Rutberg L.:
(2010). Clinical  factors of

AAMJ VOL 13, NO 3, JULY 2015 —suppl 2

26.

27,

28.

29.

30.

31.

Importance for outcome after lumbar
disc herniation surgery: long-term
follow-up Eur Spine J. Sep; 19(9):
1459-1467.

Ng LC, Sell P. (2004). Predictive
value of the duration of sciatica for
lumbar discectomy. A prospective
cohort study.J Bone Joint Surg
Br. ;86(4):546-549.

Cribb GL, Jaffray DC, Cassar-
Pullicino VN (2007). Observations
on the natural history of massive
lumbar disc herniation. J Bone Joint
Surg Br 89:782-4.

Ghahreman A, Ferch RD, Rao P,
Chandran N, Shadbolt B. (2009).

Recovery of ankle dorsiflexion
weakness following lumbar
decompressive  surgery. J Clin

Neurosci 16:1024—7.

Liu K, Zhu W, Shi J, Jia L, Shi
G, Wang Y, Liu N. (2013) Foot drop
caused by Ilumbar degenerative
disease: clinical features, prognostic
factors of surgical outcome and
clinical stage. PL0oS One 8:80375.

Balaji VR, Chin KF, Tucker S,
Wilson LF, Casey AT. (2014)
Recovery of severe motor deficit
secondary to herniated lumbar disc
prolapse: is surgical intervention
important?: a systematic review. Eur
Spine J 23:1968-77.

Bobinac-Georgijevski A, Sokolovic-
Matejcic B, Graberski M (1991).
The H or F wave latencies in medial
gastronemius in the electrodiagnostic
study of sciatica patients with
suspected radiculopathy.  Neurol
Croat; 40: 85-91.

451 |Page


https://www.ncbi.nlm.nih.gov/pubmed/?term=Lewis%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=11795712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moreland%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=11795712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moreland%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=11795712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Egnatchik%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=11795712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=11795712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clabeaux%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=11795712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clabeaux%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=11795712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hyland%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=11795712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ylinen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12851085
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kautiainen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=12851085
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kautiainen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=12851085
https://www.ncbi.nlm.nih.gov/pubmed/?term=Airaksinen%20O%5BAuthor%5D&cauthor=true&cauthor_uid=12851085
https://www.ncbi.nlm.nih.gov/pubmed/?term=Herno%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12851085
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kiviranta%20I%5BAuthor%5D&cauthor=true&cauthor_uid=12851085
https://www.ncbi.nlm.nih.gov/pubmed/?term=Provencher%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=18165746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Provencher%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=18165746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Riffenburgh%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=18165746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kerr%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18165746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manos%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=18165746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manos%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=18165746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weinstein%20JN%5BAuthor%5D&cauthor=true&cauthor_uid=19018250
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lurie%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=19018250
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lurie%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=19018250
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tosteson%20TD%5BAuthor%5D&cauthor=true&cauthor_uid=19018250
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tosteson%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=19018250
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tosteson%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=19018250
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blood%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19018250
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abdu%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=19018250
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abdu%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=19018250
https://www.ncbi.nlm.nih.gov/pubmed/?term=Herkowitz%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19018250
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hilibrand%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19018250
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hilibrand%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19018250
https://www.ncbi.nlm.nih.gov/pubmed/?term=Albert%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19018250
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fischgrund%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19018250
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fischgrund%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19018250
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silverplats%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20512513
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lind%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20512513
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zo%26%23x000eb%3Bga%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20512513
https://www.ncbi.nlm.nih.gov/pubmed/?term=Halldin%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20512513
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gellerstedt%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20512513
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brisby%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20512513
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rutberg%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20512513
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2989281/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jia%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24224052
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24224052
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24224052
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24224052
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24224052

