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Lumbar pars interarticularis (PI) injury or spondylolysis occurs only in humans. This represents a stress
fracture of the PI. Excessive loading in repetitive hyperextension is a significant risk factor and occurs
most commonly at L5 followed by L4. It is bilateral in 80% of symptomatic cases but can be unilateral
defect as well which runs a more benign course. Symptoms of low back pain relating to this lesion are
more common in young athletes involved in trunk twisting sports. Like other stress fractures, the pain
may come on abruptly or more insidiously over time and only related to certain activities. The pathologic
progression starts with a stress reaction in the pars, progressing to an incomplete stress fracture, and
then a complete pars fracture. Diagnosis is dependent on clinical examination and radiological imaging
studies (plain radiography, computed tomography (CT) scans and magnetic resonance imaging (MRI)
scans). Treatment is dependent on symptoms as well as radiographic stage of the lesion. Conservative
management is the mainstay of treating early lesions. A comprehensive rehabilitation program in-
corporates core spinal stabilization exercises. Athletes should not return to sports until pain free. Pro-
fessional sporting individuals are at increased risk of failure of resolution of symptoms that may require
early surgical repair of the PI defect. Modified Buck's technique & pedicle screw-hook constructs for
direct repair has a high success rate in patients who have persistent low back pain. Minimally invasive
lumbar pars defect repair has given similar successful outcome with added advantage of minimizing
muscle injury, preserving the adjacent joint and reduced hospital stay. Functional outcome is evaluated
using the Visual Analogue Scale (VAS) for back pain, Oswestry Disability Index (ODI) and 36-Item Short-
Form Health Survey (SF-36). Preoperative ODI and SF-36 physical component scores (PCS) are significant
predictor of a good functional outcome.
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1. Etiology

Spondylolysis is derived from the Greek spondylo meaning spine
and lysis meaning to dissolve. Lumbar Spondylolysis is defined as a
defect or abnormality of the pars interarticularis. Only humans
have lumbar pars interarticularis defect (PI).! > The first reflection
of genetic influence in lumbar spondylolysis was shown in families
by Wiltse in 1962.% During childhood the incidence is 4.4% which
increases to 6% in adulthood.” The incidence is approximately
15—47%°~% in the young sporting population. Both hereditary and
acquired risk factors have been suggested with an increased prev-
alence in young sporting men actively involved in certain high-risk
sports.

Lumbar PI defect runs an unpredictable course.’ The first sign of
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stress fracture is a subtle stress reaction within the pars and the
mode of failure is fatigue.' Repetitive hyperextension and excessive
loading of pars in the sporting population has been suggested as a
significant risk factor.

The fact that pars defect was not found in other primates sug-
gested the theory of congenital weakness of the pars in humans.'”
The incidences of PI defects in Eskimos are as high as 20—50%.!" But
it was highly unlikely that the PI defects caused severe disability in
these Eskimos. In the Canadian Eskimos, the incidence of PI defect
doubles by early adulthood with equal incidence of complete and
incomplete spondylolysis.'?

The current consensus favors PI defect as a developmental
lesion occurring sometime in childhood. There are two peaks of
presentation, i.e. one occurs between 5 and 7 years of age and
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another peak in teenage years."” In early teenage period it presents
as a continuum of stress reaction which can progress to incomplete
and then a complete defect. It is suggested that two factors may
contribute towards the developmental PI lesion. Firstly, ossification
of lower lumbar segment is not uniform.'* Secondly, a differential
bone density between PI and base of pedicle in lower lumbar
spine.'* This change in trabecular bone density may result in an
area of weakness or stress riser. Further loading may lead to fatigue
failure of an already weak PI. Another theory suggests that the
insufficient increases in the inter-facet distances may increase the
pressure during hyperextension leading to development of pars
defect.” A recent biomechanical analysis suggested that combina-
tion of flexion, axial rotation and compression induced highest
stress concentration increasing the risk of lumbar spondylolysis.'”
In patients with higher pelvic incidence and sacral slope the
stresses on the PI intensify.'” This abnormal spino-pelvic balance
alters the biomechanical stresses at the lumbo-sacral junction.'®

In a large comparative study of single segment PI defect against
multi-level lumbar PI defects, it was observed that subjects with
multi-level spondylolysis were characterized by insufficiency of
lower lumbar segmental lordosis and retroverted pelvis.”

1.1. Historical review

‘Spondylolysis’ was first described by George Murray Humphrey
(1858), a surgeon from Cambridge.'®'"” In 1855, Prof Robert du
Coblenz from Marburg, Germany described the importance of PI
integrity in prevention of vertebral olisthesis.'® Three decades later,
in 1884 Franz Neugebauer from Warsaw, first published the link
between PI defect and erect human posture.'® The theory of “fa-
tigue failure” was suggested by Wiltse (1957) which was supported
by subsequent researchers.' The prevalence of PI defect was about
6% in archeological skeletons of Romano-British populations?®
(Fig. 1). In Native American skeletons from 6000 to 1000BC, the
prevalence was 20%.'® This prevalence rises to 50% in skeletal re-
mains of Eskimos.!" There was no significant variation between
race and gender in 485 caucasian skeletons studied by Eisenstein.?!

1.2. Pain source

The usual clinical presentation is complains of low back pain
(LBP) on extension without radicular pain. Soft tissues in PI defect
termed ‘spondylolysis ligament’ has been suggested a distinct
source of pain since it contains nociceptive pain fibres.>”> These
neural elements may be stretched which may lead to defective
healing of the PI defect.”®> Associated degenerate disc or facet joint
may be the other sources of back pain. Ciullo (1985) suggested that
pain may be due to acute stress fractures or segmental instability at
the PI defect.'® However, pain due to instability remains a contro-
versial issue.?*

1.3. Evolution of symptoms

Athletes have a greater frequency of symptomatic lesions pre-
senting at an earlier age than asymptomatic subjects. However, in
many young sportsmen, repeated microtrauma may present as a
new acute PI defect. In one study, 95% patients with spondylolysis
were sporting subjects (i.e. American footballers, gymnasts, weight
lifters, wrestlers and tennis players).”’ Lumbar pars defect is also
prevalent in soccer players, cricketers, baseball players, rowers,
swimmers and divers.”?> Repetitive hyperextension leads to stress
on the inferior articular facet e.g. fast bowling in cricket and many
gymnastic exercises. One recent study suggested sports-specific
movements and lower limb dominance should be considered in
young sporting subjects with symptomatic spondylolysis.?>
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Fig. 1. Five lumbar vertebrae in a 13th century skeleton with a unilateral defect of the
right pars at L5 vertebra. (From Hamann Todd Collection, Natural History Museum,
Cleveland, USA).

Cortical fatigue resulting in PI stress fractures has been repro-
duced in vitro.”® One must remember that a physiological stress
reaction within PI precedes the fatigue failure. It is also important
for the clinician to appreciate that not every initial stress reaction
develop into a fracture and pain occurs in a select few.

The young sporting subjects may present with early onset LBP
with complains of more pain than general population. Sporting
activities and age of the PI defect has direct relationship with the
development of pain. Functionally, the sporting subjects suffer
more disability due to pain than the general population with the
lumbar PI defect. Although many think that the incidence of LBP
increases with age, on the contrary a long term study observed LBP
did not increase with aging.® This observation is debatable since a
degenerate disc at L4/5 is present frequently in a L5 pars defect
even without a vertebral slip.?” The strong ilio-lumbar ligaments
render the L5/S1 segment more stable with a PI defect at L5. If LBP
continues to progress with aging in spondylolysis, it is suggested
that the pain generator may be either the L4/5 disc or the spon-
dylolytic defect itself.

1.4. Natural history

PI defects are staged as early, progressive and terminal on CT
scans.”® In an early stage, a hairline crack is visible in the pars.
When a gap occurs it is in progressive stage. The terminal stage is
visualized as pseudoarthrosis. Early stage defects have high po-
tential for healing on its own. Many subjects in progressive and
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terminal stage may not heal but may remain asymptomatic. The
unpredictable natural history of the progression of the spondylo-
lytic defect to vertebral slip puts the clinician in a difficult situation.
Moreover, the severity of spondylolysis varies with location. Ma-
jority of L5 spondylolysis exhibits terminal-stage defects (63%),
while most L3/L4 spondylolysis exhibits early-stage defects.?”

1.5. Development of olisthesis

Unilateral PI defects did not develop into spondylolisthesis or
significant disability.® The risk of the progression of spondylolis-
thesis in patients with bilateral pars defect is similar to that of the
general population, but there is marked slowing of slip progression
with each decade® In immature lumbar spine of children
(9—15year), slippage was more prevalent.” This slippage halts with
vertebral maturity.>® When a child or adolescent presents with
bilateral PI defect of L5, it is recommended to counsel the parents
that a 5% incidence of progression of vertebral slip may occur in
adulthood.? There is no evidence that competitive sports increase
the risk of progression of olisthesis.>"*?

1.6. Diagnosis

A typical presentation is unilateral LBP. The incidence of LBP is
higher in athletes who are involved in twisting or hyperextension
of lumbar spine.®>> Most common location is at L5 (85—95%) and is
usually bilateral. Second most common site is L4 (10—15%). >34
The pain is accentuated by the standing one-leg lumbar extension
stance i.e. Stork test. Few symptomatic patients may complain of
lumbar paraspinous spasms and pain throughout the range of
motion. A high index of suspicion is required for early diagnosis in a
young sporting subject complaining of LBP increased by sporting
activity. It is imperative to rule out other causes for LBP e.g. dis-
cogenic, facet mediated, myofascial or sacro-iliac origin of pain.

1.7. Imaging

Radiological imaging helps the clinician in diagnosis as well as
prognostication of PI defect. It is recommended to diagnose early PI
injuries which have a higher potential for complete healing. Mag-
netic Resonance Imaging (MRI) and Computerised Tomography
(CT) scans can detect stage of the pars defect dictating the need for
conservative treatment or surgical intervention.*> Planar bone
scintigraphy (PBS) and single-photon- emission computed tomog-
raphies (SPECT) are quite sensitive in detecting PI lesions but their
use has declined in clinical practice.>¢6—38

The reverse gantry CT scan is most specific imaging for
demonstrating a pars defect where the scan plane is perpendicular
to the defect.>® The morphology of PI defects i.e. site, orientation
and width of the defect are detailed well on CT scans. These help in
preoperative planning for internal fixation.>>*? For identifying
occult lesions, CT scan is again the imaging of choice.

Currently, routine use of MRI scans allows for early diagnosis
and treatment of patients with suspected lumbar PI stress in-
juries.*! MRI provides more sensitive imaging in PI lesions since
subtle bone marrow edema in early stress injuries can be easily
detected. Based on MRI scans, Hollenberg et al. (2002) classified the
PI defect into five grades i.e. grade O - normal to grade 4 — complete
spondylolysis.*> MRI scans can predict which lesions would heal >
Although, MRI scans are not accurate in visualizing the cortical
integrity of incomplete fractures.*>
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2. Management
2.1. Non operative treatment

The aim of managing acute painful spondylolysis is to eliminate
movement across the PI defect. Conservative treatment depends on
the clinical severity, age, type of sports and level of sporting activity.
Non operative management includes: pain relief medication
(NSAIDs), avoiding sporting activities, core muscle stabilization &
training and brace treatment. At least three to six months of bracing
and rest from sporting activities has been recommended.

A period of physical therapy followed the initial bracing.** The
rehabilitation program focuses on hamstring stretching, core
strengthening, and pelvic tilts. Progressive increase in lumbar range
of motion to normal limits without symptoms may allow the
clinician to decide on return to sports. Most often the decision is not
based on healing of the PI defect. Healing potential for symptomatic
unilateral defects was higher than bilateral defects.® Eleven (11)
athletes with unilateral spondylolysis had a 100% healing rate.*’
The most important predictor of successful union was dependent
on the stage of the PI defect.”® Non-surgical treatment for six to
twelve months is the gold standard for managing patients with
either unilateral or bilateral spondylolysis.**~*® An algorithm for
management of LBP due to lumbar PI injuries is suggested (Fig. 2).

2.2. Surgical treatment

Usually most patients recover from pain following conservative
management. However, few young sporting individuals experience
disabling symptoms who do not respond to non-surgical manage-
ment preventing them from sporting activity. These patients may
require surgical intervention (approximately 9—15% cases undergo
surgery).*° About 5.4% athletes required surgery.>* Postero-lateral
arthrodesis (fusion) with or without excision of posterior ele-
ments was performed till early 70s before introduction of direct
repair technique. Fusion resulted in loss of motion segment which
increased the risk of adjacent segment degeneration.

The rationale for direct repair of PI defect is to eliminate the pain
locus. The pars defect as the primary pain generator is confirmed by
image guided local anaesthetic injection.’® The credibility for pars
injection as diagnostic modality is due to the presence of noci-
ceptive free nerve endings in the PI defect.?>?* Several techniques
to stabilize a lumbar spondylolytic defect are described (Fig. 3A—I).
Previous authors have published the techniques of direct repair:
Buck (1970), Morscher hook screw (1984), Scott wiring (1987) and
many other methods.”' > Screw fixation for PI defects resulted in
good outcome in non-sporting as well as sporting population.”* >’

3. Biomechanical basis of surgical treatment

The intervertebral mobility at the level of PI defect as well as at
the upper adjacent level was increased in a biomechanical study of
calf lumbar spines.”® Buck's screw repair stabilizes both the lytic
and the adjacent segment simultaneously.”’ Buck's fixation with
screws provided the stiffest and strongest fixation.”® Comparison of
techniques of direct repair showed Buck's and Morscher's hook-
rod-screw system stabilized the motion segments in flexion.®
The properties of ideal fixation device for repair of PI defects are:
1) stabilize the motion segment 2) negate the extension & torsional
forces, 3) must be of low profile to avoid the irritation of adjacent
facet joint, and 4) allows for bone grafting.
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Fig. 2. Algorithm for management of Lumbar Spondylolysis.

3.1. Direct repair

Direct repair of lumbar spondylolysis with bone grafts alone was
first published by Kimura (1968).°" This technique showed pres-
ervation of motion segment although the patient was subjected to
lie in bed for 2months followed by lumbosacral support for
4—6months. Buck (1970) described for the first time, bilateral screw
fixation across the PI defect.’! This was a difficult technique espe-
cially for L5 defects since there was a wide variation in the orien-
tation of the defect. In this technique, PI defect is decorticated and a
cortical bone screw is inserted like fixing a fracture (Fig. 4A—D).
This technique was followed by Morscher hook-screw>? and Scott's
tension band wiring.”>> Scott reported good results in seven (7)
patients.>® Scott wiring has many disadvantages such as less stiff-
ness, intraoperative complications, and wire breakage. Also, bony
union across the defect is a suspect with Scott wiring.%°

Kakiuchi described a pedicle screw-sublaminar hook technique
with 100% union of PI defect.”® In their series, 43% patients were
beyond 30 years of age and concomitant degenerate disc was not an
exclusion criterion.”® This view of higher age with disc degenera-
tion is in contradiction to many advocates of direct repair. In a
prospective study, 92% (12/13) patients had united PI defect below
20years of age while non-union was recorded in 6 patients beyond

the age of 20years with a hook screw construct. Despite the non-
union, 4/6 had excellent clinical outcome.®? In a series of 23 pa-
tients (mean age 34years) who were treated with pedicle screw
hook technique, reported 87% good outcome (100% radiological
union) below the age of 30years against 73% good outcome (82%
radiological union) above the age of 30years. There was no
degenerate disc disease in patients below the age of 30years.%® It
was suggested patients with moderate degenerative disc disease
can undergo direct repair.’> A study observed the rate of pseu-
doarthrosis in patients below the age of 20years was less as
compared to patients above the age of 20years (8.6% vs 35%).5* The
presence of disc degeneration (Pfirmann grade 3 and above) on MRI
scan is a contraindication to direct repair.®

Songer & Rovin reported of seven (7) patients with PI defects
treated successfully by a pedicle screw-cable construct.®® The au-
thors suggested that this construct provided the strongest anchors
at the pedicle and lamina to compress and stabilize the defect.®®
Disadvantage of this technique were wide surgical exposure and
sublaminar wire passage. In another study, three (3) patients
returned to sports after cable-screw construct.?® In a multicentre
study, Ishida et al. compared the pedicle screw claw-hook fixation
versus pedicle screw hook fixation technique. The outcome was
better with pedicle screw claw-hook fixation method.®” In sporting
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Fig. 3. Schematic diagram of different types of direct repair. A: Buck's direct repair: use of a single cortical screw across the pars defect, B: Scott's repair: A SS wire is passed
circumferentially around the transverse and spinous process like a tension band wiring, C: Morscher's technique: Pedicle screw-laminar hook construct, D: Gillet & Petit technique:
Pedicle screw with an U shaped rod under the spinous process, E: Tokuhashi technique: A titanium pedicle screw hook system (standard or polyaxial pedicle screw and a
rod—laminar hook complex) either single inferior laminar hook or a claw construct, F: Ishida technique: Pedicle screw- Claw hook construct (superior and inferior laminar hook
were connected to form a claw), G: Kakiuchi technique: Rod is attached to pedicle screw with variable angle eyebolt and the laminar hook is attached to the rod, I: Songer & Rovin
technique: Pedicle screws inserted superiorly and a 1mm double cable passed through the pedicle screw holes on opposite sides with passage of cable sublamilarly from caudal to

cranial followed by tensioning and crimping under spinous process.

subjects, who had direct repair of either unilateral or bilateral PI
defects, the return to sports was reported in 80—90%.°54” Rajase-
karan et al. had reported 78% good outcome®® and Snyder et al. had
reported on 16 patients of direct repair with complete resolution of
symptoms.®® However, implant loosening or screw breakage was
frequently reported. To avoid this problem many surgeons are using
some form of segmental pedicle screw hook fixation which is a
stronger construct and decreases the risk of hardware failure.®>7°
Buck's screw technique had the best clinical outcome in general

population as well as in well-motivated professional athletes as
reported from multiple centers around the world. Although tech-
nically difficult with little room for error, the technique is safe,
reliable and reproducible.*647>15455.7L72 1 3 recent meta-analysis
comparing all the techniques, it was suggested that the pedicle
screw based constructs had the best fusion rates and lowest
complication rates.”’
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Fig. 4A. Fig 4A & B: X-rays of Lumbosacral spine (AP and Lateral view) showing bilateral pars defect in L4 vertebrae in an 18year old male.

3.2. Postoperative rehabilitation

The post-operative protocol is customized according to the pa-
tient profile but generally core strengthening and extremity flexi-
bility exercises in neutral spine are recommended by the end of
second week. Non-impact aerobic exercises can be started by the
end of four weeks. Sport related exercises can be started by
4—6months when patient has no pain.”?

3.3. Predictors of surgical outcome

Low back pain is the single most important predictor for one
having a surgical intervention.”*”> Most surgeons prefer to perform
direct repair if the spondylolytic gap is less than 4mm®*®~! and if
there was no adjacent level disc degeneration. A positive response
to pars injection had good outcome after direct fixation of PI
defect.”! Owing to these factors, surgical repair of lumbar spon-
dylolysis is not considered by many beyond the age of 25years.

For predicting prognosis in young sporting subjects who un-
derwent direct repair of lumbar spondylolysis, a model was sug-
gested following a clinical and statistical analysis.”* Patients
younger than 25years run a predictable course after surgery of PI
defect.”® Therefore, successful surgical outcome may be predicted
preoperatively when the following factors were considered: below
25years of age, pars defect gap is less than 4 mm, minimal disc
degeneration (Pfirmann grade 1—3), positive pars injection, type of
direct repair and psychological motivation of the
indiVidua1.28'45'46'51'71’74'75

These factors were accounted for in the regression model which
predicted the outcome in 80.9% sporting subjects undergoing

Buck’s direct repair.”*’> Other significant prognostic predictors for
a successful outcome were preoperative ODI (Oswestry Disability
Index) & SF-36 PCS (physical component) scores.””

3.4. Minimal access percutaneous direct repair

In the last few years, many surgeons are advocating minimally
invasive (MISS) repair of symptomatic pars defect. This technique is
found to be effective, especially in well-motivated and physically fit
athletes. Wilson used a tubular retractor system for curettage and
bone grafting of the PI defect, followed by a threaded dynamic
compression screw percutaneously.’®

Jia et al. reported on eight (8) patients who had MISS direct
repair technique (percutaneous bilateral intralaminar screws), had
81% successful union and good outcome.”” The success of MISS
direct repair depends on the fracture morphology and orientation’®
and minimizes paraspinal muscle damage which supports early
rehabilitation.”® The application of endoscopy and percutaneous
screws lessens soft tissue disruption allowing for performing the
surgery under local anaesthesia.®’

3.5. Outcome measures

An outcome assessment in a patient with spinal pain improves
the understanding of relief of pain and recovery of function. The
VAS (Visual Analogue scoring) for LBP was responsive enough to
detect the minimal clinical change after treatment.®' ODI is a time
tested valid measurement of condition-specific disability which
was developed for both assessment and outcome.®? ODI and VAS
scoring together evaluates functional status that is affected by LBP,
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Fig. 4C. Fig 4C & D: 2years post-operative X-rays of Lumbosacral spine (AP and Lateral view) showing healed bilateral pars defect in L4 vertebrae in the same patient.

rendering them appropriate primary outcome measure in pain due
to lumbar PI defect.

The 36-Item Short Form Health Survey questionnaire (SF-36) is a
popular generic instrument measuring Health-Related Quality of
Life.®* Generic tools may not always be able to detect subtle effects of
a specific condition on quality of life. Modified ODI and SF-36 (PCS)
measurements were reliable and have necessary width scale to
reliably detect a change of health status in most subjects with
disability due to LBP2* A prospective interventional study showed
good clinical outcomes measured by using ODI and SF12 after a year
of surgery, despite poor union rate of the pars defect (55%).5°

Thus, combining the three outcome measures (VAS, ODI and SF-
36) provides a robust responsiveness after treatment for symp-
tomatic lumbar spondylolysis.*®47747>

These outcome measures in combination allow one to under-
stand the pain status, functional disability, motivation, physical
abilities, and the sporting abilities. Although the disease specific
and generic measures give an idea about the functional ability,
there is a lacuna in the outcome measurements for return to active
sports. The type of information needed to select the optimal

instrument for sporting subjects with LBP is unavailable in the
literature. A questionnaire for sporting subjects with LBP was
proposed which would guide the clinician regarding outcome after
surgical treatment of lumbar pars defect. This questionnaire is a
valuable and valid measurable instrument.””

4. Summary

A history of athletic participation with clinical symptoms of LBP
leads the clinician to high suspicion of lumbar pars defect. The
unilateral pars fractures typically heal, especially among acute
fractures. Bilateral PI defects are painful in patients who are in
active sports which involves hyperextension of spine. Diagnosis is
established through clinical and radiological imaging studies.

Non-operative treatment includes individualized physiotherapy
program which are activity modification and a progressive course
of specific exercises which usually leads to symptom resolution and
return to sports. Failure of 6—12months of conservative treatment
with the patient continuing to experience disabling LBP may be
treated surgically. Once the pain locus is identified (i.e. PI as pain
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generator) and morphology of PI defect is assessed by CT scan and
MRI scan, the PI defect may undergo direct repair. Direct repair can
be performed using Buck's cortical screw technique, Morscher
hook-screw technique or any methods using combination of hook,
screws or cables. The motion segment is preserved by direct repair
techniques using compression screws or pedicle screw—hook
constructs along with bone grafts for enhancing bony or fibrous
union of the defect. Currently, in many centers, endoscopic and
advanced fluoroscopy has led surgeons to do percutaneous mini-
mally invasive direct repair of lumbar spondylolysis with good
functional outcome. Pedicle screw—based segmental fusion is
advised if concurrent disc or facet joint degeneration is confirmed
by imaging.
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