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Spondylolysis Repair Using a Minimally Invasive Modified Buck Technique with

Neuronavigation and Neuromonitoring in High School and Professional Athletes:

Technical Notes, Case Series, and Literature Review
Ratko Yurac1,2, José T. Bravo2, Álvaro Silva1,2, Bartolomé Marré1,2
-BACKGROUND: Spondylolysis is a defect in the pars
interarticularis of the vertebra that occurs frequently in
high-performance young athletes. Although nonsurgical
management is the mainstay of treatment, surgery is an
option for patients with persistent symptoms despite mul-
tiple cycles of nonsurgical treatment. Performing a mini-
mally invasive technique reduces complications,
postsurgery pain, and hospitalization time and leads to a
quick recovery. The aim of this study was to report the
clinical results of a series of 3 patients treated with a
modification of the Buck technique with a minimally
invasive approach.

-METHODS: Three high-performance athletes between 17
and 18 years old who were managed nonsurgically for at
least 6 months underwent a modified Buck technique
repair with a minimally invasive approach using cannu-
lated compression screws, with neuronavigation and
neuromonitoring. Patients were followed at least 6 months
with computed tomography scans to assess consolidation
and fixation status. Following rehabilitation and in the
absence of pain, all 3 athletes returned to their respective
sports. No complications were reported.

-RESULTS: All patients presented with bilateral spondy-
lolysis, at L3 in 1 case and at L5 in 2 cases. Patients
received conservative management for 12e36 months
before surgery. After surgery, consolidation was obtained
at 4 months in all patients, who returned to their sports
activities in <6 months.
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-CONCLUSIONS: The proposed technique shows the ad-
vantages of performing minimally invasive surgery in young
high-performance athletes, ensuring consolidation and
early return to sports activity without complications.
INTRODUCTION
pondylolysis is a bone defect in the pars interarticularis (or
isthmus) of the vertebra, involving the pars interarticularis
S of L5 in 95% of patients and generally bilateral.1-6 This

pars lesion is a combination of interposed fibrous, cartilaginous,

or bone tissue that leads to chronic pseudarthrosis, with or
without bone union.7 Union is evident in only 3% of patients over

the natural history of the disease.8 The estimated incidence of
spondylolysis in the general adolescent population is

approximately 6%e8%,9,10 and it is more commonly observed
in patients >10 years old.8 Its incidence is affected by the level

of activity of the child or adolescent, with large increases
observed in athletes,11 as high as 47% in adolescent

athletes.12 Spondylolysis can be asymptomatic, when found
incidentally, or symptomatic, manifesting as low back pain.13 It

accounts for about 50% of cases of low back pain in
adolescent athletes14,15 and is especially common in dancers,

gymnasts, figure skaters, weightlifters, and football players.13

Nonsurgical treatment, including activity modification, bracing,
and physiotherapy, continues to be the mainstay of treatment

for pars defects, producing successful resolution of symptoms
in up to 95% of cases.16,17 However, surgery is indicated when

symptoms persist for at least 6 months18 and affect the quality
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Figure 1. (AeD) Computed tomography and magnetic resonance imaging of the patient showing chronic lysis of left
pars interarticularis.
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of life of young patients, particularly athletes.19 In a young

patient with painful spondylolysis, a still intact disc,20 and no
relevant spondylolisthesis,21 direct repair of the spondylolysis

without fusing the segment is the treatment of choice, with
the objectives of 1) obtaining reduction and fusion of the

isthmus, 2) restoring spinal stability, and 3) preserving
segment mobility.22

Many techniques have been proposed to repair defects involving

the pars interarticularis, including simple placement of a bone
graft without osteosynthesis material, fusion of �1 vertebrae to
2 www.SCIENCEDIRECT.com WORLD NE
achieve stability, fusion by means of cerclage, a screw positioned

within the pars interarticularis defect, pedicle screws and laminar
hooks, and a rod-screw construction, among others.6,23-29 In

1970, Buck30 described an internal approach to treating the
fracture, which included less aggressive dissection,

débridement of the fracture site, insertion of a 4.5-mm cortical
screw, and placement of an autologous iliac crest graft, reporting

88% good or excellent results.

At the present time, alternative, less invasive procedures are
being sought that allow for Buck’s fundamental objectives to be
UROSURGERY, https://doi.org/10.1016/j.wneu.2021.07.134
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Figure 2. Intraoperative setup. (A) Patient positioning.
(B) Electrophysiological monitoring. (C) Iliac crest

percutaneous navigation reference. (D) Intraoperative
tomography acquisition.
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achieved—débridement of the lytic lesion, placement of an
autologous graft to ensure consolidation, and performance of

compressive and stable osteosynthesis in the pars defect. Per-
forming Buck’s technique using a minimally invasive surgery

(MIS) technique reduces the extent of iatrogenic injury to the soft
Figure 3. (AeC) Intraoperative tomog
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tissues and paravertebral muscles, thereby potentially reducing
complications, postoperative pain, and hospitalization time, while

providing faster recovery.31 This is of particular importance in
young, high-performance athletes who seek the earliest

possible return to athletic activities.22 In this article, we report our
raphy reconstruction images.
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Figure 4. Navigated surgery. (A) Small midline incision over the spinous
process of L5, dissecting the paravertebral spinal muscle and exposing the
inferior aspect of the L5 lamina over each side. (B) Positioning of the

navigated drilling guide. (C) Virtual selection of entry point and projection of
the drill direction throughout the pars crossing the fracture. (D and E) Drilling
following the selected pathway.

TECHNICAL NOTE
surgical results in 3 patients treated with a modified, minimally

invasive Buck technique aided by three-dimensional neuro-
navigation and neuromonitoring.

MATERIALS AND METHODS

Cases
Reporting of these 3 cases was approved by the bioethics

committee of the School of Medicine Clı́nica Alemana-
Universidad del Desarrollo. Two high-school athletes and 1 pro-

fessional athlete, all between 17 and 18 years old, presented
with chronic mechanical low back pain that prevented them from

continuing their sports activities. For our purposes, high school
athletes were defined as athletes training at least 3 times per

week and participating in at least 1 competitive event weekly,
whereas professional athletes were defined as athletes partici-

pating in the national team of their sport. All 3 patients initially had
functional lumbar spine radiographs and underwent computed

tomography (CT) and nuclear magnetic resonance imaging to
confirm the diagnosis of lumbar spondylolysis (Figure 1). Before
being referred for surgery, all 3 had been managed
nonsurgically with physiotherapy and analgesia for at least 6

months and conservative treatment was considered to be a
failure owing to persistent pain and nonreturn to sports

activities associated with a lack of fusion caused by the defect.
In all patients, a modified, minimally invasive Buck technique

repair was performed by the same surgeon (RY) and surgical
team at the same institution between 2019 and 2020. All

procedures were assisted by neuronavigation and
neuromonitoring.
4 www.SCIENCEDIRECT.com WORLD NE
Surgical Technique
All 3 patients were placed under general anesthesia using intra-

venous and inhaled anesthetic agents, with multimodal neuro-
monitoring installed, and positioned prone on an Allen table with

all support areas protected (Figure 2). Aseptic and antiseptic
techniques were employed to create a sterile field.

Percutaneous navigation antenna pins (StealthStation Surgical
Navigation System; Medtronic, Minneapolis, Minnesota, USA)

were installed in the posterior superior iliac crest after a
minimum 5-mm incision was created. This was performed

guided by cone-beam CT (O-arm; Medtronic) and antenna with

images acquired for navigation (Figure 3).

Under neuronavigation, the lytic site of the involved segment
was identified with a pointer and the level of approach was

marked, after which a 30-mm midline incision was created in the
skin and subcutaneous tissue, thereby providing sufficient length

for proper positioning of a METRx tube (Medtronic). To permit
the use of minimally invasive techniques, a fascial incision was

created 20 mm from the spinous process (Wiltse approach), with
dilators and a METRx tube positioned up to 20 mm in diameter

over the pars defect, identifying the defect directly and con-
firming its position with a navigated pointer, and fibrotic tissue

débridement of the lysis was performed with a motorized Midas
Rex drill (Medtronic) with neuronavigation bilaterally and on

alternate sides (Figure 4).

With neuronavigation support, the ideal entry point and access

route to the pars defect was planned. Compression screw guide
needles were drilled and installed under neuronavigation support

through the same incision or a lower medial 4-mm incision, in
UROSURGERY, https://doi.org/10.1016/j.wneu.2021.07.134
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Figure 5. Navigated surgery. (A) Insertion of a Kirschner wire in the previously drilled hole. (B) Insertion of a cannulated
screw.
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accordance with the original Buck technique. Drilling was
accomplished using guide wires with a 2.5-mm drill perpendicular

to the pars defect, with drilling depth determined by navigation.
The drill then was removed and replaced with a 2.0-mm Longi-

tude guide wire (Medtronic) to allow the passage of compression
screws (Figure 5).

The navigation antenna was temporarily removed from the iliac
crest via the same MIS approach, and an autologous bone graft

was taken from the iliac crest with trephine. The antenna was
then returned to its previous position.

The autologous graft was delivered to and compacted in the

débrided lytic area using METRx tubes. Then, 4.5-mm titanium
compression cannulated screws with short threads and a threa-

ded head (In2Bones, Memphis, Tennessee, USA) were installed
to allow adequate compression of the lytic defect (length 34e44
mm, depending on the case) (Figure 6). Postoperative
assessment using posterior O-arm CT confirmed adequate

screw position and compression of the pars defect (Figure 7).
The procedure was completed with irrigation with physiological

solution, followed by closure of all tissue planes and the skin.
Follow-Up and Rehabilitation
After surgery, the patients were hospitalized for 24e48 hours.

Medications prescribed postoperatively included an intravenous
nonsteroidal anti-inflammatory drug and oral acetaminophen,

both on a schedule, with opioids administered as required,
WORLD NEUROSURGERY 155: ---, MONTH 2021
depending on each patient’s level of pain. Each patient’s pain
level was monitored closely, as were any local complications

involving the wound or potential neurological symptoms or defi-
cits. Lumbar anteroposterior and lateral radiographs were

routinely obtained to confirm correct positioning of the
osteosynthesis.

During hospitalization, patients were instructed to walk in their
room aided by a physiotherapist, to move freely in bed, and to sit,

again aided into position by the physiotherapist, throughout their
hospitalization. Once patients were able to move on their own

with minimal pain, they were discharged with oral analgesia and
instructed to maintain a state of relative rest, restricted per-

forming household chores and driving for 4 weeks until complete
wound healing was achieved. Subsequently, they were autho-

rized to progressively increase these activities. One month after
surgery, progressive physiotherapy was initiated with sports

reintegration therapy starting after 3 months, guided by an
institutional physiotherapy team that specialized in sports rein-

tegration and spinal pathology.

Patients were monitored once weekly by the treating physician
until complete wound healing, then every 2 weeks, and then

monthly, with a CT scan repeated at 4e6 months to assess
consolidation and fixation status. Once consolidation was

confirmed on CT, the rehabilitation program was completed, and
they were pain-free, patients were permitted to gradually resume

their former athletic activities, with the goal of ultimately
returning to their preinjury exercise level.
www.journals.elsevier.com/world-neurosurgery 5
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Figure 6. (A) C-arm confirmation of correct placement
of the screw. (B) Sagittal view showing the screw
throughout the pars crossing the fracture, achieving
compression of the fracture. (C) Oblique view of

insertion of a cannulated screw. (D) Anteroposterior
view showing the medial to lateral trajectory of the
screw.

TECHNICAL NOTE
RESULTS

All 3 patients presented with bilateral spondylolysis, 1 at the level
of the L3 vertebra and 2 at the level of L5. Conservative man-

agement was sustained for 12e36 months without achieving
satisfactory results. The average duration of the 3 surgeries was

215 minutes (range, 180e260 minutes). After surgery, consoli-
dation was obtained within 4 months in all cases (Figure 8), with

all patients returning to full sports activities within months.
Table 1 summarizes the cases.

No patient experienced any intraoperative or postoperative

complications. Comparing patients with L3 and L5 spondylolysis,

the only difference was surgical time, which was longer in the
patient with L3 spondylolysis, at 260 minutes, versus 205 and

180 minutes in the 2 patients with L5 spondylolysis.
DISCUSSION

Although nonsurgical management is the mainstay of treatment,
succeeding in most patients with a symptomatic pars defect,
6 www.SCIENCEDIRECT.com WORLD NE
surgery is an option for patients with persistent symptoms
despite multiple cycles of nonsurgical treatment.17 This is of

special relevance in high-performance athletes seeking early
reinstatement.32

In this article, we have described a modified, minimally invasive

Buck technique using partially threaded cannulated screws and
neuronavigation, the use of MIS limiting muscle injury to a min-

imum, ensuring the correct position of screws, compressing the

fracture focus, and using an iliac crest autograft, agreeing with
most authors promoting its use as an ideal graft,33 with no need

to add other components to achieve consolidation. The surgical
results our patients achieved were highly favorable,

characterized by total pain resolution and functional restoration,
bone consolidation in all cases, and complete reintegration into

high-level sports within 6 months, all with no complications.

The concept of using direct fixation to repair spondylolysis has
existed since the 1960s, with subsequent variations over time.

Now it is the technique of choice because biomechanical studies
have documented superior resistance to extension forces
UROSURGERY, https://doi.org/10.1016/j.wneu.2021.07.134
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Figure 7. (A) C-arm sagittal view confirmation of correct
placement of the screw. (B) Anteroposterior view

showing both screws throughout the pars crossing the
fracture.

TECHNICAL NOTE
through the pars, stabilizing the posterior segment and allowing
the defect to heal,34 thereby allowing the Buck technique to

restore the stress of the disc adjacent to the defect35 and
obtain the greatest degree of rotational stability.36 The classic

Buck technique and subsequent modifications all involve a
large incision in the skin and broad exposure of the deep
Figure 8. Computed tomography scan of patient 1 after 4 months of follow-
up. (A) Axial reconstruction of the repaired pars. (B) Coronal reconstruction.

WORLD NEUROSURGERY 155: ---, MONTH 2021
tissues, which is associated with appreciable morbidity.29

Although there is no consensus on the most appropriate

surgical technique, with comparable pain management results
described for the various modifications,17 our current focus has

been to achieve complete sports reintegration as soon as
possible by adopting an MIS approach.
(C and D) Parasagittal reconstruction of each pars repaired with screws
following the pars axis.
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Table 1. Characteristics of Patients Including Postoperative Outcomes

Case
Age (Years)/

Sex
Primary
Sport

Sports
Level

Pars Lysis
Level Laterality

Conservative
Treatment

Duration (Months)

Time to
Consolidation
After Surgery
(Months)

Time to Return to
Preinjury Level Athletics

(Months)

1 17/male Rugby Professional L5 Bilateral 19 4 6

2 18/male Volleyball High school L3 Bilateral 36 4 6

3 17/male Soccer High school L5 Bilateral 12 5 6

TECHNICAL NOTE
In the present era of minimally invasive spinal surgery, using a
microscope or endoscope, with or without neuronavigation, has

allowed for direct observation of the focus of fractures, their
curettage, bone grafting, and correct placement of osteosyn-

thesis material with minimal soft tissue dissection.6,37,38 This is
crucial because back muscles are often injured during posterior

lumbar surgeries.39,40 It is especially crucial in high-level
athletes.41

The first authors to describe a less invasive approach using the

Buck osteosynthesis technique were Higashino et al. in 2007,37

who added direct endoscopic observation while performing

lysis repair. In 2008, Brennan et al.6 reported a minimally
invasive variation of the Buck technique using intraoperative

three-dimensional images and frameless navigation. Similarly,
Wilson et al. in 201631 described a percutaneous variation

using a partially threaded compression screw to achieve
maximum compression over the defect, also via endoscopic

assistance.

Although endoscopic techniques achieve the same good results

as other forms of MIS, the same authors who initially developed
this technique recommend a direct MIS approach, concluding

that endoscopy is otherwise difficult to perform in athletes who
typically are quite slim and increases the risk of laminar rupture

during screw placement,41 thereby delaying the athletes’ return
to their sports.

Goncalves-Ramı́rez et al.42 described a neuronavigation

technique based on the MIS concept, using a 2.5- to 3.0-cm
midline incision at the lower edge of the spinous process of

the affected level to obtain bilateral paravertebral access to the
spinous base of L5, exposing the lamina and the pars to permit

direct microscopic visualization and the capacity to observe
passage of the screw through the fracture. Meanwhile, with our

technique, rather than dissecting the paravertebral muscles to

the pars, we propose instead approaching with transmuscular
tubes via a Wiltse approach. This minimizes muscle dissection,

which we thought was especially important in the young athletes
we were treating, as opposed to the much older, nonathletic

patients reported by Goncalves-Ramı́rez et al.

Regarding screw selection, we decided to use a 4.5-mm can-
nulated headless compression screw at the fracture site, similar

to the screws used by Goncalves-Ramı́rez et al.42 It has been
proved that compression screws provide more stability than

classic cortex screws,43-46 traditionally used to repair
spondylolysis.17

Delays of 6e12 months before patients can return to sports after

pars repair have been classically described.23,47,48 In a systematic
8 www.SCIENCEDIRECT.com WORLD NE
review by Grazina et al.,32 81% of athletes returned to their
preinjury level (70%e100%) over an average of 6.4 months

(range, 6e7 months) with conventional surgical techniques,
though not all these patients were elite athletes. Many authors

fail to specify the time period between surgical repair and a
return to sports. Three studies examining MIS variations

estimated a mean time to return to sports of approximately 3
months,38,41,49 but all failed to specify the patients’ level of

athletic prowess or whether they had returned to their
preinjury function level.

Kolcun et al.50 conducted a review in which they compared

clinical results and return to play with conventional surgery
versus MIS and found that patients who underwent MIS had

significantly higher rates of pain resolution and shorter recovery
times. In both treatment groups there were low complication

rates, and most patients returned to previous levels of activity.

Although using compression screws is a stable construct, we

believe in waiting for signs of consolidation before authorizing
any return to sports, owing to the possible risks of osteosyn-

thesis failure and malunion. As such, we have not observed
these complications.

Caution must be exercised interpreting the results of our cur-

rent series. The greatest limitation is the small number of
cases; however, this we saw as unavoidable given the rarity of

the condition being studied. A larger number of patients and a
control group are clearly needed to compare the safety, preci-

sion, operating time, and costs associated with the currently
proposed technique against standard techniques. Second, long-

term follow-up is required to assess good results over time; we
followed our patients for only 6 months. This said, all 3 of our

patients exhibited complete bone consolidation and a return to
full athletic activities within 6 months. Finally, access to the

equipment necessary for this type of surgery as well as a

dearth of adequately trained personnel and high associated
costs are limitations to universal implementation of our

approach.
CONCLUSIONS

The minimally invasive modified Buck technique exhibits all the
advantages of MIS surgery, using cannulated compression

screws for greater stability, allowing effective compression in the
pars defect, and using neuronavigation to ensure correct posi-

tioning of the osteosynthesis material, thereby avoiding compli-
cations while achieving good consolidation and an early return to

full activities. All these benefits appear especially advantageous
in young athletes.
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