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Abbreviation list

CT: computed tomography

MRI: magnetic resonance imaging

USR: U-shaped rod
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Abstract

Background

Spinopelvic reconstruction after sacrectomy fomers-pelvic tumor can result in various complicatio
and requires a highly complicated surgical techamigWe report two cases of pelvic reconstruction

surgery using diverse U-shaped rods (USRs) afttiapaacrectomy.

Case Description

A partial sacrectomy was performed for two différeases: one case was a metastatic sacral tumor and
the other was a chordoma. In the first case, reamt®on was completed with an inner straight rod a

an outer USR. The other patient underwent recortstruusing an inner USR and an outer straight rod.
In both cases, there was no instrument failure,thadumbosacral junction was reconstructed inrmzda

One of the patients died of metastatic lung careoad, the other patient is alive and has experienced

other complications.

Conclusions

A pelvic reconstruction technigque using diverse WSghowed good spinopelvic stability without

complications. This technique may be a surgicabogr reconstructive surgery after partial satwevy.

Running title: Pelvic reconstruction using a U-sécpod
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Introduction

Total or partial sacrectomy is performed for mamaget of sacral or pelvic tumors, including
chordoma, multiple myeloma, and metastatic tumar.bfoc resection with reconstruction for tumor
management requires a difficult surgical technignd involves high risk of complications. Due to the
anatomical and biomechanical characteristics ofstimgical site, it is important not only to perfolam
functionally adequate surgery, but also to prepastoperative complicatiod$.For sacral reconstruction,
numerous surgical technigues have been reportédithao obtain stable spinopelvic reconstructiod a
help early ambulation and return to normal actsiti’ However, standard protocols for reconstruction
after total or partial sacrectomy have not beererdghed. Among the many methods of sacral
reconstruction, from a biomechanical and structgm@iht of view, U-shaped rods (USRs) might be
effective®’ Varga et al. reported on a closed-loop techniquéh v single USR; this technique
harmonically distributes biomechanical stress acepnopelvic structurésHerein, we report two cases
of sacral tumors that were managed with en blotataesection and pelvic reconstruction using diger
USR instrumentation at our spine center and dis¢hbss characteristics of our surgical technique

compared with others for spinopelvic reconstrucion
Surgical Technique

Surgery was performed in a single stage usingsdepior-only approach. The skin incision stretched
from the lower back to the coccyx in order to obtaiide exposure of the posterior sacrum, and the
caudal end of the incision was directed slightlyhe right or left. The dorsolumbar fascia was euigl
the gluteal fascia and muscle were separated talbtdrom the midline of the sacrum. Laterallyeth
fibers of the gluteal muscles were dissected alwitly the perisacral ligaments. The piriformis mescl
was detached medially from the sacral lateral nmaidfjithe coccyx was free from the tumor margire th

coccyx and the attached ligamentous complex waregpved. After dissecting the tumor margins, latera
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iliac or sacral osteotomy was performed. Sacraleenots that were encased by the tumor were ligate
and divided. Once the tumor and encased nerve vamis exposed and the mass lesion was sufficiently
elevated, the caudal part was bluntly dissectedsapdrated from the coccyx and the ventral marfjin o
the tumor. After resecting the tumor, tumor-margsteotomy was performed to decrease the possibility

of local recurrence.

Reconstruction of the Sacrum

The pelvic ring was reconstructed by creating iaspiac connection. Either one or two iliac sceew
were placed on each pelvic side, and combinedweds positioned at the head of the lumbar pediate a
the iliac screws, and fastened with lateral cororectRod size and type were determined based oortum
size and extent of sacrectomy, and proper seleiémportant to prevent herniation of internal amg
into the defect site. U-shaped and straight rodeevetightly bent to match the natural lumbosacral
curvature in the sagittal plane. Finally, posteiial fusion using auto/allografts was performeaigh
the L5, pelvic rim, and the iliac crests. Remainmgscle and fascia were meticulously sutured; apsfl

were used.
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Case Description

Casel

A 67-year-old male patient with severe back padmtica, and voiding difficulty was referred to our
spine center. The patient had been suffering frumac¢table back and leg pain for six months, witiatl
become particularly aggravated three months paopresentation. He had been diagnosed with colon
cancer five years previous, at which time he unéatvcomplete surgical removal at our hospital. No
metastatic lesions were observed at that timenPédiography and computed tomography (CT) showed
an osteolytic lesion from the lower S1 body to tipper S4 body (Fig. 1). Magnetic resonance imaging
(MRI) revealed a large enhancing mass with an ilagmargin (Fig. 2). En bloc resection with pdrtia
sacrectomy was performed using a posterior-onlyagmh. The S2 — 5 nerve roots were ligated and cut,
and reconstruction was achieved with an innergttaiod and an outer USR (Fig. 3). The total blegdi
volume was 3400 mL in a seven-hour operation. Igeteologic examination indicated the patient had a
metastatic adenocarcinoma originating from the signtolon. Several days after surgery, the pasent’
intractable pain had decreased, although his wgidifficulty was unchanged. No other complications
were observed during his hospital stay. Ten moaftes his operation, the patient died from metéstat
lung cancer. Prior to the patient's death, we sssfcdly performed a spinopelvic fusion with no
observable hardware failure. Until his death, he able to walk without aid and live comfortably lwvit

his family.

Case 2

A 50-year-old woman with coccygodynia and voidinfficllty presented to our outpatient clinic and
was subsequently admitted. Her medical historyuetl only a diagnosis of thrombocytopenia three
years prior. On examination, she did not exhibitanaveakness in her legs. Lumbo-sacral X-ray and CT

revealed bony destruction and a soft tissue mabe &2-5 levels (Fig. 4). MRI showed a lobulateasm
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at the sacrum that was 7.6 x 7.8 x 4.2 cm in sigk leeterogeneous enhancement (Fig. 5). The S3 -5
nerve roots were cut, and the tumor was removedrblgloc resection. The coccyx was preserved, and
instrumental reconstruction was performed usingnaer USR and an outer straight rod (Fig. 6). The
total bleeding volume was 2400 mL in a five-houexgtion. The patient was diagnosed with chordoma
by a pathologist; thus, adjuvant radiotherapy wksmped. No wound problems developed, and the
stitches were removed 12 days after surgery. Therpainderwent radiation therapy and was discltarge
At her follow-up visit, the coccygodynia and backirpwere improved, but she still could not urinate
satisfactorily. In the latest follow-up (14 monthfter operation) images, it was difficult to acdeha

determine whether fusion was obtained (Fig. 7).
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Discussion

En bloc resection is an appropriate surgical teqmifor managing a sacral tumor with sufficient
margins>®® Surgical resection of sacral tumors is difficutichuse of the tumor location and size and
because of the complex pelvic anatotfyAfter resection, the continuity between the lumsgine and
pelvis is lost, and spinopelvic instability can ocdAdditionally, a large empty space results fraungery
and is vulnerable to infection, bowel herniationd aontinuation of neurologic deficitd:***?Although
spinopelvic reconstruction in cases involving total partial sacrectomy is mandatory, an optimal

reconstruction surgery has not yet been determined.

In this study, the focal point of our reconstrunttechnique was the use of a dual-rod system iimgud
diverse USRs. The use of this technique maintagtectural stability and allowed reconstructionaof
defective sacrum. First, considering biomecharstability, various studies have reported that rpldti
rod systems provide robust stability and reducérunsentation failure and non-union rates compared
with single-rod system:*'*In spinopelvic reconstruction, Mindea et al. haveestigated four models
using various rods and iliac screws in vitro, reotending double-rod and iliac-screw techniques for
strong fixation-> Varga et al. have recommended a closed-loop tgubniith a single USR in order to
achieve instrument stabilization for spinopelviafion.” Recently, Lim et al. have suggested that a dual-
USR technique is useful for improving spinopelviatslity after partial sacrectonfywe determined that
the dual-rod technique with USRs was an effectivathmd for enhancing biomechanical stability and
decreasing instrumentation failure. Second, althoomany surgical techniques using various rods and
screws have been shown to enhance stability armulyedestribute mechanical stress, they are limited
their ability to reconstruct defects after wideewt#on of the sacrufhAfter prominent reporting of cases
of sacral herniation after sacrectomy,soft tissue reconstruction techniques were intcedd™° Our
technigue using diverse USRs occupied the largetyersipace resulted from sacrectomy, acting as

mechanical barriers against herniation of abdonstraktures. Regarding the three-dimensional siract
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of the sacrum, the rod curved slightly in the dagiplane and bent into a U-shape in the cororeahepl
This allowed the maintenance of the spinopelvidtedgecurvature and the sacral margin. Thus, sacral

herniation was prevented without plastic reconsivacsurgery or use of flaps or mesh.

Other important features of our surgical techniqunelude a modified linear skin incision and
preservation of the coccyx to allow the musculad igamentous complex to remain attached to the
coccyx when possible. Because the soft tissuelseo$écrococcygeal area are very thin, we perforned
slightly curved skin incision so as not to applyedt compressive force to the surgical wound. This
technique was sufficient to support a wide surgfiedtl without wound dehiscence or pressure nesrosi
and did not require a skin flap. Furthermore, weedsined that preservation of the coccyx and aspafct
the coccygeal complex, such as the coccygeus actdcoEcygeus, was important for soft tissue
reconstruction. Because the coccyx and paracockgyeatures are parts of the pelvic flédthey are
critical for maintaining stability of the lower paét cavity. However, if these structures are invhtg a

tumor, preservation of the coccyx is not applicable

We obtain three postoperative plain radiographer gfelvic reconstruction surgery in our spine cente
(Fig. 8). They show that diverse USRs can be uffedtizely in pelvic reconstruction (Figure 8a is a
image of a case not described in the present studythink that there is no great difference in tthee
types of USR technique from the point of view aftmmmental stability. There is no difference imtsrof
using the dual-rods, only a difference in the lmoet of the rods. The locations of USRs and sttaigtis
were determined by the size of preoperative sacpafwic cavity, and postoperative defected saciemn.
example, if the patient has a narrow pelvic caaitg the extent of sacral resection is relativelplsnve
choose an inner USR technique, as shown in FigareO8herwise, an outer USR or a dual-USR
technique is selected in consideration of lateesral margin and defect size. These criteria ate no

absolute, and there will be some differences adegiit the surgeon’s decision and skill.
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Because our sample size of sacral reconstructieerissmall and follow-up durations are not long, w
do not yet know the main limitations of our techréq Nevertheless, this surgical technique might be
helpful for reconstructive instrumentation in casdsere surgeons know the exact indications and can

accurately apply them to the surgical field.
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Conclusions

Diverse USRs provide rigid fixation, stability,cha mechanical barrier in the pelvic cavity forigats
undergoing partial sacrectomy. We propose thatrtiéshod might be an appropriate choice for pelvic
reconstruction surgery after partial sacrectomgatients with a sacral tumor. However, the openatost
have thorough knowledge of the pelvic anatomy andokd conceptualization of the geometrical

configuration of each individual patient.
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Figure captions

Figure 1. Anteroposterior plain radiograph (A) aagjittal CT image (B) showing an osteolytic lesidn

the tumor at the sacrum.

Figure 2. Sagittal T1-weighted (A) and axial T1-glged (B) MR images obtained after enhancement,

revealing a heterogeneous enhancing lesion aatirars.

Figure 3. Postoperative surgical field photo (Addateral plain radiograph (B) showing successful
reconstruction with a screw and dual-rod systenme fémaining coccyx is observable along the black

dotted line. Partial sacrectomy was achieved (C).

Figure 4. Anteroposterior plain radiograph (A) aagjittal CT image (B) showing an osteolytic lesidn

the tumor at the sacrum.

Figure 5. Sagittal T1-weighted (A) and axial T1-ged (B) MR images obtained after enhancement,

revealing a heterogeneous enhancing lesion agatirars.

Figure 6. Postoperative surgical field photo (Addateral plain radiograph (B) showing successful
reconstruction with a screw and dual-rod systene Tgmaining coccyx is observable along the black

dotted line.

Figure 7. Flexion and extension images (A, B) réagano motion of fused vertebrae. Bony bridging is

observable along the bladktted line at axial CT images (C).

Figure 8 Pelvic reconstruction technique with diverse U-glthpds: dual U-shaped (A), outer U-shaped

(B), and inner U-shaped (C).
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Highlights
1. Partial sacrectomy was performed in two cases and pelvic reconstruction was achieved with
U-shaped rod.
2. The spinopelvic reconstruction was successfully performed and resulted in a good outcome.

3. Theliterature regarding this technique was reviewed.
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Abbreviation list
CT: computed tomography
MRI: magnetic resonance imaging

USR: U-shaped rod



