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BACKGROUND: Proximal junctional kyphosis (PJK) is a common postoperative compli-
cation after adult spinal deformity (ASD) surgery and may manifest with neurological
decline, worsening spinal deformity, and spinal instability, which warrant reoperation.
Rates of PJK may be as high as 69.4% after ASD surgery.
OBJECTIVE: To evaluate the efficacy of junctional tethers for PJK prophylaxis after multi-
level instrumented surgery for ASD with minimum 2-yr follow-up.
METHODS: Single-center retrospective analysis of adult patients (age ≥18 yr) who
underwent ASD surgery with index operations performed between November 2010 and
June 2016 and achieved minimum 2-yr follow-up. Patients with ASD were subdivided into
3 treatment cohorts based on institutional protocol: no tether (NT), polyethylene tether-
only (TO), and tether with crosslink (TC). PJK was defined as a proximal junctional angle
(PJA) >10◦ and 10◦ greater than the corresponding preoperative measurement. Patient
demographics, operativedetails, standard radiographic scoliosismeasurements (including
PJA and assessment of PJK), and complications were analyzed.
RESULTS: Of 184 patients, 146 (79.3%) achieved minimum 2-yr follow-up (mean = 45 mo;
mean age = 67 yr; 67.8% women). PJK rates reported for the NT, TO, and TC cohorts were
60.7% (37/61), 35.7% (15/42), and 23.3% (10/43), respectively. PJK rates among TC patients
were significantly lower than NT (P = .01601).
CONCLUSION: Junctional tethers with crosslink significantly reduced the incidence of PJK
and revisions for PJK among ASD patients treated with long-segment posterior instru-
mented fusions who achieved minimum 2-yr follow-up.

KEYWORDS: Kyphosis, Spinal instrumentation, Arthrodesis, Spinal fusion, Postoperative complications
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P roximal junctional kyphosis (PJK)
is a common postoperative compli-
cation following long segmental spinal

instrumentation in patients with adult spinal
deformity (ASD). PJK rates among ASD
patients range from 7% to 69.4%.1-8 Authors
have cited an abnormal proximal junctional
angle (PJA), defined as the sagittal Cobb
angle measured from the caudal endplate of

ABBREVIATIONS: ASD, adult spinal deformity; EBL, estimated blood loss; PI-LL, pelvic incidence-lumbar lordosis;
PJA, proximal junctional angle; PJF, proximal junctional failure; PJK, proximal junctional kyphosis; PT, pelvic tilt;
NT, no tether; SVA, sagittal vertical axis; TC, tether with crosslink; TK, thoracic kyphosis; TO, tether-only; UIV,
uppermost instrumented vertebra

Neurosurgery Speaks! Audio abstracts available for this article at www.neurosurgery-online.com.
Supplemental digital content is available for this article at www.neurosurgery-online.com.

the uppermost instrumented vertebra (UIV)
to the cephalad endplate of 2 supra-adjacent
levels above the UIV (UIV + 2),7 as ranging
from 5◦ to 20◦ greater than the corresponding
preoperative measurement.9-12 The most used
definition defines PJK as a PJA > 10◦ and 10◦
greater than the corresponding preoperative
measurement.3,7,13
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RABINOVICH ET AL

FIGURE 1. Flowchart of patient inclusion and exclusion.

PJK is a multifactorial complication deriving from a combi-
nation of surgical, demographic, radiographic, and other patient-
related risk factors.8,9 One study identified age >55 yr, osteo-
porosis, and combined anteroposterior approach as factors signif-
icantly associated with development of PJK.13
The significance of PJK as a complication of multilevel spinal

instrumentation remains uncertain, given the paucity of liter-
ature demonstrating significantly diminished clinical outcomes
as a result of PJK.3,7,14,15 PJK is a major cause of revision
surgery, necessitating reoperation in up to 47.4% of cases within
6 postoperative months.10,14,16,17 As a result, several preventive
techniques, including vertebral cement augmentation, preser-
vation of the supraspinous ligament, and multilevel stabilization
screws, have been proposed.3,4,18-22
Our objective was to conduct a retrospective analysis to

evaluate the efficacy of junctional tethers in preventing the
postoperative development of PJK in patients treated with
long-segment spinal instrumentation for ASD that achieved a
minimum 2-yr follow-up. We hypothesized that the benefits of
crosslinks and/or tethers previously described22 were maintained
on evaluation of patients with minimum 2-yr follow-up. Our
primary outcome was rate of and time to PJK.

METHODS

Patient Population
We performed a single-center, retrospective analysis of consec-

utive patients with American Society of Anesthesiologists 2 to 3 who
underwent multilevel spine instrumentation at the University of Virginia

between November 16, 2010, and June 1, 2016, by the senior operating
surgeons. The present study was approved by the UVA Institutional
Review Board (IRB). Informed consent was not required by the IRB,
as this was a retrospective review of existing, deidentified data. Selection
of patients into 1 of the 3 treatment cohorts (NT = no tether;
TO = tether-only; TC = tether + crosslink) was not randomized;
treatment selection wasmade by the senior authors’ institutional protocol
and clinical experience; both senior surgeons used a mixture of all
3 techniques. UIV selection was determined from literature and in
concordance with previously conducted studies.3 The senior operating
surgeons (C.I.S. and J.S.S.) began utilizing tethers in September
2013.3,22

Included patients were ≥18 yr old with a diagnosis of scoliosis and/or
global sagittal malalignment who underwent surgical correction. We
defined ASD based on the presence of any one of the following: pelvic
tilt (PT) ≥25◦, sagittal vertical axis (SVA) ≥5 cm, thoracic kyphosis
T5-T12 (TK) ≥60◦, coronal Cobb angle ≥20◦, or pelvic incidence-
lumbar lordosis (PI-LL) mismatch ≥10◦. Other study inclusion criteria
included index surgeries with ≥ 5 instrumented levels with pedicle screw
fixation to the pelvis and/or sacrum, complete radiographic data assessed
using full-length standing scoliosis films (36-inch long-cassettes), and a
minimum 2-yr follow-up. Patient inclusion/exclusion flowchart is shown
in Figure 1.

Data Collection and Radiographic Measurements
Patient demographic and surgical data were extracted from the

medical record. All patients included in the present study had preop-
erative, postoperative (approximately 6 wk following index surgery), and
final follow-up standing posteroanterior and lateral standing scoliosis
films. The PJA assessed was the sagittal Cobb angle measured from the
caudal endplate of the UIV to the cephalad endplate of the UIV + 2
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TETHERS REDUCE OCCURRENCE OF POSTOPERATIVE PJK

FIGURE 2. Preoperative A and postoperative B lateral standing long-cassette radiographs of an 83-yr-old female with ASD not treated using tethering technique
and PJA of 23.0◦ and 41.2◦, respectively. Preoperative and postoperative radiographic imaging taken approximately 5 mo apart. Preoperative C and postoperative D
lateral standing long-cassette radiographs of a 50-yr-old female treated with tether and crosslink (TC) and PJA of 3.81◦ and 3.19◦, respectively. Radiographs in C and
D taken approximately 49 mo apart.

(Figure 2). Abnormal PJK was defined as a PJA > 10◦ and 10◦ greater
than the corresponding preoperative measurement.7 Additional measure-
ments included TK, SVA, lumbar lordosis (LL, T12-S1), PT, PI, and
PI-LL mismatch.

The present study focuses on patients who underwent multilevel
spine instrumentation for ASD and had minimum 2-yr follow-up
after surgical intervention at the time of data extraction. Additionally,
we provide a summary of the PJK rates among patients who
were treated but did not meet inclusion criteria to account for
potential bias from loss of follow-up (Table, Supplemental Digital
Content 1).

Surgical Technique
Thoracolumbar fixation was performed with cobalt chromium

instrumentation and titanium interbody cages, where applicable. All
posterior ligaments were preserved and uninterrupted; if a Smith-
Petersen osteotomy was indicated, ligamentum flavum was resected. A 5-
mmwovenMersilene tape (Ethicon, Somerville, New Jersey) was utilized
as our proximal junction posterior tether. In our TO cohort, a high-speed
drill created holes in the spinous process base at the levels of UIV+1 and
UIV–1 for the tether to be woven through and tightened by hand. For
patients in the TC cohort, a similar technique was applied. Following
placement of a standard crosslink between the spinous processes of UIV-
1 and UIV-2, we used a high-speed drill to make holes in the base

of the spinous processes at UIV+1. The tether was woven around the
crosslink and through the drilled hole created at the base of the UIV+1
spinous process, and tightened onto the crosslink. The crosslink was then
distracted inferiorly to fully tension the Mersilene tape for junctional
support. No additional hooks, screws, or cement augmentations were
applied. Postoperative care was standardized and institutionally defined
with respect to bone metabolism, nutritional status, and bracing care.

Statistical Analysis
Patients were subdivided into 3 cohorts based on tethering technique

applied: NT, TO, and TC. Baseline demographics, surgical data, and
sagittal plane radiographic measurements, as well as rates of PJK and
revision surgery for PJK, were collected and compared via Pearson’s
Chi-square test, 1-way analysis of variance, or Fisher’s exact test,
followed by Bonferroni-adjusted post hoc tests (ie, Bonferroni-adjusted
alpha level = 0.05/3) for multiple pairwise comparisons. To assess
for additional factors associated with the postoperative development of
PJK, explanatory variables were further analyzed using multivariable
logistic regression. Covariates were selected using clinical knowledge and
previous reports that have been suggested to affect PJK rates. Evalu-
ation of PJK as a time-dependent variable was performed via Kaplan-
Meier survivorship analysis. Values of P < .05 were considered statis-
tically significant. All statistical analyses were performed using RStudio
(version 1.2.5019; RStudio Inc).
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RABINOVICH ET AL

TABLE 1. Demographics and Surgical Data for All Adult Spinal Deformity Patientsa

No tether (NT, n= 61) Tether only (TO, n= 42) Tether-crosslink (TC, n= 43) Pb

Age, yr 65.4 ± 8.5 67.6 ± 7.7 67.1 ± 7.7 .346
Female sex 38 (62.3) 30 (71.4) 31 (72.1) .487
BMI, kg/m2 29.2 ± 5.9 30.1 ± 4.5 30.7 ± 5.8 .403
Osteoporosis/osteopenia 17 (27.9) 15 (35.7) 9 (20.9) .316
No. of levels fused 11.6 ± 3.2 11.8 ± 2.9 11.7 ± 3.0 .941
Total EBL, L 2.5 ± 1.5 2.1 ± 1.3 1.8 ± 1.1 .031
Operative duration, h 6.5 ± 1.9 6.1 ± 1.4 5.3 ± 1.5 .003
Follow-up, mo 51.1 ± 16.2 46.3 ± 12.9 36.4 ± 9.8 <.0001

BMI, body mass index; EBL, estimated blood loss; NT, no tether; TC, tether with crosslink; TO, polyethylene tether-only.
aValues are expressed as the number (%) of patients or mean values ± SD.
bComparison of 3 treatment analyzed with Pearson’s Chi-square test or 1-way analysis of variance.
Bold values denote statistical significance.

RESULTS

Patient Demographics and Surgical Data
Of 184 consecutive patients treated between November 16,

2010, and June 1, 2016, 146 (79.3%) met inclusion criteria and
achieved minimum 2-yr follow-up (mean 45.4 mo; mean age
66.5 yr; 67.8% female). Patient demographics and surgical data
are presented in Table 1 stratified by treatment cohort. Patients
in the TC cohort presented with significantly less follow-up time
than both patients in the NT (P < .0001) and TO (P = .003)
cohorts because of the senior operating surgeons initiating this
technique in March 2015. There was a significant difference in
total estimated blood loss (EBL) among the 3 cohorts (P= .031).
TC patients experienced significantly less EBL than NT patients
(P = .025).

Sagittal Plane Radiographic Measurements
Preoperative, postoperative, and final sagittal radiographic

parameters measured from full-length standing scoliosis films are
presented in Table 2. There were significant differences between
the 3 cohorts for final TK and baseline PT measurements. The
final TK measurements among patients in the TO cohort were
significantly higher than those of patients in the NT cohort at the
Bonferroni-adjusted alpha level (P = .006). Baseline PT in TO
patients was significantly greater than in NT patients (P = .006)
at the Bonferroni-adjusted alpha level.

Postoperative Development of PJK
Primary analyses of the postoperative development of PJK

dichotomized all patients into a nontethered cohort and tethered
cohort (Table 3). The rate of PJK in nontethered patients
(NT) was significantly higher than that among tethered patients
(TO+ TC): 60.7% (37/61) vs 29.4% (25/85; P< .0001). There
were no inter- or postoperative vertebral spinous process fractures
associated with tether tensioning in this cohort.
Secondary analyses further stratified tethered patients into TO

and TC subgroups based on the use of an anchoring crosslink

(Tables 4 and 5). Overall, the rates of postoperative PJK among
the NT, TO, and TC treatment cohorts were 60.7% (37/61),
35.7% (15/42), and 23.3% (10/43), respectively (Table 4). The
rate of PJK among the TO cohort was significantly lower than
that among the NT cohort (P = .013) at the Bonferroni-adjusted
alpha level. The odds of developing PJK were 2.78 times higher
for those not treated with tethers compared to those in the
TO cohort. The rate of PJK among TC patients was signifi-
cantly lower than that among the NT cohort (P = .0002) at
the Bonferroni-adjusted alpha level. Given these data, the odds
of developing PJK were 5.09 times higher for NT compared to
TC patients.
Table 4 shows the postoperative changes in PJA among the 3

treatment cohorts. We calculated change in PJA from preoper-
ative and final postoperative radiographs. For those patients who
underwent revision surgery for abnormal PJK, the final postop-
erative radiograph prior to the revision surgery was utilized for
measurements. Though nonsignificant, there was a decrease in
PJA change from the TC cohort to TO and TO to NT.
Reported rates for the 38 patients who did not achieve 2-yr

follow-up are presented in Table 5. Eight of these patients did
not have any form of follow-up beyond 6 wk following the date
of their index surgery; 14 had no follow-up beyond 1 yr, and
16 had no follow-up beyond 18 mo. The rates of postoperative
PJK development among these patients within the NT, TO, and
TC treatment cohorts were 63.6% (7/11), 40.0% (6/15), and
8.3% (1/12), respectively. The distribution of PJK rates among
the 3 treatment cohorts was generally comparable to the patients
who achieved 2-yr follow-up (Table, Supplemental Digital
Content 1).

Revision Surgery for PJK
Although nonsignificant, the revision rate was lower among

tethered patients (TO + TC; 2.4% [2/85]) compared to
nontethered (NT; 8.2% [5/61]) (NT vs TO + TC; P = .129)
(Table 3). With stratification of tethering cohorts, results demon-
strated a nonsignificant decrease in revision rates for PJK among
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TETHERS REDUCE OCCURRENCE OF POSTOPERATIVE PJK

TABLE 2. Comparison of Pre- and Postoperative Radiographic Parameters in 146 Patients With Adult Spinal Deformity Treated Surgicallya

Sagittal plane parameters No tether (NT, n= 61) Tether only (TO, n= 42) Tether-crosslink (TC, n= 43) Pb

Thoracic kyphosis (◦)
Baseline 27.9 ± 18.6 36.8 ± 20.3 30.3 ± 19.1 .069
Immediate postop 36.8 ± 11.8 42.3 ± 12.5 38.0 ± 12.2 .072
Final 39.8 ± 11.7 46.4 ± 14.6 44.6 ± 13.7 .034

Lumbar lordosis (◦)
Baseline 32.0 ± 18.9 28.4 ± 25.5 29.1 ± 17.0 .642
Immediate postop 47.8 ± 9.4 50.3 ± 9.5 46.8 ± 9.2 .209
Final 43.3 ± 9.6 47.0 ± 10.0 43.5 ± 7.6 .096

PI-LL mismatch (◦)
Baseline 19.1 ± 19.5 24.0 ± 26.4 20.0 ± 20.8 .525
Immediate postop 3.3 ± 11.9 1.4 ± 12.5 1.6 ± 12.9 .681
Final 8.0 ± 11.0 5.2 ± 13.4 4.8 ± 11.2 .310

Pelvic tilt (◦)
Baseline 24.6 ± 9.8 29.5 ± 9.3 24.8 ± 9.8 .028
Immediate postop 22.7 ± 7.9 24.8 ± 10.8 22.0 ± 9.1 .354
Final 25.7 ± 6.6 27.8 ± 9.2 25.0 ± 8.8 .250

Sagittal vertical axis (cm)
Baseline 8.1 ± 6.2 9.4 ± 8.7 8.5 ± 7.6 .688
Immediate postop 3.8 ± 4.1 2.3 ± 3.9 3.0 ± 4.1 .432
Final 5.3 ± 5.2 4.9 ± 5.0 4.7 ± 4.4 .805

Pelvic incidence (◦)
Baseline 51.1 ± 10.5 52.4 ± 9.9 49.1 ± 10.1 .329
Immediate postop 51.1 ± 11.2 51.7 ± 10.4 48.4 ± 10.2 .322
Final 51.3 ± 9.5 52.2 ± 10.3 48.3 ± 9.5 .148

Amount of correction
Sagittal vertical axis (cm) –4.3 ± 5.7 − 5.6 ± 8.2 –5.5 ± 7.2 .585
Lumbar lordosis (◦) 15.8 ± 18.2 21.2 ± 22.4 17.7 ± 17.4 .287

LL, lumbar lordosis; NT, no tether; PI, pelvic incidence; TC, tether with crosslink; TO, polyethylene tether-only.
aMean values are presented ± SD.
bComparison of the 3 tethering groups analyzed with 1-way analysis of variance.
Bold values denote statistical significance.

tethered patients (TO + TC) when compared to the NT cohort,
with the lowest revision rates among patients within the TC
cohort (0.0%). The revision surgery rates for PJK among the NT,
TO, and TC treatment cohorts were 8.2% (5/61), 4.8% (2/42),
and 0.0% (0/43), respectively (Table 4).

Multivariable Analyses
Covariates selected for multivariable binary logistic regression

models included age, sex, body mass index (BMI), number of
instrumented vertebrae, use of polyethylene tether (TO + TC),
preoperative SVA, change in SVA and LL, and osteo-
porosis/osteopenia (Table 6). The use of a polyethylene tether,
with or without anchored crosslink, is a significant predictor
of reduced risk of PJK (odds ratio [OR] = 0.111, 95% CI
0.038-0.292, P < .0001). Female sex was another significant
predictor of postoperative PJK development (OR = 3.989,
95% CI 1.673-10.429, P = .003). Additionally, increasing
degree of preoperative PJA was a negative predictor of postop-
erative PJK development (OR = 0.895, 95% CI 0.827-0.963,
P = .004).

TABLE 3. Development of Proximal Junctional Kyphosis (PJK)
Among Nontethered vs Tethered Patients

No tether
(NT, n= 61)

Tethered patientsa

(TO+ TC, n= 85) P

Overall PJK (%)b 60.7 29.4 .0002
(χ 2 = 14.189)

Yes 37 25
No 24 60

Revision for PJK (%)c 8.2 2.4 .129
Yes 5 2
No 56 83

aPatients treatedwith polyethylene tether-only (TO) and tetherwith crosslink (TC)were
combined into a single cohort.
bAnalyzed via a Pearson’s Chi square (2 × 2) contingency table.
cAnalyzed via Fisher’s exact test with (2 × 2) contingency table.
Bold values denote statistical significance.
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RABINOVICH ET AL

TABLE 4. PJA, PJK, and Revision Surgery for PJK: Comparison Among 3 Treatment Cohorts

No tether (NT, n= 61) Tether only (TO, n= 42) Tether-crosslink (TC, n= 43) P

Change in PJA (◦)a 13.0 ± 10.0 12.8 ± 9.7 11.0 ± 12.1 .607b

Overall PJK (%)c 60.7 35.7 23.3 .013e, .208f, .0002g

Yes 37 15 10
No 24 27 33

Revision for PJK (%)d 8.2 4.8 0.0 .698e, .241f, .075g

Yes 5 2 0
No 56 40 43

PJK = proximal junctional kyphosis; PJA = proximal junctional angle.
aChange in PJA at last follow-up (or prior to revision for proximal junctional failure) compared to preoperative PJA.
bComparison of 3 patient cohorts analyzed using 1-way analysis of variance.
cPairwise comparisons analyzedwith Pearson’s Chi-square test with 2× 2 contingency tables. P= .013 and P= .0002 are the only significant pairwise comparisons at the Bonferroni-
adjusted alpha level (0.05/3 = 0.017).
dPairwise comparisons analyzed with Fisher’s exact test with 2 × 2 contingency tables.
e-gTO compared to NT, TC compared to TO, TC compared to NT, respectively.
Bold values denote statistical significance.

TABLE 5. Rates of postoperative Proximal Junctional Kyphosis
(PJK) Among Adult Spinal Deformity Patients Who Were Treated
With Multilevel Spine Instrumentation and Did Not Achieve 2-Year
Minimum Follow-up for Inclusion in the Present Studya

No tether
(NT, n= 11)

Tether only
(TO, n= 15)

Tether-
crosslink
(TC, n= 12)

Overall PJK (%) 63.6 40.0 8.3
Yes 7 6 1
No 4 9 11

aNo follow-up beyond 6 wk was reported for 8 patients; 14 had no follow-up beyond 1
yr; 16 had no follow-up beyond 18 mo.

Kaplan-Meier Survivorship Analysis
Kaplan-Meier analysis was performed to analyze the time-

dependent rates of PJK among ASD patients included in the
study. There was a significant difference in the time-dependent
rate of PJK (log-rank test, P = .0004) (Figure 3). Further analysis
demonstrated a significant reduction in postoperative PJK among
TC patients as compared to NT (log-rank test, P = .0006) at the
Bonferroni-adjusted alpha level.

Construct Placement Analyses
We assessed the effect of construct placement on PJK rates. All

included patients had constructs that cranially ended at T3, T4,
T9, T10, or T11. We categorized patients whose construct ended
at T3 or T4 into “upper” and T9, T10, or T11 as “lower.” We
found that the 3 treatment groups were similar with respect to
construct placement (Table, Supplemental Digital Content 2).
However, we found that there were significant differences in PJK
rates between the treatment groups only in the “upper” constructs.

TABLE6. RiskofDevelopmentofPostoperativeProximal Junctional
Kyphosis With Respect to Selected Covariatesa

OR (95% CI) P

Age at surgery 1.061 (1.011-1.118) .020
Female 3.425 (1.359-9.288) .011
Body mass index 1.040 (0.962-1.128) .325
Osteoporosis/osteopenia 1.977 (0.767-5.236) .161
Number of instrumented vertebrae 0.950 (0.815-1.105) .509
Use of polyethylene tetherb 0.140 (0.047-0.381) .0002
Preoperative sagittal vertical axis 1.003 (0.905-1.101) .955
Preoperative PJA 0.897 (0.827-0.965) .005
Amount of correction

Sagittal vertical axis 1.014 (0.896-1.135) .823
Lumbar lordosis 0.989 (0.959-1.019) .473

CI = confidence interval; OR = odds ratio; PJA = proximal junctional angle.
aExplanatory variables analyzed via a multivariable model using binary logistic
regression.
bPatients treated with polyethylene tape-only and tether with crosslink were grouped
into a single cohort for these analyses.

DISCUSSION

The pathophysiological mechanism behind the postoper-
ative development of PJK remains unclear14; many inves-
tigators suspect the etiology is multifactorial.9,13,17,23,24
Several nonmodifiable risk factors have been identified: age
>55 yr, severe preoperative sagittal imbalance, UIV at the
thoracolumbar junction, increased patient BMI, decreased
bone density, increased baseline TK, and female sex.2,17,25,26
The present study identified female sex and decreasing PJA as
significant predictors of postoperative PJK development.
Additional literature suggests a component of PJK devel-

opment may be due to the iatrogenic effect of altered spinal
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TETHERS REDUCE OCCURRENCE OF POSTOPERATIVE PJK

FIGURE 3. Time to PJK between the 3 cohorts. A, Full scale graph of the analysis. B, Number of patients at risk at 12, 36, and 60 mo postop. C,
Expanded region in red of the analysis. Pairwise comparisons: TO compared to NT (P = .037), TC compared to NT (P = .0006), and TC compared
to TO (P= .224). At the Bonferroni-adjusted alpha level (0.05/3= 0.017), P= .0006 is the only significant comparison. PJK= proximal junctional
kyphosis; TO = tether-only cohort; TC = tether-crosslink cohort; NT = no tether.D, Full scale graph of analysis post September 2013 to account for
skill/experience gained before beginning TC method. TC compared to NT (P = .01601), TC compared to TO (P = .2235), and TO compared to
NT (P = .2302). At the Bonferroni-adjusted alpha level (0.05/3 = 0.017), P = .01601 is the only significant comparison.

biomechanics introduced by long-segment posterior spinal instru-
mentation.2,3 Several biomechanical studies have demonstrated
that the increased rigidity provided by pedicle screw instrumen-
tation is associated with greater loading within adjacent segments,
increasing vulnerability and rates of pathology at adjacent
segments.14,19,21,27-29
Patients diagnosed with proximal junctional failure (PJF)

represent a subset of patients along the spectrum of PJK that may
present with focal neurological deficits, ambulatory difficulty,
and progressively worsening pain due to significant mechanical
failure and spinal instability.3,30,31 As a result, PJF is recognized
as one of the most frequent causes of reoperation after surgical
correction for ASD. Hostin and colleagues32 reported that under-
lying pathology for PJF is often an acute structural event, such
as soft tissue disruption or fracture.14 This has influenced the
proposal of several preventive techniques such as vertebral cement
augmentation, preservation of the supraspinous ligament, trans-
verse process hook fixation, multilevel stabilization screws, and
hybrid constructs.3,4,18

Junctional tethers may prevent occurrence of PJK by
attenuating transitional stress at the proximal junction and
adjacent levels.33,34 In a biomechanical study by Yagi et al,34
posterior tethers significantly diminished tensile stress on the
supraspinous and interspinous ligaments, which are a target
of several preventive techniques as damage to the posterior
ligamentous structures during posterior spinal dissection has
been shown to result in increases to the PJA and proximal
flexion forces.19,21,35-39 Buell et al3 presented the first large
study of posterior polyethylene tethers for PJK prophylaxis
following multilevel spinal instrumentation for ASD; the results
of this study suggest junctional tethers significantly diminish the
incidence of PJK among these patients. In this patient cohort,
there were no reported complications associated with tether appli-
cation, such as fracture of spinous processes due to force of
tensioning.
To the authors’ knowledge, this is the largest clinical

study evaluating the long-term effects of posterior polyethylene
junctional tethers as PJK prophylaxis. Although our study is
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limited by its retrospective, nonrandomized, time-dependent
nature, we believe our results gives further weight to the benefits
of tether use, both with and without the use of an anchoring
crosslink, in ASDpatients where development of PJK is a concern.
Tether use seems particularly useful in patients whose construct
ends in the upper thoracic spine.

Limitations
In the present study, patients were not randomized. The

senior operating surgeons began utilizing tethers and tethers with
crosslink in September 2013 and March 2015, respectively. This
temporal inconsistency in which techniques were introduced later
than others may lead to varying surgical skill across the time
of this study. Nonblinded, retrospective analyses face significant
challenges because of nonrandomization and information bias
within a medical record. Future studies incorporating a multi-
center randomized, blinded approach would allow investigators
to further elucidate the clinical impact of junctional tethers in
minimizing the rate of PJK development following multilevel
spinal instrumentation.
Authors have also introduced a novel “junctional tether weave”

technique applied in procedures for ASD, which may be biome-
chanically superior.21,22 Future studies may benefit from incorpo-
rating such techniques to determine which configurations most
effectively mitigate the adjacent-segment stress seen in surgically
treated ASD patients.

CONCLUSION

PJK is a common postoperative complication following long
segmental spinal instrumentation in patients with ASD and
remains a major cause of surgical revision. The use of a tether
and crosslink may prove efficacious in preventing the postoper-
ative development of PJK.
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