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Background: Severe positive sagittal malalignment can potentially lead to shortening and contracture of the psoas
and joint capsule in a flexed spinopelvic position. The utilization of bilateral psoas release to supplement sagittal
spinal deformity correction in the same hospitalization was not reported in the literature.

Case presentation: A 66-year-old patient presented with a 5-year history of severe global spinal deformity (sagittal
vertical axis 220 mm, 60° spinopelvic mismatch) that did not improve on supine radiographs, and a modified
Thomas test with more than 30° flexion contracture of bilateral hips. A 3-stage operation utilizing posterior spinal
column osteotomies, anterior lumbar interbody fusion, and bilateral psoas releases was performed.

Outcome: Her postoperative alignment significantly improved and she was pleased with her new posture and the
ability to stand up straight.

Conclusions: This report is the first to demonstrate safe and substantial correction of severe spinal deformities

associated with bilateral hip flexion contracture in 1 hospitalization.

Introduction

Patients with severe and fixed sagittal spinal deformities are chal-
lenging to treat. There has been a growing recognition of lower extrem-
ity involvement in compensating for sagittal spinal deformity, which is
especially problematic when flexion contracture of the hips or knees is
present [1].

Hip-spine syndrome has been specially recognized in adult spinal de-
formity (ASD) as severe hip osteoarthritis (OA) often occurs in patients
with spinal deformity [2-6]. When both spinal realignment and hip re-
placement are indicated, the order of the operations is challenging to
determine [7-10], with several studies supporting a spinal realignment
first due to the impact of restoring lumbar lordosis on the acetabular
version and cup placement which can lead to hip dislocation if spinal
deformity is corrected second [11-13].

In some patients with longstanding sagittal spinal deformity, hip
pathology may not manifest as OA, but rather can be limited to peri-
articular soft tissue contracture. Conceptually, severe positive sagittal
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malalignment driven by loss of lordosis can potentially lead to shorten-
ing of the psoas as distance from origin to insertion decreases due to a
flexed spinopelvic position. Despite the significant interest in hip-spine
syndrome, there is no case report in the literature addressing both spine
and hip pathologies during the same admission as a planned and staged
treatment.

Case report

A 66-year-old female with a past medical history significant for obe-
sity (BMI 36) and controlled diabetes presented with a 5-year history
of back and right lower extremity pain. During the past 2 years, she
had significant difficulties maintaining an upright posture, requiring a
walker for ambulation. Additionally, she had been unable to lay supine
with her lower extremities flat and reported sleeping most comfortably
on her side with bilateral knee flexion. She had undergone an extensive
physical therapy regimen for her hip flexion contracture preoperatively
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This report shows safe and substantial correction of a severe spinal deformity by supplementing sagittal spinal deformity with bilateral psoas release.
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Fig. 1. Anteroposterior (A) and lateral (B) full body X-rays with the different
spinopelvic parameters.

and made virtually no progress as hip extension was extremely painful.
Numerous epidural steroid injections were used as well and they pro-
vided temporary incomplete relief.

On exam, she could not stand upright and had a shuffling gait with
limited ability to flex and extend her hips. Her sensory exam was nor-
mal. Her motor exam revealed 5/5 motor strength, except for bilateral
L4 and L5 nerve roots, where strength was 3/5. Achilles and patellar
reflexes were +1 bilaterally with negative upper motor signs, including
clonus, and Babinski. Straight leg raise and FABER tests were negative.
Her bilateral hips’ range of motion (ROM) was limited to 40°~110°, lack-
ing 40° of hip extension on the modified Thomas test. Similarly, she had
severely limited active ROM of her lumbar spine. The latter was exam-
ined clinically and using the difference between supine and standing
lumbar alignment.

Full body radiographs revealed severe sagittal malalignment
(Figure 1 A-B). To better understand this finding, a CT scan of the lum-
bar spine was ordered revealing a diffuse vacuum disc phenomenon and
loss of disc space between L3 and S1. She had severe destruction of the
L4-L5 disc with significant endplate bone loss. Noted was 6 nonrib bear-
ing lumbar vertebral bodies with facet hypertrophy and auto-fusion, in
addition to the L5-S1 disc osteophyte complex on the right side. MRI of
the lumbar spine revealed multilevel spondylitic changes with bilateral
neuroforaminal stenosis at L2-L3, L3-4, and L4-L5. There was mild cen-
tral canal stenosis at L2-L3 and L4-L5 (Fig. 2 A-C). Then a DEXA scan
revealed a T score of —0.4, thus osteoporosis was ruled out.
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The patient was deemed a surgical candidate secondary to severe
spinal deformity with concurrent bilateral hip flexion contracture. The
surgery was planned in 3 stages. The first stage would address the auto-
fusion of the posterior lumbar elements with posterior spinal column
osteotomies (PCO) from L3-S1 and instrumentation, then proceed with
anterior lumbar interbody fusion (ALIF) at L3-L4, L4-L5, and, if possi-
ble, at L5-S1. In the second stage, the patient would undergo posterior
lumbar instrumentation from L2-Pelvis with bilateral S2AI fixation. The
third stage was to be determined based on her full spine standing ra-
diographs following spinal realignment. The third stage would include
bilateral psoas releases using the traditional direct anterior approach if
deemed necessary.

The patient underwent a 3-stage procedure:

1. Schwab Grade 2 PCO from L2-S1 with segmental instrumentation of
L3-S1 followed by ALIF of L3-L4 and L4-5.

2. Posterior spinal instrumentation L2-Ilium with bilateral S2AI pelvic
fixation, transforaminal interbody fusion of L2-L3 and L5-S1, and
posterior tethering of UIV+1, UIV+2, and UIV+3.

3. Bilateral psoas releases via direct anterior approach to bilateral hips.

Following a standard midline posterior approach to the spine, the
L2-S1 facet capsules were stripped in anticipation of fusion. Pedicle
screws were placed at levels L3-S1 using freehand technique with su-
perb purchase. Grade 2 PCO was done utilizing a combination of high-
speed bur and osteotomes. For the anterior approach, a standard left-
sided paramedian approach was utilized. With a scalpel, the disc base
of L4-L5 was incised. Osteotomy was required to mobilize the disc.
Osteotomes and distractors were used to break the osteophytes, then
sequential distractors were used to crack through the fixed collapse
and listhesis. After the osteotomy, the bone was more mobile. Expo-
sure and preparation of the vertebral space was done similarly to L3-4.
A 25-degree cage with 2 interfixated screws was placed to allow for
lordosis correction. Then, the same procedure was performed with a
20-degree gauge at L3-4. The exploration of the L5-S1 level showed
variant venous anatomy with a large venous vessel overlying the L5-
S1 disc base, prohibiting safe mobilization. This concluded the first
stage.

The patient returned to the operating room 2 days later for stage
2. Again, through a standard midline posterior approach to the spine,
pedicle screws were placed in L2 using freehand technique, and bilat-
eral S2 Al iliac screws were placed with excellent purchase since ALIF at
L5-S1 was not possible at the first stage. Then, a right kickstand screw
was placed in the right ilium. In the osteotomy site created in stage 1,
a posterolateral interbody fusion cage was placed at 1L.2-3 and L5-S1.
Bilateral expandable cages were positioned at L5-S1 as well as a right-
sided unilateral cage at L2-3; the cages were expanded for lordotic cor-
rection and confirmed appropriate positioning with lateral and AP ra-
diographs. Custom precontoured longitudinal rods were placed first on
the left side from L2 down to the ileum. To correct the deformity, put set
screws, and perform final tightening, reduction towers were used. Ra-
diographs showed an acceptable position of correction. The right-sided
rod including the kickstand rod were positioned. Then, suture anchors
were placed in the L1 pedicles with excellent purchase and confirmed
appropriate positioning with AP and lateral fluoroscopy. Subcutaneous
tethers were put in the upper instrumented vertebra +3/2 interspace
and 3 bur holes in the upper instrumented vertebra +2. At this point, all
the tethers were connected, which were weaved in a figure-of-8 fashion
around the posterior elements into the connectors onto the rods, ten-
sioned until taught, and finally tightened. Fig. 3 shows intraoperative
images with lordotic correction.

On day 2 postoperatively, full spine scoliosis radiographs showed
residual positive sagittal malalignment (Fig. 4 A-B). A radiographic
modified Thomas test revealed flexion contracture bilaterally with an
angle of 32° when the left leg was down and 28.4° when the right leg
was down (Fig. 5 A-B), confirming the indication for stage 3—bilat-
eral psoas releases. The patient underwent right-sided psoas release 3
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Fig. 3. Intraoperative image showing correction of the lordosis.
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Fig. 4. Postoperative full body lateral X-rays with the patient standing straight
(A) and relaxed (B) showing positive residual malalignment.
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Fig. 2. Axial MRI cuts showing central steno-
sis at L2-L3 (A), L4-L5 (B) and Parasagittal
MRI cuts showing foraminal stenosis (C) at L2—
L3, L3-L4, and L4-L5.

Fig. 5. X-rays of the patient during the modified Thomas test with the left leg
down (A) and the right leg down (B).

days postoperatively using a standard direct anterior approach. Details
of this approach are: a longitudinal incision was made 2 fingerbreadths
lateral and 2 fingerbreadths distal to the anterior superior iliac spine.
The incision was then performed down through the subcutaneous fat to
the fascia and divided the fascia in line with the incision. Caution was
taken to protect the lateral femoral cutaneous nerve. Deep retractors
were placed, then identified and protected the circumflex femoral ves-
sels. Making an anatomic window distal to the circumflex vessels, the
psoas tenotomy began. The psoas tendon was palpated and was tight
with both strong tendons. The lesser trochanter was identified, a Schnidt
was placed directly on the psoas tendon, and verified an appropriate lo-
cation with an AP X-ray. Next, the Cobra retractor was placed medial
to the tendon to protect the neurovascular bundle and tenotomy scis-
sors were used to release the psoas tendon. The hip flexion contracture
was significantly improved, so the wound was thoroughly irrigated and
closed. The same procedure for the left psoas was performed 2 days
later. Radiographic imaging was obtained after each procedure (Fig. 6
A-B).

The patient tolerated each procedure well without complication, and
her pain was well controlled. Physical therapy sessions began after re-
leasing her psoas bilaterally, as the patient could not maintain an erect
posture before that. A multidisciplinary discussion was held with the
physical therapy team outlining treatment goals, including the utmost
necessity for aggressive range of motion of the hips to reduce the possi-
bility of flexion contracture recurrence. The patient was also educated
on reversing the old habits of sleeping sideways in bed with her knees
flexed. She was recommended to look in the mirror daily, especially
in the acute postoperative period, to improve her neurosensorial input
and help accommodate new alignment. She had an unremarkable post-
operative course and was discharged to inpatient rehabilitation on post-
operative day 12 for ambulation training, strengthening, and training
for activities of daily living. Six months postoperatively (Fig. 7 A-B),
she was seen in the office and doing extremely well. Her postoperative
alignment significantly improved from SVA of 232mm to 77mm (Table).
Despite residual malalignment, the neurological exam of the lower limbs
normal with 5/5 strength and she was pleased with her new posture and
the ability to stand up straight for the first time in 5 years.
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Fig. 6. Lateral full body X-rays after release of the right psoas (A) and after
bilateral release (B).

Table

Preoperative and 6 months postoperative spinopelvic parameters showing sig-
nificant improvements.

Spino-pelvic parameters Preoperatively At 6 months
postoperatively

Pelvic tilt (PT, °) 24.4 31.2

Pelvic incidence (PI, °) 69.1 72.9

Sacral slope (SS, °) 41.8 48

Lumbar lordosis (LL, °) 1.8 -52.7

L1-L4 () -4.2 -16.1

L4-S1 () 6.5 -37.2

PI-LL (°) 67.9 26.5

L1-S1 (mm) 144.1 151.1

Thoracic kyphosis (TK, °) -15.2 25.1

T1 spino-pelvic inclination (SPi, °) 25.8 2.0

T9 SPi (°) 26.4 -2.4

T1 slope (°) 42.7 36.2

T1 pelvic angle (TPA, °) 50.2 33.2

Sagittal vertical axis (SVA, mm) 232.0 77.9

Discussion

Patients with hip-spine syndrome represent a unique treatment chal-
lenge with special considerations. In fact, in severe spinal deformities
such as in this case, vertebral column resection using osteotomies con-
stitute the standard management [14] which can be supplemented by
anterior column support using ALIF [15] or TLIF to restore lordosis [16].
While some hip or spine pathologies have little impact on treatments of
either condition, hip flexion contracture with or without hip osteoarthri-
tis resistant to physical therapy has significant implications on spinal
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Fig. 7. Anteroposterior (A) and lateral (B) full body X-rays after a 6 months
follow-up.

realignment in the setting of sagittal deformity. In a stepwise fashion,
this case report reveals the drastic impact of addressing hip flexion con-
tracture on spinal realignment. Despite adequate intraoperative lordo-
sis, our patient had a residual sagittal plane deformity and malalign-
ment secondary to severe and longstanding bilateral hip flexion con-
tractures that were resistant to physical therapy. Moreover, the pelvic
incidence changed at 6 months follow-up and was increased by around
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4° which is within the range of measurements error. Higher changes of
PI were described previously in the literature without any consequences
on postoperative outcomes and may be due to the pelvic fixation using
S2-alar-ilac screws [17,18]. However, Rizkallah et al. [19] compared S2-
alar-ilac screws and iliac screws, and reported that the pelvic fixation
itself instead of its type is what drives postoperative change in pelvic
incidence.

While the benefit of psoas release is evident in this case report, there
is a paucity of literature detailing the long-term impact bilateral psoas
release has on hip flexion strength [20]. In fact, a study by Chen et al.
[20] tried to reach a consensus regarding this management technique.
Indications for this surgery were recorded to be internal snapping,
followed by iliopsoas impingement, and tendonitis [20]. None of the
surveyed surgeons included sagittal malalignment causing hip flexion
contracture as an indication for this surgery. As for postoperative
adverse outcomes, the most commonly reported one was hip flexion
weakness, followed by hip instability, and pain. When it comes to this
postoperative weakness, the literature is still contradictive [21-26]. Fur-
thermore, Bradenburg et al. [27] quantified this weakness demonstrat-
ing that psoas tenotomy led to a 20% decrease in hip flexion strength
while seated and no significant difference while supine. However, this
study has limitations due to its small sample size, a wide range of patient
ages, and analysis in the setting of a unilateral release [27]. Moreover,
flexion contracture constituted an indication for psoas release mainly in
patients with cerebral palsy where complications such as postoperative
weakness remained a contradictive finding in ambulatory children
[28,29]. Thus, the long-term effect of releasing the bilateral psoas must
be carefully studied to establish safety and efficacy and achieve external
validation.

Our report does not encourage routine bilateral psoas releases in
hip-spine syndrome patients but does highlight the importance of di-
agnosing hip flexion contracture with clinical or radiographic modified
Thomas test and the potential value to psoas release in patients with dual
spinal deformity and hip flexion contracture. Once identified, contrac-
tures should be treated with extensive preoperative physical therapy to
avoid their impact of tethering the lumbar spine downward to the lesser
trochanters and blocking an erect posture.

Conclusion

This is the first case report addressing both spine and hip patholo-
gies in the same admission in a patient presenting with a hip-spine syn-
drome. This patient received 3 staged procedures including a Schwab
Grade 2 PCO with segmental instrumentation and ALIF, posterior spinal
instrumentation with bilateral pelvic fixation and transforaminal inter-
body fusion with posterior tethering of UIV+1, UIV+2, and UIV+3, and
finally to address the psoas contractures, bilateral psoas releases. Nev-
ertheless, before proceeding with the third surgery, hip flexion con-
tracture should be diagnosed with a clinical and radiographic Thomas
test or a modified Thomas test if the contracture was bilateral. There
is a paucity of the literature regarding such reports which is why
more high-quality studies are needed to further study this management
technique.

Patient informed consent

Complete written informed consent was obtained from the patient
for the publication of this study and accompanying images.
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