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ABSTRACT
Objective:  To  compare  the  efficacy  between  hyperextension  position  (HPVP)  and  neutral  position  for  vertebroplasty  (NPVP)  in
treating  Kümmell  disease.
Study Design: A Comparative descriptive study.
Place and Duration of Study: Department of Orthopaedics, Yantaishan Hospital, China, from December 2017 to July 2018.
Methodology: This study retrospectively analysed demographic features, operative information, radiologic data, and complications
of 58 consecutive patients with single-level Kummel disease (KD) who underwent NPVP (n=27) or HPVP (n=31). All patients were
observed preoperatively and at 2 days (POD 2) and one year postoperatively for cement leakage, Cobb’s angle, antenior body height
ratio, pain and disability.
Results:  The  cement  leakage rate  was  significantly  lower  in  the  HPVP group (p<0.01).  The visual  analogue scale  (VAS)  scores  for
pain, and Oswestry disability indices (ODIs) were lower in the HPVP group at one year postoperatively (both p<0.05). For the HPVP
group,  Cobb’s  angle  was  significantly  smaller,  and  the  anterior  body  height  ratio  (AR)  was  larger  at  POD 2  (p<0.05)  and  one  year
(p<0.05), postoperatively.
Conclusion: This study demonstrated that HPVP could achieve a lower cement leakage rate with similar operative time, lower VAS
and ODI scores, as well as better kyphosis restoration and AR recovery at the 1-year follow-up than NPVP. HPVP is thus superior to
NPVP in treating KD.
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INTRODUCTION

Kümmell disease (KD) is defined as a delayed, traumatic verte-
bral collapse.1 The main pathomorphological changes are verte-
bral collapse and gradual kyphosis progression occurring after
a period of asymptomatic minor spinal trauma.2 The treatment
targets are to relieve back pain, attain intervertebral stability to
prevent vertebral collapse, and avoid spinal kyphosis progres-
sion and neurological deficits.3 Given that patients with KD are
generally old and may have various comorbidities, minimally
invasive surgeries, including percutaneous vertebroplasty (VP)
or kyphoplasty (KP),4 are widely accepted as the first-line treat-
ment for KD without neurological symptoms.2,4
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One of the main disadvantages of both KP and VP is the difficulty
in  achieving  satisfactory  restoration.  Therefore,  some
researchers performed KP2,3,5-7 or VP8 in the hyperextension posi-
tion (HPVP) to achieve better restoration and reported satisfac-
tory results. A previous study compared the parameters of HPVP
before and after the operation and reported that this procedure
was effective.8 However, to the authors’ knowledge, no study has
compared the surgical  effects,  radiographic  parameters,  and
complications  between  HPVP  and  VP  in  the  neutral  position
(NPVP). Thus, it is inconclusive that HPVP is indeed superior to
NPVP.  Therefore,  this  study  aimed  to  compare  the  efficacy
between HPVP and NPVP in treating KD.

METHODOLOGY
This  study  retrospectively  reviewed  58  consecutive  patients
diagnosed with single-level KD and underwent VP at Department
of  Orthopaedics,  Yantaishan  Hospital,  China  from  December
2017 to July 2018. As most studies have agreed and reported that
the main pathologic mechanisms of KD are ischaemic vertebral
necrosis  and  intravertebral  pseudarthrosis  after  osteoporotic
fractures,9 computed tomography (CT) and magnetic resonance
imaging (MRI) were both performed to clarify the existence of the
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intravertebral vacuum phenomenon and osteosclerotic zone in
this study. The patients whose CT and MRI images showed the
abovementioned  radiographic  findings  were  included  in  the
study. Patients were excluded, if they had an infection, primary
and metastatic spinal tumours, multiple myeloma, more than
one  vertebral  level  affected,  and  neurological  symptoms
present.

All patients were observed and assessed preoperatively, on post-
operative day: 2 (POD 2; after they stepped out of bed) and one
year  postoperatively.  The  first  27  patients  underwent  NPVP.
Thereafter, the authors learned that HPVP might be more benefi-
cial to the patients; thus, the remaining 31 patients underwent
HPVP.

This study was conducted in accordance with guidelines stipu-
lated in the World Medical Association Declaration of Helsinki and
approved  by  the  Ethics  Committee  of  Yantaishan  Hospital
(approval No. 2020002). Written consents for the publication of
the  images  included  in  this  study  were  obtained  from  the
patients and their relatives.

Data on demographic features (age, gender, body mass index
(BMI), and duration from trauma to surgery), operative informa-
tion (level of affected vertebrae, operative time, and injected
cement volume), radiologic data (bone mineral density (BMD),
and preoperative and postoperative X-ray images), and compli-
cations (cement leakage and re-fracture) were collected and
analysed for the two groups. Back pain was assessed using the
visual analogue scale (VAS), and the impact on patients’ daily life
was evaluated using the Oswestry Disability Index (ODI). To elimi-
nate individual differences, the authors compared the ratios of
the anterior vertebral body (AR, anterior height of the vertebral
body/posterior height of the vertebral body on X-ray image) and
middle vertebral body (MR, middle height of the vertebral body/-
posterior height of the vertebral body on X-ray image), instead of
the absolute heights of the anterior and middle vertebral bodies.
These two ratios and the vertebral Cobb’s angle, which is the
angle between the horizontal line of the upper vertebral body’s
upper endplate and the lower vertebral body’s lower endplate,
taking  the  affected  vertebrae  as  the  centre,  were  measured
using lateral X-ray images, and these were the main radiographic
parameters compared. Preoperative CT in the hyperextension
position was also performed to determine the degree of restora-
tion  during  the  operation.  Cement  leakage  was  obtained  by
observing the postoperative X-ray images; any cement noticed
outside the vertebral body was considered positive for cement
leakage, including minimal leakage extending from the main
cement mass, leakage into the intervertebral space, and leakage
in the vessel around the vertebrae. Re-fracture was defined as
the re-appearance of pain symptoms in the 1-year-follow-up and
confirmed by MRI.

Preoperatively, both groups were trained to lie in the prone posi-
tion twice daily and maintain the position for approximately 30
min in order to tolerate surgery.3,4 In HPVP, the patient was placed
in a prone position with multiple pillows under the chest and ilium
until the abdomen was fully suspended with one solid paddle
under the thigh to maintain the whole-body hyperextension posi-

tion. After sterilisation, local anaesthesia (0.5% lidocaine) was
induced  by  multipoint  injections.  Then,  the  operator  gently
pressed the patient’s back until the anterior height of the verte-
bral body was near the images shown on the pre-operation CT in
the  hyperextension  position,  and  the  assistant  pushed  the
patient’s back to maintain the hyperextension position. Subse-
quently,  VP  was  performed  through  a  unilateral  transverse
process-pedicle approach.10-12 The injection process was moni-
tored continuously under G-arm and stopped immediately if high
resistance  was  encountered,  or  polymethylmethacrylate
(PMMA) spread was observed near the posterior wall of the verte-
bral body. Postoperatively, the patients were kept on bed rest for
approximately 6 hours and then stepped out of bed without brace
support. A typical case is presented in Figure 1.

For NPVP, the patient was placed in a prone position, and VP was
also performed through a unilateral transverse process-pedicle
approach without diaplasis.

The quantitative variables were expressed as mean ± standard
deviation  and  the  qualitative  variables  as  frequencies  and
percentages. Paired t-tests were performed to compare the VAS,
ODI, Cobb’s angle, AR, and MR in the same group. Chi-squared/-
Fisher Exact tests were performed to compare the sex distribu-
tion, the affected level, cement leakage rate, and re-fracture rate
at  the  final  follow-up  between  the  two  groups.  Independent
sample t-tests were used to compare patients’ age, BMI, BMD, KD
duration,  operative  time,  and  injected  bone  cement  volume
between the two groups. The VAS, ODI, Cobb’s angle, AR, and MR
at three timepoints (preoperatively, POD 2, and 1-year follow-up)
between the groups were also analysed using an independent
sample t-test. SPSS version 25.0 (IBM Corp., Armonk, NY, USA)
was used for statistical analysis. The significance level of the p-
value was set at 0.05.
Table I: Patients’ characteristics and operative parameters.

Variables NPVP HPVP p-value
Number 27 31  
Age (years) 69.89±7.89 69.65±7.17 0.902
Sex

0.507Male 5(18.52%) 8(25.81%)
Female 22(81.48%) 23(74.19%)
BMI (kg/m2) 24.48±2.77 23.73±2.68 0.301
BMD -2.81±0.87 -2.31±1.17 0.075
Duration
(months) 5.12±0.85 5.30±1.09 0.489

Affected level

0.599

  T10 0(0.00%) 1(3.23%)
  T11 6(22.22%) 6(19.35%)
  T12 8(29.63%) 6(19.35%)
  L1 7(25.93%) 13(41.94%)
  L2 5(18.52%) 3(9.68%)
  L4 1(3.70%) 2(6.45%)
Operative time
(min) 20.70±1.79 21.10±2.02 0.440

Cement
volume (mL) 6.63±0.67 7.15±0.44 0.001a

Cement
leakage 22(81.48%) 13(41.94%) 0.002a

Re-fracture 2(7.41%) 0(0.00%) 0.212
BMI: Body mass index, BMD: Bone mineral density, HPVP: Vertebroplasty
in the hyperextension position, NPVP: Vertebroplasty in the neutral
position. ap <0.01.
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Table II. Statistical analysis at three different time points between the two groups and within the NPVP or HPVP group with p-values of related
parameters.

Variables NPVP HPVP P-value
Number 27 31  
Pre-op VAS 5.89±2.33 6.00±1.63 0.836
Pre-op ODI (%) 60.99±21.43 65.56±16.54 0.363
Pre-op Cobb 15.76±5.04 16.67±4.85 0.485
Pre-op AR (%) 62.47±11.62 58.35±12.77 0.207
Pre-op MR (%) 54.01±10.69 47.63±14.27 0.057
POD 2 VAS 1.78±0.80 1.45±0.68 0.098
POD 2 ODI (%) 17.19±8.49 12.36±10.56 0.063
POD 2 Cobb 14.19±4.66 10.47±4.47 0.003b

POD 2 AR (%) 68.47±10.51 74.37±10.14 0.034a

POD 2 MR (%) 59.86±8.07 63.30±10.89 0.182
Last follow-up VAS 1.59±0.64 1.23±0.72 0.045a

Last follow-up ODI (%) 16.99±7.32 11.03±8.76 0.007b

Last follow-up Cobb 14.41±4.68 10.63±4.55 0.003b

Last follow-up AR (%) 67.53±10.73 73.24±10.58 0.046a

Last follow-up MR (%) 59.67±7.97 63.12±10.84 0.179

NPVP

VAS
Pre-op vs POD 2 <0.001b

Pre-op vs 1-year follow-up <0.001b

POD 2 vs 1-year follow-up 0.022a

ODI
Pre-op vs POD 2 <0.001b

Pre-op vs 1-year follow-up <0.001b

POD 2 vs 1-year follow-up 0.867

Cobb
Pre-op vs POD 2 0.001b

Pre-op vs 1-year follow-up 0.002b

POD 2 vs 1-year follow-up <0.001b

AR
Pre-op vs POD 2 <0.001b

Pre-op vs 1-year follow-up <0.001b

POD 2 vs 1-year follow-up <0.001b

MR
Pre-op vs POD 2 <0.001b

Pre-op vs 1-year follow-up <0.001b

POD 2 vs 1-year follow-up <0.001b

HPVP

VAS
Pre-op vs POD 2 <0.001b

Pre-op vs 1-year follow-up <0.001b

POD 2 vs 1-year follow-up 0.006b

ODI
Pre-op vs POD 2 <0.001b

Pre-op vs 1-year follow-up <0.001b

POD 2 vs 1-year follow-up 0.028a

Cobb
Pre-op vs POD 2 <0.001b

Pre-op vs 1-year follow-up <0.001b

POD 2 vs 1-year follow-up <0.001b

AR
Pre-op vs POD 2 <0.001b

Pre-op vs 1-year follow-up <0.001b

POD 2 vs 1-year follow-up <0.001b

MR
Pre-op vs POD 2 <0.001b

Pre-op vs 1-year follow-up <0.001b

POD 2 vs 1-year follow-up 0.059
AR: the ratio of anterior vertebral body height, HPVP: Vertebroplasty in the hyperextension position, MR: The ratio of middle vertebral body height, NPVP:
Vertebroplasty in the neutral position, ODI: Oswestry disability index score; pre-op: preoperatively, POD: postoperative day, VAS: Visual analogue scale.
ap <0.05, bp <0.01.

RESULTS

The  correlation  data  conformed  to  a  normal  distribution,
according to the results of the Levene’s test. The demographic
and operative data of the groups and the comparison values
between the two groups are summarised in Table I.  The differ-
ence in mean age, gender distribution, BMI, BMD, KD duration,
affected  vertebral  levels,  operative  time,  and  re-fracture  rate
between the two groups  at  the  one-year  follow-up was  not
significant.  However,  the  injected  bone  cement  volume  was
significantly  higher  in  the  HPVP  group  than  in  the  NPVP  group
(7.15±0.44 vs. 6.63±0.67 mL, p=0.001). The cement leakage

rate was significantly lower in the HPVP group than in the NPVP
group (41.94% [13/31] vs. 81.48% [22/27]; p=0.002). No neuro-
logical  deficit,  pulmonary  embolism,  and  cement  loosening
were observed in both groups. None of the patients in the HPVP
group had re-fractures, while two non-adjacent vertebral frac-
tures were observed in the NPVP group at the 1-year-follow-up.

The exact value and comparison of VAS scores, ODI, Cobb’s
angle, AR, and MR in the same group at three time points,
and between the two groups are presented in Table II.
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Figure  1:  A  representative  case.  A  76-year-old  male  patient
complained of back pain for more than half a year, which particularly
occurred upon changing position. Physical examination showed an
intact neurological function. (a) Preoperative X-ray in the lateral posi-
tion. (b) Preoperative computed tomography (CT) in the neutral posi-
tion showing a broken bone block that  herniated into the spinal
canal.  (c)  CT  in  the hyperextension position:  the herniated bone
block is more or less restored, and the spinal canal occupation is
decreased. This image served as the standard to guide the restora-
tion during operation. (d) Preoperative T2-weighted magnetic reso-
nance (MR) image showing a liquidity signal. (e) Hyperextension posi-
tion during the operation with G-arm positioned. (f) Lateral X-ray
during the operation before diaplasis. (g) In a lateral X-ray during
the operation after diaplasis, restoration of the anterior vertebral
body height can be observed compared with image e. (h) Lateral X-
ray after the operation. (i) Horizontal view of a CT scan after the oper-
ation.

As  also  seen  in  that  Table,  no  significant  difference  was
found  preoperatively  among  the  parameters  mentioned
above (p>0.05).

The VAS scores showed a decreasing trend at the three time
points,  and  the  values  were  significantly  different  (p<0.05)
in  both  groups.  No  significant  difference  in  VAS  scores
between the two groups was observed on POD 2; however,
VAS scores at the 1-year follow-up were significantly lower in
the HPVP group than in the NPVP group (p<0.05).

As for the ODI, a decreasing trend was observed at the three
time  points  in  the  HPVP  group,  showing  significant  differ-
ences (p<0.05). The decreasing preoperative values in both

groups  were  significantly  different  than  those  obtained  on
POD 2 and at the 1-year follow-up (p<0.01). However, no
significant  difference was  found when the  values  on  POD 2
were compared with those at the 1-year follow-up in the
NPVP  group  (p>0.05).  No  significant  differences  in  ODI  on
POD 2 were noted between the two groups; however, at the
1-year follow-up, the ODI was significantly lower in the HPVP
group (p<0.05).

In both groups, Cobb’s angle decreased on POD 2 (p<0.01),
but it slightly increased at the 1-year follow-up (p<0.01). In
both  groups,  a  significant  difference  in  Cobb’s  angle  was
found both on POD 2 and at the 1-year follow-up (p<0.01).
The Cobb’s angle was significantly smaller in the HPVP group
than in the NPVP group.

In both groups, a favourable AR was obtained on POD 2,
compared with that obtained preoperatively (p<0.01), which
was partly maintained until the 1-year follow-up. However,
height  loss  was  significantly  different  between  the  two
groups (p<0.01). The AR was significantly larger in the HPVP
group than in the NPVP group, both on POD 2 and at the 1-
year follow-up (p<0.05).

In  both  groups,  the  MR  showed  recovery  on  POD  2,
compared with that obtained preoperatively (p<0.01), partly
maintained until the 1-year follow-up. However, there were
significant  differences  in  height  loss  among  the  three  time
points  in  the NPVP group (p<0.01),  but  not  in  the HPVP
group  (p>0.05).  In  the  between-group  comparisons,  no
significant difference in MR values was found both on POD 2
and at the 1-year follow-up (p>0.05).

DISCUSSION

In the analysis of VAS scores, ODI, Cobb’s angle, AR, and MR
before and after the operation, both NPVP and HPVP were
shown  to  be  effective  treatments  for  KD.  For  the  VAS  and
ODI scores, the effects of NPVP and HPVP were comparable
between the two groups on POD 2; nevertheless, the HPVP
group had lower VAS and ODI values than the NPVP group at
the  one-year  follow-up.  As  for  Cobb’s  angle,  HPVP could
attain  better  kyphosis  restoration  than  NPVP,  which  was
maintained  until  the  1-year  follow-up.  Moreover,  HPVP
patients  showed better  AR  recovery  than  NPVP  patients,
which was maintained until the one-year follow-up; the main
complication and cement leakage rates were also lower in
the  HPVP  group.  Therefore,  HPVP  is  a  better  treatment
choice for KD than NPVP.

The  thoracolumbar  junction  is  the  most  commonly  affected
segment in KD.13 This junctional area is neutral under normal
conditions, but kyphosis occurs in KD cases. Some authors
found that vertebral deformities can cause substantial back
pain.14 Previous studies have demonstrated that segmental
kyphosis shortened the anterior column and increased the
load on the adjacent vertebral bodies, which would increase
the risk of adjacent segment fractures.15,16 Thus, maximum
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kyphosis correction should be a target of KD treatment. In
the present study, both the NPVP and HPVP groups could
achieve kyphosis correction to some extent, and the VAS
and  ODI  values  declined  equally  on  POD  2,  which  was
possibly because the bone cement acted as a glue to attain
intervertebral stability in both groups.3 However, the long-
term outcome showing that VAS and ODI values were lower
in the HPVP group than in the NPVP group may be because
the kyphosis correction in the HPVP group was better than
that of the NPVP group. Similar results were also reported in
previous studies.4,6,7

For the AR and MR, the results of the present study showed
that AR recovery was better in the HPVP group than in the
NPVP group, which may be related to kyphosis recovery.
When the patient was placed in the hyperextension position,
the  anterior  vertebral  body  could  be  restored  under  the
stretch  stress  of  the  anterior  longitudinal  ligament.17

However, the mechanism does not exist in the middle of the
vertebral body. This may be the reason why AR recovery
was  better  in  the  HPVP  group,  but  MR  recovery  was
comparable between the two groups.

Cement leakage is one of the main complications of VP. Park
et al. reported that the cement leakage rate was 26.3% with
a mean bone cement injection of  3.9 mL.8  Zhang et al.3

reported that in HPVP with 3.23±0.94 mL of bone cement,
the  cement  leakage  rate  was  36.4%  (8/22),  whereas  in
hyperextension KP with 3.04±1.00 mL of bone cement, the
cement  leakage  rate  was  23.1%  (3/13).  The  amount  of
injected bone cement and the leakage rate in their study
were lower than those of the present study. The cement
volume of this study was 6.63±0.67 mL in the NPVP group
and 7.15±0.44 mL in the HPVP group, which was remarkably
high. This may be related to the surgical technique used in
this study, as the authors routinely perform a spinal tap to
break the wall of the cavity composed by necrotic and scle-
rotic bones. Yu et al.18 demonstrated that long-term radio-
logic  and  clinical  outcomes  of  a  diffused  bone  cement
pattern were superior to those of a solid lump distribution
pattern  for  osteoporotic  vertebral  compression  fractures
with an intravertebral cleft. If  the wall was not broken, a
diffused bone cement pattern was hard to obtain. Moreover,
a previous study reported that KD was a strong protective
factor for cement leakage,19 which may be explained by the
layer of dense sclerotic bone around the cavity of the verte-
bral body, preventing bone cement leakage. However, in the
present work, the approach at breaking the sclerotic belt
may be the main reason the cement leakage rate was signifi-
cantly higher than that of the other studies. Regarding the
mechanism as to why the cement leakage rate was higher in
the NPVP group than in the HPVP group, the authors thought
that the cavity might be small in the neutral position, and
the upper endplate and sclerotic belt are closer to the lower
endplate and sclerotic belt. Thus, either the upper or lower
endplate can break easily during the spinal tap. However, in

the hyperextension position,  the  cavity  is  large,  and the
upper endplate and sclerotic belt are farther from the lower
endplate and sclerotic belt; hence, breaking it by spinal tap
is difficult.

This study has some limitations. First, this was a retrospec-
tive comparative study, and no method was used to ensure
the unbiased randomisation of the two groups. Additionally,
the  patient  sample  size  was  small,  and  data  on  longer
follow-up  clinical  outcomes  were  unclear  due  to  the  finite
follow-up  duration.  A  prospective  randomised  controlled
study with a longer follow-up period would better assess the
clinical outcomes of HPVP for treating KD.

CONCLUSION

The results  of  this  study suggest  that  HPVP can achieve
better  VAS,  ODI,  Cobb’s  angle,  and  AR  at  the  one-year
follow-up than NPVP, without prolonging the operative time.
Additionally, the cement leakage rate is lower with HPVP.
Thus, HPVP was superior to NPVP in treating KD, and the
authors recommend it as the preferable position for this kind
of surgery.
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