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Purpose
To evaluate the effectiveness of using a low implant density in surgical treatment of 
Scheurmann Kyphosis (SK) in correcting the lumbar lordosis (LL)- Pelvic incidence 
(PI) mismatch.
Methods
Patients that were surgically treated for SK by a low screw density with multiple 
Ponte osteotomies at two institutions from January 2021 to January 2022 were 
identified and included in the study. Preoperative/postoperative/1- and 2-year 
follow-up measurements were analyzed from full-spine standing radiographs.
Results
Thirty patients were enrolled in our study, mean age 20.5 (13–37) years, mean 
preoperative kyphosis was 85.9 (75–108), a mean preoperative lumbar lordosis-
pelvic LL-PI mismatch was 25.9 (23–28). The maximum kyphosis was corrected 
to 46.2 (37–63) and the LL-PI mismatch was reduced to 7.7. The correction was 
maintained at 1- and 2-years follow-up with no statistical change in the sagittal 
angles.
Conclusion
Surgical correction of SK using low-density implants and multiple Ponte osteotomies 
is an effective method of correcting the kyphotic deformity and reducing the LL-PI 
mismatch to normal physiological values.
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Introduction
Scheurmann Kyphosis (SK) is a developmental 
thoracic or thoracolumbar hyper-kyphosis that could 
cause chronic back pain, cosmetic problems to the 
patients, and rarely neurologic impairment [1]. SK 
is considered the most common sagittal angular 
spinal deformity with an incidence of 4–8% with no 
gender predomination [2]. There could be a genetic 
contribution to the pathology as well as some role 
of mechanical factors supported by the thickening 
of the anterior longitudinal ligament across the 
area of kyphosis and in another theory, asymmetric 
osteonecrosis of the vertebral endplates [3].

Usually, conservative measures are applied, but surgical 
correction is indicated in kyphosis over 70–75 especially 
if it causes pain, respiratory problems and/or neurologic 
compromise [4]. The treatment approach evolved 
over the last two decades from a combined approach 
(anterior release followed by posterior correction and 
fusion) to a posterior-only approach as the latter proved 
to be as effective in terms of deformity correction with 
fewer complications and reduced operative time [5].

With the development of modern posterior 
instrumentations, achieving and maintaining 
deformity correction has been easier to attain 
especially if supplemented with multiple posteriorly-
based shortening osteotomies [6]. All screws or high-
density constructs through the posterior approach 
have been considered the gold standard [5]. The 
senior author had previously published his technique 
of using low-density construct to achieve similar 
radiological and clinical results when compared with 
the gold standard technique [7]. The main purpose of 
this study is to evaluate the effectiveness of the low 
implant density in correcting the Lumbar Lordosis-
Pelvic Incidence (LL-PI) mismatch in patients with 
SK.

This is an open access journal, and articles are distributed under 
the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 License, which allows others to remix, tweak, and 
build upon the work non-commercially, as long as appropriate credit 
is given and the new creations are licensed under the identical terms.

The effectiveness of a low implant density in Scheurmann 
kyphosis in correcting the lumbar lordosis -pelvic incidence 
mismatch
Mahmoud Abousayeda, Yasser Elmiliguia, Youssry Elhawarya, Ahmed ElNagarb,  
Yehia Elbrombolyc

aDepartment of Trauma and Orthopedics, Faculty 
of Medicine, Cairo University, Egypt, bDepartment 
of Orthopedic Surgery, Bolak Eldakror General 
Hospital, Cairo, cDepartment of Orthopedic 
Surgery, Faculty of Medicine, Zagazig University, 
Zagazig, Egypt

Correspondence to Mahmoud Abousayed, MD, 
Department of Orthopedics and Traumatology, 
Faculty of Medicine, Cairo University, Al-Saray 
Street, Elmanial, Cairo 11956, Egypt
Fax:+202628884; Tel: +201005288534;
E-mail: Mahmoud.abousayed@gmail.com

Received: 15-Jun-2024
Revised: 13-Jul-2024
Accepted: 15-Jul-2024
Published: 13-Sep-2024

The Egyptian Orthopaedic Journal 2024, 
59:311–316



312  The Egyptian Orthopaedic Journal, Vol. 59 No. 3, July-September 2024

Patients and methods
This is a prospective study of patients who had undergone 
surgical correction of SK by a low implant density by 
two surgeons in two institutions from January 2021 
to January 2022. Institutional review board approval 
was obtained from the research ethics committee, 
Cairo University, faculty of medicine, Egypt (Approval 
number MD-413-2021) and the IRB committee in 
Zagazig Faculty of medicine (IRB# 118.10.03.2024) 
for this study. 30 patients were enrolled in the study. 
All patients or their legal guardians (if age below 18) 
signed an informed consent agreeing to be enrolled in 
the study.

All patients underwent a posterior approach through 
which pedicle instrumentation was done only at the 
3–4 most proximal levels and the three most distal 
levels in the fusion area. Multiple Ponte osteotomies 
were done across the apex and peri-apical levels and 
correction was achieved through a cantilever rod 
reduction from proximal to distal (Fig. 1).

The Upper instrumented level was either T3 or T2 
according to the extent of the deformity. The lower 
instrumented vertebra was chosen to be the sagittal 
stable vertebra. Intraoperative neuromonitoring was 
used in all patients. Exclusion criteria were previous 
spine surgeries, any neuromuscular disorder, and 
patients with incomplete radiographic data. For each 
patient the following characteristic data were analyzed; 
age, sex, radiographic measurements, and duration of 
follow-up.

Radiographic measurements were done on whole 
spine standing radiograph obtained preoperatively, 
1 month postoperatively and 1 and 2 years follow-
up. The radiographic parameters measured were: 
Maximum Kyphosis angle, Lumbar Lordosis (L1-
S1), PI. Radiographic measurements were done 
independently by two of the research team, a spine 
fellowship-trained surgeon and a spine fellow using 
the Surgimap program. Surgical details were also 
recorded and assessed including operative time, 
blood loss, fusion levels, screw density, and a number 
of Ponte Osteotomies. Screening for postoperative 
complications in the form of proximal junctional 
kyphosis and distal junctional kyphosis was carried 
out (Figs 2 and 3).

Statistical analysis
Statistical analysis was done by SPSS v26 (IBM Inc., 
Armonk, NY, USA). Quantitative variables were 
presented as mean and standard deviation (SD) and 
Intra group comparison was performed using the Paired 
Student t Test. Qualitative variables were presented as 
frequency and percentage (%). A two tailed P value less 
than 0.05 was considered statistically significant.

Results
Thirty patients with SK underwent a posterior spinal 
fusion with low-density construct with a mean age 
of 20.5 (range 13–37), 19 males and 11 females. The 
preoperative maximum kyphosis ranged from 75 to 
108° with a mean of 85.9 ± 10.01. The preoperative LL 
range was 40–82° with a mean of 65.2 ± 12.15°. The 
mean preoperative LL-PI mismatch was 25.96 (range 
23–28).

The mean operative time was 155 min (120–180), 
average blood loss was 450 ml (200–600). The average 
number of pedicle screws per case was 12.4 (12–14). 
The mean screw/implant density per case - calculated 
by dividing the number of screws on the total amount 
of pedicles available in the fusion area- was 0.5 
(0.45–0.63). The average number of peri-apical Ponte 
Osteotomies done was 4.3(3–6) per surgery.

Figure 1 

Multiple Ponte Osteotomies.
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Figure 2 

A: preoperative lateral radiograph of a 15-year-old male with SK showing the Maximum kyphosis, Lumbar lordosis angle, pelvic tilt (PT) and 
pelvic incidence (PI) measured on Surgimap program. B: 1 year follow-up image showing the deformity correction C: 2 years follow-up showing 
maintenance of the deformity correction.

Figure 3 

A: preoperative lateral radiograph of a 27-year-old male with SK showing the maximum kyphosis and Lumbar lordosis angle measured on Surgimap 
program. B: 1 year follow-up image showing the deformity correction. C: 2 years follow-up showing maintenance of the deformity correction.
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Postoperatively the maximum kyphosis was reduced 
to a mean value of 46.2 (37–63) (P<0.001*), mean LL 
was reduced to 46.8(24–76) (P<0.001*), The mean 
LL-PI mismatch was 7.73 (6–10) (P<0.001*), The 
maximum kyphosis correction was maintained at 1 
and 2 years follow up with a very minor increase at 
1 year to reach 47.1(37–65) and at 2 years to reach 
47.6 (34-64) which was not statistically significant 
(Table 1).

Discussion
The purpose of this study is to evaluate the 
effectiveness of the low implant density in achieving 
similar results upon comparing to the standard high-
density implant in terms of deformity correction, 
maintaining of the correction and correction of LL-
PI mismatch.

The surgical approach was as described by the senior 
author [7], classic posterior approach, pedicle screw 
instrumentation in the 3–4 proximal levels and the 
three most distal levels in the fusion area. The upper 
instrumented vertebra was either T2 or T3 according 
to the extent of the deformity, the lower instrumented 
vertebra was selected to coincide with the sagittal 
stable vertebra, multiple periapical Ponte osteotomies 
and deformity correction primarily by cantilever 
method.

Multiple periapical Ponte osteotomies done effectively 
and accurately as described by Ponte et al. [8] will cause 
enough flexibility of the hyperkyphotic segment and 
allow deformity correction through shortening of the 

posterior column without inducing significant stretch 
of the anterior section of the spinal cord enabling safer 
correction [9–12].

Upon the advancement of spinal instrumentations, 
namely pedicle screws enabling a rigid three column 
spinal fixation, the posterior only approach with all 
pedicle screws has become the preferred surgical 
management modality for patients with SK [3,13]. 
Of course, this came with a cost, either financially 
or an increase in the complication rate. Considering 
the various financial constraints on different aspects 
of health care, there is a continuous demand on 
the evaluation of proper implant usage. Therefore, 
having evidence supporting that low implant density 
constructs in SK will achieve similar results compared 
with a high-density construct will redeem the earlier 
construct more cost effective. Additionally, each pedicle 
screw does not increase only the cost but increases as 
well the surgical time, blood loss, and the incidence of 
potential complications [14].

Behrbalk et al. [15] concluded a comparative study as 
they compared a high-density construct (all pedicles 
instrumented) to a low-density construct (54–69% 
of available pedicles) and their results showed similar 
correction in both groups with a significant cost-
reduction in the low-density group.

The senior author published his surgical technique 
[7] where he uses a low-density construct (only 
instrument the three most caudal and cephalic levels 
– 12 screws totally), leaving the periapical area without 
instrumentation and relying mainly on a cantilever 
technique for deformity correction. Counter-intuitively, 
this construct achieved similar hyper-kyphosis 
correction when compared with all screw constructs 
and maintained that correction with an average of 2 
years follow-up.

This study was in concordance with the previous study 
[7] in terms of kyphosis correction and maintenance 
of that correction. The primary focus of this study 
was to evaluate the effectiveness of this low implant 
density construct to correct the PI-LL mismatch in 
patients with SK. The preoperative PI-LL mismatch 
was corrected from a mean value of 25.96 (23–28) to 
a mean postoperative value of 7.73 (6–10), and the 
correction was maintained for 2 years follow-up.

As well noted in the literature, SK is always accompanied 
by a compensatory hyper-lordosis [16]. There are 
several studies that have documented the spontaneous 
correction of the LL after surgical correction of the SK 
[17,18]. Jansen et al. [19] have outlined in their study 

Table 1 Showing pre and postoperative pelvic incidence, lumbar 
lordosis and maximum kyphosis angle

N=30 Normal

Pelvic Incidence

  Mean±SD 39.57 ± 9.46 35–85

 � Range 21–61

Preoperative lumbar lordosis

 � Mean±SD 65.2 ± 12.15 20–45

 � Range 40–82

Preoperative maximum kyphosis angle

 � Mean±SD 85.9 ± 10.1 20–40

 � Range 75–108

Pelvic incidence

 � Mean±SD 39.57 ± 9.46 35–85

 � Range 21–61

Post-operative lumbar lordosis

 � Mean±SD 46.8 ± 10.51 20–45

 � Range 24–76

Post-operative maximum kyphosis angle

 � Mean±SD 46.2 ± 7.83 20–40

 � Range 37–63
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that there is a predicable reduction of the lumbar hyper-
lordosis after surgical correction of SK. Moreover, the 
main correction occurs in the upper segment of LL and 
there is a strong correlation between the degree of SK 
correction and the spontaneous LL correction.

Numerous studies had stressed on the importance of 
radiographic parameters (namely PI-LL mismatch) 
and its association with health-related quality of 
life outcomes [20–23]. Additionally, one of the 
international spine study group publications [20] 
defined the ideal PI-LL for individuals under 35 
years of age to be around 10.5°. Moreover, Aoki et 
al. [24] reported the influence of PI-LL mismatch 
on residual low back pain after short segment fusion 
in the Lumbar Spine and advised spine surgeons to 
strongly consider the reduction of PI-LL mismatch 
even in short fusions. Consequently, we believe that 
the low-density implant could efficiently achieve the 
alignment goals of the spinal deformity corrective 
surgery in terms of reducing the thoracic hyper-
kyphosis and reducing the PI-LL mismatch to 
physiological levels.

The limitation of this study is mainly the small 
number of patients and the lack of long-term follow-
up. We understand that this low-density construct is 
biomechanically weaker compared with the standard 
all pedicle screw construct. However, we were able to 
demonstrate its efficiency in the deformity correctio 
and the reduction of PI-LL mismatch without a 
single biomechanical failure up to two years follow-
up.

Conclusion
Surgical treatment of SK is mostly an all-posterior 
approach with segmental pedicle screws and multiple 
Ponte osteotomies. The low implant density construct 
is an economically and surgically efficient way in 
achieving deformity correction. The low implant density 
construct succeeded in achieving proper deformity 
correction in terms of Kyphosis correction, Lordosis 
normalization, and reducing the PI-LL mismatch to 
physiological levels. The correction was maintained 
with no loss of correction or mechanical failures up to 
2 years follow-up.

Ethical approval
This study was approved by our Institutional Ethics 
Review Board.

Consent to Participate
All patients provided informed consent to participate 
in this study.

Consent to Publish
All participants provided informed consent for the 
publication of this study.

Authors’ contributions
All authors whose names appear on the submission 
(1) made substantial contributions to the conception 
or design of the work; or the acquisition, analysis, or 
interpretation of data; or the creation of new software 
used in the work; (2) drafted the work or revised 
it critically for important intellectual content; (3) 
approved the version to be published; and (4) agree to 
be accountable for all aspects of the work in ensuring 
that questions related to the accuracy or integrity of 
any part of the work are appropriately investigated and 
resolved.

Financial support and sposnorship
Nil.

Conflicts of interest
There are no conflicts of interest.

Abbreviations
SK, Scheurmann Kyphosis; 
LL, Lumbar Lordosis; 
PI, Pelvic Incidence

References
	 1	 Shah SA, Saller J. Evaluation and Diagnosis of Back Pain in Children and 

Adolescents. J Am Acad Orthop Surg 2016; 24:1.

	 2	 Ali RM, Green DW, Patel TC. Scheuermann’s kyphosis. Curr Opin Pediatr 
1999; 11:66–69.

	 3	 Tsirikos AI, Jain AK. Scheuermann’s kyphosis; current controversies. J 
Bone Jt Surg - Ser B 2011; 93 B:857–864.

	 4	 Arlet V, Schlenzka D. Scheuermann’s kyphosis: Surgical management. Eur 
Spine J 2005; 14:817–827.

	 5	 Li Q. Surgical Procedures Used for Correction of Scheuermann’s Kyphosis: 
A Meta-Analysis. Pain Res Manag 2021; 2021:2142964.

	 6	 Hwang CJ, Lenke LG, Kelly MP, Sides BA, Blanke KM, Hershman S. 
Minimum five-year follow-up of posterior-only pedicle screw constructs for 
thoracic and thoracolumbar kyphosis. Eur Spine J 2019; 28:2609–2618.

	 7	 Khattab MF, Saad MM, El Hawary Y. The surgical management of 
scheurmann’s kyphosis: Efficacy and safety of a low density posterior 
pedicle screw construct. Curr Orthop Pract 2023; 34:240–247.

	 8	 Ponte A, Orlando G, Siccardi GL. The True Ponte Osteotomy: By the One 
Who Developed It. Spine Deform 2018; 6:2–11.

	 9	 La Maida GA, Misaggi B. Posterior only treatment of adult thoracic kyphosis 
with multiple Ponte osteotomies and pedicle screw instrumentation. Eur 
Spine J 2012; 21:1891–1895.

	10	 Y. Z, Z. C, C. S, et al. Posterior surgical correction of posttraumatic kyphosis 
of the thoracolumbar segment. J Spinal Disord Tech 2013; 26:37–41.

	11	 Grevitt M, Kamath V, Avadhani A, Rajasekaran S. Correction of thoracic 
kyphosis with Ponte osteotomy. Eur Spine J 2010; 19:351-352.

	12	 Sebaaly A, Farjallah S, Kharrat K, Kreichati G, Daher M. Scheuermann’s 
kyphosis: update on pathophysiology and surgical treatment. EFORT 
Open Rev 2022; 7:782–791.

	13	 Ibrahim MZ, Elkhateeb TM, Zahlawy HEL. Surgical correction of 
Scheuermann’s kyphosis by posterior-only approach: A prospective study. 
Curr Orthop Pract 2022; 33:40–45.

	14	 Coe JD, Smith JS, Berven S, et al. Complications of spinal fusion for 
scheuermann kyphosis: A report of the scoliosis research society morbidity 
and mortality committee. Spine (Phila Pa 1976) 2010; 35:99–103.



316  The Egyptian Orthopaedic Journal, Vol. 59 No. 3, July-September 2024

	15	 Behrbalk E, Uri O, Parks RM, Grevitt MP, Rickert M, Boszczyk BM. 
Posterior-only correction of Scheuermann kyphosis using pedicle screws: 
economical optimization through screw density reduction. Eur Spine J 
2014; 23:2203–2210.

	16	 Lowe TG, Line BG. Evidence based medicine: Analysis of Scheuermann 
kyphosis. Spine (Phila Pa 1976) 2007; 32(19 SUPPL.):115–119.

	17	 Rajavelu R, Shetty AP, Viswanathan VK, Kanna RM, Rajasekaran S. 
Analysis of risk factors and treatment outcome in patients presenting 
with neglected congenital spinal deformity and neurological deficit. Spine 
Deform 2022; 10:401–410.

	18	 Lowe TG, Kasten MD. An analysis of sagittal curves and balance after 
cotrel-dubousset instrumentation for kyphosis secondary to scheuermann’s 
disease:A review of 32 patients. Spine (Phila Pa 1976) 1994; 19:15.

	19	 Jansen RC, Van Rhijn LW, Van Ooij A. Predictable correction of the unfused 
lumbar lordosis after thoracic correction and fusion in Scheuermann 
kyphosis. Spine (Phila Pa 1976) 2006; 31:1227–1231.

	20	 Lafage R, Schwab F, Challier V, et al. Defining spino-pelvic alignment 
thresholds should operative goals in adult spinal deformity surgery 
account for age? Spine (Phila Pa 1976) 2016; 41:62–68.

	21	 Schwab F, Patel A, Ungar B, Farcy J-P, Lafage V. Adult Spinal Deformity—
Postoperative Standing Imbalance: How Much Can You Tolerate? An 
Overview of Key Parameters in Assessing Alignment and Planning 
Corrective Surgery. Spine (Phila Pa 1976) 2010; 35:25.

	22	 Schwab FJ, Blondel B, Bess S, et al. Radiographical Spinopelvic 
Parameters and Disability in the Setting of Adult Spinal Deformity: A 
Prospective Multicenter Analysis. Spine (Phila Pa1976) 2013; 38:13.

	23	 Schwab F, Ungar B, Blondel B, et al. Scoliosis research society-schwab 
adult spinal deformity classification: A validation study. Spine (Phila Pa 
1976) 2012; 37:1077–1082.

	24	 Aoki Y, Nakajima A, Takahashi H, et al. Influence of pelvic incidence-lumbar 
lordosis mismatch on surgical outcomes of short-segment transforaminal 
lumbar interbody fusion. BMC Musculoskelet Disord 2015; 16:1–7.


