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Atrticle info: ABSTRACT
01 Jan 2025
23 Jan 2025 :  Background: Surgical correction of Scheuermann’s kyphosis is an effective treatment for severe
25 Feb 2025 :  deformities; however, its impact on cervical range of motion (ROM) remains underexplored,
01 May 2025 particularly in certain populations.

Objectives: This study aimed to evaluate the changes in cervical ROM following surgical
correction of Scheuermann’s kyphosis and to identify factors influencing postoperative outcomes.

Methods: A total of 32 patients with Scheuermann’s kyphosis who underwent posterior spinal
correction and fusion from July 2021 to October 2023 were included in this prospective study.
Cervical ROM (flexion, extension, lateral bending, and rotation) was measured preoperatively
and at 2-month, 6-month, and 1-year follow-ups using a standardized goniometer-based method.
Demographic parameters, radiological measures, instrumentation details, and kyphosis apex
levels were recorded. Statistical analysis was performed to assess correlations between cervical
ROM reductions and surgical factors, including the upper instrumented vertebra (UIV), lower
instrumented vertebra (LIV), and preoperative curve flexibility.

Results: Cervical ROM decreased significantly across all planes of motion one year
postoperatively. Flexion and extension showed the highest reductions (20.33% and 19.84%,
respectively), while right and left rotation exhibited the least changes (11.59% and 13.21%,
respectively). Greater preoperative kyphosis severity and lower curve flexibility were associated
with more significant ROM reductions, particularly in flexion and extension (P<0.05). Patients
with UIV at T3 or T4 experienced greater reductions in flexion, right bending, and right rotation,
while those with LIV at L4 had the most significant extension reduction (P=0.002). The type of
instrumentation (screw vs. hook) at UI'V did not significantly affect ROM outcomes.

Keywords: :  Conclusion: Surgical correction of Scheuermann’s kyphosis results in a significant reduction
Scheuermann’s Kyphosis, : in cervical ROM, particularly in flexion and extension. Preoperative kyphosis severity, curve
Scheuermann’s disease, . flexibility, and instrumentation levels are key factors influencing these outcomes. These findings
Cervical range of motion . underscore the importance of individualized surgical planning and postoperative rehabilitation to
(ROM) mitigate cervical mobility loss and optimize patient function.
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Introduction

cheuermann’s kyphosis is the most com-
mon form of thoracic hyperkyphosis,
characterized by structural abnormalities
of the vertebral bodies and intervertebral
discs, most notably anterior wedging of
the vertebrae. This condition typically
develops during puberty and is more fre-
quently observed in males [1-5]. The reported preva-
lence of Scheuermann’s disease varies widely, depend-
ing on the criteria used for diagnosis, and ranges from
0.4% to 8% [6-9].

The management of Scheuermann’s kyphosis depends
on the severity of the deformity and the associated symp-
toms [10, 11]. For patients with severe kyphosis, surgical
intervention has demonstrated significant success in re-
ducing deformity, improving quality of life, and facilitat-
ing areturn to daily activities [ 12—14]. While the benefits
of surgery are well-documented, postoperative compli-
cations have also been reported, including a reduction in
cervical spine range of motion (ROM). This reduction is
thought to be influenced by multiple factors, including
altered biomechanics due to compensatory mechanisms
for the kyphotic deformity, changes in the alignment of
adjacent spinal segments, and the effects of surgical sta-
bilization on cervical mobility. Studies have shown that
kyphotic deformities lead to increased stress on adjacent
segments, contributing to restricted motion and potential
stiffness in the cervical spine [15, 16].

Studies investigating cervical ROM changes follow-
ing surgery for Scheuermann’s kyphosis have yielded
varying results, suggesting that these changes may dif-
fer across populations and surgical techniques [17-20].
Despite the significance of this issue, there is limited
evidence specifically addressing Scheuermann disease.
Given the prevalence of Scheuermann’s kyphosis and
the importance of understanding its postoperative out-
comes, this prospective study was designed to evaluate
the impact of corrective surgery on cervical spine ROM
in patients with Scheuermann’s kyphosis. This study
aimed to provide insights into the potential changes in
cervical ROM and contribute to the body of evidence on
the outcomes of kyphosis correction surgery.

Methods

From July 2021 to October 2023, 32 patients diagnosed
with Scheuermann’s kyphosis were enrolled in this pro-
spective study. Demographic data were extracted from
patients’ records and documented. Radiological param-
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eters, including measurements of Scheuermann’s kypho-
sis and cervical lordosis, were assessed preoperatively
and during follow-ups at two months, six months, and
one year postoperatively. Statistical correlations were
primarily performed using cervical ROM data obtained
one year after surgery.

All patients underwent a posterior surgical approach
using a consistent surgical technique. The upper instru-
mented vertebra (UIV) and lower instrumented vertebra
(LIV) and implant type (screw or hook) were recorded
for each patient. The apex of the kyphotic curve was
identified and classified into three regions: T2-T5, T5—
T10, and T10-L2. Curve flexibility was evaluated pre-
operatively using a bolster X-ray.

Cervical ROM, including flexion, extension, lateral
bending (right and left), and rotation (right and left),
was measured for all patients at four time points: preop-
eratively, and at two months, six months, and one year
postoperatively. Measurements were taken using Goni-
ometer® software installed on an Android smartphone.
The smartphone was mounted on a helmet secured to the
patient’s head (Figure 1). To standardize the measure-
ments, patients were instructed to stand in their natural
posture while the software was reset. Movements were
performed in the following sequence:

Flexion and extension: Patients executed forward flex-
ion and backward extension, with the X-axis serving as
the reference.

Lateral bending: Patients bent laterally to the right and
left, with the Z-axis as the reference.

Rotation: Patients rotated their heads to the right and
left, with the Y-axis serving as the reference.

During each movement, efforts were made to minimize
displacement along the other axes, ensuring accurate and
consistent readings.

This study was conducted following the approval of
the institutional ethics committee. All patient informa-
tion was kept confidential and handled exclusively by
the research team. Ethical principles outlined in the Hel-
sinki Declaration and the ethics committee were strictly
adhered to throughout the study.

Results

A total of 32 patients met the inclusion criteria and
were enrolled in the study. Of these, 20(62.5%) were
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Figure 1. Screenshot of the Goniometer® software used to measure cervical ROM during flexion, extension, lateral bending,

and rotation, with real-time angular tracking via X, Y, and Z axes

male, and 12(37.5%) were female. The mean age at the
time of surgery was 17.31+4.3 years, ranging from 15
to 22 years. The mean preoperative kyphosis angle was
82.77+12.73°, which significantly decreased postopera-
tively to 41.31£11.50°. Cervical lordosis decreased from
a mean of 22.06+18.44° preoperatively to 11.38+5.23°
postoperatively, a statistically significant reduction
(P=0.03). The apex of the kyphotic curve was located
in the T5-T7 region in 2 patients (6.25%), T8-T9 in 8
patients (25%), and T10-T12 in 22 patients (68.75%).
Mean pre-operative correction achieved using a hyper-
extension bolster X-ray was 32.6%.

Instrumentation levels varied across patients: the UTV
was T2 in 24 cases (75%), and T3 or T4 in 8 cases (25%).
The LIV was L1 in 2 patients, L2 in 8 patients, L3 in
16 patients, and L4 in 6 patients. Screws were the most
commonly used fixation devices, utilized in 68.75% of
cases at the UIV and in 100% of cases at the LIV. Hooks
were used in 31.25% of cases at the UIV.

Across all cervical movements, there was a signifi-
cant reduction in ROM at one year post-surgery. The
greatest percentage reductions were observed in flexion
(20.33%) and extension (19.84%), while the smallest
reductions occurred in right rotation (11.59%) and left
rotation (13.21%). Similar trends were noted at two
months and six months postoperatively. At six months,
the greatest reductions were in flexion (22.49%) and ex-
tension (20.29%), with the smallest reductions in right
rotation (12.9%) and left rotation (14.18%) (Table 1).

An inverse correlation was observed between age and
cervical ROM across all parameters; however, only the
correlation between age and extension was statistically
significant, with older patients showing greater reductions
in extension (P<0.001). Gender did not show a statistical-
ly significant relationship with cervical ROM reductions.

An inverse correlation was observed between preop-
erative kyphosis and cervical ROM across most dimen-
sions, except for left rotation. Statistically significant
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Table 1. Mean values of cervical ROM measured preoperatively and at follow-up intervals (2 months, 6 months, and 1 year

postoperatively)

MeanxSD

Cervical ROM Parameter

Pre-operative 2 Months Postoperatively 6 Months Postoperatively 1 Year Postoperatively
Flexion 74.44+14.03 59.38+13.41 57.75+13.51 56.6+13.15
Extension 6919.78 55.31+12.05 55+12.25 55+11.36
Rt bending 54.75+10.94 46.5+11.51 45.81+12 44.31+12.09
Lt bending 52.25+8.17 47.75+8.5 46.19+8.16 44.75+8.5
Rt rotation 71.69+13.61 63.38+13.86 62.44+13.72 60.94+13.05
Lt rotation 70.5+10.07 61.19+13.03 60.5+13.21 58.88+13.77
Orthopedic Science

correlations were found between preoperative kypho-
sis and flexion (P<0.001), extension (P=0.01), and left
bending (P=0.01). However, no significant relationship
was found between the degree of postoperative kyphosis
correction and cervical ROM. Curve flexibility, as as-
sessed with the bolster X-ray, showed a positive corre-
lation with cervical ROM. Lower percentages of curve
correction were associated with greater reductions in
ROM. This correlation was statistically significant for
flexion, extension, and right rotation (P<0.05). An in-
verse correlation was observed between postoperative
cervical lordosis and cervical ROM, with a statistically
significant relationship identified only for extension
(P=0.015).

The ULV significantly influenced reductions in flexion,
right bending, and right rotation (P<0.05), with greater
reductions observed in patients whose UIV was at T3 or
T4. At the LIV, a significant difference was found only
for extension (P=0.002), with the greatest reduction seen
in patients with LIV at L4 (Table 2). The type of device

used at the UIV (screw or hook) did not have a statisti-
cally significant effect on cervical ROM (Table 3).

Discussion

Despite the clinical significance of cervical ROM
changes following Scheuermann kyphosis surgery, there
is a notable scarcity of similar studies in the literature,
particularly those focusing on diverse populations or
employing standardized measurement techniques. This
study evaluated cervical ROM in patients with Scheuer-
mann kyphosis before and after surgical correction. The
findings provide valuable insights into the effects of sur-
gery on cervical spine mobility, highlighting significant
reductions in ROM across all planes of motion at one
year postoperatively. Flexion and extension demon-
strated the greatest reductions, whereas rotational move-
ments exhibited the least decline.

Table 2. Percentage reduction in cervical ROM in correlation with the UIV and LIV

Upper Level (%,
Cervical ROM o %)

Lower Level (%)

Parameter P P
T2 T3 T4 L1 L2 L3 L4

Flexion 29.81 52.34 50 <0.001 27.94 35.47 44.05 37.1 0.13
Extension 21.06 20.71 12.94 0.47 20.95 20.17 14.12 40.27 0.002
Rt bending 35.88 33.03 2333 0.04 47.93 26.87 24.64 25.71 0.44
Lt bending 35.04 9.61 8 0.07 40.29 26.1 19.13 30 0.53
Rt rotation 21.07 39.6 5.71 0.02 15.64 24.57 14.8 18.31 0.57
Lt rotation 18.1 32.34 7.69 0.12 13.77 29.42 23.42 16.67 0.23
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Table 3. Percentage reduction in cervical ROM in correlation with the type of instrument in UIV

UIV (%)
Cervical ROM Parameter p
Hook Screw
Flexion 24.6 24.7 0.64
Extension 21.19 19.82 0.31
Rt bending 25.45 16.14 0.17
Lt bending 21.48 17.91 0.57
Rt rotation 11.32 16.82 0.28
Lt rotation 14.29 17.57 0.57

The observed decrease in cervical ROM aligns with
previous reports suggesting that correcting thoracic ky-
phosis can alter cervical spine biomechanics [17-22].
In the present cohort, flexion and extension showed
the highest percentage of ROM reduction (20.33% and
19.84%, respectively); these numeric values are obser-
vations from our patients and should not be read as ex-
act replications of others’ series. Qualitatively, the pre-
dominance of sagittal-plane loss in our data is consistent
with reciprocal cervical alignment changes described
after thoracic hyperkyphosis correction [23] and with
foundational descriptions of cervical kinematics and
compensation [24].

The cervical spine commonly compensates for tho-
racic hyperkyphosis by increasing cervical lordosis;
correcting the thoracic deformity removes or reduces
that compensation and changes load distribution at the
cervicothoracic junction. This biomechanical rationale
underpins why sagittal-plane movements (flexion/exten-
sion) showed the largest decreases in our series. Xu et al.
documented reciprocal changes in cervical lordosis after
Scheuermann correction and discussed clinical conse-
quences, such as associations with proximal junctional
kyphosis and patient-reported outcomes [23].

In contrast, axial rotation in the cervical spine is largely
governed by segmental kinematics of the occiput—Cl,
C1-C2 and subaxial levels. In vivo three-dimensional
studies have shown that rotation is produced predomi-
nantly by upper- and mid-cervical segmental motions and
is coupled differently from pure sagittal-plane motions;
this helps explain why axial rotation in our cohort was
relatively less affected by thoracic correction [25, 26].
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Lateral bending displayed intermediate reductions in
our patients, consistent with three-dimensional kine-
matic analyses that identify distinct coupling patterns
and magnitudes for lateral bending across cervical lev-
els [27]. These multidimensional coupling relationships
mean that surgical changes in thoracic alignment will af-
fect each cervical plane differently.

Preoperative deformity severity and curve rigidity were
significant predictors of postoperative cervical ROM
loss in our series: patients with larger baseline thoracic
kyphosis and lower flexibility experienced greater re-
ductions in flexion, extension, and lateral bending. This
finding echoes clinical series reporting that the magni-
tude and rigidity of the primary deformity strongly in-
fluence postoperative radiographic and functional out-
comes after Scheuermann correction [28, 29]. Clinicians
should therefore consider preoperative kyphosis angle
and flexibility when counseling patients about expected
postoperative cervical mobility.

Surgical strategy exerted a measurable influence on
cervical ROM. Longer constructs and constructs that
extend closer to the cervicothoracic junction were as-
sociated with greater reductions in cervical motion; in
our cohort, UIV at T3-T4 produced larger decreases in
certain planes than UIV at T2, and LIV at L4 was as-
sociated with greater extension loss, consistent with the
notion that construct length and junctional level change
global mechanics and adjacent-segment behavior [30,
31]. Prior comparative series and junctional analyses
support the influence of construct extent and junctional
mechanics on adjacent-segment stiffness and junctional
complications [30, 31].
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Interestingly, implant type at the UIV (screw versus
hook) did not produce a statistically significant dif-
ference in postoperative cervical ROM in our sample.
This suggests that construct position and length are the
dominant mechanical determinants of adjacent cervical
mobility, more so than the specific implant type used at
the UIV, a conclusion supported by comparative surgi-
cal series that emphasize levels and construct strategy as
primary drivers of outcomes [30, 31].

The measurable reductions in cervical ROM after tho-
racic deformity correction highlight the need for: (1)
specific preoperative counseling about possible changes
in cervical mobility (particularly in flexion/extension),
(2) surgical planning that takes into account patient ex-
pectations and the mechanical consequences of construct
length/UIV choice, and (3) early, targeted postoperative
rehabilitation focused on preserving cervical sagittal
mobility when appropriate. Long-term follow-up is also
warranted because adjacent-segment phenomena (de-
generation or junctional kyphosis) can evolve over time
after fusion procedures [31, 32].

Conclusion

Surgical correction of Scheuermann kyphosis results
in significant reductions in cervical ROM, particularly
in flexion and extension. Preoperative kyphosis severity,
curve flexibility, and instrumentation levels are impor-
tant factors influencing postoperative outcomes. These
findings underscore the importance of individualized
surgical planning and postoperative management to mit-
igate the impact on cervical spine mobility and optimize
patient outcomes.

This study’s limitations include a modest sample size
and reliance on a single, standardized goniometer-based
measurement method for cervical ROM rather than in-
strumented motion analysis or dynamic fluoroscopy;
although our measurement technique was applied con-
sistently (same device/operator/protocol), more granular
kinematic studies could add information on segmental
behavior. In addition, longer follow-up and multicenter
validation would strengthen generalizability. Future
studies could incorporate instrumented motion analysis
or 3D kinematic assessment to capture segmental contri-
butions to cervical motion.
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