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Abstract

Background: Thoracic kyphosis is reported to increase with ageing. However, this relationship has not been
systematically investigated. Peoples’ kyphosis often exceeds 40°, but 40° is the widely accepted cut-off and
threshold for normality. Consequently, patients may be misclassified. Accurate restoration of kyphosis is important
to avoid complications following spinal surgery. Therefore, specific reference values are needed. The objective of
the review is to explore the relationship between thoracic kyphosis and age, provide normative values of kyphosis
for different age groups and investigate the influence of gender and ethnicity.

Methods: Two reviewers independently conducted a literature search, including seven databases and the Spine
Journal, from inception to April 2020. Quantitative observational studies on healthy adults (18 years of age or older)
with no known pathologies, and measuring kyphosis with Cobb’s method, a flexicurve, or a kyphometer, were
included. Study selection, data extraction, and study quality assessment (AQUA tool) were performed independently
by two reviewers. The authors were contacted if clarifications were necessary. Correlation analysis and inferential
statistics were performed (Microsoft Excel). The results are presented narratively. A modified GRADE was used for
evidence quality assessment.

Results: Thirty-four studies (24 moderate-quality, 10 high-quality) were included (n = 7633). A positive moderate
correlation between kyphosis and age was found (Spearman 0.52, p < 0.05, T5-T12). Peoples’ kyphosis resulted
greater than 40° in 65% of the cases, and it was significantly smaller in individuals younger than 40 years old (x < 40)
than in those older than 60 years old (x > 60) 75% of the time (p < 0.05). No differences between genders were found,
although a greater kyphosis angle was observed in North Americans and Europeans.

Conclusion: Kyphosis increases with ageing, varying significantly between x < 40 and x > 60. Furthermore, kyphosis
appears to be influenced by ethnicity, but not gender. Peoples’ thoracic sagittal curvature frequently exceeds 40°.
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Trial registration: The review protocol was devised following the PRISMA-P Guidelines, and it was registered on

PROSPERO (CRD42020175058) before study commencement.

Keywords: Kyphosis, Hyperkyphosis, Ageing, Normative value, Correlation, Thoracic spine, Gender, Ethnic group,

Reference values, Healthy adults

Background

Kyphosis, the convex curvature of the thoracic spine is
considered ‘normal’ between 20 and 40° [1]. Where this
exceeds 40°, the curvature is described as hyperkyphosis.
This is associated with a higher risk of falling, developing
pulmonary dysfunctions, and poor quality of life [2—4].
Hyperkyphosis is also associated with a higher risk of
mortality for any cause [2—4]. A prospective longitudinal
study, which followed 610 women for over 13 years,
found that people with a greater thoracic kyphosis, who
previously sustained a vertebral fracture, have a 1.5 times
higher risk of death than those who have a smaller ky-
photic curvature [5]. Consequently, it has been sug-
gested that thoracic kyphosis is an important parameter
to monitor, especially in the elderly population, to detect
more frail people who may be at higher risk of unfavour-
able health [5].

The prevalence of hyperkyphosis increases with age; 20—
40% of people older than 60 years of age and 55% of those
older than 70years have a kyphosis exceeding 40° [2—4].
Consequently, hyperkyphosis has been associated with ageing
[4]. However, the relationship between kyphosis and age has
not been systematically investigated. Individual studies show
conflicting results [6, 7], and evidence supporting this associ-
ation is derived from narrative reviews [2—4], rather than
methodologically rigorous systematic reviews [8].

Despite evidence suggesting that peoples’ kyphosis often
exceeds 40° [2—4], this value is widely used in clinical practice
as the cut-off for normality [3, 4]. Consequently, clinicians
may find many of their patients present with hyperkyphosis.
Several authors have highlighted the need for a more accur-
ate threshold for diagnosing hyperkyphosis [2—4], and a re-
cent narrative review proposed to move the cut-off of
normality to 50° [2]. The Scoliosis Research Society suggests
using a range of 20—60° instead [9]. However, since people of
different age groups have different degrees of kyphosis [2, 3],
moving the cut-off of normality to a higher value, or expand-
ing its range, may not reduce the risk of misdiagnosis. For
these reasons, and due to the importance of the thoracic
curvature when restoring patients’ sagittal alignment during
spinal corrective surgery, to avoid post-operative complica-
tions such as proximal junctional kyphosis [10], having spe-
cific age-related reference values of kyphosis may be useful.

Objective
This systematic review aims to investigate the sagittal
curvature of the thoracic spine of adults with no health

conditions which may affect their thoracic kyphosis and
do the following:

1. Explore the relationship between kyphosis and age
Provide reference values of kyphosis for different
age groups

3. Examine data for differences between genders or
ethnic groups

Methods

Protocol and registration

The review’s protocol followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guide-
lines for protocols (PRISMA-P) [11] and was registered
on PROSPERO (CRD42020175058). The methods were
informed by the Cochrane Handbook [12]. The manu-
script adhered to the PRISMA [13] and the Synthesis
Without Meta-analysis (SWiM) guidelines [14] for
reporting.

Eligibility criteria

The research question was informed by the Sample,
Phenomenon of Interest, Design, Evaluation, Research
type (SPIDER) tool [15], whose details are in Table 1.

Information sources

Two reviewers (MZ/SL) independently searched for eli-
gible articles on MEDLINE, EMBASE and PsycINFO
through Ovid, and on AMED, The Index of Chiropractic
Literature and CINAHL through EBESCO, from incep-
tion to April 2020. The Spine Journal, the reference list
of the studies included in the review, and grey literature
on SIGLE, through Open Grey, were also searched. The
research was limited to studies published in English.

Search

Keyword selection was informed by scoping review and
researcher expertise (NRH). The search strategy was
individualised for each database, combining keywords,
Medical Subject Headings, and Boolean operators, and
following consultation with a librarian. Keywords se-
lected were middle back, dorsal spine, middle spine,
mid-back, thoracic spine, kyphosis, hyperkyphosis, Dow-
ager’s hump, hunchback, rounded back, and sagittal
curvature (see Additional file 1 for search strategy
examples).
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Table 1 Eligibility criteria

Sample

Adults (18+ years old) without osteoporosis;
vertebral fractures; pain; Scheuermann’s disease;
scoliosis; history of spinal surgery or trauma; history
of prolonged steroid use; rheumatological
conditions; cardiac, lung or autoimmune diseases;
cancer; metastasis; inflammatory or neurological
disorders; pregnancy; or any genetic conditions
affecting their bones, muscles or cartilage

Phenomenon of  Individuals’ thoracic sagittal alignment

interest
Design Any research design
Evaluation Cobb's method, a flexicurve or a Debrunner’s

kyphometer

Research type Quantitative, not performing interventions

Study selection

The screening process was conducted independently by
MZ and SL, then agreement was sought. In case of dis-
agreement, a third reviewer (NRH) acted as a moderator.
The studies were screened from their title and abstract
first, then from their full text [8].

Data collection

The data collection process was informed by the
Cochrane Handbook [16]. The data extraction form was
piloted with data extraction performed independently by
MZ and SL and then cross-checked. If further informa-
tion was necessary to reach a consensus among the re-
search team, the authors were contacted by MZ.

Data items

Data extraction was informed by the recommendations
for reviews in clinical anatomy [8]. This included study
title, author’s name, publication year, method for meas-
uring kyphosis, degrees of kyphosis and range, sample
size, age, age range, gender, body mass index, the stand-
ard deviation (SD) of the measures and ethnicity, defined
as a group of people sharing cultural, geographical and
social attributes.

Risk of bias in individual studies

The studies’ quality assessment was performed inde-
pendently by MZ and SL; NRH acted as a moderator in
case of disagreement. The Anatomical Quality Assess-
ment (AQUA) tool, devised for assessing the quality of
anatomical studies [17], was used. As suggested by
Chhapola et al. [18], a supplementary table to improve
the tool’s performance was created (see Additional file 2).
The AQUA tool is composed of 5 domains (i.e. objec-
tive(s) and subject characteristics, study design, method-
ology characterisation, descriptive anatomy, reporting of
results); each of them has a specific set of questions
whose answers could be either yes, no or unclear to en-
able the readers to evaluate the study’s quality.

(2021) 16:447

Page 3 of 18

Currently, only indications about how to evaluate each
individual domain of the AQUA tool exist. To be con-
sidered at low risk of bias in a single domain, the study
must receive yes answers to all the questions of that spe-
cific domain; otherwise, the study would be considered
at high risk [17]. Each domain was evaluated following
the procedure just described. However, since no guid-
ance exists on how to classify the overall quality of the
evaluated study, the research team agreed that for a
study to be considered, overall, high-quality, this must
be at low risk of bias in all five domains. If at low risk in
three or four domains they were considered moderate-
quality, otherwise low-quality. The tool was then piloted
before study commencement by MZ and SL on five arti-
cles and interrater agreement computed according to
McHugh [19]. Perfect agreement was achieved (k = 1).

Summary measures

Data was analysed with Microsoft Excel of the Microsoft
Office 365 package. Since kyphosis varies depending on
the body references used to calculate it [6, 20], analysis
was performed comparing the measurements for the
same body references.

The mean kyphosis and age were used for correlation
analysis. Either the Pearson’s or Spearman’s correlation
coefficient was computed, depending on whether the
data were normally distributed or not. Data distribution
was investigated with the Kolmogorov-Smirnov test, and
correlation was interpreted as recommended [21].

The means and their precision estimates were used to
calculate the reference/normative values, or ranges, of
kyphosis for each age group. Since SDs represent the
dispersion of the values around their means, whereas
confidence intervals are used to assess a treatment’s effi-
cacy [22], SDs were deemed to be more appropriate to
establish ranges. The mean kyphosis was utilised for
group comparisons. Previous evidence regarding the re-
lationship between kyphosis and age [2, 4, 6] was used
to create the groups for analysis. These were people
younger than 40 years old (x < 40), people between 40
and 60 (40 < x < 60), people older than 60 (x > 60),
people younger than 50 (x < 50), and those older than
50 years old (x > 50). Inferential statistics was performed
using the independent two-tailed t-test, for two group
comparisons (x < 50, x > 50), or one-way ANOVA, for
multiple group comparison (x < 40, 40 < x < 60, x > 60).
Gender and ethnic group differences were investigated
comparing each individual age group using the inde-
pendent two-tailed t-test. Levene’s test was used to as-
sess between groups’ equality variances. The selected
alpha level was 0.05, and the Bonferroni correction was
applied for post hoc analysis, after ANOVA, to reduce
the chances of type I error [23, 24].
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Synthesis of results and risk of bias across studies

Since important clinical and methodological heterogen-
eity were observed during the scoping review, meta-
analysis was not performed [25]. Data were synthesised
narratively, and descriptive statistics presented [26]. The
overall level of evidence was evaluated using a modified
Grading of Recommendations, Assessment, Develop-
ment and Evaluation (GRADE) system [27]. Whilst lim-
ited to observational studies, if the results were
consistent (>80% concordant results) [28], precise, and
obtained predominantly from high-quality studies, the
overall quality was upgraded from low to moderate. For
correlation analysis, consistency was assessed by evaluat-
ing the direction of the correlation (positive or negative).
For the reference values and for gender and ethnic group
comparisons, statistical significance between groups’
means was used. Correlation analysis to be precise must
be statistically significant, whereas for the normative
values and for gender and ethnic group comparisons,
the ranges of the groups with statistically significant dif-
ferent means must not overlap. Furthermore, their dif-
ference must be greater than the standard error of
measurements for the modality employed to calculate
kyphosis. These values were 2.4° for the kyphometer
[29], 0.4 cm for the flexicurve [30], and 3° for Cobb’s
method [7]. If the results were inconsistent, imprecise
and coming primarily from low-quality studies, the re-
sults” quality was downgraded to very low.

Results

Study selection

A total of 12,366 studies were retrieved, and 68 selected
for full-text screening. Thirty-eight studies were ex-
cluded after the full-text screening, and four added fol-
lowing reference review, resulting in a total of 34 studies
included in the review [6, 7, 20, 31-61] (Fig. 1).

Study characteristics and individual studies results

Details about the included studies are in Table 2. From
7633 participants, the age range was 18-95years old.
Kyphosis was measured between C7-T12 (n = 220),
T1-T12 (n = 2154), T2-T12 (n = 212), T3-T12 (n =
101), T4-T12 (n = 1617) and T5-T12 (n = 4018). Ky-
phosis was measured with a flexicurve in 293 individuals.
Most studies used Cobb angle with just two (n = 293)
studies using a flexicure [47, 52].

Risk of bias within studies

Ten of the studies were high-quality [20, 31, 32, 36,
44-47, 57, 61], 24 were moderate-quality [6, 7, 33—
35, 37-43, 48-56, 58-60] and none low-quality (see
Table 3 for details). The most frequent limitation
regarded studies’ methodology, with 12 studies [33,
34, 37-39, 42, 43, 48, 52, 53, 59] not reporting the
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accuracy of their measures. This limitation equally af-
fected all measurement types.

Relationship between kyphosis and age

Only studies measuring kyphosis using Cobb’s method
were included in the analysis because of the greater sam-
ple size, which provides greater statistical power [23],
and those using a flexicurve included only women, limit-
ing their generalisability. No analysis was performed for
C7-T12 and T3-T12 because data came from single
studies.

A positive correlation between kyphosis and age was
found (see Table 4). The strength of the correlation was
moderate for T5-T12 (Spearman 0.52) and low for T4—
T12 (Spearman 0.45). The sample size for T5-T12 was
more than double that for T4-T12 [25], giving more
confidence in the findings for T5-T12.

Normative values

Table 4 provides details of the mean kyphosis and nor-
mative values of kyphosis for different age groups, as
well as between-group mean difference in kyphosis and
the sample sizes. The same studies utilised to investigate
the relationship between kyphosis and age were also
used for calculating the reference values. Only 12 studies
divided their sample by age groups [6, 7, 20, 31, 32, 35,
41, 43, 48, 50, 58, 59]. The ranges surpassed 40° in
people < 60 years old 58.3% of the time and 75% in those
older, questioning the accuracy of the current cut-off for
normality.

Gender and ethnic group differences

Fourteen studies specified sample ethnicity [20, 32, 34—
38, 41-46, 59]; consequently, geographical provenience
was the main determinant for ethnic group subdivision.
Two studies were excluded from the sub-analysis be-
tween ethnicities. One study [60] did not divide their
sample by age groups and did not report mean’s SD,
whereas in the other study [48], the sample size was too
small to exclude the chance of committing type II error.
Fifteen of the included studies presented their results ac-
cording to gender [6, 31, 32, 34, 36, 37, 40-43, 45, 48,
53, 58, 59], and only eight of those divided their sample
by age [6, 31, 32, 41, 43, 48, 58, 59]. The results are re-
ported in Table 4. No differences between genders were
observed, but North Americans and Europeans showed
a greater thoracic curvature than Asians (Fig. 2).

Synthesis of results

There is moderate-quality evidence that a moderate
positive correlation between age and kyphosis exists and
that kyphosis does not differ between genders. The qual-
ity of the evidence for the normative values presented,
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12,298 records excluded after title and abstract
screening, and duplicates removal

(n=38) articles discarded:
(n=7) not retrieved
(n=9) used different methods for measuring kyphosis
(n=2) did not specified body references used
(n=6) did not report kyphosis
(n=1) did not screen for either pain or pathologies/conditions
(n=13) included people with pain or pathologies/conditions affecting
their back

(n=4) articles added after reference check

)
C
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T
2 12,366 records identified through
= database searching
5
— >
'
\ 4
68 records after title and abstract
screening, and duplicates removal
()]
= A 4
C
o 68 full-text assessed for eligibility
®
\ 4
30 articles selected after full-text
screening
—
S \ 4
< 34 articles included in qualitative
© synthesis
=
|
Fig. 1 PRISMA flowchart

and for the differences in kyphosis observed between
ethnicities is low (Table 5).

Discussion

This is the first review exploring the relationship be-
tween kyphosis and age, in addition to providing nor-
mative kyphosis values for different ages, ethnic
groups and genders. Findings evidence a positive cor-
relation between kyphosis and age, as well as the in-
fluence of ethnicity on kyphosis. Gender, instead,
does not appear to influence thoracic sagittal
curvature.

Relationship between kyphosis and age

Muscle strength, vertebral body shape and intervertebral
disc morphology can affect kyphosis angle [3]. However,
vertebral body shape and intervertebral disc morphology
account for 86-93% thoracic spine curvature [62]. Disc
morphology has a stronger negative correlation with
ageing than vertebral morphology [62, 63]. Therefore,
the increase in thoracic kyphosis observed with ageing
may be related to the changes occurring in intervertebral
discs. Most of these changes occur in the middle section
of the thoracic spine [64], which can explain why statis-
tical significance was reached only when kyphosis was
measured from T4/5. For these reasons, and due to the
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Table 4 Correlation analysis, normative values and between-group difference

(2021) 16:447

Page 12 of 18

Body Correlation (p- Sample Age Mean (SD) Range Group comparisons (p-
reference value) size group (degrees) (degrees) value)
All ethnicity T1-T12 0.23 (0.21) 2154 997 x <40 39.8 (£5.87) 33.93-45.67 X < 40 - x > 60° (0.015)
All genders X <40 -40 < x <60 (032
683 28 <X < 3854 (+4.68) 33.86-43.22 40 < X < 60 — x> 60°
(0.004)
474 x> 60 4356 (£10.5) 33.08-54.04 X <50 = x>50(0.17)
1454 x < 50 3894 (+£5.18) 33.76-44.12
700 x> 50 4311 (£9.56) 33.55-52.67
T2-T12 064 (0.12) 212 132 x <40 44.53 (+4.16) 40.37-48.7 X < 40 - x > 60 (049)
X <40 - 40 < x < 60 (0.49)
35 28 <X < 477 (£4.53) 43.17-52.23 40 < x < 60 - x > 60 (0.49)
X <50 - x> 50 (0.07)
61 x > 60 4875 (£1.48) 47.27-50.23
151 x <50 44.53 (+34) 41.13-47.92
61 x> 50 4947 (+1.63) 47.84-51.09
T4-T12 045% (0.048) 1617 1199 x < 40 33.88 (+4.88) 29-38.77 X < 40 = x > 60° (0.00052)
<40 -40 < x <60
242 40<x< 401 (£269) 741-4279  (gose X
60 40 < x < 60 - x > 60 (0.16)
176 x> 60 4763 (£7.33) 40.29-54.96 X <50 = x> 50° (0.0003)
1223 x <50 3411 (+4.77) 29.34-38.87
394 x> 50 4563 (£6.47) 39.17-52.1
T5-T12 0.52% (0.0001) 4018 1037 x <40 26.32 (+4.33) 21.99-30.65 X < 40 - x > 60° (0.00011)
- 4
644 40 <x< 3031 (+4.31) 26-34.61 ?02346(; 0<x<60
60 40 < X < 60 - X > 60
2337 x> 60 3259 (£3.63) 28.96-36.22 (0.086)
X < 50 - x > 507 (0.001)
1165 x < 50 2745 (+4.6) 22.75-32.15
2853 x> 50 31.94 (£391) 28.03-35.85
Ethnicity North America T2-T12 0.87% (0.02) 120 40 x < 40 422 (£1471) 40.79-43.61
N.A,
(NA) 35 40 <x < 477 (£4.52) 43.17-52.23
60
45 x > 60 48.75 (£1.48) 47.27-50.23 T1-T12
59 x < 50 4297 (+£1.66) 41.3-44.63 Asia - Europe
61 x> 50 4947 (+1.63) 47.84-51.09 x < 50° (0.036)
T4-T12 0.82 (0.18) 190 49 x < 50 375 (+0.7) 36.79-38.21 x > 50° (0.043)
141 x> 50 4275 (£1.77) 40.98-44.52
T5-T12 0.65% (0.03) 339 40 x < 40 30.05 (£1.63) 2842-31.68
208 40 <x< 3502 (£262) 324-37.64 T4-T12
60
91 x > 60 3593 (£2.19) 33.73-38.12 N.A. - Europe
86 x < 50 322 (£2.98) 29.22-35.18 x < 50 (0.5)
253 x>50 3573 (+242) 33.31-38.15 x > 50 (0.5)
Asia T1-T12 —0.18 (0.46) 1551 737 x <40 39.2 (£5.07) 34.13-44.27
554 40 <x< 3712 (£173) 35.39-38.85
60
260 x> 60 35.77 (£2.39) 33.39-38.16
1184 x <50 3848 (+4.37) 34.11-42.85 T5-T12
367 x> 50 36.31 (£2.38) 33.93-38.69 N.A. - Asia
T5-T12 0.72% (0.0000006) 2919 997 x <40 2539 (+4.33) 21.06-29.71 X < 40 (0.19)
436 40 <x < 2769 (£2.26) 2543-29.95 40 < x < 60% (0.00013)
60
1486 x > 60 31.76 (£3.49) 2827-35.24 x > 60% (0.033)
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Table 4 Correlation analysis, normative values and between-group difference (Continued)

(2021) 16:447

Page 13 of 18

Body Correlation (p- Sample Age Mean (SD) Range Group comparisons (p-
reference value) size group (degrees) (degrees) value)
1079 x <50 25.55 (+£3.86) 21.69-29.41 x < 50% (0.0097)
1486 x> 50 30.81 (+3.58) 27.23-34.39 x > 507 (0.0017)
Europe T1-T12 0.8 (0.57) 404 250 x <50 44.87 (£3.96) 40.9-48.83
154 x> 50 55.7 (£7.04) 48.66-62.74
T4-T12 0.88% (0.00076) 863 610 x<50 36.18 (£241) 33.77-386
253 x>50 47.08 (+£7.77) 39.31-54.84
Gender  Female T1-T12 —0.17 (0.55) 724 278 x <40 3745 (£6.39) 31.06-43.83
301 40 < x 36.16 (£0.39) 35.77-36.55
60
145 x> 60 3357 (£4.92) 28.65-3849 T1-T12
345 x <50 37.09 (£5.44) 31.65-42.52 Female-male
379 x> 50 3448 (+4.07) 3041-38.55 X < 40 (0.52)
T2-T12 0.6 (0.15) 126 73 X < 40 4433 (+4.16) 40.17-48.49 40 < x < 60 (0.27)
28 40 < x 45.9 (+£7.78) 38.12-53.68 x > 60 (0.19)
60
25 x > 60 4945 (+6.76) 42.73-56.17 x < 50 (041)
88 x < 50 4335 (£3.92) 3943-47.27 x> 50 (0.1)
38 x > 50 50.1 (+4.88) 45.22-54.98
T5-T12 0.6 (0.0024) 1254 383 x <40 27.27 (£5.27) 21.99-32.54
184 40 <x 29.82 (+4.16) 25.65-33.98 T2-T12
60
687 x> 60 3345 (£5.18) 2827-38.63 Female-male
440 x <50 2749 (£4.5) 22.98-31.99 X < 40 (0.92)
814 x> 50 3271 (£5.12) 27.58-37.83 40 < x < 60 (041)
Male T1-T12 0.03 (0.94) 571 172 x<40 4038 (£7.22) 33.15-47.6 x > 60 (0.97)
274 40 < x 38.7 (£3.74) 34.96-42.43 x < 50 (0.35)
60
125 x> 60 3857 (£3.16) 3541-41.72 x > 50 (0.75)
390 x <50 39.56 (£5.83) 33.72-45.39
181 x>50 38.78 (£2.61) 3747-41.39
T2-T12 0.07 (0.88) 86 59 x < 40 44.8 (+6.87) 3793-51.67 T5-T12
7 40 < x 54.05 (+7.85) 46.2-619 Female-male
60
20 x > 60 492 (+4.53) 44.67-53.73 X < 40 (0.69)
63 x < 50 48.5 (£9.29) 39.21-57.79 40 < x < 60 (0.62)
23 x > 50 4897 (£3.23) 45.74-52.19 x > 60 (04)
T5-T12 0.51% (0.0085) 1393 540 x <40 26.17 (£4.9) 21.28-31.07 x < 50 (0.81)
152 40 < x 31.87 (£8.88) 22.99-40.75 x > 50 (0.57)
60
701 x> 60 32.28 (£3.66) 28.62-3599
584 x <50 2827 (£7.7) 20.55-35.99
809 x> 50 31.71 (+4.46) 27.24-36.17

X < 40 people younger than 40 years old, 40 < x < 60 people between 40 and 60 years old, x > 60 people older than 60 years old, x < 50 people

younger than 50 years old, x > 50 people older than 50 years old, T thoracic vertebra

AStatistical significance for p < 0.05 (t-test)

PStatistical significance for p < 0.0167 (ANOVA with Bonferroni post hoc correction)
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5 I 25.39 I 27.69 I 31.76 I 25.55

M T5-T12 NORTH AMERICA T5-T12 ASIA

old; x > 50, people older than 50 years old
A\

*
*
* 1
0

x<40 40<x<60 x>60 x<50 x>50
AGE GROUPS

Fig. 2 Ethnic group comparison. Data presented as mean standard deviation. *Statistical significance for p < 0.05 (t-test). x < 40, people younger
than 40 years old; 40 < x < 60, people between 40 and 60 years old; x > 60, people older than 60 years old; x < 50, people younger than 50 years
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technical difficulties with visualising the vertebrae above
T4 from lateral radiographs [2], measuring kyphosis
from T5 may provide more accurate measurements.

Normative values

The normative values surpassed 40° in 65% of the ana-
lysis. This finding challenges the accuracy of the current
threshold used for defining normality (i.e. 40°). This cut-
off was first introduced by Roaf in 1960 [1], but without
supporting evidence for it. Despite subsequent studies
showing that healthy children, adolescents and adults
could have thoracic curvatures exceeding 40° [6, 65], this
value is still used in practice [3, 4]. Some authors sug-
gested moving this cut-off to 50° [2]. However, even this
suggestion may not decrease the chances of misclassify-
ing patients, since 35% of the ranges presented in this
review surpassed 50°. Using a range of 20-60° [9] may
seem more appropriate, since the ranges provided never
exceeded 60°. Nonetheless, people x < 40 appeared to
have a significantly smaller kyphosis than those x > 60.
Consequently, using the same reference values for both
groups may lead to misclassification anyway. When ky-
phosis was measured between T4/5 and T12, its value
significantly differed also between people x < 50 and x >
50. This may indicate a higher measurement precision
when those body references were used. Thoracic ky-
phosis varied depending on the body references selected
to calculate it, with a trend showing that including
higher vertebrae leads to greater values. Therefore, using
specific reference values, like those presented in this re-
view, which account for age and body references, could
be the most accurate alternative for clinicians.

Gender and ethnic group differences

Thoracic kyphosis does not seem to be influenced by
gender, since the between-group mean difference never
reached statistical significance. Although the precision of
the results could have been affected by the small number

of studies subdividing their sample by age groups and
gender, these findings align with previous evidence [7,
57].

Significant differences in kyphosis between the ethnic
groups were seen, with Europeans and North Americans
showing a greater kyphosis than Asians. Genetic differ-
ences may explain this result. A twins study found that
thoracic kyphosis is influenced by genetics and that it
also negatively correlates with bone mineral density [66],
also related to genetics [67]. However, other lifestyle fac-
tors, such as sports, could also influence thoracic curva-
ture [68], but no data were available to investigate those
relationships. Since only 14 studies specified the sample
ethnicity [20, 32, 34-38, 41-46, 59], people were
grouped according to geography. This can represent a
limitation since some areas have habitants from different
socio-cultural backgrounds. Most of the studies that spe-
cified sample ethnicity included people from Asia [32,
34, 35, 37, 38, 41-43, 45, 59] or Europe [20, 36, 38, 44],
which further affects the reliability of the results for
North America.

Strengths and limitations

This reviewed employed rigorous methods, with trans-
parent reporting (PRISMA and SWiM guidelines), and a
completed PRISMA checklist relative to this article can
be found in Additional file 3. The main strength of this
review lies in the high quality of studies included and
the large sample size utilised for computing the values
presented. These factors strengthen the confidence in
study findings. No information about kyphosis measured
with a kyphometer or flexicurve was provided because of
poor information retrieval, perhaps due to the limited
sensitivity of the search tool [15]. The AQUA tool was
utilised to assess study quality, but data regarding its val-
idity and reliability is lacking [17]. Since clinical and
methodological heterogeneity can preclude a meta-
analysis [25], and concerns regarding the reliability of
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the results of the meta-analysis carried out on observa-
tional studies exist [69], the authors considered a narra-
tive synthesis most appropriate. Finally, the sample
utilised to create the normative values presented was not
randomly selected from the general population, but it
was created by combining the samples of the individual
studies included in the review, and this could represent
a form of selection bias. However, the rigorous method-
ology employed, the size and the heterogeneity of the
sample may partially mitigate this limitation.

Clinical implications

Surgical interventions aiming to correct adult spinal de-
formities are recommended in those cases with progres-
sive deformities, significant neural compromising, pain
or functional limitations, and that did not respond to
conservative management [9]. To help these patients,
different surgical approaches are available, from minim-
ally invasive operations, such as laminectomies, to de-
formity correction and vertebral fusion surgeries. These
more invasive interventions may target only a limited
and specific number of vertebrae in mild and moderate
cases or extensive portions of the thoracic and lumbar
spine in more severe cases [70], reaching as high as T3-
T4 in some instances [71]. These more invasive inter-
ventions are associated with high risk of complications
and worse functional outcomes if the surgical correction
is suboptimal; thus, careful surgical planning is para-
mount [70]. Among the individual patient’s characteris-
tics to be considered when planning for surgery, there
are patient’s age [72] and ethnicity [71]; consequently,
we believe that the normative values provided in this re-
view, which account specifically for these characteristics,
despite being supported by low-quality evidence, may
prove beneficial in a clinical context. This information
may help clinicians deciding and planning their
interventions.

Conclusion

This review provides evidence that a positive correlation
between kyphosis and age exists. It also shows that thor-
acic kyphosis seems to not be influenced by gender, but
to vary depending on ethnicity, age, and the body refer-
ences used to measure it. The normative values of ky-
phosis currently used in clinical practice may not reduce
the chances of misclassifying patients, since they do not
account for those characteristics, and they may not be
precise enough to correctly inform clinicians when plan-
ning and performing corrective spinal surgeries. There-
fore, using specific reference values, such as those
presented in this study, which account for body refer-
ence, age, and ethnicity, when assessing and treating pa-
tients may represent the most accurate solution for
clinicians.
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