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Abstract

Background: Symptomatic spinal stenosis (SSS) is a well-known medical complication in achondroplasia. The
reported prevalence of SSS is 10 to 30%, an estimate based on small studies or selected populations. No
population-based studies exist currently. Furthermore, the relationship between SSS and physical functioning has
not been investigated in detail. The aims of this study were to describe the prevalence of SSS in Norwegian adults
with achondroplasia, and to explore the impact of SSS on physical functioning.

Methods: This was a population-based study on Norwegian community-dwelling adults with genetically confirmed
achondroplasia. Prevalence of SSS was defined by clinical symptoms, and confirmed by imaging or surgical reports.
Physical functioning was assessed by walking capacity (6-min walk test), hand strength (Grippit), and activities of
daily living (the Health Assessment Questionnaire, HAQ). Pain was assessed by pain site locations and intensity
(Numeric Rating Scale, NRS).

Results: In total, 50 participants were included (27 males, 23 females). Median age was 41 years (range 16 to 87
years), 34 (68%) had SSS. The estimated median age at first symptom onset was 33 years (95% confidence interval
(CI) 29 to 43 years), range 10 to 67 years. The majority had multiple spinal levels affected. The walking distance was
110 m shorter in the SSS group (95% CI − 172 to − 40 m) as compared with the non-SSS group (p < 0.01). There was
no considerable difference in hand strength between the two groups. Mean HAQ scores (0–3) for walking and
hygiene were significantly higher in the SSS group, reflecting more activity limitations. Mean differences were 0.9
(95% CI 0.3 to 1.4, p < 0.01) and 0.6 (95% CI 0.2 to 1.0, p < 0.01). Pain intensity (NRS 0–10) was also significantly
higher in the SSS group with a mean difference of 3.2 (95% CI 0.6 to 5.6, p = 0.02).

Conclusions: SSS was highly prevalent in Norwegian adults with achondroplasia, with symptom onset at young
age, and multiple spinal levels affected. The presence of SSS was associated with reduced walking distance, activity
limitations, and more pain. The findings underline the importance of thorough assessment and monitoring of SSS
in achondroplasia, including a formal assessment of physical functioning.

Keywords: Achondroplasia, Activities of daily living, Adults, Hand strength, 6-minute walk test, Spinal stenosis, Pain

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: svfred@sunnaas.no
1Sunnaas Rehabilitation Hospital, TRS National Resource Centre for Rare
Disorders, Nesodden, Norway
2Faculty of Medicine, Institute of Clinical Medicine, University of Oslo, Oslo,
Norway
Full list of author information is available at the end of the article

Fredwall et al. Orphanet Journal of Rare Diseases          (2020) 15:123 
https://doi.org/10.1186/s13023-020-01397-6

http://crossmark.crossref.org/dialog/?doi=10.1186/s13023-020-01397-6&domain=pdf
http://orcid.org/0000-0002-2804-5783
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:svfred@sunnaas.no


Background
Achondroplasia is the most common skeletal dysplasia
leading to disproportionate short stature. The condition
is caused by a mutation in the gene coding for the
Fibroblast Growth Factor Receptor 3 (FGFR3), and re-
sults in reduced proliferation and maturation of growth
plate chondrocytes [1]. In addition to decreased bone
elongation, the spinal canal diameter is reduced up to
50%, predisposing for symptomatic spinal stenosis (SSS)
[2–4]. Characteristic symptoms of SSS are back pain
and/or radiating pain into the buttocks or the legs,
exacerbated by prolonged walking, standing or lumbar
extension, and resulting in decreased walking distance
[3–7]. Rest, lumbar flexion or squatting typically re-
lieves symptoms [4, 6, 8]. Bladder and bowel symp-
toms can also occur [3, 7].
SSS is a well-known medical complication in adults

with achondroplasia [4, 9, 10]. The prevalence has been
reported to be between 10 and 30% [10–13]. However,
these estimates were based on few or selected popula-
tions, and the methods for defining SSS were not de-
scribed. We have not found prevalence rates reported in
unselected achondroplasia populations [14], and our
clinical experience indicates that the prevalence of SSS is
much higher. Several studies have also found a decline
in physical health in individuals with achondroplasia
during the fourth decade, including a high prevalence of
pain [15–18]. However, the relationship between SSS
and physical functioning has not been investigated in
detail.
The main objectives of this clinical study were to de-

scribe the prevalence of SSS in Norwegian adults with
achondroplasia, and to explore the impact of SSS on
physical functioning.

Methods
Study design
This clinical, cross-sectional study also included histor-
ical data. The study was part of the Norwegian Adult
Achondroplasia Study, conducted between 2017 and
2019, which aimed to include as many of the total
Norwegian adult achondroplasia population as possible.

Patient and public involvement
The Norwegian Restricted Growth Association has been
involved in initiating and planning the Norwegian Adult
Achondroplasia Study. A group of six adults with achon-
droplasia cooperated in developing the study protocol,
selecting main topics to be investigated, and piloting the
questionnaires. A reference group has been established,
consisting of two adults with achondroplasia and four
healthcare professionals. The study has been conducted
in accordance with the STROBE guidelines for reporting
of observational studies [19].

Recruitment
A written invitation was sent to all individuals aged 16
years or older who are registered with achondroplasia in
the National Resource Centre for Rare Disorders’ data-
base [20]. Invitations were also sent to individuals regis-
tered with achondroplasia at the University Hospitals of
Norway’s four regional health trusts. A written reminder
was sent after four to six weeks. The study was an-
nounced on the websites of the Resource Centre and
The Norwegian Restricted Growth Association (NiK),
using text and short videos for recruitment. Recruitment
videos were also published on YouTube and Facebook.
We informed about the study at the NiK summer gath-
erings in 2017 and 2018, as well as to other relevant in-
stitutions likely to meet adults with achondroplasia.

Inclusion and exclusion criteria
Inclusion criteria were residents of Norway, aged 16
years or older, with a genetically confirmed diagnosis of
achondroplasia, who spoke and understood the
Norwegian language. Exclusion criteria were presence of
severe cognitive deficits, mental illness, substance abuse
or having a medical condition making them unable to
participate in the study.

Definition of symptomatic spinal stenosis (SSS)
This study defined SSS as the presence of, or history of,
clinical symptoms of neurogenic claudication, radicular
pain or both, in combination with spinal stenosis de-
scribed at the correlating spine level in imaging reports
or noted intraoperatively and described in the spine sur-
gery records [6, 21]. Neurogenic claudication was de-
fined as pain or discomfort that radiates beyond the
spinal area into the buttocks and/or into the thighs or
lower legs, are exacerbated by prolonged walking, stand-
ing or lumbar extension, and improved by rest or lum-
bar flexion [5, 6, 21]. To confirm the presence of spinal
stenosis in symptomatic non-operated participants, the
magnetic resonance images (MRIs) were collected and
re-interpreted by an experienced radiologist. A cross-
sectional anteroposterior spinal canal with a diameter of
≤10mm at minimum one spine level was considered
diagnostic of SSS [22–24].

Data collection
The data collection process took place from March 2017
through March 2019. An experienced team, consisting
of a medical doctor (SOF), physiotherapist (OdV), and
occupational therapist (US), extracted data from medical
records and performed the structured clinical examina-
tions, interviews, and physical tests, according to a pre-
defined study protocol. All the investigations were
conducted during a 2.5-day stay at Sunnaas Rehabilita-
tion Hospital. Five participants were not able to come to
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the hospital, due to impaired health, and were inter-
viewed and examined during a home visit by one of the
authors (SOF).

Demographic and clinical data
Demographic information was obtained by a self-
administrated, custom-made questionnaire, and verified
by a clinical interview. A detailed medical history regard-
ing symptoms of spinal stenosis was obtained, and a
clinical neurological examination was performed on all
participants. Abnormal neurological findings were de-
fined as absent reflexes (grade 0) or hyperreflexia (3+ or
clonus), impaired sensation (0 or 1 tested with a wisp of
cotton and single-use pin), or reduced muscle strength
(grade 0 to 3 on a manual muscle strength testing scale
from 0 to 5) [25]. Reported first symptom onset was
based on information given by the participants, and con-
firmed by the medical records. Imaging and surgical re-
ports were obtained to verify the diagnosis of spinal
stenosis in all participants classified with SSS. Partici-
pants without previous spine imaging, reporting symp-
toms suggestive of spinal stenosis or progression of
symptoms, were referred to spinal MRI at Oslo Univer-
sity Hospital.

Anthropometrics
Height and sitting-height were measured in centimetres
(cm), using a wall-mounted measuring tape. Weight was
measured in kilograms (kg) using a digital weight. Body
mass index (BMI) was calculated as weight in kg divided
by the height in meters squared (kg/m2). Arm span was
measured (in cm) from a standing position with a non-
stretchable tape, as the longest distance between the fin-
gertips of the third fingers. Head circumference was
measured (in cm) with a non-stretchable tape at the
maximum diameter of the head.

Assessment of physical functioning
The 6-min walk test (6MWT) was used to assess walk-
ing capacity. The 6MWT was conducted according to
the American Thoracic Society Statement guidelines
[26]. Ambulatory participants were instructed to walk as
fast as possible, but not run, for 6 minutes in a 30-m
corridor. Participants were allowed to use their usual
walking aids if necessary. We recorded the total 6-min
walking distance (6MWD) up to the nearest meter.
The electronic instrument Grippit was used to meas-

ure grip force and pinch grip [27]. Before the study
began, the Grippit instrument was calibrated at Load In-
dicator System AB in Askim, Sweden. The test was con-
ducted according to the “Basic Testing Procedure Using
Grippit” [27]. The participants performed three trials
with each hand, and alternated between the right and
left hand. The best results for the maximum and average

grip force and pinch grip registrations were recorded for
each hand. The results were compared with age and
gender matched reference values for Norwegian adults
aged between 20 and 94 years [28]. For those eight
participants aged between 16 to 19 years, we applied
the reference values for the age group of 20 to 29
years, since differences are relatively small between
these age groups [29].
To assess activities of daily living (ADL), we used the

Stanford Health Assessment Questionnaire Disability
Index (HAQ), a validated and widely used functional
measure [30, 31]. HAQ consists of 20 questions in eight
categories that represent a comprehensive set of func-
tional activities: dressing and grooming, arising, eating,
walking, hygiene, reach, grip and activities. Each item
asks “Are you able to …” perform a particular task, and
each category contains two or three activities [30]. In
addition, participants are asked if they use assistive de-
vices to perform the activities and if they need the assist-
ance of another person. The response scale for each
item is a four-level difficulty scale: 0 = without any diffi-
culty, 1 = with some difficulty, 2 = with much difficulty,
and 3 = unable to do [30].
Pain prevalence and intensity were measured using a

pain drawing, and an 11-point Numeric Rating Scale
(NRS) derived from the Norwegian Pain Society
Minimum Questionnaire [32]. The participants were
asked to mark their pain sites experienced the last week
on the pain drawing. They also rated the maximum in-
tensity of the most severe pain site on the NRS, with the
range from 0 to 10 (0 = no pain, 10 = worst pain you can
imagine) [33].

Statistical analyses
Basic categorical demographic, anthropometric and clin-
ical data are presented as frequencies and percentages.
Continuous variables are presented as a mean with
standard deviation (SD), or a median with range. Mean
and SD are also used for some of the Likert scale vari-
ables (NRS and HAQ), assuming an equal gradual
change between each category. For analysing differences
between HAQ groups, we created a dichotomous vari-
able of low difficulty (combining the HAQ categories 0
and 1) and high difficulty (combining the HAQ categor-
ies 2 and 3).
When estimating means and mean differences between

groups, 10,000 percentile bootstrap replications were ap-
plied, with 95% confidence interval (CI) and p-value, as
many of the variables seen here were not normally dis-
tributed. When analysing differences between the SSS
and non-SSS group, a linear regression with bootstrap
CI was applied for age adjustment, approximating the
true group differences for dichotomous variables.

Fredwall et al. Orphanet Journal of Rare Diseases          (2020) 15:123 Page 3 of 13



When analysing the median age of SSS onset, the
directly observed median is not representative for the
individual lifetime median age of onset, as our cross-
sectional data tends to have a higher probability of
including early than late SSS onset. Hence, SSS onset by
age was estimated by: i) a logistic regression curve, using
the observed SSS status at the time of inclusion in the
study, and ii) a Kaplan-Meier estimation of SSS onset by
age, censoring observation time at each patient’s attained
age at the time of inclusion in the study.
SPSS version 25 (IBM Corp., Armonk, New York) and

R version 3.6.1 (The R Foundation, Vienna, Austria)
were used for the statistical analyses.

Results
Study population, demographic and anthropometric
characteristics
From 66 identified adult individuals with achondroplasia
living in Norway, we recruited 50 (76%), 27 males and
23 females. No participants meeting the inclusion

criteria were excluded. Figure 1 details the recruitment
of participants.
Achondroplasia was molecularly confirmed in all par-

ticipants, all had the most commonly reported
c.1138G > A (p.Gly380Arg) mutation in the FGFR3-gene
[34]. The median age was 40.7 years (ranging from 16 to
87 years). Thirteen (26%) were married or cohabitants,
42% had completed university or college, 48% worked
full-time or were students, and 30% received a full
(≥90%) disability benefit (Table 1).
The mean height (SD) was 135.4 (9.5) cm for males,

and 129.1 (7.6) cm for females. Arm span was 120.3
(8.6) cm and 110.6 (8.7) cm, respectively (Table 2).

Findings of symptomatic spinal stenosis (SSS)
SSS was found in 34 of the 50 participants (68%), all
with a central spinal stenosis (Table 3).
In the non-SSS group (n = 16), all were asymptomatic.

Eight had undergone spine MRI, of whom three were
described with spinal stenosis by the imaging reports. As

Fig. 1 Flow of inclusion. a National Resource Centre for Rare Disorders, Sunnaas Rehabilitation Hospital. b The University Hospitals in Oslo, Bergen,
Trondheim and Tromsø. c The Norwegian Restricted Growth Association (Norsk Interesseforening for Kortvokste). d You Tube, Facebook and
Dagbladet Magasinet. e Had another or no skeletal dysplasia

Fredwall et al. Orphanet Journal of Rare Diseases          (2020) 15:123 Page 4 of 13



they were asymptomatic, they were classified as non-
SSS. The remaining eight in the non-SSS group did not
have an MRI.
Age at first symptom onset of spinal stenosis varied

from 10 to 67 years (Table 3), including eight out of 34
reporting symptom onset before 16 years of age. Accord-
ing to the imaging reports, 32 out of 34 had two or more
spinal levels affected, the lumbar spine being most fre-
quently affected (Table 3 and Table 4).
In the SSS group, 28 out of 34 participants had under-

gone at least one surgical operation for spinal stenosis.
The majority experienced progressive symptoms of
neurogenic claudication over months to years (Table 3),
including decreasing walking distance. In addition, some
had bladder and bowel symptoms. The median age at
first spinal stenosis surgery was 38.5 years (range 10 to
70 years). The mean time from symptom onset to first
surgery was 9.2 years, varying from 4months to 35 years

(Table 4). Two participants experienced a very rapid
progression of symptoms within few weeks, necessitating
acute decompression surgery. Six participants in the SSS
group had not undergone spine surgery. These had mild
to moderate reversible symptoms of neurogenic claudi-
cation, without progression. MRI confirmed spinal
stenosis (Table 3). In the non-SSS group, none had a
history of spinal stenosis surgery.
By clinical examination, 56% (19/34) in the SSS group

had persistent abnormal neurological findings. Abnor-
mal reflexes and reduced sensations in the lower ex-
tremities were the most common (Table 4). In addition,
41% (14/34) reported persistent urinary incontinence,
and 21% (7/34) reported bowel incontinence. In the
non-SSS group, none of the participants had abnormal
neurological findings, urinary or bowel incontinence.
Seven participants (14%) had thoracolumbar kyphosis

assessed by clinical examination, all in the SSS group.

Estimated prevalence of symptomatic spinal stenosis
(SSS) by age
Based on the reported age at symptom onset, the esti-
mated median age for SSS was 33 years (95% CI 29 to
43 years). By the age of 40 years, about 65% (95% CI 44
to 78%) of individuals with achondroplasia will have SSS,
and about 83% (95% CI 62 to 93%) will have SSS by the
age of 45 years (Fig. 2).

Physical functioning
In terms of walking capacity, 43 participants completed
the 6MWT. Seven were unable to do the test, including
the five visited at home, and an additional two due to
other comorbidity. Of those seven, all but one had SSS.
Maximum and average grip force and pinch grip were
recorded, for each hand, in 45 participants (all except
the five requiring a home visit). All participants com-
pleted the HAQ and pain assessments.
The mean (SD) age was 42.7 (20.0) years for the males

and 38 (17.9) years for the females, with a mean differ-
ence of 4.7 (95% CI − 5.7 to 14.8, p = 0.39). We analysed
the data for differences between males and females, but

Table 1 Demographic characteristics in adults with
achondroplasia (n = 50)

Characteristics N (%)

Marital status

Married or cohabitants 13 (26)

Single 30 (60)

Divorced, widower/widow 7 (14)

Education level, highest completed

Compulsory school (≤10 years) 12 (24)

High school (11–13 years) 17 (34)

College or university 21 (42)

Employment status

Working full time 13 (26)

Working part time (30–50%) 4 (8)

Student 11 (22)

Work rehabilitation 2 (4)

Age pension 5 (10)

Disability benefit, full (≥90%) 15 (30)

Main cause stenotic symptoms, n 11

Other causes, n 4

Table 2 Anthropometric measurements of adults with achondroplasia

Variables Males (n = 27) Females (n = 23)

Mean (SD) Range Mean (SD) Range

Height, cm 135.4 (9.5) 112.8–154.5 129.1 (7.6) 115.0–144.9

Weight, kg 62.4 (15.8) 42.1–95.8 54.0 (9.8) 32.3–68.6

Body mass index, kg/m2 34.0 (7.6) 21.7–49.9 32.4 (5.5) 21.8–43.8

Sitting height, cm a 86.9 (4.6) 73.8–93.5 84.6 (4.0) 76.8–91.9

Arm span, cm 120.3 (8.6) 98.4–137.7 110.6 (8.7) 56.0–62.8

Head circumference, cm 60.4 (1.4) 57.1–63.0 59.1 (1.9) 56.0–62.8
a Males: n = 25, females n = 22
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found no considerable differences regarding the 6MWT
and the HAQ scores (Supplementary Table S1).
Males were stronger than females for all the absolute

measurements (in Newton) for maximum grip force and
pinch grip (Table S1). Maximum grip force was about
40%, and maximum pinch grip about 50%, compared
with age and gender matched reference values for the

Norwegian general population [28]. We found similar
results for average grip force and pinch grip (data not
shown).
The most frequent pain site locations were the back at

62% (31/50), the lower extremities at 42% (21/50), and
the posterior neck at 14% (7/50). Regarding pain inten-
sity, 38% (19/50) reported having had moderate pain

Table 3 Medical history of symptomatic spinal stenosis (SSS) in adults with achondroplasia (n = 34)

Age at symptom
onset (years)

Affected spine level based
on imaging reports

Narrowest AP spinal canal
diameter (mm) a

Total number of
surgeries

Age at first
surgery (years)

Time from symptom onset to
first surgery (years)

10 T12-L2, L3-S1 2 10 0.3 b

11 T12-L3 2 14 3

12 T11–12, L1-S1 1 22 10

12 T10–12, L2-S1 3 30 18

13 C3–7, T9–11, L1–5 1 25 12

13 C4–5, L1–5 2 17 4

14 L3–5 1 41 27

14 L1–3 L2–3: 7.9 0

16 L2–4 1 30 14

16 L3–4 L3–4: 7.7 0

17 T1–12, L1-S1 2 18 1

21 C3–4, L1–4 1 25 4

25 L1-S1 1 60 35

26 C4–5, L2-S1 1 28 2

26 T10–11, L2-S1 3 26 0.4 c

27 T7–11 T7–8: 3.8 0

29 C3–4, T8–12, L2–5 1 47 18

30 L3–4 L3–4: 8.0 0

30 T12-L2 1 62 32

32 C4–6, L3–4 2 48 16

33 L2–5 1 45 12

34 T10-T12, L3–4 2 35 1

35 C4–7, L1–5 3 36 1

35 T8–11, L1–5 4 36 1

39 L3–5 1 46 7

41 T10–12, L1-S1 3 43 2

42 L2–4 1 44 2

43 C6-T1, T9–10, L3–5 1 63 20

43 L2–5 1 45 2

45 L2–5 1 53 8

46 C2, C4–5, C6–7, L1–3 L1–2: 5.9 0

57 C3–4, L4–5 L1–2: 8.8 0

60 C1-T1, L1–5 2 63 3

67 C3–5, L1–2 1 70 3

Abbreviations: C: Cervical, T: Thoracic, L: Lumbar
a Narrowest anteroposterior (AP) spinal canal diameter assessed on sagittal MRI in non-operated individuals (n = 6) with SSS
b 4months
c 5 months
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(NRS 4–6) the last week, and 32% (16/50) reported se-
vere pain (NRS 7–10) the last week. Mean pain intensity
on a NRS scale (0–10) was significantly higher in fe-
males compared to males, with a mean difference of 1.9
(95% CI 0.2 to 3.6, p = 0.03) (Table S1).

The majority of the participants, 92% (46/50), reported
the use of assistive devices. This included gripping aids
(n = 26), jar openers (n = 17), tools with extended shafts
(n = 15), walking aids, such as crutches, sticks, or walk-
ing frames (n = 11), manual (n = 12) or power (n = 22)
wheelchairs, as well as stairs or stools (n = 25). More-
over, 16 out of 50 had a shower toilet at home, 9 out of
50 had height adjustable kitchen, and 14 out of 50 re-
ported to have personal practical assistance at home.

Comparison between individuals with and without
symptomatic spinal stenosis
The SSS group was significantly older than the non-SSS
group, with a mean difference of 24.5 years (95% CI 17.5
to 31.5 years, p < 0.01) (Table 5).
In the SSS group, 26% (9/34) were employed (working

full-time or students), compared with 94% (15/16) in the
non-SSS group (p = 0.03). Mean walking distance
(6MWD) was 110 m shorter for individuals in the SSS
group compared with those in the non-SSS group (95%
CI − 172 to − 40m, p < 0.01) (Table 5). For grip force
and pinch grip, there were no considerable differences
between the two groups (Table 5).
Individuals with SSS reported higher HAQ scores

for both total mean HAQ and for all the eight sub-
categories, reflecting more activity limitations (Table
5 and Fig. 3). The categories walking and activities
had the highest total HAQ scores for individuals with
SSS, at 1.6 (SD 0.9) and 1.8 (SD 0.9), respectively.
After adjusting for age, the differences for the total

Table 4 Clinical findings of symptomatic spinal stenosis in
adults with achondroplasia (n = 34)

Characteristics

Surgery for spinal stenosis, yes, n (%) 28 (82.4)

Median age at first surgery, years (range) 38.5 (10–70)

Mean time to first surgery, years (range) a 9.2 (0.3–35)

Thoracolumbar kyphosis, n (%) 7 (20.6)

Abnormal neurological findings b N (%)

Tendon reflexes Upper extremities 0 (0)

Lower extremities 20 (58.8)

Sensation Upper extremities 10 (29.4)

Lower extremities 15 (44.1)

Muscle strength Upper extremities 1 (2.9)

Lower extremities 7 (20.6)

Urinary incontinence c 14 (41.2)

Bowel incontinence c 7 (20.6)
a Time from symptom onset to first surgery
b Abnormal neurological findings defined as:
Reflexes: 0, 3+ or clonus
Sensation: 0 or 1
Muscle strength: 0–3
c As reported by participants

Fig. 2 Symptomatic spinal stenosis (SSS) by age in adults with achondroplasia. The estimates are based on SSS status at time of inclusion in the
study (dotted logistic regression curve) and interview data regarding age at symptom onset (drawn Kaplan-Meier curve). Based on the Kaplan-
Meier plot, we estimate that 65% (95% confidence interval 44 to 78%) will have SSS by the age of 40, and 83% (95% confidence interval 62 to
93%) by the age of 45
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mean HAQ, and the categories dressing and grooming,
walking, and hygiene remained statistically significant.
In the SSS group, 47% (16/34) reported the use of
ambulatory aids (crutches, sticks, or walking frames)
compared with 0/16 in the non-SSS group. Regarding
the use of wheelchairs, 53% (18/34) in SSS group re-
ported to be a wheelchair user, compared with 25%
(4/16) in the non-SSS group (Table 5). Only three
were permanent wheelchair users (all with SSS).
Mean pain intensity (NRS 0–10) was significantly higher

in the SSS group compared with the non-SSS group, with
a mean difference of 3.2 (95% CI 0.6 to 5.6, p = 0.02).

Other neurosurgical and orthopaedic treatment history
We looked for differences between the SSS and non-SSS
group in terms of other neurosurgical or orthopaedic

complications, including prevalence of arthritis in major
weight-bearing joints, but did not find any clinically rele-
vant differences (Table 6). Statistical analyses were not
applicable, due to the small numbers.

Discussion
We found a very high prevalence of SSS in adults with
achondroplasia in this study. The majority had symptom
onset at a young age with multiple spinal levels affected.
The presence of SSS was associated with reduced walk-
ing capacity, activity limitations, and moderate or high
levels of pain.
The prevalence of SSS in our study is much higher

than reported in commonly cited studies of achondro-
plasia [10–13], but consistent with a recently published
study from Japan [18]. However, none of these studies

Table 5 Comparison between adults with achondroplasia with symptomatic spinal stenosis (SSS) and without (non-SSS)

Variables SSS Non-SSS Unadjusted Adjusted for age

(n = 34) (n = 16) Mean difference Mean difference P value

Mean (SD) Mean (SD) (95% bootstrap CI) (95% bootstrap CI)

Age, mean, years 48.4 (17.6) 23.9 (7.8) 24.5 (17.5 to 31.5) – < 0.01

Gender males, % (n) 55.9 (15) 50.0 (8) 5.9 (−36.2 to 24.1) 3.5 (−34.9 to 42.6) 0.87

Body mass index, kg/m2 35.0 (6.8) 29.8 (5.0) 5.2 (1.9 to 8.5) 4.0 (−0.2 to 7.9) 0.05

Employment, % (n) a 26.5 (9) 93.8 (15) −67.3 (−84.8 to 45.8) −33.7 (−62.3 to −7.2) 0.03

Wheelchair users, % (n) b 52.9 (18) 25 (4) 27.9 (−0.6 to 54.7) 51.2 (19.8 to 76.9) < 0.01

Physical Functioning

6MWT, meters c 386 (129) 526 (59) − 140 (− 196 to − 85) −110 (−172 to −40) < 0.01

Grip force, maximum d

Right hand, Newton 162.5 (71.5) 170.9 (61.8) −8.3 (−47.9 to 30.2) −26.5 (−64.8 to 12.1) 0.17

Left hand, Newton 155.1 (69.2) 148.1 (43.3) 7.0 (−25.6 to 39.5) −9.6 (− 42.6 to 29.6) 0.59

Pinch grip, maximum d

Right hand, Newton 35.2 (9.5) 33.8 (10.1) 1.4 (−4.6 to 7.4) −3.8 (−10.8 to 2.8) 0.27

Left hand, Newton 34.3 (12.6) 35.4 (10.2) −1.2 (−7.9 to 5.6) −7.2 (− 15.2 to 1.5) 0.09

HAQ Total mean score e 1.1 (0.7) 0.3 (0.2) 0.8 (0.6 to 1.1) 0.3 (0.06 to 0.6) 0.04

HAQ Category sum scores e

Dressing and grooming 1.0 (0.8) 0.1 (0.3) 0.9 (0.6 to 1.2) 0.4 (0.02 to 0.8) 0.04

Arising 0.9 (1.0) 0.1 (0.3) 0.8 (0.4 to 1.2) 0.1 (−0.3 to 0.4) 0.76

Eating 0.6 (0.9) 0.5 (0.6) 0.1 (−0.3 to 0.5) − 0.3 (− 0.9 to 0.2) 0.38

Walking 1.6 (0.9) 0.3 (0.5) 1.2 (0.9 to 1.6) 0.9 (0.3 to 1.4) < 0.01

Hygiene 1.4 (0.8) 0.3 (0.5) 1.1 (0.7 to 1.5) 0.6 (0.2 to 1.0) < 0.01

Reach 1.2 (0.9) 0.1 (0.3) 1.1 (0.7 to 1.4) 0.4 (−0.06 to 0.8) 0.07

Grip 0.5 (0.9) 0.0 (0.0) 0.5 (0.3 to 0.8) 0.2 (−0.3 to 0.6) 0.49

Activities 1.8 (0.9) 0.9 (0.3) 0.9 (0.6 to 1.2) 0.4 (−0.01 to 0.8) 0.08

Pain intensity, NRS, mean f 5.4 (3.1) 3.5 (3.1) 1.9 (0.06 to 3.8) 3.2 (0.6 to 5.6) 0.02
a Working full-time or student
b Including both permanent and sporadic wheelchair users, and manual or power wheelchairs
c 6-min walk test: SSS group n = 28, non-SSS group: n = 15
d Grip force and pinch grip: SSS group: n = 29, non-SSS group: n = 16
e Health Assessment Questionnaire, score 0–3
f Numeric Rating Scale 0–10 (best to worst)
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have described how SSS was defined. The high propor-
tion of SSS in our study might be explained by the study
population’s higher mean age compared with previous
studies, as the prevalence of SSS is known to increase
with age [6, 11, 35]. Another explanation might be our
study’s clinical approach, as we specifically asked about
and clinically examined for symptoms of spinal stenosis
in all participants.
Several studies have reported a clear association be-

tween thoracolumbar kyphosis and the development of

SSS [4, 9, 36]. In our study, 14% of the participants had
kyphosis, all with SSS. In a large US study, more than
50% of the participants with achondroplasia had moder-
ate to severe kyphosis [37]. The study was conducted at
a tertiary referral centre, and used radiologic assessment
of kyphosis, which might explain some of the difference
to our numbers. Other studies have reported a preva-
lence of 10 to 15% [38].
There are currently no widely accepted quantitative

criteria for the diagnosis of spinal stenosis in the general
population or in individuals with achondroplasia [6, 39,
40]. In addition there is a poor correlation between sten-
osis on imaging and patient’s symptoms [5, 6]. In many
studies, surgery has been regarded as the gold standard for
the assessment of spinal stenosis [41]. According to the
guidelines of the North American Spine Society and other
authors, we applied a combination of characteristic symp-
toms and spinal stenosis described in the imaging reports
to establish the diagnosis of SSS [6, 21, 41]. In addition,
spinal stenosis was confirmed by surgical records in 28
participants who had undergone stenosis surgery.
The early onset of SSS in this study is consistent with

other studies [7–9, 18], but is in marked contrast to the
average statured population, where symptoms rarely
present before 60 years of age [6]. Healthcare profes-
sionals managing individuals with achondroplasia must
be aware of this, so as not to overlook or neglect symp-
toms of spinal stenosis.
In our study, the mean time from the first symptom

onset to spinal stenosis surgery was 9.2 years, which is in
contrast to more recent publications recommending an
early surgical intervention [2, 35, 42]. We found a

Fig. 3 Function in activities of daily living (ADL) in adults with achondroplasia assessed by the Health Assessment Questionnaire (HAQ) for
individuals with symptomatic spinal stenosis (SSS) and without (non-SSS). The number of individuals reporting high difficulty score (much
difficulty or not able to) was higher in the SSS group for all the HAQ categories compared with the non-SSS group, reflecting more limitations
in ADL

Table 6 Other neurosurgical and orthopaedic complications in
adults with achondroplasia with symptomatic spinal stenosis
(SSS) and without (non-SSS)

Complications SSS Non-SSS

(n = 34) (n = 16)

N (%) N (%)

Past neurosurgical treatment

VP-shunt or ventriculostomy a 6 (17.6) 1 (6.3)

Foramen magnum decompression 1 (2.9) 1 (6.3)

Past orthopaedic treatment

Surgery for kyphosis b 1 (2.9) 0 (0)

Tibia osteotomy 9 (26.5) 6 (37.5)

With lower limb lengthening 8 (23.5) 3 (18.8)

Humeral lengthening 1 (2.9) 2 (12.5)

Hip arthritis 2 (5.9) 0 (0)

Knee arthritis 2 (5.9) 0 (0)

Lateral meniscus rupture 1 (2.9) 4 (25.0)
a VP-shunt Ventriculo-peritoneal shunt
b Thoracolumbar kyphosis
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marked variability in the clinical presentation and pro-
gression of SSS, in line with Pyeritz et al. [9]. The major-
ity of participants reported gradually progressive, but
reversible symptoms of neurogenic claudication. Some
individuals had slow or almost no progression in clinical
symptoms over years, while other had a very rapid pro-
gression within few weeks. The findings underline the
importance of thorough assessment and monitoring of
SSS in achondroplasia.
Our findings of multilevel spinal stenosis in achondro-

plasia have also been reported in other studies [3, 7, 9].
This is in contrast to the average statured population,
where the lumbar spine is primarily affected [5, 39].
These findings underline the importance of performing
imaging of the entire spine in achondroplasia, preferably
by MRI, in the presence of clinical symptoms suggestive
of spinal stenosis [5, 7].
Walking is important in everyday activities and for

participation. The 6MWT reflects functional walking
capacity at a similar level as required for daily activities
[43]. In a systematic review, Bohannon et al. (2016)
found that a difference of 30 m or more in 6MWD was
of clinical importance [44]. The 110-m shorter 6MWD
in the SSS group was not explained by differences in
orthopaedic complications of the lower extremities be-
tween the two groups. Moreover, very few participants
reported arthritis in major weight-bearing joints, consist-
ent with the findings of Lee et al. [45].
The high proportion of the SSS group who used walk-

ing aids or wheelchairs reflects some of the practical
consequences of reduced walking capacity in this group.
Many were able to walk indoors or for short distances
without any helping aids, but needed walking aids or
wheelchairs for longer distances, such as going to the
shopping centre or travelling. The high HAQ mean
score for the SSS group in the category activities reflects
these limitations in tasks such as running errands and
shopping, and is consistent with the findings of Alade
et al. [17].
In this study, we used the complementary HAQ scor-

ing manual (the Alternative Disability Index), which does
not give additional scores for using assistive devices
when performing the tasks [30]. We considered that this
better reflected the real-life situations of the participants
with achondroplasia, since the majority reported using
assistive devices or compensating strategies when per-
forming ADL. These strategies also included climbing
stairs and stools (for instance, in the kitchen, bathroom,
and the grocery store), but the majority did not consider
this to be a problem. However, after the onset of SSS,
these strategies were reported to be markedly limited or
impossible. This is consistent with the findings of
Matsushita et al., who observed that lower physical
health scores were strongly associated with a history of

spine surgery [18]. Also the HAQ scores for the walking
and hygiene categories reflect this, showing the most sig-
nificant differences between the SSS and non-SSS group.
The high prevalence of persistent urinary and bowel in-
continence in the SSS group might have considerable
negative social impact, limiting daily activities, product-
ivity at work, and social activities [46].
There were no differences in hand strength between

the SSS and non-SSS group. The clinical neurological
examination supported these findings, since few partici-
pants had abnormal neurological findings in their upper
extremities. In addition, no considerable differences were
found between the two groups for the HAQ grip cat-
egory. Interestingly, compared with age and gender
matched reference values, the achondroplasia study
population scored significantly lower (about 40–50%) for
all parameters related to both grip force and pinch grip.
Lower body height might explain some of these differ-
ences [28], but these findings could also reflect isolated
reduced muscle strength within the achondroplasia
population, as suggested by Sims et al. [47].
In this study, 70% of the participants reported having

had moderate to severe pain the last week. This is con-
sistent with previous studies, which reported a pain
prevalence of 64–75% in adults with achondroplasia
[15–17]. Pain intensity was significantly higher in the
SSS group compared with the non-SSS group. Females
reported more pain than males, consistent with the find-
ings of Alade et al. [17]. This high prevalence of pain
might have an impact on daily functioning, including so-
cial and family life, and the ability to work [33].
The education level in the study population was

equivalent to or higher than in the general Norwegian
population [48]. Despite this, only one third of the SSS
group were currently employed, compared with 94% of
the non-SSS group. Of those not employed, the majority
(73%) reported SSS as the main cause. This is consistent
with the findings of Ain et al., who found a negative ef-
fect of back or leg pain on work participation, and a
marked progression within 1-year of follow-up in adults
with achondroplasia [35].

Clinical implications and further research
The high prevalence, early symptom onset, and multi-
level spinal affection, underline the importance of
thorough assessment and management of SSS in indi-
viduals with achondroplasia. Evidence indicates that
individuals with achondroplasia might benefit from
early surgical intervention [2], and several authors
have recommended that individuals presenting with
symptoms of spinal stenosis should seek medical ad-
vice as soon as possible, in order to avoid permanent
spinal cord injury [2, 9, 18, 35, 42].
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The cross-sectional design of our study does not an-
swer the question of whether some of the associated
negative consequences of SSS on physical functioning
could have been prevented through improved manage-
ment or earlier surgical intervention. This needs to be
explored in future longitudinal studies.

Strengths and limitations
The high response rate and broad recruitment of partici-
pants, all with genetically confirmed achondroplasia,
constituted major strengths of this study. Furthermore,
the clinical study design, face-to-face interview with each
participant, objective measurement methods, and min-
imal missing data are other factors that strengthen our
findings.
There are, however, several limitations to this study.

First, as there is no central register, the exact prevalence
of achondroplasia within Norway is uncertain. In a re-
cent large population-based study, the prevalence of
achondroplasia in Europe was found to be 3.1 per 100,
000 live births [49]. According to Statistics Norway,
there were about 50,000 to 60,000 annual live births in
Norway during the relevant period up to the year 2002
[50], meaning that approximately 1.7 new achondropla-
sia infants were born each year. A 10-year shorter life-
span has been reported for adults with achondroplasia in
the US, due to different medical complications and acci-
dents [51]. We do not have reason to believe that this is
different in Norway. The expected population of adults
(16 years of age or older) with achondroplasia in Norway
is therefore estimated to be between 66 and 101 adults.
We recruited somewhat fewer individuals for this study,
which could risk selection bias. Second, the preoperative
images were not available for all the participants, since
many had undergone their first stenosis surgery several
decades ago. However, imaging and surgical records
were obtained for all classified with SSS. Third, recall
bias could potentially influence the medical history.
Medical records were obtained to confirm the medical
information and reduce this risk. Fourth, the instru-
ments used to assess physical functioning in this study
have not been validated for achondroplasia, but are com-
monly used in clinical practice for a variety of conditions
[26, 27, 30, 43], including spinal stenosis [52].

Conclusions
This study found a very high prevalence of SSS among
Norwegian adults with achondroplasia, which we believe
is representative of this population worldwide. The ma-
jority had symptom onset at a young age, and with mul-
tiple spinal levels affected. The presence of SSS was
associated with reduced walking distance, a higher de-
gree of activity limitations, and more pain than those
without this complication. The findings underline the

importance of thorough assessment and monitoring of
SSS in achondroplasia, including a formal assessment of
physical functioning.
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