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Background. Outreach, as a component of health service delivery in South Africa (SA), increases diagnostic and treatment capacity for
populations living in remote areas. It further allows for close population surveillance of specific health-related conditions. Paediatric
orthopaedic outreach for central SA provides a unique opportunity to provide insight into the incidence rates of common paediatric
orthopaedic-related conditions.

Objective. To investigate the absolute numbers and incidence rates of orthopaedic-related pathological conditions in the paediatric
population presenting at outreach in central SA between 1997 and 2016.

Methods. A retrospective investigation was conducted, which included all paediatric patients residing in the Northern Cape and Free State
provinces accessing public healthcare for orthopaedic-related conditions during outreach services. Patient demographic and clinical data
were collected and divided into (i) periods; (ii) age groups; (iii) geographical location; and (iv) presenting pathology. Age group-specific
incidence rates (ASIR) and paediatric incidence rates (PIR) were calculated using census data from 2001, 2006 and 2011, and estimated
values were adjusted to reflect the percentage of the population expected to use public health facilities per 10 000 paediatric population
per year.

Results. A total of 3 418 patients were included, with the largest number of patients seen in the Central Free State (1=985). The ASIR for
all age groups varied considerably between geographic regions and periods, with the highest rates (2005 - 2008, 21.8 per 10 000 per year)
observed in the neonate/infant age group in the northern Free State region. The PIR for pathological groups also varied considerably, with
high incidences of congenital talipes equinovarus observed in the northern and eastern Free State regions and a high incidence of cerebral
palsy in the central (2001 - 2004, 0.79 per 10 000 per year) and Eastern Free State (2001 - 2004, 0.62 per 10 000 per year).

Conclusion. This information can provide a unique context for planning healthcare service delivery and pathology-orientated scientific
research.
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Orthopaedic disease is a rare but important occurrence in paediatric
populations. Orthopaedic disease refers to abnormalities and
symptomatology of the musculoskeletal (muscle, bone, nerves,
joints, ligaments, tendons and connective tissue) and neurological
systems.!!! Underlying causes vary, and can be congenital,
developmental or acquired. Risk factors may be associated with
these conditions. Orthopaedic disorders manifest as injuries,
arthritis, soft tissue abnormalities, weakness, cancer, autoimmune
diseases, infections and inflammations of muscle, bone, joints
and tendons. Children are a unique patient population with very
distinctive yet widely variable orthopaedic issues and traumatic
events, and the presentation, management and clinical outcomes
in this population can differ from those of the adult population.
In South Africa (SA), reconstructive management for paediatric
patients with orthopaedic disease who do not have access to private
healthcare is predominantly performed at academic medical centres
(AMCs). The AMC is an educational and tertiary healthcare
institute organisationally and administratively integrated with
a medical school and Faculty of Health Sciences of a university,

with the purpose that management breakthroughs lead to direct
clinical benefits for patients. There is, however, discordance in the
distribution of specialist medical care to the population in SA.?!
The AMC:s affiliated with the University of the Free State (UES) are
Universitas and Pelonomi Hospitals in Bloemfontein. These centres
are also responsible for tertiary care referrals from the Free State
and Northern Cape provinces, Lesotho and an enclave in the north-
western part of the Eastern Cape Province. At the time of this study,
some provinces with even larger populations did not have an AMC,
e.g. Limpopo Province (population 5.6 million), compared with the
Western Cape Province (population 6.3 million), which has two
health sciences faculties.*

It has been shown that outreach services provide closer population
surveillance and improve the continuum of care.”! In addition,
outreach also increases diagnostic capacity, and thus enables earlier
detection of illness.®! A dedicated paediatric orthopaedic outreach
in central SA has existed for the past 29 years. This programme
commenced in 1995 in Kimberley (the capital of the Northern Cape
Province) owing to apparent limitations in general orthopaedic
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service provision in this region. The Department of Orthopaedic
Surgery at UFS supported the development of this programme, which
subsequently expanded to the other areas and referral hospitals of the
Free State, namely Welkom (region of Lejweleputswa), Kroonstad
(region of Fezile Dabi), Bethlehem and Phuthaditjhaba (region of
Thabo Mufutsanyana). The outreach programme of the Free State
Department of Health strives to maximise access to specialist services
for all people of central southern Africa, beyond the borders of the
Free State Province. Outreach extends service delivery and offers a
platform for training, teaching, research and capacity building.!

The current study aimed to investigate the absolute numbers and
incidence rates of orthopaedic-related pathological conditions in the
paediatric population presenting at outreach in central SA between
1997 and 2016.

The specific objectives were to: (i) investigate trends in absolute
numbers and incidence rates of patients served by outreach in central
SA; and (ii) report trends in numbers and incidence rates in terms
of patients presenting with common and less common paediatric
orthopaedic conditions.

Methods

Design, outreach structure and setting

The study followed a retrospective longitudinal design. During the

study period 1997 - 2016, a single paediatric orthopaedic surgeon

performed clinical activities four times a year at four regional
centres in secondary hospitals, and one tertiary care hospital.

Within the public health system, a four-tiered system exists that

includes (i) primary care (e.g. community health centres) in rural

areas and small towns;”® (ii) district hospitals;? (iii) secondary or
regional hospitals, which function independently with fully staffed
specialist services;*” and (iv) the AMC or tertiary hospital.” The
outreach clinics included were in the three regions (north, central
and eastern) of the Free State, and the Northern Cape. Outreach
took place at Boitumelo Hospital (Kroonstad, northern Free

State), Bongani Hospital (Welkom, central Free State), Mofumahadi

Manapo Mopeli Hospital (Phuthaditjhaba, Qwaqwa) and Dihlabeng

Hospital (Bethlehem), the latter both in the eastern Free State, as

well as Robert Mangaliso Sobukwe Hospital (the tertiary hospital in

Kimberley, Northern Cape Province).

The study population comprised patients accessing public health
services residing in the two provinces of interest. According to
the Cochrane report on outreach, the patients represented typical
outreach populations of low socioeconomic status groups from
urban, rural or rural-disadvantaged populations.”) They excluded
patients with access to private health insurance, who represent 14%
in the Free State and 19% in the Northern Cape provinces.!*!"
The present study examined contact activities with patients in an
orthopaedic clinic setting. All clinic activities were included, while
surgical interventions were excluded. The regions where the study
population resided were characterised as follows:

o The outreach for the central Free State was among the urban
disadvantaged. It is traditionally an industrial region with
economic activity related to the mining sector. This sector shrank
considerably during the study period, as reflected by household
income and employment data.20-%

o The northern Free State is rural, and people reside in small towns
and on farms. Economic activity depends on the farming sector.'®*!

o In the eastern Free State, the population may be classified as rural
disadvantaged.”®

« The activity strove to offer services over a 373 000 km? area in the
Northern Cape Province. The population consists of the urban
disadvantaged and the rural disadvantaged.20!!

Data collection

Patient demographic and clinical data were extracted from the
outreach and MEDITECH health filing systems. Based on the date
of their first visit, children were categorised into the following
five periods: 1997 - 2000, 2001 - 2004, 2005 - 2008, 2009 - 2012
and 2013 - 2016. The five periods were categorised for ease of
interpretation. The MEDITECH electronic files were compiled as a
clinical activity at the AMC by the paediatric orthopaedic consultant
and registrars per the usual standard of practice procedures in each
facility. No specific exclusion criteria were employed by this study.
Specific data collected included demographic and diagnostic-related
data under the following categories:

Age group

The descriptive age groups were used as commonly applied by
paediatric clinicians, namely ‘neonate and infant’ (N/I - birth until
the end of 11 months), ‘toddler’ (Td - 1 year until the end of 1 year),
‘early childhood’ (E/C - 2 years until the end of 5 years), ‘middle
childhood” (M/C - 6 years until the end of 11 years) and ‘early
adolescence’ (E/A - 12 years until the end of 18 years).™*!

Pathology

To facilitate the comparisons and interpret the data, the listing for 52
paediatric orthopaedic diseases was used according to the International
Classification of Diseases 10th Revision (ICD-10).2¢ Seven distinct
pathological groups were created (appendix Table S1: http://coding.
samedical.org/file/2343). The groups were based on prevalence and
clinical characterisation. It was either pathology-specific, such as
congenital talipes equinovarus (CTEV) or cerebral palsy (CP), or
pathologies were grouped owing to similar management approaches,
such as developmental abnormalities of the lower limb. Group
diagnoses for paediatric orthopaedic disease were subsequently
further grouped as common (first four categories) and less common
(final three categories).

Common disease categories

Category 1: Developmental disorders of the lower limb (DDLL)
are diverse conditions affecting connective tissue and muscle,
with associated joint malorientation and bony deformation. Hip
conditions include slipped capital femoral epiphysis (SCFE), Legg-
Calvé-Perthes disease, developmental dysplasia of the hip (DDH) and
idiopathic chondrolysis. Blount’s disease (multiplanar deformities
with predominant genu vara), rickets and osteogenesis imperfecta
(multiplanar deformities) are pathological DDLL. This category
also included the cavovarus foot and pes planus, associated with
connective, muscle and neurological tissue pathology. Finally, minor
foot deformities unrelated to any pathology were also considered
under the DDLL category.?"!

Category 2: CTEV - clubfoot describes the common orthopaedic-
related idiopathic congenital condition, and may cause impairment. It
is characterised by complex connective tissue and muscle abnormality
associated with joint malorientation and eventual bony deformation.
It is also characterised by hindfoot varus and equinus, midfoot cavus
and forefoot adduction.?"

Category 3: CP is a group of permanent disorders affecting the
central nervous system, characterised by abnormalities in movement
and posture. It often involves muscle tone, joint malalignment and
skeletal deformities. CP is attributed to non-progressive disturbances
in the developing fetal or infant brain.?

Category 4: Bone and joint sepsis, trauma complications, tumours
and arthritides (STT) describe orthopaedic manifestations in terms
of connective tissue and muscle changes, joint malorientation and
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Fig. 1. Total number of patients seen per period per centre.

bony deformation associated with tumours,
sequelae of trauma, bone sepsis (acute or
chronic osteitis) and arthritides. The included
conditions are typically associated with an
initiating pathological event, and sometimes
with a genetic predisposition. -

Less common disease categories
Category 5: Congenital limb deformities
(CLD) - CLD are congenital
conditions affecting connective tissue and
muscle, with associated joint malorientation
and bony deformation. CLD is a diverse
category and may involve the connective
tissue (i.e. amniotic band, arteriovenous
malformation), or be combined with bone
and joint pathology and duplications or
deletions of the limbs.573*!

Category 6: Spinal abnormalities are
characterised by connective tissue, muscle
and bone abnormalities with associated

other

vertebral malorientation. They manifest
as scoliosis, but spinal
infections, tumours, spondylolysis and
spondylolisthesis.

Category 7: Neuromuscular diseases
(other), genetic and chromosomal
abnormalities (NM&G) may manifest
as muscle, joint and bone abnormalities,
where patients may suffer from multisystem
involvement. These include muscle disease
(muscular dystrophy and myopathy), joint
disease (arthrogryposis) and neurological

also include

diseases (spina bifida, polio-like syndromes,
delayed motor milestones and a brachial
plexus injury). Chromosomal and genetic
disorders may present with connective tissue
and muscle abnormalities with associated
joint malorientation and bony deformation,
i.e. Down syndrome, haemophilia and
Marfan syndrome.*!

Statistical analysis

Analysis was performed using SAS version
9.4 (SAS, USA). Results were summarised
by frequencies and counts for categorical
variables. Denominators to calculate
incidence rates were based on figures from
the three censuses of 2001, 2006 and 2011.
(41l Regression lines were fitted to the census
figures to estimate the population at the
midpoint of the five-study cohort periods
per region and age group (appendix Table
S2: http://coding.samedical.org/file/2343).
These estimated values were adjusted to reflect
the percentage of the population expected to
use public health facilities. In the Northern
Cape Province the adjustment was 0.81, and in
all other regions, 0.86.%*!) Age group-specific
incidence rates (ASIRs) refer to the specific
age groups per 10 000 paediatric population
per year in a particular period and region.
Paediatric incidence rates (PIR) for disease
groups were expressed as the incidence rate
per 10 000 paediatric population per year in
a specific period and region.
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Ethical considerations

Data were de-identified, and confidentiality
principles were applied. Ethics approval was
obtained from the Health Sciences Research
Ethics Committee of the University of the
Free State (ref. no. UFS HSD 2018/0942) and
the Health Research Ethics Committee of
Stellenbosch University (ref. no. $20/11/299),
as well as the respective Departments of
Health of the Free State and Northern Cape
Provinces.

Results

Outreach assessed 3 418 clinic patients over
the 20-year study period (1997 - 2016).
The total number of clinic visits (initial
consultation and follow-up) by the patients
was 8 477, of which 1 643 were single visits,
while 159 patients attended outreach >8
times. The largest total number of patients
(n=985) were seen in the central Free State,
and the fewest patients (n=642) were assessed
in the Northern Cape Province (Fig. 1).
In the Northern Cape, patient numbers
decreased from inception to 2005 - 2008, and
then remained relatively unchanged in the
final two periods. The numbers recorded for
the central and northern Free State regions
followed similar upward trends. There was
a steep increase in patient numbers in the
eastern Free State after 2001 - 2004, with
numbers stabilising in the two final periods
(2009 - 2012 and 2013 - 2016) (Fig. 1).

The total number of patients assessed
during outreach was evaluated according
to age groups, period and region (Fig. 2).
High numbers were observed in the
northern and central Free State in N/I
- especially during 2005 - 2008. From
1997 to 2000, the highest numbers were
recorded for the Northern Cape, but the
lowest in the subsequent four periods.
The number of Td was the lowest in
all the centres during most periods. E/A
was consistently the second smallest age
group across periods and geographical
locations, with numbers for the E/C and
M/C varying across regions and periods.

The ASIR varied considerably between
regions (Fig. 3). It was highest for N/I
throughout the regions of the Free State,
with peaks in the northern Free State during
2005 - 2008 (21.8 per 10 000 per year) and
the eastern Free State during 2001 - 2004
(13.1 per 10 000 per year), while it did
not drastically decrease or increase for the
central Free State (9.6 - 13.7 per 10 000
per year). The ASIRs for all age groups
were similarly low for the Northern Cape
(0.44 - 2.49 per 10 000 per year), with
a decrease during the 2001 - 2004 and
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Fig. 2. The total number of paediatric orthopaedic patients assessed in outreach in central South Africa according to age groups.

2005 - 2008 periods. E/A consistently constituted the lowest ASIR
across all four centres and five periods (Fig. 4, showing ASIR with
N/I omitted). Td and E/C were the most prominent age groups with
N/I excluded.

For the common disease categories, DDLL and CTEV, the PIR
followed the same trend as ASIR for N/I and E/C, with DDL peaking
in the northern Free State in 2005 - 2008, and the central Free State
in 2009 - 2012 (Fig. 5). CTEV peaked in 2005 - 2008 in the northern
Free State and the Eastern Free State in 2001 - 2004, which was
followed by a sharp decline (2005 - 2008). There was a remarkably
high incidence of CP during 2001 - 2004 in the central Free State
(0.79 per 10 000 per year) and eastern Free State (0.62 per 10 000
per year). In the northern Free State during the latter periods, a
sharp increase in STT was observed (0.46 - 0.66 - 0.72 per 10 000 per
year). The incidence of NM&G and spinal abnormalities remained
relatively unchanged in the less common disease categories, but CLD
in the northern Free State peaked during 2005 - 2009 (at 0.58 per
10 000 per year).

Discussion

This study aimed to investigate the absolute numbers and incidence
rates of orthopaedic-related pathological conditions in the paediatric
population presenting at outreach in central SA between 1997
and 2016. Socioeconomic status plays a crucial role in access and
outcomes in healthcare management, with outreach, including the
programme examined in the present study, making it possible for
families to access specialist care.”” The paediatric population in the

four regions investigated in this study changed considerably during
the 20 years, even though limited economic migration capabilities
exist in these regions." A 2% decline was observed in the total
paediatric population in the northern Free State and Northern Cape,
with a 10% and 13% decrease in the central Free State and the eastern
Free State, respectively.*!-

In addition to variability in the total paediatric population, the
first main finding was the considerable changes in total and subgroup
patient numbers. These changes are partly due to population shifts
observed during deteriorating economic circumstances.”’ Changes
within local health structures must also be considered when
interpreting presentation patterns./**>*! In outreach, local personnel
and referring doctors are responsible for screening patients and
facilitating contact between the visiting doctor, the patient and the family
(appendix Table S3: http://coding.samedical.org/file/2343).4% In the
SA healthcare context, junior doctors in their third year of vocational
training, colloquially known as the ‘community service’ year, play a
vital role at secondary referral hospitals. The purpose of this service
is to achieve better distribution of human resources for healthcare
to underserviced areas, and improve equitable access to healthcare
services. The doctors usually feel that they make a difference (91%)
and develop professionally (81%).”! These young doctors and the
affiliated health professionals in smaller, remotely located referring
hospitals are frequently inexperienced, and therefore often request
a more experienced clinical opinion, in this case, from the outreach
doctor. The increased referral rate, and therefore increased patient
numbers, observed in the present study were especially evident in the
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Fig. 3. Age group-specific incidence rate (ASIR) for the regions and periods.

high number of N/I patients assessed in the central and northern Free
State (2005 - 2008), which might have been a result of the possible
problem of limited supervision. However, the exact reasons for these
observations are not known.

The findings of this study further illustrate how resident
orthopaedic surgeons influenced patient numbers. This was seen
especially in the eastern Free State, where an appointed Cuban-
trained specialist was employed from 1997 to 2000 at Mofumahadi
Manapo Mopeli Hospital, and the N/I ASIRs increased following
his resignation (2001 - 2004). A similar trend was observed again
from 2005 to 2008, when another orthopaedic surgeon maintained a
voluntary presence, which was later discontinued due to institutional
and support constraints. Similarly, the highest patient numbers in
total, across all age groups, were recorded in the Northern Cape
during the start of outreach, but decreased noticeably between 2001
and 2004 and 2005 and 2008, arguably due to the appointment and
activities of an orthopaedic surgeon with an interest in paediatric
orthopaedic surgery. During the final two periods, the Northern Cape
Department of Health maintained the employment of orthopaedic
surgeons. The activities of the newly appointed orthopaedic surgeons
affected the number of patients referred to outreach across all age
groups. Considering the distance to travel from the remote areas
to outreach in Kimberley, the low ASIR could also be ascribed to
the effort and cost challenges for families, resulting in undiagnosed
cases.*®%) At all the centres, the ASIR stabilised toward the two final
periods, and for the Northern Cape, the ASIR remained the same

from 1997 to 2000, with a slight increase in E/C and Td age groups in
the final two periods. Outreach requires a prolonged and committed
effort to reach a stable continuum. Outreach policies are crucial in
health institutions in order to maintain effective service delivery, as
illustrated by these findings. ¢!

Congenital pathology typically presents during the first year
of life (N/I), while acquired pathology and developmental delay
are often present in children of walking age (Td and E/C).(
Following the initial assessment, outreach activities frequently took
over management.'**%2 DDLL, which included hip conditions, with
SCFE the most important, followed by Perthes disease and DDH, as
well as alignment abnormalities, were all considered together, and
the PIR varied across geographical areas. Incidence rates worldwide
for these conditions vary geographically and in different population
groups, and are difficult to relate to our findings.***¢ Reported
numbers usually refer to patients presenting to AMC reconstructive
clinics rather than to the PIR. It was difficult to speculate on
environmental and socioeconomic factors that might have played a
role in the high PIR for DDLL in the central and northern Free State
(a mix of urbanised and rural disadvantaged populations). In the
rural areas of the eastern Free State, the PIR for DDLL was lower.
Future studies should aim to investigate potential reasons for these
observations.

CTEV remained the most important orthopaedic congenital
abnormality of paediatric orthopaedic diseases.”*?%") Given that
CTEV can be easily managed with the Ponseti technique, patients
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Fig. 4. Age group-specific incidence rate (ASIR) for the regions and periods with neonates/infants omitted.

can be treated at local clinics, and not only at AMCs. Non-specialists
can manage these patients with good results.”® The findings from the
present study illustrate that the presentation of CTEV varied between
regions, with PIR per 10 000 paediatric population per year for
Northern Cape at 0.06, v. 0.69 for northern Free State for the period
2005 - 2008. A valuable finding of this study is the PIR for CTEV for
central Free State, ranging between 0.57 and 0.65 per 10 000 paediatric
population per year. This result represents the true PIR for this specific
geographic location, given that outreach managed all the patients
with CTEV. It is important to note that outreach may play a role in
supervision and education, instead of simply the active management
of patients.” The data on CTEV suggest that the involvement of local
staft played an important role from 2001 to 2008 in the Northern
Cape and the eastern Free State. Outreach offers co-ordinated CTEV
management as an example of the application of clinical governance.

The incidence of CP has remained stable since 1995 in developed
countries.*” In contrast, the PIR for CP in the outreach clinics, as
reported in the present study, was high and increasing (i.e. 0.24
per 10 000 at initiation (1997 - 2000), 0.56 in 2005 - 2008 and 0.46
towards the conclusion of the study period in northern Free State).
Determining the prevalence in sub-Saharan Africa is problematic,
but it may be as high as 10 per 1 000 live births.®! The perception
is therefore that outreach creates a critical care environment for
children with neurological disorders, including CP.

For STT, there was a marked difference between the centres (PIR
0.71 per 10 000 for 2013 - 2016 for the northern Free State, and only

0.06 for 2000 - 2003 in the Northern Cape Province). The differences
in PIR reflected general orthopaedic care. Tumours are referred to
a tertiary care tumour facility, but outreach performed the complex
surgery for bone sepsis and trauma complications. Outreach played
an important role in secondary sepsis and trauma reconstructions
that had traditionally belonged to the AMC.

Of the three less common disease categories, congenital upper-
and lower-limb abnormalities were frequently observed in the
northern Free State. It is unclear what the causes may be. Disease
registries are helpful in the documentation of less common diseases
such as CLD and NM&G. In SA, such registries are typically
established for scientific research purposes only.®!! For example, the
SA birth defect surveillance system is modelled on the International
Clearinghouse for congenital disorders monitoring systems.()
Congenital disorders are usually reported per diagnosis, not per
group. Therefore, congenital disorders statistics reporting could
be enhanced in SA."” The PIR for NM&G was the highest in the
northern and eastern Free State regions, while similarly low PIRs
were observed for spinal conditions across all study centres.

Outreach can remain responsible for caring for and managing
children with orthopaedic-related problems. An effective regional
orthopaedic service can influence outreach in terms of continuity of
service. The AMCs affiliated with health sciences faculties and smaller
hospitals can interact effectively within an outreach programme.
Outreach must also expand to more remote regions. It can also improve
patient satisfaction, is a cost-saving measure and educates personnel.
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Fig. 5. Paediatric incidence rate (PIR) for common disease groups: developmental disorders of the lower limb (DDLL); congenital talipes equino varus/clubfoot

(CTEV); cerebral palsy (CP); bone and joint sepsis, trauma complications, tumours and arthritides (STT); and less common disease groups (congenital upper
and lower limb disorders (CLD); other neurological disorders, chromosomal and genetic disorders (NMe>G); spinal abnormalities.)

Study limitations

A critical limitation of the study was that outreach data needed to
be tied in with the data on paediatric orthopaedic-related referrals
presenting at the AMC of the UFS. Patients may be primarily assessed
at the AMC because they were directly referred, and the outreach data
may be underestimated. Although extensively used in the outreach
domain, the descriptions of geographical origin, socioeconomic
status and background (rural and rural disadvantaged) remain
cryptic. In the health sphere, these depend on impressions of the
developmental level and background of the patient. They should
be assigned with thorough criteria, which was not done for this
study. At the outset, the intention was to interpret the clinical data
against socioeconomic parameters — but such an undertaking was
overwhelming. Admittedly, it would be best to analyse clinical data
against unemployment data. Finally, the limitations associated with
a retrospective design, such as missing data points, need to be taken
into consideration.

Conclusion
The data obtained from orthopaedic outreach offered a unique
opportunity to interpret childhood orthopaedic diseases and their
presentation over 20 years in central SA. A child’s rapid growth and
development provide a unique context for healthcare delivery and
pathology-orientated scientific research, and the age-based groups can
be utilised to identify differences and similarities across childhood.
Outreach can remain responsible for caring for and managing
children living in rural and remote geographical regions. An effective
regional service can influence outreach in terms of continuity of

service over time, and ensure that the AMCs affiliated with health
sciences faculties and smaller hospitals can interact effectively.
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