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Abstract
Background: Hand and upper extremity pathology cause significant morbidity worldwide, but in sub-Saharan
Africa (SSA), burden of disease and availability of appropriate care remains unknown. We sought to characterize
disease burden and barriers to care for hand/upper extremity pathology across SSA, examining differences in
burden and access by geographic region and country income level.

Methods: From 6 June 2020 to 17 March 2021, we surveyed providers of musculoskeletal care in SSA regarding
the provision of care and the most common acute and chronic hand/upper extremity pathologies seen by
respondents. Surveys were distributed through professional networks across SSA. We categorized responses by
each respondent’s country income level and geographic region and examined the frequency with which various
barriers to care and acute/chronic pathologies were reported, and their variation by income level/geographic
region.

Results: We received 193 responses from 39 countries in SSA. 88% of respondents reported that general
orthopaedic surgeons/orthopaedic traumatologists primarily manage upper extremity pathology. Lack of
adequate and timely diagnosis was reported by 142 (74%), late referral for treatment was reported by 149 (77%),
and inadequate physical/occupational therapy and rehabilitation was reported by 149 (77%) respondents. The
most commonly reported acute pathologies were adult and pediatric radius/ulna fractures/dislocations, adult
metacarpal/phalangeal fractures/dislocations, soft-tissues injuries (including burns), and pediatric elbow
fractures/dislocations. The most commonly reported chronic pathologies were tendinitis/tenosynovitis, chronic
infections/osteomyelitis, neuropathies, posttraumatic stiff hand, and radius/ulna mal-/non-unions. Neglected
trauma, including chronic elbow injuries and burn contractures, was frequently reported especially in low-income
countries (LICs).

Conclusions: Trauma care should be strengthened through training of general orthopaedic surgeons in
hand/upper extremity surgery throughout SSA. Especially in LICs, particular training emphasis should be placed
on management of mal-/non-unions, osteomyelitis, acute and chronic elbow injuries, and burn contractures.
These findings should inform development of core competencies in hand surgery for providers managing
musculoskeletal pathology in SSA, and guide capacity building activities on the continent.
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Introduction
Pathology of the hand is common, accounting for 6.6% of all Emergency Department visits in the United States
(1). In Denmark and the Netherlands, 29% of accidents/unintentional injuries seen in Emergency Departments
involved the hand or wrist (2, 3). While incidence of hand trauma may be decreasing in high-income countries
(HICs), over the last 30 years it rose by 25% in middle-income countries like China and India (4). This corresponds
with a rising incidence of musculoskeletal injuries in low- and middle-income countries (LMICs), where essential
surgery and trauma care remain largely inaccessible (5-7).

Effective management of hand pathology often requires surgery to prevent complications and long-term disability
(8). Upper extremity disability markedly reduces quality of life and productivity, with profound social and
economic ramifications (9, 10). This is perhaps most evident in LMICs where many people work in the informal
economy, engaging in small-scale farming, construction, and manual labor for which hand function is essential
(11). Upper extremity injuries, coupled with inadequate access to appropriate surgery and therapy, can push
patients in LMICs into inescapable cycles of poverty with multigenerational repercussions.

Of the 48 countries in sub-Saharan Africa (SSA), 23 are classified as low-income, 18 as lower middle-income, and
seven as upper middle-income (12). Although significant variation exists across the continent, as a whole, SSA has
the least developed healthcare systems worldwide, few surgeons per capita, and suffers from a high rate of surgeon
migration to HICs (12-14). Over 90% of people in SSA lack access to safe and affordable surgery (4). Data
regarding the burden of hand and upper extremity pathology are lacking, though studies from Uganda and
Ethiopia suggest that hand injuries could account for 5-12% of non-fatal injuries in these resource-limited settings
(4, 15, 16). Capacity to manage these injuries in SSA also remains largely unknown, as are the barriers to care that
patients may face. We sought to examine the need for hand surgery in SSA and how that need is currently being
met.
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Methods
Study design and data collection
We conducted a web-based survey open to providers from all SSA countries. Consultant/attending surgeons,
surgical trainees, and non-physician clinicians with training backgrounds in orthopaedic surgery, plastic surgery,
general surgery, and general medicine were included if they self-reported managing patients with musculoskeletal
pathology. The survey was disseminated through our professional networks and a snowballing technique whereby
participants shared the survey with others. The survey was available in English, French, and Portuguese; from 6
June 2020 to 17 March 2021.

The survey solicited details regarding each provider’s training background and clinical practice, the provision of
and barriers to hand/upper extremity care in each respondent’s home country, and the most commonly seen
pathologies. Potential barriers to care and acute/chronic pathologies were derived from peer-reviewed literature
and the clinical experiences of study authors (4, 7, 17-26). To standardize quantification, respondents were asked
whether 0-25%, 25-50%, 50-75%, or 75-100% of their patients experience each barrier. Respondents also reported
the frequency (≥1 patient per day, 1-5 patients per week, 1-5 patients per month, <12 patients per year, or never)
with which they see acute and chronic hand/upper extremity pathologies, their comfort managing these
conditions, and interest in hand surgical training.

Statistical analysis
We categorized countries by African Union geographic region (Western, Central, Southern, and Eastern Africa)
and World Bank income level using 2019 gross national income per capita (low-, lower middle-, and upper
middle-income) (27, 28). Survey responses were analyzed in aggregate and by respondent’s country income level
and geographic region.

We defined dichotomized outcome variables “inadequate diagnosis”, “inadequate treatment”, and “inadequate
rehabilitation” based on responses to corresponding survey questions (i.e. “do patients…receive adequate and
timely diagnosis…?”, etc.). Barriers to care were dichotomized based on whether a respondent reported >50% of
patients facing each barrier. We dichotomized acute and chronic pathologies by whether respondents reported
seeing >1 case per week with each pathology.
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For each dichotomized outcome, we performed Chi-square tests to investigate association with country income
level/geographic region (α=0.05). We used modified Poisson regression models to investigate magnitude of
associations (29). Analyses were performed using Stata version 16.1 (Stata Corp, College Station, TX, USA). The
Institutional Review Board at the Massachusetts General Hospital approved this study (Protocol#: 2020P001863).

Results
Representing 39 countries in SSA, 193 providers completed the survey (see Appendix A1). Respondent
characteristics are summarized in Table 1. Most respondents reported working in government hospitals (n=129,
67% of respondents). There were 4 (3%) specialized hand surgeons, two of whom were also plastic surgeons; 93
(48%) orthopaedic surgeons; 7 (4%) general surgeons; 7 (4%) general medical doctors; 66 (34%) orthopaedic,
plastic, and general surgical trainees, including registrars and fellows; 5 (3%) interns/house officers; 7 (4%) nonphysician clinicians; and 4 others. Median years in clinical practice was 5 (interquartile range, 2-10 years). Ninetysix (50%) respondents had received some training in hand/upper extremity pathology management.

Forty-three respondents (22%) reported that specialized hand surgeons are available to manage hand/upper
extremity pathology; 132 (68%) reported no hand surgeons but orthopaedic surgeons are available; and 18 (9%)
reported neither hand nor orthopaedic surgeons are available. Patients with hand pathology present to only
tertiary referral or central hospitals according to 58 (30%), tertiary hospitals as well as either primary community
health centres or secondary district hospitals according to 99 (52%), and do not present to tertiary hospitals
according to 34 (18%) respondents.

Inadequate diagnosis was reported by 142 (74%), inadequate treatment by 149 (77%), and inadequate
rehabilitation by 149 (77%) respondents. The most frequently reported barriers to care were: a) materials and/or
implants are unavailable, inadequate, or inadequately stocked (n=88, 46%), b) patients face challenges paying for
clinical evaluation and/or treatment (n=73, 38%), c) patients are frequently lost to follow-up and/or lack access to
rehabilitation (n=73, 38%) d) patients frequently present late, resulting in more challenging pathology (n=68,
35%), and e) providers lack adequate training to diagnose and/or appropriately refer patients (n=61, 32%) (Table
2).
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Regional differences in access to hand surgical care
The frequency with which respondents reported inadequate diagnosis, treatment, and rehabilitation varied
significantly by country income/region (p<0.05). Compared to those from upper middle-income countries
(UICs), respondents were more than twice as likely to report inadequacy of diagnosis in lower middle-income
countries (MICs) of Central (relative risk [RR] 1.95, 95% confidence interval [CI] 1.14-3.33) and Eastern Africa
(RR 2.08, 95% CI 1.30-3.35), and in low-income countries (LICs) of Central (RR 2.27, 95% CI 1.46-3.54) and
Eastern Africa (RR 2.10, 95% CI 1.33-3.31). Similarly, respondents in Central African MICs, and Central and
Eastern African LICs were all twice as likely to report lack of timely referral for treatment (RR 2.08, 95% CI 1.383.14) than in UICs. Inadequate therapy and rehabilitation was reported 47% more frequently in Central MICs and
Eastern LICs (RR 1.47, 95% CI 1.12-1.93) (Table 3).

There was a significant association between income/region and whether respondents reported patients facing
payment challenges (p<0.001). Compared to UICs, respondents from Eastern MICs were twice as likely to report
payment challenges (RR 2.34, 95% CI 1.21-4.53). Unavailable/inadequate materials/implants and patients
presenting late were reported twice as frequently in Eastern MICs and LICs, compared to UICs. Eastern MIC
respondents were 70% more likely than UIC respondents to report patients lost to follow-up and receiving
inadequate rehabilitation (RR 1.70, 95% CI 0.98-2.96) (Appendix A2).

Acute injuries/pathologies
Most frequently reported acute pathologies were adult radius/ulna fractures/dislocations (112/193 respondents
[58%] reported >1 case/week), pediatric radius/ulna fractures/dislocations (107/193, 56% reported >1 case/week),
adult metacarpal/phalangeal fractures/dislocations (101/193, 52% reported >1 case/week), soft-tissues injuries
(100/193, 52% reported >1 case/week), and pediatric elbow fractures/dislocations (99/193, 51% reported >1
case/week). Pediatric and adult elbow fractures/dislocations and soft-tissue injuries were more frequently reported
with decreasing income level. In LICs, >60% of respondents reported seeing >1 case per week of adult radius/ulna
fracture/dislocation (73/106, 69%), pediatric radius/ulna fracture/dislocation (71/106, 67%), soft tissue injury
(65/106, 61%), and pediatric elbow fracture/dislocation (64/106, 60%) (Figure 1).

Reported frequency varied significantly by country income/region for adult elbow fractures/dislocations
(p=0.014), pediatric radius/ulna fractures/dislocations (p=0.046), and pediatric elbow fractures/dislocations
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(p=0.002). Elbow injuries were most frequently reported in Central (RR 8.04, 95% CI 2.06-31.39), Eastern (RR
6.14, 95% CI 2.01-18.73), Southern (RR 5.89, 95% 1.67-20.80), and Western (RR 3.29, 95% CI 1.21-8.98) LICs
compared to UICs. Similarly, pediatric radius/ulna fractures/dislocations were most frequently reported in
Eastern LICs (RR 2.89, 95% CI 1.00-8.38), and pediatric elbow fractures/dislocations in Southern (RR 4.46, 95%
CI 1.50-13.28) and Eastern LICs (RR 9.61, 95% CI 2.66-34.75).

Compared to UICs, respondents in Central LICs were >4 times as likely to report seeing >1 patient per week with
a soft tissue injury (RR 4.69, 95% 1.17-18.73), compartment syndrome (RR 5.16, 95% CI 1.43-18.58), or mangled
extremity (RR 4.08, 95% CI 1.15-14.48). Southern LIC respondents also more frequently reported soft tissue
injuries (RR 4.25, 95% CI 1.27-14.19) and Eastern LICs more frequently reported radius/ulna
fractures/dislocations (RR 3.43, 95% CI 1.12-10.49) than UICs (Table 4).

Chronic injuries/pathologies
Respondents most often reported seeing >1 patient per week with the following chronic pathologies:
tendinitis/tenosynovitis (67/193, 35%), chronic infections/osteomyelitis (59/193, 31%), neuropathies (56/193,
29%), posttraumatic stiff hand (49/193, 25%), and radius/ulna mal-/non-unions (47193, 24%). With decreasing
income level, chronic infections/osteomyelitis, radius/ulna mal-/non-unions, and burn contractures were more
frequently reported. More than 30% of respondents in LICs reported seeing >1 patient per week with
tendinitis/tenosynovitis (40/106, 38%), chronic infections/osteomyelitis (40/106, 38%), radius/ulna fracture mal/non-unions (33/106, 31%), burn contractures (33/106, 31%), and posttraumatic stiff hand (32/106, 30%) (Figure
2).

Reporting frequency varied significantly by income/region for elbow fracture mal-/non-unions or chronic
dislocations (p<0.001) and burn contractures (p=0.006). Compared to respondents in UICs, respondents in nearly
every other country income/region were more likely to report seeing >1 patient per week with a chronic elbow
injury, with greatest RR in Eastern LICs (RR 13.35, 95% CI 3.21-55.57), Southern LICs (RR 35.36, 95% CI 7.49166.86) and MICs (RR 13.05, 95% CI 2.52-67.61), and Western MICs (RR 11.33, 95% CI 2.85-45.08). Burn
contractures were most frequently reported in Central (RR 14.19, 95% CI 3.13-64.40) and Southern LICs (RR
13.88, 95% CI 3.77-51.06), where >40% of respondents reported seeing >1 case per week.
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Compared to UICs, respondents in Central and Southern LICs were >15 times more likely to see >1 chronic
infection per week (Central LICs: RR 15.72, 95% CI 3.12-79.19; Southern LICs: RR 18.58, 95% CI 4.42-78.06), and
approximately 10 times more likely to see a Volkmann ischemic contracture (Central: RR 9.29, 95% CI 1.94-44.42;
Southern: RR 10.46, 95% CI 2.68-40.80) (Table 5).

Referral and training
Almost half of respondents (96/193) reported referring patients with hand injuries/pathology to someone else for
treatment. Referral rates were highest among interns/house officers (n=5, 100%), general medical doctors (n=6,
86%), and non-physician clinicians (n=6, 86%), followed by surgical trainees (n=38, 58%), general surgeons (n=4,
57%), orthopaedic surgeons (n=33, 35%), and hand surgeons (n=1, 25%). The most frequently reported reason
for doing so was feeling uncomfortable managing hand pathology (34/96, 35%). All respondents felt that training
in management of hand/upper extremity pathology was important (7%) or extremely important (93%) (Table 2).

Discussion
To characterize the need for hand surgery in SSA, we surveyed 193 providers from 39 African countries.
Respondents reported few fellowship-trained hand surgeons, and general orthopaedic surgeons managing the
majority of hand/upper extremity pathology. Patients with a variety of acute and chronic pathologies, often
trauma-related, are seen frequently and significant barriers to care manifest in inadequate diagnosis, treatment,
and rehabilitation of these patients. All respondents regarded training in hand/upper extremity management as
important.

Inadequate diagnosis, treatment, and rehabilitation of upper extremity pathology were reported by the majority
of respondents, especially in LICs and MICs of Eastern and Central Africa. Indeed, safe and affordable surgical
care is inaccessible to over 90% of people in SSA, with health systems in many LMICs facing challenges to provide
adequate pre-hospital care, treatment, and rehabilitation of the injured (4, 17-19). We observed notable
exceptions, however. More than 50% of respondents from Gabon and South Africa, both UICs, reported adequate
diagnosis and treatment. Similarly, adequate diagnosis, treatment, and rehabilitation were reported by half of
respondents from Senegal, a MIC. There likely exist “centers of excellence” in SSA where high-quality hand/upper
extremity care is available and may serve as models for building capacity throughout the continent.
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Eighty-two percent of respondents reported that patients receive care at urban referral hospitals. Unfortunately,
the majority of the population in SSA lives in rural areas (28). Distance from an urban center and high
transportation costs can limit access to care for those living in rural areas (20, 30, 31). Payment challenges, patients
presenting late, and patients lost to follow-up were barriers commonly reported by our respondents. Out-ofpocket payments and indirect costs associated with transportation and lost wages contribute to a high risk of
impoverishment for patients seeking surgical care in SSA (32). Loss to follow-up is also common, welldocumented in LMICs, and associated with distance to hospital, cost of transportation, and patient
unemployment (33, 34). As hand/upper extremity care is scaled up across the continent, consideration must be
given to the needs of rural populations, either by improving physical/virtual access to tertiary centers or training
local providers in rural hospitals (35).

Inadequate materials/implants and providers lacking adequate training to diagnose and/or appropriately refer
patients were also barriers commonly reported by survey respondents. Many medical supplies in SSA are
imported, costly, and are not designed with the resource-limited setting in mind (12). Establishment of
sustainable supply chains for affordable implants, manufactured locally in Africa or in other LMICs, could
significantly improve access to care (36). Limited resources are compounded by inadequate knowledge among
frontline health workers, leading to suboptimal treatment methods and lack of care standardization (21).
Alongside investment in infrastructure and essential materials, training frontline health workers, especially in
rural areas, on early management and appropriate referral according to standardized protocols may help address
the challenges of delayed presentation and inadequate diagnosis reported by respondents. Others have
documented the lack of physical and occupational therapy in SSA, with more than half of SSA countries lacking
training programs altogether (37, 38). To improve treatment and rehabilitation, our results suggests a need to
train general orthopaedic surgeons and physical/occupational therapists on the management of common upper
extremity pathology. The most commonly reported pathologies were expectedly trauma-related, corresponding
to a well-documented rise in trauma in SSA (1, 5, 6). Common causes of hand trauma in SSA include road traffic
injuries, occupational injuries, burns, falls, and interpersonal conflict (9, 39). Many people in SSA rely on the
informal economy like small-scale farming, construction, and manual labor which often lack safety regulation and
carry a high risk of injury (9, 11).
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Elbow injuries were increasingly reported with decreasing country income level, with approximately 60% of LIC
respondents seeing >1 adult and >1 child per week with an elbow fracture/dislocation. Pediatric supracondylar
humerus fractures are common and sometimes treated non-operatively in LMICs with inadequate surgical
capacity, resulting in poor outcomes (40, 41). Adult elbow injuries are technically challenging to treat but benefit
from early treatment, with delayed care producing more complex pathology (42, 43). For example, neglected
elbow dislocations, which are more common in low-resource settings, often can no longer be treated closed and
require surgical intervention (44, 45). We found chronic elbow injuries were far more commonly reported in LICs
and MICs, especially in Southern Africa where approximately 40% of respondents reported seeing >1 case/week.
Training on acute and chronic elbow injury management, especially with limited resources, may be helpful to
early-career providers seeing a high volume of these complex injuries.

The most commonly reported chronic pathologies in our study were tendinitis/tenosynovitis, chronic
infections/osteomyelitis, neuropathies, posttraumatic stiff hand, and radius/ulna mal-/non-unions. Management
of tendinitis/tenosynovitis and chronic neuropathies – which represent the most common hand pathologies
worldwide – is within the skillset of a hand surgeon (26). However, with limited availability of hand surgeons,
these skills should perhaps be transferred to general orthopaedic surgeons or in their absence, general surgeons
or non-physician clinicians, depending on the country context. The majority of chronic pathology was posttraumatic, emphasizing the need for effective trauma systems to prevent late complications, and for provider
training on management of neglected trauma. Others in SSA have documented the link between neglected trauma
and osteomyelitis, especially after open fractures, which occur in approximately 11% of fractures in SSA (46, 47).
In rural Uganda, Ibingira et al found that osteomyelitis after open fracture was most common in the phalanges,
and 85% of patients were initially treated by traditional bonesetters, delaying definitive treatment (48).
Osteomyelitis may be prevented by improving early open fracture and infection care (49), though management
of chronic infections must be included in the skillset of SSA orthopaedic surgeons.

Soft tissue injuries including burns were frequently reported in LICs. Worldwide, > 80% of burns involve the
upper extremity, and the vast majority occur in LMICs (50, 51). Associated with poverty and dangerous working
environments, burns are unsurprisingly more common in LICs (52). Delayed presentation – associated with burn
severity, poverty, and lack of education – can result in burn contractures (53). Burn contractures were most
commonly reported in Central and Southern African LICs, where >40% of respondents reported seeing >1 case
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per week. Hand burn contractures are most common in unsupervised children near cooking fires, so burn
prevention education emphasizing child supervision could reduce burn severity and incidence (54). Others in SSA
have advocated for improving acute burn management and early surgical correction of contractures with
appropriate physiotherapy through training, early referral, and a multidisciplinary team approach to care (55-57).

This study had several limitations. First, social desirability bias may have caused respondents to over-report
barriers and burden, assuming study investigators desired these responses. Anonymizing the survey and
deidentifying all responses may have partly mitigated this bias. Second, we surveyed a subset of providers who
may not be representative for each country or SSA as a whole. Several countries were not represented at all or had
only one response. Our methods for survey dissemination also favoured responses from orthopaedic-trained
providers, though in many countries with few orthopaedic surgeons, general surgeons or non-physician clinicians
may be managing the majority of upper extremity pathology. Future studies should investigate the need for hand
surgery in a granular, country-specific manner and include more providers from different training backgrounds
especially where orthopaedic surgeons are still few in number. Third, sampling bias, with responses preferentially
coming from providers who see a high volume of hand/upper extremity pathology, may have also overrepresented
the burden of pathology in SSA. This study’s findings should be corroborated through further investigation with
clinical data. Despite its limitations, this study provides unique insight into the struggles of providers in SSA who
care for patients with musculoskeletal pathology.

In conclusion, survey respondents representing 39 countries have articulated an urgent need for improving
availability of hand/upper extremity surgery and therapy in SSA. Most respondents reported general orthopaedic
surgeons managing hand/upper extremity pathology. Inadequate diagnosis, treatment, and rehabilitation was
reported by the vast majority of respondents, with significant barriers to care including delayed presentation, loss
to follow-up, payment challenges, scarce materials/implants, and insufficient training. Most pathology seen by
respondents was traumatic in nature, emphasizing the need to improve acute trauma care and strengthen training
of general orthopaedic surgeons in hand/upper extremity surgery. Especially in LICs, particular training emphasis
should be placed on management of mal-/non-unions, osteomyelitis, acute and chronic elbow injuries, and burn
contractures. These findings should inform development of core competencies in hand surgery for orthopaedic
surgeons and other providers managing musculoskeletal pathology in SSA, and hopefully guide training and
capacity building activities on the continent.
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Table 1 Respondent Characteristics (N= 193)
Number of countries represented
Geographic Region*
Central Africa
Eastern Africa
Southern Africa
Western Africa
Income Group**
Low-income country (LIC)
Lower middle-income country (LMIC)
Upper middle-income country (UMIC)
Language of survey completion
English
French
Portuguese
Working Sector‡
Government
Academic
Private
Faith/mission based
Training Background
Orthopaedic surgery
Plastic surgery
General surgery
General medicine
Other#
Current job title:
Consultant hand surgeon
Consultant orthopaedic surgeon
Orthopaedic fellow - undergoing sub-specialty training
Orthopaedic / plastic / general surgical resident /
registrar
Consultant general surgeon
General medical physician
Intern / house officer
Non-physician clinician
Other##
Median years in clinical practice (IQR)
Orthopaedic specialty of practice‡
General Orthopaedics
Trauma
Hand
Arthroplasty
Pediatrics
Foot and ankle
Shoulder and elbow
Spine
Limb reconstruction
Soft tissue knee / sports
Oncology
Completed any sub-specialization training
Received any training in management of hand/upper
extremity pathology

39
25 (13.0%)
38 (19.7%)
43 (22.3%)
87 (45.1%)
107 (55.4%)
63 (32.6%)
23 (11.9%)
100 (51.8%)
84 (43.5%)
9 (4.7%)
129 (66.8%)
65 (33.7%)
44 (22.8%)
22 (11.4%)
148 (76.7%)
8 (4.1%)
15 (7.8%)
17 (8.8%)
5 (2.6%)
4 (2.1%)
93 (48.2%)
11 (5.7%)
55 (28.5%)
7 (3.6%)
7 (3.6%)
5 (2.6%)
7 (3.6%)
4 (2.1%)
5 (2-10)
116 (60.1%)
68 (35.2%)
39 (20.2%)
29 (15%)
24 (12.4%)
15 (7.8%)
15 (7.8%)
12 (6.2%)
11 (5.7%)
8 (4.1%)
5 (2.6%)
65 (33.7%)
96 (49.7%)

Values are reported as the number of respondents, with the percentage in parentheses, except
for number of countries represented and median years in practice (interquartile range, IQR, in
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parenthesis). Percentage may not add up to 100% due to rounding. *Geographic regions were
according to the African Union. See Appendix 1 for a full list of countries represented with
corresponding number of respondents. **Income groups were defined according to the World
Bank classification, based on gross national income per capita (GNIpc) in 2019. Low-income
countries had GNIpc ≤$1,035; lower middle-income economies had GNIpc between $1,036 and
$4,045; upper middle-income economies had GNIpc between $4,046 and $12,535.
‡Respondents were able to select multiple answers, so percentages may not sum to 100%.
#Other training included ananesthesia (1), nursing (2), obstetrics and gynecology (1), and oral
and maxillofacial surgery (1). ##Other job titles included consultant oral and maxillofacial
surgeon (1), orthopaedic trauma plaster technician (1), perioperative nurse (1), and senior
anaesthesia technician (1).
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Table 2: Barriers to the provision of hand surgery in SSA according to respondents
Barriers (listed in descending order of frequency)
1. Materials and/or implants to provide appropriate care are
unavailable, inadequate, or inadequately stocked
2. Patients face challenges paying for clinical evaluation and/or
treatment
3. Patients are frequently lost to follow-up and/or do not have
access to appropriate rehabilitation
4. Patients frequently present late, resulting in more challenging
pathology
5. Providers do not have adequate training to diagnose
and/or appropriately refer patients

Respondents*
88 (45.6%)
73 (37.8%)
73 (37.8%)
68 (35.2%)
61 (31.6%)

6. There are few hospitals available for patients to seek care

58 (30.0%)

7. Hospitals do not have adequate facilities

57 (29.6%)

8. Patients face transportation challenges to reach hospital

45 (23.3%)

9. Patients do not seek care after injury (fear of surgery/anesthesia,
40 (20.7%)
lack of information, cultural barriers)
*The values are reported as the number of respondents (and percentage of the cohort, N=193)
who reported that each barrier affected 50% or more of patients they see.
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Table 3: Adequacy and timeliness of diagnosis, treatment, and rehabilitation of hand injuries/pathology in subSaharan Africa
Country income level/
Outcome variable
geographic region*
Rate**
RR#
P value##
Inadequate diagnosis
Upper middle-income countries‡‡
44% (11 of 25)
1
<0.001††
(Responded "No" to
Lower middle-income countries
"Do patients with hand
Central region
85.7% (6 of 7)
1.95 (1.14-3.33)
injuries/pathology
Eastern region
91.7% (11 of 12)
2.08 (1.30-3.35)
receive adequate and
Southern region
77.8% (7 of 9)
1.77 (1.00-3.11)
timely diagnosis in your
Western region
55.9% (19 of 34)
1.27 (0.74-2.17)
country?")
Low-income countries
Central region
100.0% (10 of 10)
2.27 (1.46-3.54)
Eastern region
92.3% (24 of 26)
2.10 (1.33-3.31)
Southern region
76.5% (13 of 17)
1.74 (1.04-2.91)
Western region
77.4% (41 of 53)
1.76 (1.10-2.80)
Inadequate referral for Upper-middle income countries‡‡
48.0% (12 of 25)
1
<0.001††
treatment
Lower-middle income countries
(Responded "No" to
Central region
100.0% (7 of 7)
2.08 (1.38-3.14)
"Do patients with hand
Eastern region
83.3% (10 of 12)
1.74 (1.07-2.81)
injuries/pathology
Southern region
77.8% (7 of 9)
1.62 (0.95-2.78)
receive timely referral
Western region
61.8% (21 of 34)
1.29 (0.79-2.10)
for treatment?")
Low-income countries
Central region
100.0% (10 of 10)
2.08 (1.38-3.14)
Eastern region
100.0% (26 of 26)
2.08 (1.38-3.14)
Southern region
76.5% (13 of 17)
1.59 (0.98-2.59)
Western region
81.1% (43 of 53)
1.69 (1.10-2.60)
Inadequate
Upper-middle income countries‡‡
68.0% (17 of 25)
1
0.013†
rehabilitation
Lower-middle income countries
(Responded "No" to
Central region
100.0% (7 of 7)
1.47 (1.12-1.93)
"Do patients with hand
Eastern region
83.3% (10 of 12)
1.23 (0.85-1.77)
injuries/pathology
Southern region
88.9% (8 of 9)
1.31 (0.92-1.87)
receive adequate
Western region
61.8% (21 of 34)
0.91 (0.62-1.33)
physical/occupational
Low-income countries
therapy and
Central region
80.0% (8 of 10)
1.18 (0.78-1.78)
rehabilitation?")
Eastern region
100.0% (26 of 26)
1.47 (1.12-1.93)
Southern region
88.2% (15 of 17)
1.30 (0.94-1.79)
Western region
69.8% (37 of 53)
1.03 (0.74-1.42)
*Countries were categorized by income group and geographic region. Income groups were defined
according to the World Bank classification, based on gross national income per capita (GNIpc) in
2019. Geographic regions were defined according to the African Union. **The values are given as
the percentage of respondents, with the number of respondents in parentheses, who responded
"No" to questions regarding the adequacy/timeliness of diagnosis, treatment, and rehabilitation of
hand pathology in their home countries. #Bivariate modified Poisson regression analysis was
performed between country income level/geographic region and each outcome variable. The values
are given as the relative risk (RR), with the 95% confidence interval (CI) in parentheses. ##Type-III p
values are shown, as calculated by chi-squared test. ††Significant. ‡‡Reference
*Countries were categorized by income group and geographic region. Income groups were defined
according to the World Bank classification, based on gross national income per capita (GNIpc) in
2019. Low-income countries had GNIpc ≤$1,035; lower middle-income economies had GNIpc
between $1,036 and $4,045; upper middle-income economies had GNIpc between $4,046 and
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$12,535. Geographic regions were defined according to the African Union. **The values are given as
the percentage of respondents, with the number of respondents in parentheses, who reported that
>50% of patients they see experience each barrier to care. # Bivariate modified Poisson regression
analysis was performed between country income level/geographic region and each barrier to care.
The values are given as the relative risk (RR), with the 95% confidence interval (CI) in parentheses.
##Type-III p values are shown, as calculated by chi-squared test. ††Significant. ‡‡Reference
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Table 4: Acute hand and upper extremity pathology seen by survey respondents practicing in sub-Saharan Africa
Respondents
Country income level/
reporting seeing >1
Acute pathology
geographic region*
case per week**
RR#
P value##
Soft tissue injuries
Upper middle-income
(burns, wounds,
countries‡‡
36% (9 of 25)
1
0.089
degloving injuries)
Lower middle-income countries
Central region
57.2% (4 of 7)
2.48 (0.49-12.55)
Eastern region
16.7% (2 of 12)
0.88 (0.26-2.99)
Southern region
55.6% (5 of 9)
1.37 (0.35-5.30)
Western region
44.1% (15 of 34)
1.52 (0.55-4.24)
Low-income countries
Central region
80% (8 of 10)
4.69 (1.17-18.73)
Eastern region
65.4% (17 of 26)
2.03 (0.73-5.63)
Southern region
70.6% (12 of 17)
4.25 (1.27-14.19)
Western region
52.9% (28 of 53)
2.28 (0.91-5.67)
Radius/ulna fractures
Upper middle-income
and/or dislocations
countries‡‡
52% (13 of 25)
1
0.12
(both bone forearm,
Lower middle-income countries
Galeazzi, distal radius,
Central region
42.9% (3 of 7)
0.52 (0.11-2.42)
etc.)
Eastern region
41.7% (5 of 12)
0.76 (0.20-2.86)
Southern region
44.4% (4 of 9)
0.55 (0.12-2.42)
Western region
41.2% (14 of 34)
0.85 (0.29-2.48)
Low-income countries
Central region
90% (9 of 10)
2.20 (0.57-8.41)
Eastern region
76.9% (20 of 26)
3.43 (1.12-10.49)
Southern region
64.7% (11 of 17)
2.16 (0.61-7.66)
Western region
62.3% (33 of 53)
1.52 (0.57-4.05)
Elbow fractures and/or Upper middle-income
dislocations (distal
countries‡‡
28% (7 of 25)
1
0.014
humerus, Monteggia,
Lower middle-income countries
olecranon, etc.)
Central region
57.1% (4 of 7)
2.35 (0.48-11.55)
Eastern region
16.7% (2 of 12)
1.27 (0.33-4.79)
Southern region
55.6% (5 of 9)
2.51 (0.60-10.59)
Western region
26.5% (9 of 34)
1.77 (0.60-5.22)
Low-income countries
Central region
90% (9 of 10)
8.04 (2.06-31.39)
Eastern region
69.2% (18 of 26)
6.14 (2.01-18.73)
Southern region
58.8% (10 of 17)
5.89 (1.67-20.80)
Western region
47.2% (25 of 53)
3.29 (1.21-8.98)
Pediatric radius/ulna
Upper middle-income
fractures and/or
countries‡‡
52% (13 of 25)
1
0.046
dislocations (both
Lower middle-income countries
bone forearm,
Central region
57.2% (4 of 7)
1.18 (0.25-5.54)
Galeazzi, distal radius,
Eastern region
25% (3 of 12)
0.53 (0.14-1.90)
etc.)
Southern region
55.5% (5 of 9)
0.83 (0.19-3.54)
Western region
32.3% (11 of 34)
0.60 (0.21-1.74)
Low-income countries
Central region
80% (8 of 10)
2.01 (0.54-7.50)
Eastern region
80.8% (21 of 26)
2.89 (1.00-8.38)
Southern region
64.7% (11 of 17)
2.47 (0.73-8.39)
Western region
58.5% (31 of 53)
1.61 (0.62-4.15)
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Pediatric elbow
fractures and/or
dislocations
(supracondylar
humerus, lateral
condyle, Nursemaid’s
elbow, etc.)

Compartment
syndrome (hand,
forearm)

Mangled extremity
(traumatic
amputations/avulsions,
crush injuries, blast
injuries)

Upper middle-income
countries‡‡
Lower middle-income countries
Central region
Eastern region
Southern region
Western region
Low-income countries
Central region
Eastern region
Southern region
Western region
Upper middle-income
countries‡‡
Lower middle-income countries
Central region
Eastern region
Southern region
Western region
Low-income countries
Central region
Eastern region
Southern region
Western region
Upper middle-income
countries‡‡
Lower middle-income countries
Central region
Eastern region
Southern region
Western region
Low-income countries
Central region
Eastern region
Southern region
Western region

ARTICLE IN PRESS
40% (10 of 25)

1

28.6% (2 of 7)
58.3% (7 of 12)
66.6% (6 of 9)
29.4% (10 of 34)

0.71 (0.16-3.15)
2.71 (0.73-10.07)
3.18 (0.71-14.35)
0.87 (0.30-2.56)

80% (8 of 10)
73% (19 of 26)
76.5% (13 of 17)
45.3% (24 of 53)

3.28 (0.88-12.23)
4.46 (1.50-13.28)
9.61 (2.66-34.75)
1.83 (0.70-4.78)

16% (4 of 25)

1

28.6% (2 of 7)
16.6% (2 of 12)
33.3% (3 of 9)
23.5% (8 of 34)

1.32 (0.28-6.26)
0.53 (0.13-2.21)
2.20 (0.57-8.56)
1.37 (0.48-3.89)

60% (6 of 10)
26.9% (7 of 26)
35.2% (6 of 17)
28.3% (15 of 53)

5.16 (1.43-18.58)
2.33 (0.83-6.53)
1.72 (0.48-6.24)
2.38 (0.93-6.10)

20% (5 of 25)

1

42.9% (3 of 7)
16.6% (2 of 12)
22.2% (2 of 9)
14.7% (5 of 34)

1.27 (0.26-6.31)
0.91 (0.23-3.68)
0.85 (0.22-3.35)
1.12 (0.43-2.95)

70% (7 of 10)
30.7% (8 of 26)
47% (8 of 17)
30.2% (16 of 53)

4.08 (1.15-14.48)
1.24 (0.44-3.44)
2.99 (0.92-9.77)
1.46 (0.58-3.66)

21

*Countries were categorized by income group and geographic region. Income groups were defined
according to the World Bank classification, based on gross national income per capita (GNIpc) in
2019. Low-income countries had GNIpc ≤$1,035; lower middle-income economies had GNIpc
between $1,036 and $4,045; upper middle-income economies had GNIpc between $4,046 and
$12,535. Geographic regions were defined according to the African Union. **The values are given as
the percentage of respondents, with the number of respondents in parentheses, who reported
seeing >1 patient per week with each acute pathology. # Bivariate modified Poisson regression
analysis was performed between country income level/geographic region and each acute pathology.
The values are given as the relative risk (RR), with the 95% confidence interval (CI) in parentheses.
##Type-III p values are shown, as calculated by chi-squared test. ††Significant. ‡‡Reference
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Table 5: Chronic hand and upper extremity pathology seen by survey respondents practicing in sub-Saharan Africa
Respondents
Country income level/ geographic
reporting seeing
Chronic pathology
RR#
P value##
region*
>1 case per
week**
Chronic infections
Upper middle-income countries‡‡
12% (3 of 25)
1
0.072
(osteomyelitis)
Lower middle-income countries
Central region
14.3% (1 of 7)
2.84 (0.45-18.01)
Eastern region
16.6% (2 of 12)
2.12 (0.37-12.24)
Southern region
33.3% (3 of 9)
5.29 (1.08-25.77)
Western region
29.4% (10 of 34)
4.29 (1.18-15.62)
Low-income countries
Central region
50% (5 of 10)
15.72 (3.12-79.19)
Eastern region
38.5% (10 of 26)
10.59 (2.75-40.76)
Southern region
58.9% (10 of 17)
18.58 (4.42-78.06)
Western region
28.3% (15 of 53)
5.56 (1.74-17.73)
Elbow fracture
Upper middle-income countries‡‡
4% (1 of 25)
1
<0.001
malunions/nonunions,
Lower middle-income countries
chronic dislocations
Central region
28.6% (2 of 7)
6.31 (0.82-48.51)
Eastern region
0% (0 of 12)
2.46 (0.47-12.93)
Southern region
33.3% (3 of 9)
13.05 (2.52-67.61)
Western region
26.4% (9 of 34)
11.33 (2.85-45.08)
Low-income countries
Central region
30% (3 of 10)
8.88 (1.54-51.27)
Eastern region
34.6% (9 of 26)
13.35 (3.21-55.57)
35.36 (7.49Southern region
41.2% (7 of 17)
166.86)
Western region
18.9% (10 of 53)
8.97 (2.57-31.28)
Burn contractures
Upper middle-income countries‡‡
0% (0 of 25)
1
0.006
Lower middle-income countries
Central region
14.3% (1 of 7)
1.10 (0.17-7.31)
Eastern region
0% (0 of 12)
1.92 (0.44-8.33)
Southern region
33.3% (3 of 9)
4.35 (0.89-21.29)
Western region
20.5% (7 of 34)
3.50 (1.09-11.25)
Low-income countries
Central region
40% (4 of 10)
14.19 (3.13-64.40)
Eastern region
26.9% (7 of 26)
5.59 (1.59-19.61)
Southern region
47% (8 of 17)
13.88 (3.77-51.06)
Western region
26.4% (14 of 53)
4.40 (1.54-12.61)
Volkmann ischemic
Upper middle-income countries‡‡
0% (0 of 25)
1
0.056
contracture
Lower middle-income countries
Central region
14.3% (1 of 7)
1.33 (0.19-9.44)
Eastern region
0% (0 of 12)
1.48 (0.33-6.59)
Southern region
22.2% (2 of 9)
4.30 (0.87-21.21)
Western region
14.7% (5 of 34)
3.52 (1.07-11.53)
Low-income countries
Central region
30% (3 of 10)
9.29 (1.94-44.42)
Eastern region
15.4% (4 of 26)
7.72 (2.34-25.47)
Southern region
29.4% (5 of 17)
10.46 (2.68-40.80)
Western region
18.9% (10 of 53)
6.49 (2.25-18.70)

*Countries were categorized by income group and geographic region. Income groups were defined
according to the World Bank classification, based on gross national income per capita (GNIpc) in
2019. Low-income countries had GNIpc ≤$1,035; lower middle-income economies had GNIpc

Understanding the need for hand and upper extremity surgery in sub-Saharan
Africa: A survey of providers

East and Central African Journal of Surgery

ARTICLE IN PRESS

23

between $1,036 and $4,045; upper middle-income economies had GNIpc between $4,046 and
$12,535. Geographic regions were defined according to the African Union. **The values are given as
the percentage of respondents, with the number of respondents in parentheses, who reported
seeing >1 patient per week with each chronic pathology. # Bivariate modified Poisson regression
analysis was performed between country income level/geographic region and each chronic
pathology. The values are given as the relative risk (RR), with the 95% confidence interval (CI) in
parentheses. ##Type-III p values are shown, as calculated by chi-squared test. ††Significant.
‡‡Reference
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Figure 1: The most commonly reported acute pathology overall and by country income
levels. The acute pathologies are listed in descending order of frequency based on the
percentage of respondents who reported seeing >1 patient per week with each acute
pathology. Solid lines represent an acute pathology being reported more frequently by
respondents with decreasing income level. Dashed lines represent an acute pathology being
reported less frequently by respondents with decreasing income level. Acute pathologies
are classified as adult fractures, pediatric fractures, soft tissue pathology, and complex
trauma according to the figure legend.
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Figure 2: The most commonly reported chronic pathology overall and by country income
levels. The chronic pathologies are listed in descending order of frequency based on the
percentage of respondents who reported seeing >1 patient per week with each acute
pathology. Solid lines represent a chronic pathology being reported more frequently by
respondents with decreasing income level. Chronic pathologies are classified as posttraumatic bony, degenerative/over-use, soft tissue, and other according to the figure
legend.
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